1 LI THOGRAPHI C METHOD FI ELD [0001] The present invention relates to a

| it hographic nmethod. 5 BACKGROUND |[0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, wusually onto a
target portion of the substrate. A Iithographic 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 generatger@y&hiavlic hﬂgﬁt_@@ to be formed on an
n-be

i ndi vidual layer of the IC. This pattern ca ransferred onto a target
portion (e g. conprising part of, one, or several dies) on a substrate
(e.g. a S|“t198n waf er). Transfer of the pattern is typically via imging
onto a | ayer~of radiation-sensitive material (resist) provided on the

substrat e odol 9REHRLent JvehiiGl £113 f 9 ntain a network 15 of
adj acent target po?tlec?nslt hat are&gé%é@s@ﬁghfcm&%ger ned. Known

| ithog? aphi c apparatus include so-called steppers, in which each target
portion i Ald’ by exposing an entire pattern onto the target
portion a and so-cal l ed scanners, in which each target porti on
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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 parailel 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 o enable imaging
25 of smaller features since the exposure radiation will have a shorter wavelength in the fiquid.
(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) nmeans that there is a large body of |iquid 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. [0005] One of thezsolutions proposed is for a liquid
supply systemto provide liquid on only “a localized area of the substrate
and in between the final elenent of the projection systemand 5 the

substrat e Lhhe SHRstLat 1y has a | er surface area than the final
el enent of % he pr olgei% |%ﬁg§@§§%rlwf?/m@ieepwq OLRs HELIUEJ%%’iCBﬂbe@é@W@ay
arrange f deadithusddsBaltle sed ageetibmbPefiectpat ent appl i cation no. WO 99/ 49504,
her eby i ncor ed inits entirety reference. As illustrated in
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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 area dof a substrate which can be used to
3 <calibrate the apparatus, e.g. by using themas offsets when positioning
t he subst r.at: ' Jproduction exposures.. SUMMARY. 5 [0007] In a
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conponent pratudtidd eipdsurthat nmake contact to the substrate are very tightly
controlled to be equal and stable. However, the inventors have realized
that in an inmersion |ithography apparatus, that is a |ithography
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[0009]  According to an aspect of the invention, there is provided a lithographic method
comprising:
- printing a first set of test sfructures on a first substrate with a first lithographic projection
20 apparatus comprising a first projection system, the first substrate traveling a first course
relative 1o 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 - caltbrating 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 According to an aspect of the invention, there is provi ded a
| ithographic method conprising: printing a first set of test structures on
a first substrate with a first lithographi.c projection apparatus
conpri sing &cF9HEE icb?*bfsé?éfti%ﬁh"s‘%‘f’&ﬁ%ﬂ @ﬁ‘@ 1§ progtded gpdhogsarhis mathefli ng a first
5 course rel@hpyend 0 the first projection systemto effect the printing of
the first set of test structures; printing a second set of test structures
on a second sulpsinting &fiwit b¢t of et §thucstres dni 4 fisysubptite virtod 8ot lidbgaphiar at us,
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- printing a secon et of test structures on a second subStrate with a
second | i t hogrmpisucing prsejondtst s ocapiar &t tAe SRbad Bg of feststpetabd t est
exposure sequence, the second substrate having a third value for the
thermal conductd'SHrtpesdaie yetah gositipn pirer dad tiemilbe firshand srsppdipetpef overlay
evapor at jon property, wherein at |east one of the second test exposure
sequence, the third

