LITHOGRAPHIC APPARATUS, SUPPORT TABLE FOR A LITHOGRAPHIC APPARATUS AND
DEVICE MANUFACTURING METHOD Field [0001] The present invention relates to a lithographic
apparatus, a support table for a lithographic apparatus and a method for manufacturing a device using
a lithographic apparatus. Background [0002] A lithographic apparatus is a machine that applies a
desired pattern onto a substrate, usually onto a target portion of the substrate. A lithographic
apparatus can be used, for example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning device, WhICh |s alternatrvel referred to as a mask or a reticle, may be used to generate a
circuit patternls LTHQGRAPHIGCAPRPARATUS, SUPRQRE FARLEEQR ALIEHOK 8dGnto a
target portion (e.g. corm;its\% ae\iﬁ%ﬂlcon Wafer)
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provided on the substrate. In general, a single substrate will contain a network of adjacent target
portions that are successively patterned. Known lithographic apparatus include so-called steppers, in
which eddlhrget portion is irradiated by exposing an entire pattern onto the target portion at one time,

d so- hich each target porti db the patt h
actiior P 118 oS Wi BB R LA ing- ISR o Ao Cy SEArAg R
substrate; pyaigl o atibaialiel dadhis AiEacsi@rol ﬁﬂﬁﬁ&@éﬁﬁg lodrnstendhgpatsmirprhe

patterning device to the substrate by imprinting the pattern onto the substrate.
apparatus.

Background
[0002] A lithographic apparatus is a machine that applies a desired pattern onto a

substrate, usually onto a target portion of the substrate. A lithographic apparatus can be
used, for example, in the manufacture of integrated circuits (ICs). In that instance, a
patterning device, which is alternatively referred to as a mask or a reticle, may be used to
generate a circuit pattern to be formed on an individual layer of the IC. This pattern can be
transferred onto a target portion (e.g. comprising part of, one, or several dies) on a
substrate (e.g. a silicon wafer). Transfer of the pattern is typically via imaging onto a layer
of radiation-sensitive material (resist) provided on the substrate. In general, a single
substrate will contain a network of adjacent target portions that are successively
patterned. Known lithographic apparatus include so-called steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion at one time, and
so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while
synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting
the pattern onto the substrate.

[0003] 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



[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. In an embodiment, the liquid is distilled water,
although another liquid can be used. An embodiment of the invention will be described with reference
to liquid. However, another fluid may be suitable, particularly a wetting fluid, an incompressible fluid
and/or a fluid with higher refractive index than air, desirably a higher refractive index than water. Fluids
excluding gases are particularly desirable. The point of this is to enable imaging of smaller features
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is handled by a fluid handling system, device structure or apparatus. In an embodiment the fluid
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confinement 'system. in an embodiment the fluid handling system may provide a barrier to immersion
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liquid with a nano-particle suspension (e.g. particles with a maximum dimension of up to
10 nm). The suspended particles may or may not have a similar or the same refractive
index as the liquid in which they are suspended. Other liquids which may be suitable
include a hydrocarbon, such as an aromatic, a fluorohydrocarbon, and/or an aqueous
solution.
[0004] Submersing the substrate or substrate and substrate table in a bath of liquid (see,
for example, United States patent no. 4,509,852) means that there is a large body of liquid
that must be accelerated during a scanning exposure. This requires additional or more
powerful motors and turbulence in the liquid may lead to undesirable and unpredictable
effects.
[0005] In an immersion apparatus, immersion fluid is handled by a fluid handling system,
device structure or apparatus. In an embodiment the fluid handling system may supply
immersion fluid and therefore be a fluid supply system. In an embodiment the fluid
handling system may at least partly confine immersion fluid and thereby be a fluid
confinement system. In an embodiment the fluid handling system may provide a barrier

to immersion fluid and thereby be a barrier member, such as a fluid confinement

structure. In an embodiment the fluid handling system may create or use a flow of gas, for



example to help in controlling the flow and/or the position of the immersion fluid. The flow of gas may
form a seal to confine the immersion fluid so the fluid handling structure may be referred to as a seal
member; such a seal member may be a fluid confinement structure. In an embodiment, immersion
liquid is used as the immersion fluid. In that case the fluid handling system may be a liquid handling
system. In reference to the aforementioned description, reference in this paragraph to a feature
defined with respect to fluid may be understood to include a feature defined with respect to liquid.
Summary [0006] Utilizing immersion fluid in a lithographic apparatus may introduce certain difficulties.
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substrate on an upper face thereof; and a conditioning system, configured to supply heat energy to
and/or remove heat energy from the support section, the conditioning system comprising a plurality of

Summary

[0006] Utilizing immersion fluid in a lithographic apparatus may introduce certain
difficulties. For example, the use of immersion fluid may result in an additional heat load
within the lithographic apparatus, which may affect the accuracy of formation of an image
on a substrate.

[0007] In some instances the heat load may be non-uniform across a substrate, resulting in
non-uniform variation of the image. By way of example, a heat load may be caused by
operation of a fluid handling system and/or by evaporation of the immersion fluid. These
effects may be localized to a part of a substrate. Consequently, there may be a localized
temperature change in the substrate, resulting in a localized thermal expansion or
contraction of the substrate. This is turn may result in a localized variation in a overlay
error and/or critical dimension (CD).

[0008] It is desirable, for example, to provide a system in which the effect of a localized
heat load can be reduced.

[0009] According to an aspect of the invention, there is provided a support table, for a
lithographic apparatus, configured to support a substrate, the support table comprising: a
support section, configured to support a lower surface of a substrate on an upper face
thereof; and a conditioning system, configured to supply heat energy to and/or remove

heat energy from the support section, the conditioning system comprising a plurality of



conditioning units that are independently controllable, each of the conditioning units configured to
supply heat energy to and/or remove heat energy from a respective conditioning region of the support
section and each of the conditioning regions configured such that it corresponds to a section of the
upper face of the support section having an area within a range of from approximately 50% to
approximately 350% of the area of the substrate in contact with an immersion fluid provided by a fluid
handling structure and having an aspect ratio of between 1 and approximately 2. [0010] According to
an aspect of the invention, there is provided a support table, for a lithographic apparatus, configured to
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section, wherein each of the conditiofiing units comprises a channel within the corresponding
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and/or remove heat energy from a respective region of the support table adjacent a respective
segmentcohtigugeg.to control the conditioning system based on the measurement data from the

temperature sensors.

[0011] According to an aspect of the invention, there is provided a support table, for a
lithographic apparatus, configured to support a substrate, the support table comprising: a
support section, configured to support a lower surface of a substrate on an upper face
thereof; and a conditioning system, configured to supply heat energy to and/or remove
heat energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective

conditioning region of the support section, wherein each of the conditioning units



[0013] According to an aspect of the invention, there is provided a support table, for a lithographic
apparatus, configured to support a substrate in a recess, the support table comprising: a support
section, configured to support a lower surface of a substrate on an upper face thereof; a conditioning
system, configured to supply heat energy to and/or remove heat energy from the support section, the
conditioning system comprising a plurality of conditioning units that are independently controllable,
each of the conditioning units configured to supply heat energy to and/or remove heat energy from a
respective conditioning region of the support section; and an extraction system, configured to extract
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configured to extract immersion liquid from a gap between the edge of the recess and the

edge of the substrate, the extraction system comprising a plurality of independently
controllable extraction units, each configured to extract immersion liquid from a

respective segment of the gap.



Brief Description of the Drawings [0018] Embodiments of the invention will now be described, by way
of example only, with reference to the accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, and in which: [0019] Figure 1 depicts a lithographic
apparatus according to an embodiment of the invention; [0020] Figures 2 and 3 depict a liquid supply
system for use in a lithographic projection apparatus; [0021] Figure 4 depicts a further liquid supply
system for use in a lithographic projection apparatus; [0022] Figure 5 depicts a further liquid supply
system f([)(;Olﬁ]e irjﬁac‘clgpc?i%ggg i(a:lriJ ;osjlsggcogfa"cﬁgaiga\}gg’;don, there is provided a support table, for a
lithographic apparatus, configured to support a substrate, the support table comprising: a
support section, configured to support a lower surface of a substrate on an upper face
thereof, the support section comprising a plurality of support table sections mechanically
connected to each other by a connector, each of the support table sections corresponding
to a respective conditioning region; and a conditioning system, configured to supply heat
energy to and/or remove heat energy from the support section, the conditioning system
comprising a plurality of conditioning units that are independently controllable, each of
the conditioning units configured to supply heat energy to and/or remove heat energy
from its respective conditioning region of the support section.
[0015] According to an aspect of the invention, there is provided a device manufacturing
method comprising: projecting a patterned beam of radiation through an immersion
liquid provided by a fluid handling structure to a space between a projection system and a
substrate supported on an upper surface of a support section of a support table; using a
conditioning system to supply heat energy to and/or remove heat energy from the support
section, the conditioning system comprising a plurality of conditioning units, each
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section, each of the conditioning regions corresponding
to a section of the upper face of the support section having an area within a range of from
approximately 50% to approximately 350% of the area of the substrate in contact with
immersion fluid provided by the fluid handling structure and having an aspect ratio of
between 1 and approximately 2; and controlling each of the conditioning units
independently.
[0016] According to an aspect of the invention, there is provided a device manufacturing
method comprising: projecting a patterned beam of radiation through an immersion

liquid to a space between a projection system and a substrate supported on a support

section of a support table; using a conditioning system to supply heat energy to and/or



[0023] Figure 6 depicts, in cross-section, a further liquid supply system for use in a lithographic
projection apparatus; [0024] Figure 7 depicts, in cross-section, a support table that may be used with
an embodiment of the invention; [0025] Figure 8 depicts, in plan view, part of a support table that may
be used with an embodiment of the invention; [0026] Figure 9 depicts, in plan view, a part of a support
table that may be used with an embodiment of the invention; [0027] Figure 10 depicts, in plan view, a
part of a support table that may be used with an embodiment of invention; and [0028] Figure 11
depicts, in plan view, a support table that may be used with an embodiment of the invention.

remove heat energy from the support section, the conditioning system comprising a

plurality of conditioning units that are independently controllable, each conditioning unit

configured to supply heat energy to and/or remove heat energy from a respective

conditioning region of the support section; and controlling the conditioning system based

on measurement data from a plurality of temperature sensors, each configured to measure

the temperature of the support table at a respective location.

[0017] According to an aspect of the invention, there is provided a method of generating

calibration correction data for a plurality of temperature sensors, each configured to

measure the temperature of a support table in a lithographic apparatus, the method

comprising: substantially simultaneously obtaining measurement data from the

temperature sensors; determining temperature data for each temperature sensor based on

the measurement data and existing calibration data for each temperature sensor;

determining for each temperature sensor a deviation of its temperature data from the

mean temperature data for the plurality of temperature sensors; and determining

calibration correction data for each temperature sensor that corresponds to the determined

deviation.