15 calibrating the first Iithographic 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 cvaporation property;
- printing a second sct 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 errér data fromthe first and second
sets of positional data; and 5 - calibrating one or nore |ithographic
proj ection ?Egaratus usin%@the third set of position error data. BRIEF
DESCRI PTI 'O Bt e ANg RAG R ride1 oy pleEsoriprisits s thediifdregerftositionielor now
be descrifed, by way of exanple only, with reference to the acconpanying
schematic drawi ngs in which correspondi ng reference synbols indicate
correspondi ng parts, and in which: 100111 Figure 1 depicts a lithographic
apparatu le. in %n enbodi nent of the invention; [0012] Figures 2 and 3
depi ct a HHGEH BRI ORI JHEIBR AR a |ithographic projection 10
appar at us; 0 ol .Gl oIl |y csystem for ein
STt Rognamtl c ey sl Softn B SIPRSPe 4Lt BY BR S RS el
li qui d suglptepcsyshemcbmpanisng sdhemalit HROGRPR WG @heS§idndhg rBRRACALHSHo1 5
10015] Figure 6 depicts a first set of overlay error data obtained in
carrying‘%ﬂ?ﬂ%ﬁﬂ“ﬁﬁﬁﬁﬂﬁhﬁﬁﬁa@Khﬂh@“@hvention; [0016] Figure 7 depicts a
third se o] . - t tain in rrying out an nbodi nent of
the i nvorttioh: *EBbEL NS R ARk ARt B iEH ARl e b o8 e,
Fi gure 9[wep cFiuseseaddetephat highidaighedydtéin theise RPY HtHodrdbhiihi-eivn and
10019] Figure 10 is a flow chart of a nmethod according to the invention.
DETAI ¥ ED2PSER: PTI ON [ 0020] Figure 1 schematically depicts a |ithographic
ggﬁg; ?tsgg)zﬁlt'ﬁabﬁﬁuf'enél %ic%@z?oqheﬁﬁhido E‘Tuppl%’SSyé[thel £b1 Weg rllltl Izzi?iraiog-@p%icalg)z%f&%nus
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

[6019] Figure 10 is a flow chart of a method according to the invention.

DETAILED DESCRIPTION

[0620] Figure I 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;



i i i stem (illumnator) IL configured to condition a radiation
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“mask” herein may be considered synonymous with the more general term “patterning

device.”

20 10023} 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 Jayer 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
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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 nay 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 ¢-outer and a-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 iis cross-section.
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ed using mask
T e e S L O R 1 e
connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be
aligned using mask alignment marks M 1, 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 farget 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 subsirate table WT are scanned

synchronously while a pattern imparted to the radiation beam is projected onto a target portion
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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
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the Sealare 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 {o 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
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sinulating a reversed neander scan shown in ure
erfors. 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. Tt wili 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 (o the first set, is then
exposed (S3) during a second test exposure sequence onto the same substrate using a second

course which is equal 1o the first coarse but is traveled in an opposite direction (in other words



right of the wafer and follow ng the same course in reverse, was
gg?ayggd. gigure 7 shows the result of subtracting these two sets of datg,
fromwhich a significant change can be seen, allowing identification, an
hence separate correction, of wafer coollng related overlay 15 errors.
100441 From Figure 7 it can be concl uded %hat by obtaining overlay error
data fromscans carried out in opposite directions, overlay errors
resulting on exposure history can be
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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 he 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
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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]  In an embodiment of the invention, the therma) 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
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test exposure sequernce 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 afier 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
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mul taopl Y RgioRNwEsk i RlSsi Of li&lli‘lg i gzte(saelnt.a ltelf'xgzgtively, 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 (86) 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.
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when using one and the same substrate for prmtmg 2 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 m 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 (I.CDs), 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



30 projection apparatus are calibrated beforehand and the different

| it hographic projection apparatus are preferably of the sanme brand and
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be nade i PEQgkAm g9Teddberge of |ithographic apparatus in the
manuf act ypgePf T Lt - |.d be, understood .that the |ithographi c apparatus
descri beg hefei nl%?&tﬁé;ﬁ/g&ﬁf) ﬁg?n %%qﬁ?lééﬁ? YHSImAn gghqg' %ﬁ&ﬁﬁﬁrﬁl@ﬁ,uﬂe of
i nt egb at edri@plar,dak notsikaheively, fekdfReEmanthndetesd of i ngLi c
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general weatemsr ivatbskdcateBinpBiitiond ALOEL n@Ahi A% this' |8l diomhe  Subst rat e
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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
shouid 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
[6068] The invention can be summarized by the following summaries.

. 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;



after exposure, in for exanple a track (a tool that typically applies a

| ayer of resist to a substrate and devel ops the exposed resist), a

nmet rol ogy tool and/or an inspection tool. Were 30 applicable, the

di scl osure herein may be applied to such and other substrate processing
tools. Further, the substrate may be pridcessed more than once, for exanple
in order to create a 17 nulti-layer IC, so that the term substrate used

herein may also refer to a substrate that already contains nmultiple
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enbodi yrenpssi@dn dehe dhgventi on have been described above, it will be
appreciated that the invention nmay be practiced otherw se than as
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form of quonguter Ero%ran1containing one or nore sequences of
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data storage i ; : i Uct o r gneti.c or .optical .disk)
naving such a  SSaRUE I RTLE R Bl RETTIoh o FOBBGT Frng RBlssh positon
i nvent i orerwadateeargippl i ed to any i mersion |ithography apparatus, in 15
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an exposure wavel ength of 193mm, ultra pure water or water-based
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t hat enbodi of Nr.esen i nventi.on be used with other types of

liquid in V\SE? gstléfctglsgg{@uéﬁﬁsvvaﬁgégdr ik qgﬁilﬁeﬁx’s Qﬂéﬁ‘}adglﬁé"a%ﬁgféféfrtéﬁyp

repl &ted bytequicsatepinit@byprifi@igaht ﬂﬁgét%oﬁfb‘ﬁsii eﬁ&t@ﬁnilnie&]wdlgr c‘f . [0067]
e I m

The descriptions above are iIntended to i1Tustrative, not ing. Thus,

it will be SCBdee Aructeres prs psiotad bacbrinting e @rdet pdraibnsmindinfdréatthansemy be

made to the.j.m i 0 descrihed 25 without departing fromthe scope of
the clains %deCtps \é?g%ﬁeblgrfjgév?mmec{m%e’-

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.



BRI EF SUMVARY 100681 The invention can be summari zed by the foll ow ng
summaries. 1. A nethod of calibrating a |ithographic projection apparatus
having a projection system 30 the nmethod conprising: printing a first set
of test structures on a substrate, the substrate traveling a first course
relative to the projection systemto ef fEtt 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 printing of the second set of test
structuresg, the Shel i fqf Ta I, J1rst. [se;

measuri ng posi tﬁgﬁgﬁngp %g%ﬁﬁlﬁ??hﬂ%%slt @vfgﬁ{% glé#l@f”e}é{;&gferduoé]f]}lflrsggyfngala)dﬁf ain a
first set pethal@gposth horfirgrsubstrattatravelsieadisstidhgepasdid tangdcod tAlSe dompries
second seij of tﬁ§‘t %tructure fo obtain a second set of position error
data; cal CUIBFAOAG REMY M Waish the seerd subsimte rws M eprhdiracHen pppasite nd
seconds sels Mt fRsHdion error data; and 10 calibrating the |ithographic
proj ection apparatus using the third set of position error data. 2. The
met hod of summary | wherein the first and second test structures are
printed igp a segries of target portions arran%}ed ina plurality of rows on
sai d substrate, lﬁ%‘@e'ﬁ‘f}ij§f00tr‘g§¥ to sienmaary Jovhpres i ssopnd soese ipsubsiaintialbnget he

t ar get p0§atn§e0d%5axhiﬁ‘ro@ir85§éj@fttﬁéms?€ Qr der and the second test structures are
printed by printing the"target portions in an order that is the reverse of
the predeterm ned order. 3. The nethod of summary 2 wherein each target
porti i§ printed b gcanni,ng the substrate 20 relative to the projection
system i n®a rersllbﬁdf‘? < aCalipg oeepey | WHiekain Hgyseenmidiaonrskipsmbstaatigbt the
portion t ' o each target portion the sanme scan
directi onsgintseadgggéliag?%wgg(?n iﬁegﬁlgk%owerst and second test structures. 4.
The met hod of summary 2 wherein each target portion is printed by scanning
the substrate 25 relative to the projection systemin a respective scan
direction whi diepagihe adcerding orsumpary étwhowmin cadenlstng the getd poof p@itionand f or

each targel, pan LoRPrQRAAZHS § af L UNNAAY 1 ¥iret and second sets of position error
[5 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 | 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.



used for printing the first and second test structures. 5. The nethod of
sumary 3 further conprising printing a third set of test structures on
each 30 of said target portions in an order that is the reverse of the
predeterm ned order and using respective scanning directions that are
opposite to the scanning directions used?@o print the first and second set
of test structures. 19 6. The nethod according to summary 1 wherein the
first course co rlses a an er ath along which the first substrate
travel s ina firSfeassBagy ?fﬁ”ré.‘?’gd“?tﬁ@d §%E&ﬁbg@8{ﬁp§@ QRPN ingtdrofeetmiter
pat h al ong y{@ﬁ]cmet‘,mlo%e& sgubstrate travels in a second direction
opposite to 5 the first diréction. 7. The nmethod according to summary 1
wherein the seceonlibreiy the liill®gsphitpoedtadnl apphfags byame as a mirror i mage of
the first course. 10 8., The pet hod according to summary 1 wherein the
second course is subsPANIE N5t s ef teglascnecs onraglistian thysubgoate fraylmgra r st