Brief Description of the Drawings

[0018] Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying schematic drawings in which corresponding reference
symbols indicate corresponding parts, and in which:

[0019] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0020] Figures 2 and 3 depict a liquid supply system for use in a lithographic projection
apparatus;

[0021] Figure 4 depicts a further liquid supply system for use in a lithographic projection

apparatus;



Detailed Description [0029] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises: an illumination system (illuminator) IL
configured to condition a radiation beam B (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 patterning device MA in accordance with
certain parameters; a support table, e.g. a sensor table to support one or more sensors or a substrate

[0022] Figure 5 depicts a further liquid supply system for use in a lithographic projection
apparatus;

[0023] Figure 6 depicts, in cross-section, a further liquid supply system for use in a
lithographic projection apparatus;

[0024] Figure 7 depicts, in cross-section, a support table that may be used with an
embodiment of the invention;

[0025] Figure 8 depicts, in plan view, part of a support table that may be used with an
embodiment of the invention;

[0026] Figure 9 depicts, in plan view, a part of a support table that may be used with an
embodiment of the invention;

[0027] Figure 10 depicts, in plan view, a part of a support table that may be used with an
embodiment of invention; and

[0028] Figure 11 depicts, in plan view, a support table that may be used with an

embodiment of the invention.

Detailed Description

[0029] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises:

- an illumination system (illuminator) IL configured to condition a radiation beam B
(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 patterning device MA in accordance with certain parameters;

- a support table, e.g. a sensor table to support one or more sensors or a substrate
table WT constructed to hold a substrate (e.g. a resist-coated substrate) W, connected to a
second positioner PW configured to accurately position the surface of the table, for

example of a substrate W, in accordance with certain parameters; and



table WT constructed to hold a substrate (e.g. a resist-coated substrate) W, connected to a second
positioner PW configured to accurately position the surface of the table, for example of a substrate W,
in accordance with certain parameters; and a projection system (e.g. a refractive projection lens
system) PS configured to project a pattern imparted to the radiation beam B by patterning device MA
onto a target portion C (e.g. comprising one or more dies) of the substrate W. [0030] The illumination
system IL may include various types of optical components, such as refractive, reflective, magnetic,
electromagnetic, electrostatic or other types of optical components, or any combination thereof, for
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reflective. Examples of

MT can use mechanical, vacuum, electrostatic or other clamping techniques to hold the
patterning device MA. The support structure MT may be a frame or a table, for example,
which may be fixed or movable as required. The support structure MT may ensure that
the patterning device MA is at a desired position, for example with respect to the
projection system PS. Any use of the terms “reticle” or “mask” herein may be considered
synonymous with the more general term “patterning device.”

[0032] 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 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.

[0033] The patterning device MA may be transmissive or reflective. Examples of

patterning devices include masks, programmable mirror arrays, and programmable LCD

panels. Masks are well known in lithography, and include mask types such as binary,



patterning devices include masks, programmable mirror arrays, and programmable LCD panels.
Masks are well known in lithography, and include mask types such as binary, alternating phase-shift,
and attenuated phase-shift, as well as various hybrid mask types. An example of a programmable
mirror array employs a matrix arrangement of small mirrors, each of which can be individually tilted so
as to reflect an incoming radiation beam in different directions. The tilted mirrors impart a pattern in a
radiation beam which is reflected by the mirror matrix. [0034] The term "projection system" used herein
should be broadly interpreted as encompassing any type of projection system, including refractive,
reflectivell EiafiB R Astagiheti Adleriigmatne hh artasbide s serit Bptissrsystetgdomasly types.
combinalion Jnereef, a5 apRepriale o1 fae sxposureradiation hengused, qriar olher fagiors, sych as
the use of an immersion liquid ‘or {he use of a vacuum.yAny S of the term ﬁpl‘Oj tion lens" erein
may be cansisieredas synamymeds Withtdeviirigigenaeal eyms projedien sysiemmiRoIakifsibare
depicted, the apparatus is of a transmissive type (e.g. employing a transmissive mask). Alternatively,

the appapaais maliferentdistedons Upetited anpluyiigraprograftrmblarmdotiomndyeaimvpelas
referred [ AU by TR AL ATalSSIve mask)

[0034] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of
an immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein
may be considered as synonymous with the more general term “projection system”.

[0035] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g.
employing a programmable mirror array of a type as referred to above, or employing a
reflective mask).

[0036] The lithographic apparatus may be of a type having two or more tables (or stage or
support), e.g., two or more substrate tables or a combination of one or more substrate
tables and one or more cleaning, sensor or measurement tables. For example, in an
embodiment, the lithographic apparatus is a multi-stage apparatus comprising two or
more tables located at the exposure side of the projection system, each table comprising
and/or holding one or more objects. In an embodiment, one or more of the tables may hold
a radiation-sensitive substrate. In an embodiment, one or more of the tables may hold a
sensor to measure radiation from the projection system. In an embodiment, the multi-
stage apparatus comprises a first table configured to hold a radiation-sensitive substrate
(i.e., a substrate table) and a second table not configured to hold a radiation-sensitive

substrate (referred to hereinafter generally, and without limitation, as a measurement,

sensor and/or cleaning table). The second table may comprise and/or may hold one or
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[0036] The lithographic apparatus may be of a type having two or more tables (or stage or support),
e.g., two or more substrate tables or a combination of one or more substrate tables and one or more
cleaning, sensor or measurement tables. For example, in an embodiment, the lithographic apparatus
is a multi-stage apparatus comprising two or more tables located at the exposure side of the projection
system, each table comprising and/or holding one or more objects. In an embodiment, one or more of
the tables may hold a radiation-sensitive substrate. In an embodiment, one or more of the tables may
hold a sensor to measure radiation from the projection system. In an embodiment, the multistage
apparatud B iRises aohhertdbie dRgirans HyTHING absisAle eRdrVORE IRt rAteTE. ODISdE BRA%Le
table) anl(%il 3 us§cond table not ¢ nfj[gtdr?d (0] Hg)elc% ghradiation-sensitive substrate 6%%1‘%;&9 g)oher inafter

e ({He or, mct)r? seleC Trom (%wm . d sené?r tOI measure m the
generally, and without limitation, as a measurement, sefAsor and/or cleaning ta e second table

may compife-acal/oysiay, keld enerornaiermhiests stkerdharna sadialivnssaasitivgsubstate.Such
one or more objects may include one or more selected from the following: a sensor to measure
radiationthre Hathid geojEpgoresystensters. or more alignment marks, and/or a cleaning device (to clean,

.g., the ligui fi t struct . [00371 | h "multiple st ! "multi-st " hi th
il LA TRE 8 BT TEL of ire B LHEH St M) B0 A AU, SR D T Eables
while ong QIR taPles Bre eI o HsRTHiaY BPesied The litheadraphis SRS have two

or more patterning device tables (or stages or support) which may be used in parallel in a similar
manner tor substratbeclérlingasehsorgandédr foeasprementiab|Bsh §go3Shin frpenaboslimaenthdive
lithographic apparatus may comprise an encoder system to measure the position, velgcity, etc. of a

compondWGPEHBASRALEIB TS A ARTDBRITEIY HRseoMhBnRRPEOMBie s iBstistt Rheralchn
embodimgts{hiSPRRANEN|CORMRIRES YINRARLIEIEDE 30A/B RRNRAhaNUY GisRaInd table. The

encoder system may be in addition to or an alternative to the interferometer system described herein

for the tqolE38] Thea@naaded Byisiegntcompiisges ghse appartiansolgecah feadhaadasshaiaiede . go
paired, with a scale or grid. In an embodiment, the movable component (e.g., the substrate table

and/or tHBSAEHSUBMBASIENEVOY YRk Bitd R TIEAMPENEM O HAS sRPHRHErdseaIehoghisahd a

frame of the Iithlti%%grllwti% gI%paratus wi@sﬁegtgqgﬁg nh(ifh etrql% ggm one élt moves has one or more of

the co grr]lses a . iment, the comgonena comcprlses a
sensors, trans ers or readheads. e one or more or sensors, ransducers or readheads cooperate

with the geale(s)Rieald(R A defeuniniie desiion, MeleciThelncalithe pamnangpbén@addition

embodiment, a frame of the lithographic apparatus with respect to which a component moves has one
or more $eadesaor glidnatisiehie nlovabledernpuientsisigmthiescietchtberdife fmdtbe theblsasbrement
and/or sensor, and/or cleaning table) has one or rgore of sensaqrs, transducers or readhe%'n

ds that
cooperafd T SR (O U G @) i et iaTe te s A FRT0RH7 LR Ot Sy EFIB Séﬁ’]l"%.ﬁ[%osg]
Referring o Figueeid., fie,Huminaiomteealy fRd dpationesam f(&]g], AR, W6k SQa e

source SO and the lithographic apparatus may be separate entities, Tor
the measurement and/or sensor and/or cleaning table) has one or more scales or grids and

a frame of the lithographic apparatus with respect to which the component moves has one
or more of sensors, transducers or readheads. The one or more of sensors, transducers or
readheads cooperate with the scale(s) or grid(s) to determine the position, velocity, etc. of
the component. In an embodiment, a frame of the lithographic apparatus with respect to
which a component moves has one or more scales or grids and the movable component
(e.g., the substrate table and/or the measurement and/or sensor and/or cleaning table) has
one or more of sensors, transducers or readheads that cooperate with the scale(s) or grid(s)
to determine the position, velocity, etc. of the component.

[0039] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation

source SO. The source SO and the lithographic apparatus may be separate entities, for
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example when the source SO is an excimer laser. In such cases, the source SO is not considered to
form part of the lithographic apparatus and the radiation beam is passed from the source SO to the
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 SO may be an integral part of the
lithographic apparatus, for example when the source SO 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. [0040] The illuminator IL may comprise an adjuster AD for adjusting the angular intensity
distributi6}EM AR YRRt ReoERCGeReFaIR) LSBT HASSitdP at B GAMRSY idcskh Bl dmmdhly

referred tg as d-outer and d-inner ctivel %\ f the intensity distriutionin a pupil plane of the
uminatoy e B S B B s
such as aintegeaiontadd acendanseniailon NE ilminaonil oa, Dessed dcandiierdieBD

radiation beam, to have a desired uniformity and intensity distribution in its cross-section. Similar to the

source SOMhasingifRrtceNemidy cruitalle clieciogsmarsaaftnparbetmesiprdaphlo apbaratus.
For example, the illuminator. IL may be an integral part qf the lithographic apparatus or may be
coparate By o RESI G A pAPARELS T P AR oL RaFA 5 BT e
configuregenaliawsie-AUGTNAIGT helbs maHBterierzer: QotisnalindhadiHminaton L isdatashable
and may be separately provided (for example, by the lithographic apparatus manufacturer or another
supplier)widh4h¢ Phamaditditienyosested BOri€identionltmeayaiterafag el vices (@ g diatask)sibeenachich is

held on the support structure (e.g., mask table) MT, and is patterned by the patterning device MA.
Having tllg%%e'%‘ﬁfélbﬁﬁﬂ?ﬁ%d%%ecmﬁg ARIRSBA oA B padiedinrdhgRse BrdfRtERsHY
system R BIFRRIAS A REAM ool st Roria G oo bstAlaY i pad.tie
second positioner PW and position sensor IF (e.g. an interferometric device, linear encoder or
capacitive semnsonlythef subdtratestahie i landrobigmesved patirale) v falg Baasiy phsition diferent
target portions C in the path of the radiation beam B. Similarly, the first positioner PM and another
position 3ePdBH (WA & Hoe dlpreingtasdletetnib Eigdirestedcdn Be didiantdhe dlramnapystiometie
patterning device AW respect o thepath of the adiatiqn beam R, &g ater mechanice) reffieval
from a masrf%}?iﬁrary, or during a scantm general, movemen &t the supporflsfiruclilurenmeiE may be
realized withihe @If 10f MigNBeStRIEBBsINELH{6AAIRE AR NBaAN d & Ishar sl e adkiler(ing
positioning), which form part of the first positioner PM. Similarly, movement of the substrate table WT
may be radizetbosityy distmigusieokin rite dutsapertiahdrinsitaktontioel ateineh 20, fomifamoiate dbcond
positioner PW. In the case of a stepper opposed tg a scanner) the support structure MT. may be
connectdéddd ¥ SABHYY ngé%dggﬁé?%?%%%é?}?&ﬁb%@ﬂmﬁ BNPATHF BRI N may
be alianegsinaRaIE iy e draAigam e nar ke Hile-aptubsiamAlionmay Ay e - e
Although the substrate alignment marks as illustrated occupy dedicated target portions, they may be
located inrgpigceemetineBthtaggaitpordippsratthdsetiacd dvawnss toribthloane plignapeatatasksiay
Similarly, in situations in which more than one die is provided on the patterning device MA, the

patterningfdSoRaEATsAmSh A stheay Bamdaien BenfRdretiactiaiedodasrerne ddpfiqeaipptiatus
Id be. ' least. llQwyi des: . t MT
ot b e e s S O e e

radiationibragidpis Papjesied: Ortaraitatgetpaitiandthat enpptinee) (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|18ddie phesediafienkarim bris spe dftherelpopakefiailagiffis e e gzavithleNEig &t pehitn C
imaged i ingle static exposure. [0044] 2. In sca d e sypport structyre MT and the substrate
table WIS SEhi e SHOC e Dt R TS TS PSS it R R
onto a tafgeiqeoran Eiblena &HG@Q)A”ﬁ%'?ﬁ&@ﬁ%ﬂ@)d@%‘%&@\l@&ﬁ)ﬂ?@Q‘a@!f%&iﬁ%ﬁ%?@%ﬁ@e
table WT relative to the support structure MT may be determined by the (de-)magnification and
through the projection system PS, which focuses the beam onto a target portion C of the
substrate W. With the aid of the second positioner PW and position sensor IF (e.g. an

interferometric device, linear encoder or capacitive sensor), the substrate table WT can be

moved accurately, e.g. so as to position different target portions C in the path of the
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image reversal characteristics of the projection system PS. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction) of the target portion C in a single
dynamic exposure, whereas the length of the scanning motion determines the height (in the scanning
direction) of the target portion C. [0045] 3. In another mode, the support structure MT is kept
essentially stationary holding a programmable patterning device, and the substrate table WT is moved
or scanned while a pattern imparted to the radiation beam is projected onto a target portion C. In this
mode, generally a pulsed radiation source is employed and the programmable patterning device is

updated Bl iRt &g amds-caeN aTbuethe Aret Basisionss a1 aprk athen P aeititereaserdudne is

radiation pulses,during a scan..This mode of operation.can be readily applied to maskless lithagraphy
it i B L R R D e BT

e mirror arfay ofat pe as

referred 11 akoua. JQR] EOMBIpAIOBSIRBTINALATINASOB, e alieyentiestiilies redes0tusa ar

entirely different modes of use may also be employed. [0047] Although specific reference may be
made in thiskdiprertheusdershithcgrapiit sppardtmsdramenhaf dhecturpot i Ce Lictshe iilbaay be

understood that the. lithqgraphic apparatus described herein may have. other applications in
artactE G Bolt B Hc hoTE EaTe e T A SEAT (B DAL SELIES e ARIteKSre of
in_tegratelql!g@gp@l gysienssigid € %\F}ﬁ&?t?&ﬂﬂn patterss e Mageeliodamaip ’Pﬁ/ﬂ‘%iﬁ%lﬂﬁﬁfpa”d
displays, liquid-crystal displays (LCDs), thin-film magnetic heads, etc. [0048] Arrangements for

providingdioadhbetwedgha firnaitelémabio e pryjdstioeasystt msB g, anbbtipstullstratedale bedlassed
into three general categories. These are the bath type arrangement, the so-called localized immersion

system ahPEHE IR S e YO By SEmPRItLh AR Bfsens AR BRIt S bdm R AgSthet Rt B the
substrate W _Q&Hiqaaal'%&q{ﬁaf>tﬂ?e8%9§§&tﬁstéﬁk%’}/§ NFBYR %§e<%ﬁhéél9@&ht8f4ig}{%19t%ﬁl/*

localized immersion system uses a liqu pply system in whichliquid is only

actuator only, or may be fixed. Patterning device MA and substrate W may be aligned
using patterning device alignment marks M1, M2 and substrate alignment marks P1, P2.
Although the substrate alignment marks as illustrated occupy dedicated target portions,
they may be located in spaces between target portions C (these are known as scribe-lane
alignment marks). Similarly, in situations in which more than one die is provided on the
patterning device MA, the patterning device alignment marks may be located between the
dies.

[0042] The depicted apparatus could be used in at least one of the following modes:

[0043] 1. In step mode, the support structure MT and the substrate table WT are kept
essentially stationary, while an entire pattern imparted to the radiation beam B 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 a single static exposure.

[0044] 2. In scan mode, the support structure MT and the substrate table WT are scanned
synchronously while a pattern imparted to the radiation beam B is projected onto a target
portion C (i.e. a single dynamic exposure). The velocity and direction of the substrate table

WT relative to the support structure MT may be determined by the (de-)magnification and
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provided to a localized area of the substrate. The space filled by liquid is smaller in plan than the top
surface of the substrate and the area filled with liquid remains substantially stationary relative to the
projection system PS while the substrate W moves underneath that area. Figures 2-6 show different
supply devices which can be used in such a system. A sealing feature is present to seal liquid to the
localized area. One way which has been proposed to arrange for this is disclosed in PCT patent
application publication no. WO 99/49504. [0050] In an all wet arrangement the liquid is unconfined.
The whole top surface of the substrate and all or part of the substrate table is covered in immersion
liquid. THE'AgpIEBEErRl IR elsvistisg at ibesPimiestin i se sl reigtadhalse s dich as

a thin firg, of id 00 L, SLPRRIS, MDGISIONighid may.o6 SupBlisd 10 O I PO 8.
projection system and'a facing surface facing the projection system (SUCh a facing surface may be the

surface gforispipstraite anciioria shhsirate talesule)yvohéhealiaiid seRell daviers RbhigHEe Sfdan

also be used in such a system. However, a sealing feature is not present, not activated, not as efficient
as normalederatieenibe Iightliveths seanningdlisesHgniel dealitgetaretignoBl] As illustrated in

Fi liquid i lied by at least inlet onto_th bstrate, preferably al the.
crecion S Rb e AR Hie ey S SRV 10 R kot ot e oot By A LB one
outlet aft@'io?é%ﬁﬁqﬁ?aﬁﬁ% HAGRLHIE RIGIECUQSYRIGL A P EBUOHIALR 15 5680 LRI

element in a -X direction, liquid is supplied at the +X side of the element and taken up at the -X side.
Figure 2 spetterthergreattgetnehe setertiatidathninisyhiofedigdidissa pplise partidet @nbhithiakendep on
the other side of the element by qutlet which is connected tq a low pressure source. In the illustration

of FiguresSRE i Al phe R URSh e e e dnshiBRIuPHTa Bmbls R RN S BEhinal
element,; thoughthis Jogs NakNesAdP 9&@%@%&&4@?8#%%“&%@&%@& A YWAPSS 9 e dndn

out-lets positioned around'the final element are possible; one example is illustrated in Figure 3 In
which fostseissbfearniitgiwitpElsegutieting eiteen silleiaradqute dtlegdradisagularpaitadilarapptidte final
element. Note that the direction of flow of the liquid is shown by arrows in Figures 2 and 3. [0052] A
further intané?h%‘ﬁfl’ﬁﬁoﬁFbﬁﬁgﬁ%l}ﬁtié]ﬁa\hliﬂﬁtﬂiﬁéalﬁwwaﬂl&%pI?Q%f/%]f@iﬁgs dRBIeR irfEr§urés4 ALiquid
IS supplied(()g)%r §Vr}'10 'igcloveiirr}lc?rt% on egpertsideeaofrié g F)ergj CQBQ seystem PS and is removed by a
plurality 5 SreErete outiets arrangeXl ragiaBﬁK} outwar y 0 the’Miéts. The inlets can be arranged in a

plate witioa4s9!e dvitsERAE A Ihrougavbieh sherpeojeeiiondeaanbisipraieeteds LigeigrissHpaled by
one groove inlet on one side of the projection system PS and removed by a plurality of discrete outlets
on the otthiéfesitid nfadesprbjestioapydserneRrs phaysidg a flow of a thin film of liquid between the

f which combinatign of inlet ets.to use

it e e T e g
Zeing gy iottnakthe ditastianef Sloveaf fuidiand PlbeHRSUAISS SREWAPYi HERS R Eigure
apparatus described herein may have other applications in manufacturing components
with microscale, or even nanoscale, features, 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.
[0048] Arrangements for providing liquid between a final element of the projection system
PS and the substrate can be classed into three general categories. These are the bath type
arrangement, the so-called localized immersion system and the all-wet immersion system.
In a bath type arrangement substantially the whole of the substrate W and optionally part
of the substrate table WT is submersed in a bath of liquid.