courses .. Tne gt SGeRL ORI o HORLELR, ALEHLAIRLITE

set of positional error data co ren
first and secontkssetistunds; position error 15 data. 10. The net hod according

to summary 1 wherein the printi of the first and second sets of test
structures and the rre%fé‘ﬂmé:n’gg%‘?ndg'i%iﬁftPﬁﬁﬁPCtéfeﬁ@ﬂéi stheradd, thearubsteaie hayadipeat ed

a plurality of ,Li BB 5ifsd a‘;fi‘l'v@ o g é)iéﬂé&{on%gge%% clfcet eete?% WgtOﬁleleHeggqa and

error data. 20 11. The net accor

second test strmbﬂreetsstxatbﬁaespﬂﬂemé@@ldQﬂuxfsélﬁelﬁglﬁﬂ‘fe%}mﬁafnah@ﬁlsl@our?@‘e met hod
according to summary 1 wherein the first and second test structures are 25

printet on different BEASYEREPesitionpBerramén the g delaafdort dirmgutes tosobtaimrayfints

wherein the |ithpgf i fion apparatus is of an inmmersion type. 30
14. The net hod accol;?bgn 0%&%?§§t§rmr 1 wherein the first and second sets of

positional error datlﬁeaaﬁien§ﬁiq$tlcﬁlﬁl &YRE [ipthe 88doRl s&t@dQest Puctures to obtain a
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



15. A device manufacturing nethod using a |ithographic projection having a
projection system the nmethod conprising: calibrating the |ithographic
proj ection apparatus by: printing a first set of test structures on a
substrate, the substrate traveling a 5 first course relative to the
projection systemto effect the printing2bf the first set of test
structures; printing a second set of test structures on a substrate, the
substrate tray&lig a second course relative to the projection systemto
ef fect t hé"BrPHEY ‘g‘“é?rg?iwé?%%aﬁ%rge@@e‘tm ap iy cagly lgrEeLP@EON PPROSHE send
course beig; I gl - b - er uring positional
errors in c{i‘x%%{qj(%nifs ragt{ %gggtﬁogﬁﬂ ?%%t%és%‘l %sﬁ%rﬁoﬁ?egéﬁcftgstésgtugf;ﬁ %%_a first set of
position error data; measuring positional errors in the second set of test
structureﬁ to o?ﬁaiq a secgnd set of position error data; calculating a
third set '8f poditf PEhraceprdmgria sepmant Wefurtheromprigingariotas 8 dhisd g of 5t
positign . ; Lhrati the i ~aphj ' QN _apparat u
sing {he y by Gafackisuiailek ORriolR 1 b 008t ARl tnllRbSE LLOR PRBRAMIA.
appar at us otder prd wdingleypace v sdaheinp gliredlicss sk hatpposited0 tHbscathiiBtedions
according to, claim15 wherein the first and second test structures are
printed i H% QaFinkde drstpnd serond ¢l §nsstarciEnged in a plurality of rows on
said substrate, the first test structures are printed by printing the
target portions in a predeterm ned order and the second test structures
are printee by Phi meihogd athiedin@t@eimmMaktlisanseréin c@ﬂul@ﬁ?fhe&ﬁi@(ﬂ setlo$ pbdi€onal
revergf of the predeterm ned order. 25 17. The metho according.Fo sunmary
16 whbf ei ATH£K oamges BbingiaghiTerengsyhetivesa thy firss enthsrcand sdieobpissionaner
relative go.the projection systemin a respective scan direction, which
may differ ?ron1target portion to target portion, and for each target
portion the sanme scan direction is used for printing the first and second
test structures, 30 18. The nmethod according to summary 16 wherein each
target pofltion §h¢ Pethed agropding 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.