[0049] A localized immersion system uses a liquid supply system in which liquid is only

provided to a localized area of the substrate. The space filled by liquid is smaller in plan
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[0053] Another arrangement which has been proposed is to provide the liquid supply system with a
liquid confinement structure which extends along at least a part of a boundary of the space between
the final element of the projection system and the substrate table. Such an arrangement is illustrated in
Figure 5. [0054] In an embodiment, the lithographic apparatus comprises a liquid confinement
structure that has a liquid removal device having an inlet covered with a mesh or similar porous
material. The mesh or similar porous material provides a two-dimensional array of holes contacting the
immersion liquid in a space between the final element of the projection system and a movable table

(e.g., theRemdhatomsigiars ah Bipsshrtait, e hesHsr Sisdarpdrditidaenairombssaatially
hO”ey?%‘t‘%%%‘fherreﬁ’ﬁ'ﬁ&lo{%ah%espo-”c‘t?é‘nesm&%%'l t e mesh grsimil °r89§s”{hat8&%'ﬁ?th
comprises a metal mesh. In an enﬂ)okﬁment, € mesn or simiiar porous materia extends all the way

around theatmaage figldebthe prejRcHIesySte il iheeNtregranhis anpBralidsd Ihanembgdientathe

mesh or similar porous material is located on a bottom surface of the liquid confinement structure and

has a susfadmgémaguaswisrasasrntaolecr digeindodihtencabicedesteor Ginsilarayorshisimbeasriaeeras at
least a portion of jts bottom surface generally parallel yith a top surface of the tahle. [0055] Figure 5
schematRRRP AR LA TS Heic sUIBl Sy LrahT or e PG SR TS A Al
along at {eagszppart of a boundary of the space between the final element of the projection system and
the substrate table WT or substrate W. (Please note that reference in the following text to surface of

the substf@E)Nralso sdferstmaddigemenrtitthdiglietnativedonéisedfatbeoithelsubstratefsablef whéess
expressly stated otherwise.) The fluid handling structure 12 is substantially stationary relative to the

projectiort'&yétatn M ehalbey prehatiHu grbrisrte iallads sovReerbinivamssvamdatis ithe dertbieh (n
the direcfjom of the QREGA é&S?eAQt%ﬂeegﬂBgﬂiﬂeemasﬁéﬁa*ﬂﬁe@{ga?& R{%yss& %ﬁﬁ,‘%&éﬁa&dﬁf}gml

structure 12 and the surfaCe of the substrate W and may be a contactless seal such as a gas sea
(such a syisterr Wijnid gastbealubstiaedosedrivrkiurofiganipatenbappligsiiian foublidatibe kQion of a
EP-A-1,420,298) or liquid seal. [0056] The fluid handling structure 12 at least partly contains liquid in
the spacBrPIeHEANSTAtEMMEIGRMER S W BR SRGNBHRS Qe PR SHSE (TSt danna eotsetess

seal 16 to the substrate W may be formed around the image fiel he projectign system PS sp that
be l%ﬁﬁh?}]ni%lce O¥ a Bl?lgstra e tﬁrelci;/g)lgs%r sr{?b%ra{e gagfeén dAP P(f ‘%\e ﬁ¥ 1 SPEH%PY

liquid is confined w € Space between ate'W surface e final element o

projectiopsyeteriR$z e Spaem blss B¢ @ast RRENHo HRAdN. th flléshandingnsiraivie 12not

positioned below and surrounding the final element of the projection system PS. Liquid is brought into
the spacpriestody the prbieatich spstesrefSiant agitionrtiad duiotheirvdisegisefbettire 10 bsalidisdihlest 13.
The quui%lrﬁwa b remO\(/Sid by liquid outlet 13. The fluid handling structure 12 may extend a little

above th X%@I Ht6F theprojection system. The liquid level rises above the final element so that

a buffer gdigyichis rayidec i an smbosiment the fiic handling StHictie.44 s Fmiingpasienery
that at the upper end closely conforms to the shape of the projection System or the final element
thereof anshaye epgefobbyatbry the dotictiontlod inneemperiploéhelosedyratnfolais totthihsliape of
the image field, e.]g],., rectangular, though this need not be the case. o
element. Liquid is removed by at least one outlet after having passed under the projection
system. As the substrate is scanned beneath the element in a —X direction, liquid is
supplied at the +X side of the element and taken up at the —X side. Figure 2 shows the
arrangement schematically in which liquid is supplied via inlet and is taken up on the
other side of the element by outlet which is connected to a low pressure source. In the
illustration of Figure 2 the liquid is supplied along the direction of movement of the
substrate relative to the final element, though this does not need to be the case. Various

orientations and numbers of in- and out-lets positioned around the final element are

possible; one example is illustrated in Figure 3 in which four sets of an inlet with an outlet
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[00571 The liquid may be contained in the space 11 by a gas seal 16 which, during use, is formed
between the bottom of the fluid handling structure 12 and the surface of the substrate W. The gas seal
is formed by gas. The gas in the gas seal is provided under pressure via inlet 15 to the gap between
the fluid handling structure 12 and substrate W. The gas is extracted via outlet 14. The overpressure
on the gas inlet 15, vacuum level on the outlet 14 and geometry of the gap are arranged so that there
is a high-velocity gas flow 16 inwardly that confines the liquid. The force of the gas on the liquid
between the fluid handling structure 12 and the substrate W contains the liquid in a space 11. The

inlets/oufBtEihsy Bisla it BFGritRd dnhitsealaFoRrideeadpaed the ik slmangrotvissthadythe
continuogisrgrhc(ljisc&rglig%o 'thg ﬂcl)dvig)glqgs %%isa%p‘oevc\:,g\{reléo corrétsa@aw iquid in the space 11. Such
a system s disclosed in United States patem apgllcatlon pu figation no. US 2004-0207824, which is

hereby ingesppratad-derafarraesdn lisheRIHNy BanRMberINe Mcine duidfiaadingsiryptusmlig does
not have a gas seal. [0058] Figure 6 illustrates a fluid handling structure 12 which is part of a liquid

supply sybtasm ThBiguie Hahtlin Srgurpcloxtarisouhihlible paripHy side ofiteamrejetits) of
the final elemen{; f the projection system PS .(EOOEQ&.A lurality of o ening 50.,in Irhe surface, which in
part defifes T pARS 11 SRBORLING IR UHRL 5SEera SUtRs AR ssLLad s Qe g 20,
50 in Sid%\é’ﬁlﬂ%%gTﬁ_% [RRRSEHMEly IHraHgBd esResTive ﬁh&ﬂ%bﬁﬁ%ﬁﬁ’ i@@ﬂ%%ﬁf‘@ﬁf%ﬁ%ﬁ@é?e 11.
[0060] A seal is provided between the bottom of the fluid handling structure 12 and a facing surface,

e.g. the shbgirajectdrobensubstratetahle Mghidribetpphdd dureteagseal dénieedn coefigdeeof e
provide a contactless seal and is made up of several components. Radially outwardly from the optical

axis of tHE YRSERhH LR Pl fraraved X ARttty rRSrncis's euHets Prdteetifhiid e fdhs into
the Spacgr%kcms 825&%8{ P@t@a%iﬁgx R3Ye L ORED ifi‘gn5§ftﬁﬁ%&@&ﬂ%ﬁ%@ﬁ&@%&%ﬁ%&@té&e
5 n (e.g., paral

opening ay be beneficial if the tontrol plate 51 Is displaced in the Z directi lel to the
optical ags ahthehprojgstionsysicmPSoRkadiaiyhackvwardly itibe idovinteniiod Patkeltoruteechattom
surface of the fluid handling structure 12 facing (e.g., opposite) the facing surface, e.g., the substrate

W, may BERsndpanitty tBoching oheAREIBOCah hovidestigisah dharedisncewairatior pAdgt

auiace B MA08 DB BSOS 13l DS RTHRRRH >
shown by arrows in Figure 4.
[0053] Another arrangement which has been proposed is to provide the liquid supply
system with a liquid confinement structure which extends along at least a part of a
boundary of the space between the final element of the projection system and the
substrate table. Such an arrangement is illustrated in Figure 5.
[0054] In an embodiment, the lithographic apparatus comprises a liquid confinement
structure that has a liquid removal device having an inlet covered with a mesh or similar
porous material. The mesh or similar porous material provides a two-dimensional array of
holes contacting the immersion liquid in a space between the final element of the
projection system and a movable table (e.g., the substrate table). In an embodiment, the
mesh or similar porous material comprises a honeycomb or other polygonal mesh. In an
embodiment, the mesh or similar porous material comprises a metal mesh. In an
embodiment, the mesh or similar porous material extends all the way around the image

field of the projection system of the lithographic apparatus. In an embodiment, the mesh

or similar porous material is located on a bottom surface of the liquid confinement
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[0061] Radially outwardly of the opening 180 may be an extractor assembly 70 to extract liquid from
between the fluid handling structure 12 and the facing surface. The extractor assembly 70 may
operate as a single phase or as a dual phase extractor. The extractor assembly 70 acts as a meniscus
pinning feature of a meniscus 320 of the liquid. [0062] Radially outwardly of the extractor assembly
may be a gas knife 90. An arrangement of the extractor assembly and gas knife is disclosed in detail in
United States patent application publication no. US 2006/0158627 incorporated herein in its entirety by
reference. [0063] The extractor assembly 70 as a single phase extractor may comprise a liquid
removal HEVREr®anstidrorisietiage fadnad one iz dbedabie Uban saeediaent dhsigatdh or

publication np. US 2006-0038968, incorporated herein in ifs entiret reference. In an,embogdiment,
e auic o B e B B e B R e
used to sgpaiatedebittiommtgas to enable single-liquid phase liquid extraction. An underpressure in
chamber 121 is chosen such that the meniscuses formed in the holes of the porous material 111

prevent 40AbAtigaserdsrheingtidrdlyndericti e deantized 12quad theriyidyeteovar dbuidéaodhagvever,
when the surface of the %ousﬁrjrn\‘]aterigl 111 c{omtes intotcoqtaﬁt with liqui Elpéere is ng}menisc% to
restrict fISW&HY th néith@c O st antd R CAdARP 3 8‘1?‘%1’%& SREISF RSEESTH  foo64]
The porgyig.matsrehd b1 @@ﬁdﬁ&%ﬂ@&@@éﬁ@ﬂ”é@%&?ﬁ@%%ﬁW@Pgé&@re&egvﬁ \igithssuch
as a diameter, in the range of 5 to 50 micrometers. The porous material 111 may be maintained at a

height inrthee rédmaje ref&@110e300 thicriiietesgbexte @ surféoe, sficthasalisicitg Sirfalse, frefiersvhich
liquid is to be removed, e.g. the surface of a substrate W. In an embodiment, porous material 111 is at

least slighi§ TP hicthe st sedimanie fassiel: hegiubitate takls opnisssiramiershs salsds or
desifabhgt%%m@@ 8Pp o fﬁﬁdn}mﬁaﬁm%"&%&g- Y&aﬁér-sl?@s%&ﬁgiaﬁya%m Qi gas.Kpife 90 may

be provided one or more outlets 210 to‘remove gas from gas knife 90 and/or liquid that may escape
past the gagdanite 39 stene enthentioptaaytieiaughOtheay herjobateshietelaeivontooemere putlais/of the

gas knife 90. To facilitate channeling of fluid (gas and/or liquid) to the outlet 210, a recess 220 may be
provideddif eraary (i Esnaiertiont etrinawieticaltrsis)s direk wakkedhnevutieterl b frormedikabnsieme gas
knife 90 ﬁ{]edfﬂig A }r\{vges(?t?uoc ltllreéslg fatrtlc? t%%ssh? -g%eggf the substrate W and may be a contactless
seal such as a gas seal (such a system with a gas seal is disclosed in European patent
application publication no. EP-A-1,420,298) or liquid seal.
[0056] The fluid handling structure 12 at least partly contains liquid in the space 11
between a final element of the projection system PS and the substrate W. A contactless seal
16 to the substrate W may be formed around the image field of the projection system PS so
that liquid is confined within the space between the substrate W surface and the final
element of the projection system PS. The space 11 is at least partly formed by the fluid
handling structure 12 positioned below and surrounding the final element of the
projection system PS. Liquid is brought into the space below the projection system PS and
within the fluid handling structure 12 by liquid inlet 13. The liquid may be removed by
liquid outlet 13. The fluid handling structure 12 may extend a little above the final element
of the projection system. The liquid level rises above the final element so that a buffer of
liquid is provided. In an embodiment, the fluid handling structure 12 has an inner

periphery that at the upper end closely conforms to the shape of the projection system or

the final element thereof and may, e.g., be round. At the bottom, the inner periphery
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[0066] Although not specifically illustrated in Figure 6, the liquid supply system has an arrangement to
deal with variations in the level of the liquid. This is so that liquid which builds up between the
projection system PS and the liquid confinement structure 12 (and forms a meniscus 400) can be dealt
with and does not escape. One way of dealing with this liquid is to provide a lyophobic (e.g.,
hydrophobic) coating. The coating may form a band around the top of the fluid handling structure 12
surrounding the opening and/or around the last optical element of the projection system PS. The
coating may be radially outward of the optical axis of the projection system PS. The lyophobic (e.qg.,
hydroph&Heslyoetivg et keeshaBshiBasiBragIiSlh the sipstansilagdivsiedhés agedhei/es), one
or more uélggg 201 may be provided to remove liquid reaching a certain high relative to the structure
12. [006 Another localized area arrangement is a fluid handling structure which makes use of a gas
drag prinogse] The sepedlathgas daaanedipiethaspeanideseribess feapxamplhnddrited S@tes
patent application publication nos. US 2008-0212046, US 2009-0279060 and US 2009-0279062. In
that systénnied dxararstion theldw Hramawaibediinid draptingichrashayrdckiraig Hhoesuréaracr! the

be ali ith f directi f t, the steppi h '
crecion TG LR ed Do arcE th e HGHIcEN BBt Bt B A e AL ST el
handing skugctie fof fRives &Pesd JathseRieiairac ditaelRR-RAMBARH dthe hia QUilsiRweTe.

aligned perpendicular to the preferred direction. However, an embodiment of the invention may be
applied tolefiid sandliag sy stenvuthet H 4n ‘Plrendvaszeyssinape drchgssaiteinppmentsuchlaesethen
extraction openings arranged in any shape. Such a shape in a non-limiting list may include an ellipse

such as Heirutles Haanmh8sraininedbs gamatcisryieed 3P thagthree sralpahalelogiasdutA%s a
rhombus, @r;g corpared Sangid t@?@i%man ﬁ%%@%ﬁ&%%@%ﬁ fc%fl?qnﬂb?{?em&ﬁ%%ﬂu{&ioﬁf‘]

In a variation of the’system of US 2008/0212046 Al, to which ah embodiment of the present invention
may relateridiergecmattyaf the ceihered shapedtewhickdheabpenirgsigtedrtangesbatiowsl shEtp
corners (between about 60 and 90, desirably between 75 and 90 and most desirably between 75 and
85) to baPrisEnttisistHAEdP AR atgh &aasyes i tHEhssar e TR S RSP dihg ldiPciBHE  TEHRONRS WS

increased speed in Ehe direction. of each aligmfﬁ cgrner. This 1'% becgu e th crea,ttion {ﬂ‘ liguid droplets
ma e ﬁon 1nuous or discontunyous. e 8W of %13 S elffective R contain.tne qé,ll mn.
due to an unstable meniscus, for example 1n exceeding a<ritical speed, In the scanning direction is

reduced t\¥herR€QINSIsATE Sligardiitl detbdhe sranringard sieppingslieetianpubkraasachepeed
may be achieved in those directions. Desirably the speed of movement in the scanning and stepping

directions/map¢e RFéhtiavkyidyuisl. hereby incorporated by reference in its entirety. In an
embodiment, the fluid handling structure 12 does not have a gas seal.
[0058] Figure 6 illustrates a fluid handling structure 12 which is part of a liquid supply
system. The fluid handling structure 12 extends around the periphery (e.g. circumference)
of the final element of the projection system PS.
[0059] A plurality of openings 50 in the surface which in part defines the space 11
provides the liquid to the space 11. The liquid passes through openings 29, 50 in side walls
28, 52 respectively through respective chambers 54, 56 prior to entering the space 11.
[0060] A seal is provided between the bottom of the fluid handling structure 12 and a
facing surface, e.g. the substrate W, or a substrate table WT, or both. In Figure 6 a seal
device is configured to provide a contactless seal and is made up of several components.
Radially outwardly from the optical axis of the projection system PS, there is provided a
(optional) flow control plate 51 which extends into the space 11. The control plate 51 may

have an opening 55 to permit flow liquid therethrough; the opening 55 may be beneficial if
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[0069] Within a lithographic apparatus, a substrate may be supported on a support table. In particular,
the support table may include a support section that is configured to support a lower surface of the
substrate. An upper face of the support section may, for example, include a base surface having a
plurality of burls protruding from base surface. The lower surface of the substrate may be supported on
the upper faces of the burls. Such an arrangement may minimize or reduce the total area of the
substrate in contact with the support table, minimizing or reducing the likelihood of contaminants being
transferred between the support table and the substrate and/or minimizing or reducing the likelihood of

a contaniiartMerigriséait isetivekireHe R dhsradizasti o &iBpdrishlehéostispertisexiséihtay
result in ar%eJ&E%‘f'f‘“O’ét%ﬁ%hﬁs?“g}é‘a"i‘%‘fra[oooﬁ%é%‘d?” SPRodiment, the Jpage argynd the burls, below
the subs*Pratb, may BE Connedted 10 ah un er-pressure source. Accordingly, 1t:ﬁe substrate may be

vacuum giarape dteHa e sipRaFdRREs 1R td1d N 2a @nent of solosaliteatloastattivgrestéhe. sUlbstrate

and/or the support table, there may be a local temperature variation within, for example, the substrate,
resultingsnbstiscal themaal bgpansieenbrgheitndihoapeting 1itstsignitiddatljdnid dvecdoreginallel to
the upper and lower major faces. of the substrate. Howeyver, the thermal expansion and/or thermal
contract 3 e b LIRS g B roRAE P oy U6 SE Rt Do, o URTEH di ELBSPAIEH ibed.
particulago e, fR5aes t@léﬁ%ﬁﬁ&%eﬁ@ﬂﬁd%ﬂﬁ@g Q%‘%{S’ bHigroeal eRNAIPN MY Re aRBligddo the

substrate via the burls. [0072] In order to reduce or minimize temperature change within a substrate, a
conditiortitg syéiemithdigbeldprovided that supplies heat energy to and/or removes heat energy from
the support section of the support table. Accordingly, heat can be supplied or remaqved in order to

compend P Radiallyiondverrels stibhe-SreamBolLpEoriasR SHaLenaRRSHRY sy e iiERrt
provide heat.di a@ﬂyﬁetwer&m%\éefﬁ%atﬂh%ﬁ%{%r&%&?&rgLiap&ﬁa%%ﬁ%&? COMRLRSHE.TL gt load

on the support table. Furthermore, the conditioning system may provide h€at to or remove heat from

the suppastaabliprysueathapgat flows dragldhshsspperaseciimiohesubstaieromtiorsxiector
substrate to the support section, in order to compensate for a heat load on the substrate. [0073] Figure
7 schemagreanP el astaasupprsrrisdsie RTRSVISRINEROE BudlifaH HAdied the liquid.

[0062] Radially outwardly of the extractor assembly may be a gas knife 90. An
arrangement of the extractor assembly and gas knife is disclosed in detail in United States
patent application publication no. US 2006/0158627 incorporated herein in its entirety by
reference.

[0063] The extractor assembly 70 as a single phase extractor may comprise a liquid
removal device, extractor or inlet such as the one disclosed in United States patent
application publication no. US 2006-0038968, incorporated herein in its entirety by
reference. In an embodiment, the liquid removal device 70 comprises an inlet 120 which is
covered in a porous material 111 which is used to separate liquid from gas to enable
single-liquid phase liquid extraction. An underpressure in chamber 121 is chosen such
that the meniscuses formed in the holes of the porous material 111 prevent ambient gas
from being drawn into the chamber 121 of the liquid removal device 70. However, when
the surface of the porous material 111 comes into contact with liquid there is no meniscus

to restrict flow and the liquid can flow freely into the chamber 121 of the liquid removal

device 70.
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invention may be provided. The embodiment depicted in Figure 7 is simplified and features of a
substrate table not required to explain an embodiment of the present invention are not depicted.
Nevertheless, a support table of an embodiment of the present invention may include many such
additional features. [0074] As shown, the support table WT may include a support section 22 that is
configured to support a substrate W. In particular, the substrate W may be supported by means of a
plurality of burls 20. The support table WT further includes a conditioning system 21 that supplies heat

energy to and/or removes heat energy from the support section 22.(52075] The substrate W is
thermally CdhiEha P eewt proersd énh? 5 Fdrseampnrbey dheamdldreleacashavichon dHRsigiCihe

burls 20 that a1, iybhyeigal coniactuith edower surface,ofdhe substrate Wl aher ords, when
the conditidning system 21 supplies hedt energy to”or removes heat energy from the support section

22, energylimidyndsansiataitiomdhe Reppersationdgetae s0bsBalerido hesupit sactiondeem the
substrate, respectively. [0076] In an embodiment, depicted in Figure 8, the conditioning system 21

may incladehaapla rfamylg)fsmtﬂ@@seﬁnéntry@@htlm@@ésd@m?@mﬁq%ig@Shgauhfm.a;of_)e sdrieded to

e nan o b ANEBIS ESh ARG RS 55 hiy/ba C BHGOTARCSCH Al OB R

energy to RO IEHE hSalcaTataY {ram dhe SURRIK:S RSO 22 fthe sLnPastalls W so°, to
the immersion liquid, e.g. water.
[0065] Radially outward of gas knife 90 may be provided one or more outlets 210 to
remove gas from gas knife 90 and/or liquid that may escape past the gas knife 90. The one
or more outlets 210 may be located between one or more outlets of the gas knife 90. To
facilitate channeling of fluid (gas and/or liquid) to the outlet 210, a recess 220 may be
provided in the liquid confinement structure 12 that is directed toward outlet 210 from
outlets of the gas knife 90 and/or from between outlets of the gas knife 90.
[0066] Although not specifically illustrated in Figure 6, the liquid supply system has an
arrangement to deal with variations in the level of the liquid. This is so that liquid which
builds up between the projection system PS and the liquid confinement structure 12 (and
forms a meniscus 400) can be dealt with and does not escape. One way of dealing with this
liquid is to provide a lyophobic (e.g., hydrophobic) coating. The coating may form a band
around the top of the fluid handling structure 12 surrounding the opening and/or around
the last optical element of the projection system PS. The coating may be radially outward
of the optical axis of the projection system PS. The lyophobic (e.g., hydrophobic) coating
helps keep the immersion liquid in the space 11. Additionally or alternatively, one or more
outlets 201 may be provided to remove liquid reaching a certain high relative to the
structure 12.
[0067] Another localized area arrangement is a fluid handling structure which makes use
of a gas drag principle. The so-called gas drag principle has been described, for example,

in United States patent application publication nos. US 2008-0212046, US 2009-0279060
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[00771 Each of the individually controllable conditioning units 23 may be configured to supply heat
energy to and/or remove heat energy from a respective conditioning region of the support section 22.
Accordingly, the controller 24 may control the conditioning system 21 more effectively to respond to a
local heat load on the substrate W. [0078] For example, if there is localized cooling on the substrate
W, the controller 24 may control the conditioning system 21 such that one individually controllable
conditioning unit 23 provides heat to a portion of the support section 22 that is adjacent the region of
the substrate W in which the localized heat load is provided. [0079] This may avoid heating the entirety
of the suppdrtSeetidh Y YahelBubabbsise e meEagisEebea BearensrchitoadhPthe biBstrate
W. This, in tugj} m%g}vgid or recdurc{e a-problem for a corpgdit(j11 ningds%i\gltﬁlm that i no&dci%i%eé:l into

separate OGO regions. namely that the temperature ‘D section of & substrate W hof Subject to

a localizedoReatdagdsiay RerhaRRGESSR I raisedafHiHeanereoby TRIFigHIGshd CopEiE R NGe
system 21 as discussed above so that a localized response can be provided to a localized heat load, a

faster respemseunfytvecendiablepamiags et serfaspeéHarisiyidideustiog, shaleiskofelayvgiivnthe
temperature qf.a region of the substrate W not subject to a localized heat load, for example b
orowidinG B FIG8 R THESI AT BAERGY ERUT) T 1500 HE TR T P80 FaR UG an
emboc_ii”%8Qhé'ﬂﬁé}@ﬂ@@%ﬁgt%ﬁ%&%@@éﬁ‘%m&ﬁﬁ{@ﬂt%%éhﬁ%&%ﬁ@%@i% %&5‘}'{@@@) a
associated with each of the individually controllable conditioning units 23 roughly matches the footprint
of an exphdtediocdiingdshe@ntoachorhtie pldostrate ¥iy[G08PEThe brpecteshipealizedsueht isathmay,
for example, be provided by a fluid handling structure 12 within an immersion lithographic apparatus.