scanning the substrate relative to the projection systemin a respective
scan direction, which 21 nmay differ fromtarget portion to target portion,
and for each target portion opposite scan directions are used for printing
the first and second test structures. The net hod according to summary
17 further conprising printing a third s%% of test 5 structures on each of
said target portions in an order that is the reverse of the predeterm ned

order and Mus respective scanning directions that are opposite to the
scanni ng d('?ir/!ér%ons used to print the first and second set of test

structures. 20. The nmethod according to summary 15 wherein cal culating the
third set of positional 10 error data conprises taking a difference
between tHe fir<tlithagraglie orsthodampoikingosi tion error data. 21. The nethod

di th first and d set
of “vest "o Pl Y iRk Sutolia ot & Bt ReRisms Rerviy s Srnaaerphice chﬁ
repeat &d @rcléctiphupgdriihy c&ﬁpﬁs!ﬂ@ﬁ (ikP pRIUALA S)F e E?L S{heeﬁng Sﬁg%%?e\?\}]%% ifg 9

posi ti onal error data. The™ net hod™ accor |ng t
first andlisseowde t‘%ﬂé!ﬁf@s{t tf@d“nstmesjearcel sygemnnd effeanhd ;lnms@rm“ﬂmst Mbewstzo 23

The et hogugg&gsr ding to summary 15 wherein the first and second test
structures are “printed on different substrates. 24. The method accordi ng

to summar B’prllﬂniMTSBﬁé Sechi®sdi bt Q@Q&ﬁﬁ‘i@ﬂi‘r& 031 L BG1d st'Bst?aqg NV?%\H(% defodf an

|mTerS|ontype 25. The nethod according to sunmm Wherein the first
and secont! 1§§qa§h1©ﬂ31(ptfsaomappmhtus eomprisickas gecang pﬁ@écsm@fsy@em I(Pla)( {IRf feBdnddat a.
22

] aphi ¢ net od conpri si rinting (S1) a first
set %66\ t esutbStl {¢ dé‘f%‘lné ?PD’Q PPPs e %‘E’istf’ g S@cq'\ﬁgpiweﬁﬁolwmeﬂsto dffechidgr aphi ¢ 5
proj ecti qﬂum@@metg%c&me{mbmt fetlitel She bty P first
substrate traveling a first codr se e e'1 ?ﬁircglé(??édrg) &1 {nre(nlt h‘)og’ct&)f: ghstsyst em
to effectcoutsg; printing of the first set of test structures

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

- measuring (54) 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 (86) one or more lithographic projection apparatus using the third set of position

ervor 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.



- printing (S3) a second set of test structures on a second substrage (W
with a second |ithographic projection apparatus conprising a secog .
projection system (PL), the second 10 substrate traveling a_seco? ﬁours
relative to the second projection systeg%go effect the printing of t ethe
second set of test structures, the seco course being different rﬁmf_rst
first course; - neasuring (S2) a first set of positional data in the

— SUri.n ). a second set of positional data in
fﬁé gzcgﬁaxsZ:rOC&?@§§H%PF5§§3}%§P9a§§iC8QP€8P%ting (S5) a third settof o
posi tion errwintgi(alfa m teheubbhilinatsS8eONbS6E 5 B ﬁ&?%tto'f?e[}géi pﬁg-}%rqg’  he
- calibrating (S6). one or nore |ithographi C 'proj ection appar a. oo 1Y
third set of paitingie fisstsubstat with 26ir2 scan dmetﬂrmd‘e?m@eltcdlhlagir’s‘tqﬂ@;ba%dﬂﬂ :
conprising;s-gﬁﬁkpﬁﬁing a first set of target portions (C) on the t|r?t
substrate thFEIn tfie first set of target portions has a first set o

rel ative pogiriiiep$s3)a ss@@atsd @ﬂtl@u@3§9@g:o§@'iar§({t gbﬁfcglqh tiPeOsreEénﬁd;SZet g%rg{%{] rt he

t
trate wherein the second set of t et _portl.ons S
: gf 0219 f glbaitﬁroa'émﬁ &% isﬁnéh@;thsfconcmtihatra'ttn gvithSH9 fitshecahidiztii@elelOve (et

[ ' i ; - inting (S3) the
ructures i g et arget portions; and prin _
:Eacgnd set S O:“gig{g}g{@hé 53?182{){‘ the second set of target portions. 3. A

met hod achomicﬁugtimgo@@? aiindset gpﬁﬂkﬁtioﬁnﬂa&%)gdéta%ﬂcﬁﬁpﬁg}né @é%w%ﬁl%gpggg@tﬁl 1 ttm; f
ions in a first order; a - (
Eg%g{ BgnIfilgfﬁgﬂierﬁiﬁt1§%éb‘ndumajldrthwﬂcoxhdieststdaetufeeverse of the first order.