The fluid¥ERGHIG PSS PITANSPH IS FhARS sToIThAiBNRPS T Ac2 8r inei ipp st thAycoide
substrate W yhen iLig suppartad by @%é&eﬁﬁ%féﬁas@lgp\é@u@lo%lAnr@ag%g%)eg%!geqté ¢@nditigning

system 21 may be configured such that each of the individually controll itionirig units 23 is

associatgdailblegeandiiehing sagiomBostbathas e siaitha preaiih e & eltaaf iher ftoichbandlittgas
structure 12 and a similar aspect ratio. By arranging the conditioning regions 25 to largely correspond
to the locaiPAEIHERPTSRPEHESeHWy the use of the fluid handling structure 12, the conditioning system

21y ARSI RSl il e LB 2R G
present invention may relate, the geometry of the cornered shape in which the openings
are arranged allows sharp corners (between about 60° and 90°, desirably between 75° and
90° and most desirably between 75° and 85°) to be present for the corners aligned both in
the scan and in the stepping directions. This allows increased speed in the direction of
each aligned corner. This is because the creation of liquid droplets due to an unstable
meniscus, for example in exceeding a critical speed, in the scanning direction is reduced.
Where corners are aligned with both the scanning and stepping directions, increased
speed may be achieved in those directions. Desirably the speed of movement in the
scanning and stepping directions may be substantially equal.

[0069] Within a lithographic apparatus, a substrate may be supported on a support table.
In particular, the support table may include a support section that is configured to support
a lower surface of the substrate. An upper face of the support section may, for example,
include a base surface having a plurality of burls protruding from base surface. The lower

surface of the substrate may be supported on the upper faces of the burls. Such an

arrangement may minimize or reduce the total area of the substrate in contact with the
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[0083] In an embodiment, the conditioning system 21 may be configured such that each of the
conditioning regions 25 corresponds to a section of the upper face of the support section 22 having an
area within a range of from approximately 50% to approximately 350% of the area of the substrate in
contact with the immersion fluid provided by the fluid handling structure 12. This may be known as the
"wet footprint". By arranging the conditioning unit 25 to be within this range, the conditioning system 21
may be suitably responsive to the localized heat load. However, the selection of the size of the
conditioning regions 25 (and therefore the number of conditioning regions 25 into which the

conditiorfiRBRYK &R 191 TRIBIGEEEIOh testHpramibe. Frikegdr dhe SaBiABLE difdith HAYSIEHBAs 25,
the sl h ditioni 21 d to.the localized heat | 1d/oF th ter th
e slowgl, R SOF %{ﬁf"@% %%%ﬁ@wﬂ?}?ey srﬁel?%)tg%}gc%%/cgﬁr %’ﬁakz%%ztwg‘orora&%qﬂg{hﬁ igne

r
effect on a region o strate atis no ecte ocalize at 0611 . ﬁ) ?he
contrary ofredusHigriifasiz 8 &h i esditiofing:regioRa R Hveinas th eufssoefl enolieaterpponiepe
conditioning regions 25. This may improve the control of the response of the conditioning system 21 to

the localiwbichenajoersahdrior dsdgradtion tidlededbgnaderegion of the substrate W that is not directly
affected ocalized heat load. However, providin reater number of conditioning regions 25
iy VRO o8 SRR Cor) SR BEHST RSy T SToel BTttt AT B (ebsiure
sensors ji,ordefcid REOWHe sHitabls cqno! Qiihe ingividratheseniialabie senditionipoynit 23 um
associated with each of the conditioning regions 25. The above range represents the range in which

this complomyisel indbasidppedtttabeacceptable. [0084] In an embodiment, the area may be within a
range of a&groximately 50% to approximately 150% of the wet fol%tgrint. Arranging the conditioning

system 29U HHheRY B LbRhREbRERINRY PSRN withitraits Foa (e RafigRRBniskied to
the range jdenfifi .%bﬂ'&m&ﬂ#%\ég%l% CARAHONING HYS IS0} %;awmémﬂ@y&gs&@%a%gﬂﬁﬂqg-Iilv

particular, the conditioning system 21 may be able to respond more'quickly to a localized heat load
and/or majobalveheegiiteseiiesbara tiegienlofdhe-stthsirateoW dhatifscant] ditactiv afiatteddaydhel
localized heat load while still having a control system for the conditioning system 21 with an
acceptaiie tB9eVBPEB MDY Hamelgralaskiinef thgesiRiiatgddivoney dostae [Hugsnah gxpansion
embodiment, each of the cgnditionin lons 25 may cqrrespond to a section of the, upper face,of the
upport SE0HSh S R Lo R e B B R R R e i,

and apprigximiatelyate Thelfashthiptith sanditioning regierste36RY RveamaspeghdativRfhetween 1
and approximately 2 does not impose a limitation on the particular shapes that each of the conditioning
regions 2Bamaylivandrbcti pnerely beegifidiedniat the Jehsitatef dnytlshbpesnay not be more than

approxi I ice the width of such a shape. Therefore, the wet footprint, which may have a similar
oot T ) ORI BT BRI ndFTBGHA S5 ARt it & SRR &
conditionipg {REIAMH2 S sRIIY, HUSSEVALIRN (MAYRS sRmnAssd it e HeaHhR hyRetReticakt

elongate conditioning region. If such an elongate conditioning region has the same area as the wet

footprint dninsyvEnnithesigngert Heati ohisitide soppoat satdd. propardioglyf, then etomga¢eseppttboing
region may overlap with the wet footprint at any one time. This may prevent a conditioning system

composeaBPY¥aEHERIlgAL CORURTARG FepRaRbIRFE PO YRR AR BHanoEH st T
ith having.a signifi ff ' he. i iregtly af
without %\f{aﬁf%ﬁé&% 523%?&?’2 a%%fﬂ%?&ﬁ%‘&%&% girMhRIrale Y %%%SVQOEQAEea'iye@tffCE?og;ﬁ’t%f it

localized heat loa odiment, the conditioning system 21 may be configur

one of theupplitioningrie@arsdeisprovisied apa Sohgtastially cigiiarzeigat tietheniasef the
support section 22 of the support table WT. The one or more remaining conditioning regions 25 may
be arrangedcil @HeD pynEe Jeetionsor diseherh nfigramayie e tHeosu pperssppaishseetifgosrahThe

size ofthE SRAIORRITRN A AIPE S LE RIS HRPRILSESIF N the substrate to the
support section, in order to compensate for a heat load on the substrate.
[0073] Figure 7 schematically depicts a support table WT in which an embodiment of the
invention may be provided. The embodiment depicted in Figure 7 is simplified and

features of a substrate table not required to explain an embodiment of the present
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the number of sections into which the remaining annulus of the support section 22 may be divided may
be appropriately selected such that the size and aspect ratio of each of the conditioning regions 25
appropriately matches each other and the size of the localized heat load. [0088] In an embodiment, as
depicted in Figure 8, the conditioning system 21 may be configured such that there is one conditioning
region 25 in the center of the support section 22 and six conditioning regions 25 surrounding it. This
arrangement may be particularly beneficial for a particular combination of a size of the support table
WT and size of wet footprint provided by a fluid handling structure 12. Other arrangements may be

used, forB¥amsior aranatgiapricisgoN exsiehwlrsiver urRer ria e e erhnrisete o RRyBrasbtrate

W. [0089111I\p a embodimelﬂtdéals showlq i% aFci%{heogalefalch of the individually controllable conditioning

: tures.
units 23 maf/r}rllgf[& e an electric heater ach controfied ?rsldependently by the controller 24. The

electric ITeaal 26 mayRe, Provddachwishin s ugodaplendlh@ndlosppatopssttitace2of thasupport
table WT and/or on a lower surface of the support table WT and/or at an edge of the support table WT.

In the lattentigsecdrie svpmyd aleehitrataldrd 2 patigiderathengdebtrateeample be suwpgréadikar to
US Patent Publication number US2009/0279061 the content of which are_hereby incorparated in their
ertiroty B)TERRrSnGe HIGHe PRer oo oo HURERSh Bl T BF B bSO A
may, for ﬁ?&%‘ﬁ?'@l b\ B %ﬂﬁﬁﬁé@ B@E“é’%@{ér@f QW&%@%P%H%UQ@@E%W@@Q @?Srﬁuﬂ{%o'&ﬁ%p” 22.
In an embodiment, the support table WT may further include burls on its lower surface (not depicted in

Figure 7}keltitma®Zase, an electric heater 26 may be provided on the lower surface in between the
burls on the lower surface. For completeness, the arrangement of burls on the lower surface of the

support S0P IR sYhSE Aifree it ORI FRHES et BREn RISt HHOYided B (ReAEIRISoRY
section 32 10, SURRRLL NG loWEr SHTRECE t@&%@ﬁ@@*@%&ﬂ&@%ﬁi&ﬁggﬁm% 1810 e dws( urface

of the support table WT may be more widely spaced than the burl provided on the support section

22 to suppefitbeianessbstane b tie sthstiate W, (@0 adINeiap sgatang 2 e ofi@ntelectric
heater may be provided. For example, the electric heater 26 of each of the individually controllable
conditiorfRETEHItS 23 AR INERIBEH FESIERN dTIeBatihE ERPRORt SREANe %0 RAKEY A CHERY S

plurality of aregs within the conditiqning region 25. In bodiment, thin. film heaters m e used. A
e b St R S o
heaters myg&@iaggljed by glue or as a coating for example.

[0076] In an embodiment, depicted in Figure 8, the conditioning system 21 may include a
plurality of independently controllable conditioning units 23. Each may be connected to a
controller 24, for example by control lines (which, for clarity, are not all depicted in Figure
8). Each of the individually controllable conditioning units 23 may be configured such that
it can supply heat energy to and/or remove heat energy from the support section 22 of the
support table WT.