i i i Si inting (S 1) a
23 A method according to claim2 or 3, conprising prin
firsﬁotest structure in a first target portion in the first set of target

i i il s i di rection
tions 5. by scemeinog athedibl iStlasubst habg gl a first scan
rpglralti ve toyt he first aprojlé%ti oﬁ system F% ; 5 - printing (S3) a second

test stractuPEnfing &13adosidest argetre pon firanarpd o siaeRNGrss &l o0far Ah8&ns

i i i he first scan direction

ortions by in h econd sutigs%/ate Wlth.'.[ n &cl

Pel ative to 1?) ﬁg&%glé%&&edﬁﬁfﬂf SERE A éi%%ﬁa(l Biryetion relative to the first projection
system (PL);

15 - printing (83) 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.



1. calculating (S5) a third set of position error data by conparing
measured positional data about the first test structure and the second
test structure. 10 5. A nethod according to claim2 or 3 conprising -
printing (S 1) a first test structure iEr a first target portion in the
first set of target portions by scanni 6 the first substrate wwth 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 rectiongrel athvethal dcb6rdirpas ApdoPheLRGEE 0B Hpdif M RbdndiglLin the second
scan direction is opposite to the first scan direction; - calculating (S5)
a third sebstertigdydhe sapre asraroirraanageyf thofipacdung. measur ed positional data
20 about the first test structure and the second test structure. 6. A

nmet hod according to claim4 further conprising: - selecting a third set of
targets poy.ti onss anupdtiddingybsty e WARKEE]-B veheldth fift s€indfoufanget .
portions has the first set of relative positions; 25 - printing the third

set of t ewbstentrallythe @sieias atrh@tibhby d86°atf tiof fitsac@ede. 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 sc dir i . . i . he i. -
wherein Che {11 oread beordolE) RO e RPN kB G Bt ohe £1 st
subst r at @ositianvalesroi datachinpstes dikiges didferaandbéihec:s@eanst HAWESHI s6ERPri ses t he
meangﬁr pat.n al (é)int?1 whi ch the second substrate travels ill a second

di redli oROSIHPMOSREe to the first direction. 24 8. A method according to

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

the clai . 1- 6Awhethed accohding ecayd ! tipwlsitsi 1510 SHESIANE pAhliys N&SHaMMeas a
rotati onfgg 1(@0 of the first course. 10. A nethod according to any of the
claims 118 AREFSPRY deit elirsitiHgutenand HierdeasuinoS2, Yo sif preifiaiial datadhererditase

conpris eéach%ﬂe@&d% ;ﬂblfafiﬁf mﬁﬁesqg LPEE it Iﬁ?stfail(ﬁ gécog&] getg of ggsgtic)sn%} gatz?.f
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)



10 positional data. 11. A nethod according to any of the clains 1-10
wherein the printing (S 1,53) of the first and second sets of test
structures and the neasuring (S2,S4) of positional data thereof are each
repeated a plurality of times to obtain_the first and second sets of

posi tional data. 15 12. A nethod accor dizﬁg to any of the clainms 1-11
wherein the first substrate and the second substrate constitute one and
the same substrate. .13. A nethod according to any of the clajns 1-12
wherein tHe Sf’?oﬂlgtsets({f%%sf PGS GOPRESInG “?g’é]ér\'éesﬁﬁ fubsata fehvfo separate
subst r at esubsihrialth JRANALNGHEAT SHoPEliEOwARYeaBld bl GhAL RN b Wher ei n
nmeasuring (S2) a first set of " positional "data conprises easur | ng overl ay
data. 25 15. A nethod according to any of the clainms 1-15 wherein the first

lith ' j ecti ot dlith hi ¢ appar at d
SO AR R S R e Al et v B
type. 516. (hAnBLIRY @sear \th‘@g_i§ébtpﬁla@lo%éﬁrs\r{‘n@v.?{ﬁ%t@ éﬁgxg'ta@%{ csdaﬂﬂ% Hsoggég%hs

provi ded between 30 the projection syste I'rs trate
when pri rit fixsgseg Sijrotése phianstersatd b stesd setsf rasctucasesid pringdws 8 chidugh a

proj ectiaon s%/jsttemt(PHC and .hgz second Substrat e. when printing (S3) 25 the
second set YK PROAT wiich s tpded (o BRsrsost SepsERkasingghe st setpmarawsst rate to
have substantially equal evaporation properties with regard to the
imersion liquid. 17. A method according to claim 16 wherein the first set
of test diruct dymsthod aprdrding b 481 thEclhinrsolugh canfprissiy chopgeBthewhiogh i s
applied to the first substrate using a first coating process with a first
set pFB%Sélége ‘Bé‘ﬁ‘é%%ﬁ’éﬁﬂgtl%{ FaRhe@ab pendygtorppropessies ag tha diesisakstiate. pri nt ed
(S3) through a second topcoat which is applied to the second substrate
using the first coating process. 18. A nethod according to any of the

claims 14127, cénpethsd agoodiopsi ¢igint hewheeindfirsdfrosesdss nrtieo heplPaY&ist layer
subst ant i a{QI ¥._egu}$ﬂ t hermal conduction properties as the first substrate.
19. A nefhBi L cBrWaiAddo dieseronissupperienns wharpinghe frsoeeled st stuwsdetis appl y

a resi st p}iauers LR ety t he second. sybstrate. and
wher ein the firrs)t1 set So@ lfrly;etsrt()ﬁs rﬁ%%@étgﬂ?%ﬁ@%lrcisg%oél S{:g%)te%{rsfa{lﬁgie?égsi st
| ayel5 onptified {33) st tisubsistlages oanig: debendswbangde set of test structures is 15

printed (S3) in the resist |layer on the second substrate.

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 patiern 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;



20. A nethod according to any of the clains 1-19 wherein the first

| ithographic projection apparatus and the second |ithographic projection
apparatus constitute one and the sane |ithographic projection apparatus.
20 21. A nethod according to any of the clains 1-20 wherein the one or nore
| it hographic apparatus conprise the fir2ét |ithographic apparatus. 22. A
nmet hod according to any of the clains 1-21 conprising using the one or nore

25 calibrated lithographic projection apparatus to print a device pattern
on a substrate PRUNE (B3)a wepnd ool Epatiecinssiood scomgrsubstrage (W) ithitmgficS1) a

first set g, i : _ irs ubstr at e. wth a first
l'i t hogr apH?‘Ef’%ﬁgﬁké’z@%ﬁ’%éggﬁ?ﬁg u@e %eg%ci it gﬁée BaY??Wé:QSﬁ?CB]deCé’HSSHCI%‘?{ €m
(PL), thethfifirsitprajudiBinrsgitem tSOffédi dvedrinitig df fHels8dond QU S@edi8lAllNE, thosdchEa
first pro eqtlon.%¥§1en1to effect the printing of the first set o? t est
st r uct ur eCurEgengidercnghpsty fistsewsnd set of test structures on a second

substrate (W w : hESE Lt raphi c projection_.apparatus, the second
substrate trave l%%agllghegsggénﬁgstg%tuor%geﬁ Idﬁ% @éﬁ% ‘EISE feﬁf?ffqpsfillucwa’ecti on
system to eff eahedstuengo(S4nt kE@n@ketldTOvEREARAE 8 ete RbokEsh oBlebUGl LSS, the
second course being different than the first course; 5 neasuring (S2) a

first set of ovélenkling&ia aithird pas of ppsitoserorahtatfewn tist fistcandrsesond seasfur i ng

($4) a sqﬁgg% . overlay data in the second set of test structures;
cal cul ating §%§i§8§hird set of position error data fromthe first and

second sets of caltuarilUSeYaledirs@NBoGaUHOpRId: NGy h¥lathifd 8 linikd Lhogr aphi c
projection apparatus using the third set of 10 position error data. 24. A
| i t hoHr apRFEOWEE MG @ onpri sing: - printing (S1) a first set of test
structures on a first substrate (W with a first lithographic projection
apparatus according to a first test exposure sequence, the first substrate

having  28. & litfiogsdphitahetBod esmpridi@r mal conduction property and a second
value for a thermal evaporation property; - selecting at |east one of a
second t estPrEdipadBibe Fequentiest sruthiasdnealinsesuhstehta(Womtith afdsugthb@aphic
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 siructures 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 (54) 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.
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differ fromrespectively the first test exposure sequence, the first val ue
and the second value; 20 - printing (S3) a second set of test structures
on a second substrate (W with a second |ithographic projection apparatus
according to the second test exposure sequence, the second substrate
having the third value for the thermal cdhduction property and the forth
val ue for the thermal evaporation property, neasuring (S2) a first set of
positional data in the first set of test structures; 25 - nmeasuring ($4) a
second set? df ihpgiaphis mathasbacaordingtth elage @dnednyeisingt t est structures; -