[0077] Each of the individually controllable conditioning units 23 may be configured to
supply heat energy to and/or remove heat energy from a respective conditioning region of
the support section 22. Accordingly, the controller 24 may control the conditioning system
21 more effectively to respond to a local heat load on the substrate W.

[0078] For example, if there is localized cooling on the substrate W, the controller 24 may
control the conditioning system 21 such that one individually controllable conditioning
unit 23 provides heat to a portion of the support section 22 that is adjacent the region of

the substrate W in which the localized heat load is provided.
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[0091] Alternatively or additionally, in an embodiment as shown in Figure 9, the individually
controllable conditioning units 23 may each include a channel 30 that follows a path through the
support section 22 in the corresponding conditioning region 25. The charnel 30 may further include an
inlet 31 and an outlet 32 such that a conditioning fluid may be provided to pass through the charnel 30.
Each channel 30 may have a respective inlet 31 and outlet 32, as shown in Figure 9. Alternatively, the
charnels 30 may share a common inlet 31 and outlet 32 such that a single supply of conditioning fluid

is provided to the charnels 30 in parallel. In this case appropriate valving may be provided to
independ@¥Rl cditio e ﬂaw%f%@ﬁwadhmswa%(éé EHRRML 3958 ¥ Rditb iSRRG HE Bl

conditione by, 0. RRIARTale feqieL YA sagle (oL IRUML @ YIdEA for,eqeh ndaperdanty,
controllable conditroning uni In"order fo provide heat energy to and/or femove heat energy from the

conditioniagu&@giopradbldRORA dneandentiedimsnteas apistaddal fvitlde iHo g sanditionna system 21
may include a global conditioning unit 35 in addition to the individually controllable conditioning units
23, regatgiionsf teiehatthet the dtohpésdnaiioning ©alias aiay elbdniigulddnotsgppigdheat energy

to and/or remove heat enerqy from all of the conditioning. regiopns 25. [0093] In particular, the global
condition g VAT ik B2 Bl Tn HRTSFREH CRRTE) SRR IS Rp RN 5 the
Cond?t?orEBHdﬁﬂiﬁi}%g%%sTé?ﬁ Q_i‘%@ ResdBmanbsveasied ch%ﬁi@l?}é%éﬂ% %@Hﬁ_‘?{r%_%i&é@_tg‘at
conditioning fluid may be provided to pass through the channel 36 of the global conditioning unit 35.
The conalittsniigpfluicpaksidg ahfarigh trmp ohanmeh B befahalgloballtosditibacagsenit Spreapbey
conditioned by an appropriate heater and/or coole%not shown) in order to s%agfly heat to and/or

remove KESRFREFH thRestishof dekabing the terapariyreRisar sgrai b ity s adeitio Ry upiect
alternatiygly pe REONIARERY ARPRRIL CARHY) gmﬁﬁk‘? Jndenendeantily BPHHQJ'QI%%@%?&' g

units 23 such as described above. [0094] The provision of a global conditioning unit ddition to

the provigidn&f ihdingpatlyeconiepliahigwantlitioning units 23 may beneficially provide a faster
response under certain conditions. Furthermore, if the individually controllable conditioning units 23
each cort9138¢ ol elacaehnsiteent, the dicrdideingcustermay Beaebh dsmlisurss thade that a

conjunction with 3 global consitioning yni 35 formed fio.a.Shamel 36 wilin e supportsection 22
that conveys a COﬂCﬁ[IO ng fUICﬁ&?%IS mayvﬁe used to remove *rom ﬁ@’suppor section exce§s heat
generataghi oneQigRBFeRftthednHidealyicobiroHatliscendiliRpinged Mtz 2Rad on the substrate
W.
[0081] The expected localized heat load may, for example, be provided by a fluid
handling structure 12 within an immersion lithographic apparatus. The fluid handling
structure 12 may provide immersion fluid to an area of the upper surface of the substrate
W when it is supported by the support table WT.
[0082] In an embodiment, the conditioning system 21 may be configured such that each
of the individually controllable conditioning units 23 is associated with a conditioning
region 25 that has a similar area to the area of the fluid handling structure 12 and a similar
aspect ratio. By arranging the conditioning regions 25 to largely correspond to the
localized heat load caused by the use of the fluid handling structure 12, the conditioning
system 21 may be configured to respond quickly to the localized heat load with minimal

impact on a region of the substrate W that is not directly affected by the localized heat
load.
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[0095] Furthermore, the additional provision of a global conditioning unit 35 such as that described
above may be beneficial because it may increase the rate at which heat is transferred across the
support section 22. Accordingly, if there is a localized change in temperature, the global conditioning
unit 35 may rapidly transfer heat around the support section 22. By distributing the heat, variations in
temperature across the support section 22, and therefore the substrate W, may be reduced or
minimized. [0096] As shown in Figure 8, a plurality of temperature sensors 40 may be provided within
the support section 22 of the support table WT. In the case of one or more electric heaters 26 provided

at an edd@8pIndvappurhagiewnt, the pradifigunsemistrardb Bensbrcaniigdyadessfatbatanch way

similar 0,8 Paten Eublication pumber. (3200010219061, 19, SOGAL LICh, BLE REIEY, oy
incorporated In their entirety by’ reference. 1he controller 24 may be configured to use data from the

temperafig@isanspsAis arderds aatial hepoadiioniig sypesRidlatihabEmeodipebkialdeast one
temperature sensor may be provided within each conditioning region 25. Accordingly, temperature

measurethgit dlathcoreaehtbersuipentg ik garazs vwish e iseneasicontroldpeavistidibipdhye fluid

trollaple conditioning unit 23. {00971 As shown in Figure 8,,i bodiment, a plurality of
omperafiiE HETE 0 UTalRuibh ACPALR B ATNAG 16§ior 56 IR BUbro et AP S BF ol of

the condiippingiaaions 225N dramiaach Al these IRRBIRINE ARSI AR MAYRS Baediippantrol

the individually controllable conditioning unit 23 assSociated with each conditioning region. Accordingly,
if there iseparalizedthedhtoddmhinnt $ids ofdhe. cohuitioning tegicel2&ione rdspoaseitimeméyebe
quicker than an arrangement in which only a single temperature sensor 40 is provided per conditioning

region 25CHAI R B LeRions iemstdthereiiedhe MRS @ brand Linnirp hitd Fayon BEodih
expefien&l@%ﬁoﬂﬁ?&%}g r%@&ﬂﬁaﬁ% JelsgLa em Befc%%ﬁrsﬁﬁgaeﬁ%ﬁs%@mﬁet%@@%?tleﬁ%

sensor 40 located, for e e, at the center of the conditiohing region 25. [0098] Alternatively or
additionalbn ditidiipies teayienstns seeselswiér iy kemnttuteasfosysaah conditioning pegidntdSthe
distributed appropriately across the thickness of the support section 22 of the support table WT. For
examplelafalizembbent I{féaélem@% Bredertiabths apelr Qudaegioned SipparstateidN dmtsisarrhs

between e, brls 20, ar emiperalue, sansar 4. may e provided above.ihe elecic heater 26, for
exampleOn Its Upper surface, and one emperature sensor 40 may be provided within the support

section ZRAthsrsHpRed e S\MhviRedarpaisnay Rrandedataibal More gkl fieSRYNEEsI05.

temperature change at the substrate W while the latter may respond more quickly to temperature
change dfttise magporteotionh@2 control of the response of the conditioning system 21 to the

localized heat load and/or may reduce the effect on a region of the substrate W that is not
directly affected by the localized heat load. However, providing a greater number of
conditioning regions 25 may involve a more complicated control system and/or may
involve a greater number of temperature sensors in order to provide suitable control of
the individually controllable conditioning unit 23 associated with each of the conditioning
regions 25. The above range represents the range in which this compromise is considered
to be acceptable.

[0084] In an embodiment, the area may be within a range of approximately 50% to
approximately 150% of the wet footprint. Arranging the conditioning system 21 such that
the size of the conditioning regions 25 is within this reduced range compared to the range
identified above may provide a conditioning system 21 with improved characteristics. In
particular, the conditioning system 21 may be able to respond more quickly to a localized

heat load and/or may have reduced effect on a region of the substrate W that is not
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[0099] Other distributions of the temperature sensors 40 may be appropriate, depending on the
arrangement of the conditioning system 21. Furthermore, the distribution of temperature sensors 40
may be different for different conditioning regions 25. [00100] In an embodiment, the controller 24 may
include a memory 41 that stores calibration data for each of the temperature sensors 40. Accordingly,
the controller 24 may control the conditioning system 21 based on the combination of the
measurement data from the temperature sensors 40 and the calibration data for each temperature
sensor 40 stored within the memory 41. Accordingly, the calibration data stored in the memory 41 may

be used tHprNIRE s dedilRy tBgelasrlicedragiiolend temibe siilld eniagudeerpir thesroisivifer 2o

control the ¢ rtlldol;[{%)nln% s&stemﬁl. 9811014 Tgce catlé%rlathgv%?t% fst%%q |petri1§ memory 41 mag.need to

be updat%% ccording 3}’ the controller 24 may 3 con?igure to gener {6 new calibration data o
receive it;fi{gesiasbexteIaai SQAregsssich as an apparatus specifically configured to perform a calibration
process. In either case, the calibration data may be generated by comparison of measurement data
from eadi®@8M pdrateine sehedimertbr eavd orfatprireting Bidkriog reginperafureanf b ¢sppet dora

sensor 40. Howevyer, generating s data may be difficult and/or time consuming. In partjcular,
genoratii U AT NI o ARG 1 b ADPIC AR Pt BH e SRS PR
undesiragfe ¢fQ0IQ2JD 8 RbQMIMENTLINGSRFERIYI4hAd the SRARIIGERA furthes starescalibiation
correction data for each temperature sensor 40. The controller 24 may be configured to control the
conditioniogdsyisteimg2fe gased2d mihg femperatspenieatorefristindeia frond eqghr campedyuPedsensor
40, the corresponding calibration data and the correspondin% calibration correction data stored in the

memory 32 [BPRS) THEUGHEBIRR Shshay i btlaRey Rib&Asaiealy GenRite tHRE EfBlaftib A

corecton o AB Sl I CHISEIn G i Wt o

temperatispraanserel4Orisiseibbtantially tifesaame.shape. Therefore, the wet footprint, which may
have a similar aspect ratio, may substantially overlap a conditioning region 25 when
aligned with a particular conditioning region 25. For clarity, this situation may be
compared with the use of a hypothetical elongate conditioning region. If such an elongate
conditioning region has the same area as the wet footprint but is very much longer than it
is wide, only a small proportion of the elongate conditioning region may overlap with the
wet footprint at any one time. This may prevent a conditioning system composed of such
elongate conditioning region from responding quickly to the localized heat load without
having a significant effect on a region of the substrate W that is not directly affected by the
localized heat load.
[0086] In an embodiment, the conditioning system 21 may be configured such that one of
the conditioning regions 25 is provided as a substantially circular zone at the center of the
support section 22 of the support table WT. The one or more remaining conditioning
regions 25 may be arranged as one or more sections of the remaining annulus of the
support section 22.
[0087] The size of the conditioning region 25 at the center of the support section 22 and

the number of sections into which the remaining annulus of the support section 22 may be