calculatin . ir.d .set..of pasition ror data fromthe first and
second setg SSSI?J% ):tg%t}h? iﬁ(rl)%abﬁgsgrg& Ao agﬁg thér ]ﬂf[oﬁggquﬁﬁa'f‘%@)ﬂ%’ﬁ&"%?“%’r" ile for
| i t hogr aphi argvelbpee iisd BolrRp@laaie o Sk rdidt@oh Bistdn $theqfrst lRQ@ér&ﬂIﬁ@_ error

data. 30 27 25 A lithographic nmethod according to claim 24, conprising: -
subj ecti ng tHRY¥CHIAPPIPBste atfect thy printing of theHastreal of tosidirpeiofds) e and to a
first yel oci of,i rtraveling a first course relative to a first
pr oj ec%/i on ssélpsé%t@% £%flé‘ﬂ’t%h(gen%folfrst | it hographic projection apparatus to effect

the printing of thea§dcosd tRahaldbad SofileHelibClilELS: frén-théﬁ}s?ﬁltei-;ﬂﬁ 1?:&1 hEaRt
one of o a second thermal load profile being different fromthe first
thermal | oad profi | &secopd gouseechsmei diffareselrbmithglidt fdwsentd from the first

o oert e or of 1 of kel Sbai BERle beie B O e st 1R, | ner mal
| oad profi | eutdauding@hd o sEaMAGAtd & M8 int YnddhQf P;rolac? Pﬁ(ﬂﬂe Eﬁcﬁ%gh% EEQHME second

course relative to a second projection systemo e secon I'thogr aphic

proj ééti on Hplpeikarrabiefer bevadiog thdecprd mursgelofivd tven secahptopetionfysteasbt

structures. hod ;accordi.ng to cl ai m_25 erei.n the first and second
He e T Y e abheStrece: 6 mpniins Agoe sefppisqing

course COﬂS{ItU e one
first thermaluch@agd at a first position along the first course during the

first test exposure sequence;

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 (ST) the first set of test structures in the first set of target portions during the first
exposure sequence; and
30 - printing (S3) the second set of test structures in the second set of target portions during the

second 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

| it hographi c nethod according to any of the clains 24 to 26 conprising: -
selecting a first set of target portions2§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,zgmﬁé?‘éﬁ?f}‘f%@rdé‘é’c‘@ﬁé}}’OEB’FC@ﬁlmﬁéf*@gt portions has the first set of

relative pgﬁé)ésiir%rﬁ;lca'stcﬂ{eid?ti ng (S1) the first set of test structures in
the first set of target portions during the first exposure sequence; and

30 - printing (88)inthesisedgnd 1setapofait @Stk HouthEk&®HnHRubARISBEORImSEL Of
target portiong during the second test exposure sequence. 28 28. A nethod
according to a Wié?bsﬂlﬁ@aélﬂai ms 24-27 - choosing at |east one of - the

i mer s on i qui gheliRo B\ [ fromthe second substrate than from
the. Tiret subsiranam e gt G Tt i el FOR et e i BhEr Febime

second subgtoaing thchust substriie ubihg & firQ WbskHAirBesPWiR At NGt bhrobdsk gérameter
substratevﬂsénq%éa first coating process with a first set of" process
al

par anet er PSRy forihe secepdsulstate hsing duolidt saabist patoessusiting séched

first coald RE,RLAS ) econd set of process paraneter values. 10
29. A nethod accor ?1%8}’3{1%\/3%&0]: the clains 24-28 wherein the first

| it hographic projection apparatus and the second |ithographic projection
appar %t us (consti tute one and the sanme |ithographic projection apparatus.
AlmetHod Hebef asqnding tamy afthe deined 24 2 wRdreRGheies dithogtdyhicomejcotiomor

Iiihogra R : ) ri.se the first |ithographic apparatus. 31. A
net hod a%?‘éf&ng‘“?@%g%g‘g“g’?mﬁ ﬁ%g%l?“é?%ec%@é@p%@? ‘é‘i’lﬁ%% oRg ?fgft%%%%ft rate and
t he secordhogullit pajetionagpiritui.€ one and the same substrate.

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.