divided may be appropriately selected such that the size and aspect ratio of each of the
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[00104] In order to perform the calibration correction data generation process, the controller 24
receives measurement data from each temperature sensor 40 that is subject to the calibration
correction data generation process and uses the calibration data stored in the memory 41 to generate
temperature data. A mean value for the temperature data for each of the temperature sensors 40
subject to the process is calculated and a deviation from this mean is determined for each of those
temperature sensors 40. The calibration correction data for each temperature sensor 40 corresponds
to the deviation for each temperature sensor 40 of the measured value based on the current
calibratigiP HatH NS tFRSRBA Y ARE TOP HA tshi@ derhpe rathe bR iR thn fives 1RbEBESEdiEsS] If the
temperaitljergt% ae&ch of the temperature sensors 40 subject to the calibration correction data
generation process is the same and the calibration of one temperature sensor has drifted, this drift will

be substpusally tersectenddthe-felibsadign aerastipndatasiombabiempenaidreyseasoD #Galthe:
expense of a small error introduced by the calibration correction data for each of the other temperature
sensors 4 figemdingsh thatdhbratisnawrreenditidatagnesgiedude thetleffaendtterhpbramierEtsor

drift without the r%quire ent to§ﬁ§arform a full Calibr%[‘ion Eroce S. Such,lrgﬁmperature sensor drift may
occur forkhSWh atlie"SBASAPL A [GE1T%] mPprhl ff&‘éf‘éi%%id%d B S TSR PSRN R
sample %4&5@9%&%%&%‘3@&%tﬁﬁrﬁ@ﬁlﬁlj%ﬁ%iﬁéﬁ%ﬂ%?%eé&@r@f $RBRH, %F{QHBIQW%H

measured temperature value may quite accurately reflect the calibration drift for that temperature
sensor 4§zf00fl 078t Ifoatpeimbpdivieiet] &y alibrationacatiiegismdatagéheition prosessstdl asthat
discussed above may be performed using the data for each temperature sensor 40 corresponding to a
conditiorifd'FEgoi? 25X HBESTdih Gy *ERE"pTORBES R ¥ b sec 4 967 R LoHRRATHE FegGhe.
[00108] ﬂ}g&%\@%ﬁrquditionally, in an embodiment, the process may be performed for the
temperature sensors 40 within each conditioning region 25 using data for each of the temperature
sensors fgvlhinthat eailsidomiogtegichasantd aghradjpieiad condhididnidy iegitly 2ontrollable

conditioning units 23 may include an electric heater 26, each controlled independently by
the controller 24. The electric heater 26 may be provided within the support table WT
and/or on a top surface of the support table WT and/or on a lower surface of the support
table WT and/or at an edge of the support table WT. In the latter case, one or more electric
heaters 26 may be arranged, for example, in a way similar to US Patent Publication
number US2009/0279061 the content of which are hereby incorporated in their entirety by
reference. An electric heater 26 provided on the upper surface of the support table WT
may, for example, be provided in between the burls 20 on the upper surface of the support
section 22. In an embodiment, the support table WT may further include burls on its lower
surface (not depicted in Figure 7). In that case, an electric heater 26 may be provided on
the lower surface in between the burls on the lower surface. For completeness, the
arrangement of burls on the lower surface of the support table WT may be different from
the arrangement of the burls 20 provided on the support section 22 to support the lower
surface of the substrate W. In particular, the burls on the lower surface of the support table
WT may be more widely spaced than the burls 20 provided on the support section 22 to

support the lower surface of the substrate W.
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[00109] Alternatively or additionally, the process may be performed using data from all of the
temperature sensors 40 within the support table WT. [00110] The selection of the appropriate strategy
for performing the calibration correction data generation process may depend on the number of
temperature sensors 40 provided within each conditioning region 25 and/or within the support table
WT. In general, the greater the number of temperature sensors 40 used, the more accurate the
calibration correction data for each temperature sensor 40, provided the actual temperature of each of
the temperature sensors 40 is the same. However, by using a greater number of temperature sensors
40, the grfgk th%ﬂac@aawarﬁatwliﬁrtgmaﬁfrérbfﬂ@@é335@#%&&?@%@&%‘746%r Q& eXasikhort

table W Acsordindly, 1 selegtionol g stiatedyniay 2ise faka o ascannt nowisdge afwhen in
the process cycle for a support table € calibration correction data generatior’process Is to’be

performead creidisausaer beleidO@1dmhbH genekalditonaylbs desiableferihe spibratien sosresion
data generation process to be performed after the largest possible elapsed time from a time point

when a Rtigiin | dealread Hisatirgdagiap pie dtoan eripssor eai Wi fithi dipaéersetagebsr wadmize the

e IR RS U Bt s T T e S st g

data gengrliGPHGESS may be applied by glue or as a coating for example.
[0091] Alternatively or additionally, in an embodiment as shown in Figure 9, the
individually controllable conditioning units 23 may each include a channel 30 that follows
a path through the support section 22 in the corresponding conditioning region 25. The
channel 30 may further include an inlet 31 and an outlet 32 such that a conditioning fluid
may be provided to pass through the channel 30. Each channel 30 may have a respective
inlet 31 and outlet 32, as shown in Figure 9. Alternatively, the channels 30 may share a
common inlet 31 and outlet 32 such that a single supply of conditioning fluid is provided
to the channels 30 in parallel. In this case appropriate valving may be provided to
independently control the flow of conditioning fluid in each channel. The conditioning
fluid may be conditioned by an appropriate heater and/or cooler (not shown) provided for
each independently controllable conditioning unit 23 in order to provide heat energy to
and/or remove heat energy from the conditioning region 25.
[0092] In an embodiment, as depicted in Figure 10, the conditioning system 21 may
include a global conditioning unit 35 in addition to the individually controllable
conditioning units 23, regardless of their nature. The global conditioning unit 35 may be
configured to supply heat energy to and/or remove heat energy from all of the
conditioning regions 25.
[0093] In particular, the global conditioning unit 35 may be provided in the form of a
channel 36 that follows a path through all of the conditioning regions 25. The channel 36
may be connected to an inlet 37 and an outlet 38 such that conditioning fluid may be

provided to pass through the channel 36 of the global conditioning unit 35. The
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[00112] The calibration correction data generation process may be performed relatively quickly, at
least in comparison to a process to generate calibration data. Furthermore, the process may be
performed while other actions are taking place, including, for example, while the support table WT is in
motion, provided that the other actions do not introduce a localized heat load on the support table WT.
[00113] In an embodiment, a calibration correction data generation process may be performed when
the support table WT is provided at a location within the lithographic apparatus at which a substrate W
is removed from and/or loaded onto the support section 22. [00114] Alternatively or additionally, the
calibratigivediteting s gasermngichrorsde saashymechafreiniae sl SRNEifipRin Sapmdt R ey

provided, to a location within the lithographic araus at which one aor more m tr(z}o [Qcesses are
periormal GG o e B o e TS BB R

Inspection of a substrate t hasbeen 0’a support

table WTo[@R415] teretnetadathesaliliatiop sertectiapriata genefatiet. nIeBss Y hehaLanaed at
one or more of a number of times in a process cycle, when the fluid handling structure of an immersion

lithographitlpprarBius ¢ nelisroaidirdyimbrersioavidirito By arsworpantgpperdupfacefof mslitieate W
supported by the support tabl T.égo 16] As discussed above, the conditjoning system 21 may
include AT b SO Ve GiORE B AT oG AL be controlled to
Contm'_'r[ﬁ@ﬁﬂ”dﬁ%')/p%i%%}?'%@ @&ﬁ"@%i@&ﬁ%ﬁiﬁﬁftt@@ GANIRRNY t89RP évfggﬁl_gﬂ In an
embodiment, as depicted in Figure 11, the support section 22 of the support table WT may additionally
be formed diond seiharaietsolipo tablditeoiiogsibitstRat mpy et dajyp conidecicd deadiapente
support table section 61 by connectors 62. This may, for example, facilitate the manufacture of a

support SERIcsB AN aeRA R LA enetdb ke rdivddnumen e llable rarddtorigiseaiitle,
this mayi@@&&ﬂt%o%egmnaﬁa&%i@B@&QPE@,V&L%'&M%;%Haa_‘ﬂeeeé}_i@'H{ ity o eqpdifiopingsregions 25,

each having a separate channel 30 through which conditioning fluid may be provided in order to

conditionrithadrgandii@ningtregigiodalindedenceintdy vastdisciigseedahove.a channel 36 within the
support section 22 that conveys a conditioning fluid. This may be used to remove from the
support section 22 excess heat generated by one or more of the individually controllable
conditioning units 23.
[0095] Furthermore, the additional provision of a global conditioning unit 35 such as that
described above may be beneficial because it may increase the rate at which heat is
transferred across the support section 22. Accordingly, if there is a localized change in
temperature, the global conditioning unit 35 may rapidly transfer heat around the support
section 22. By distributing the heat, variations in temperature across the support section
22, and therefore the substrate W, may be reduced or minimized.
[0096] As shown in Figure 8, a plurality of temperature sensors 40 may be provided
within the support section 22 of the support table WT. In the case of one or more electric
heaters 26 provided at an edge of the support table WT, the plurality of temperature
sensors 40 may be arranged in a way similar to US Patent Publication number
US2009/0279061 the content of which are hereby incorporated in their entirety by
reference. The controller 24 may be configured to use data from the temperature sensors

40 in order to control the conditioning system 21. In an embodiment, at least one

temperature sensor may be provided within each conditioning region 25. Accordingly,
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[00118] Alternatively or additionally, in an embodiment as also depicted in Figure 11, the support table
WT may include multiple independent edge extraction units 63. Such edge extraction units 63 may be
provided to extract immersion fluid, and gas bubbles that may be included within the immersion fluid,
from a gap 64 between the edge of a substrate W and the edge of a recess 65 within the support table
WT in which the substrate W is supported. The extraction unit 63 may be provided to reduce or
minimize the likelihood of bubbles escaping from the gap 64 into the immersion fluid in the space
between the final element of the projection system PS and the substrate W. However, operation of the
extractiolF HREBE Ay StEe N Btaf ABaf 16 R0 pridiinHtayeismtn BNiRs. BSLAr&viamMYy Rlultiple
independently controllable extraction units;63 around the edge of the support section 22 of the support
table Wi B A e e ncior when necessary. This may

reduce tigoyytpl heashemehom the;subJraie MY eMiuigheit the mbogimanicdepietednin figsses Ubthe
number of separate extraction units 63 corresponds to the number of conditioning regions 25 other
than the disttiaiteshditiosrsin gt regivhi 2onimgs regedmabbathe baseraviledytnurmpeeopddpendbatly

controllable extraction units 6 be provided. [00119] Alternatively or additigpally, in an
erbodin 8RR BT be A B AR ABIATFo S B RS 68 O B AR S gap
64, the gamfabeing beuesn e cdem abing rRUbsYienOhanY 1igiedas ofihslerass Rain Whith the
substrate W is supported. Such heaters 66 may be provided and controlled to compensate for the

cooling cawstd dyitige regfiactidranmid B Acdottinglyis ifeaal phalatiey diesttiactiboumise63ideeqirovided, a
corresponding heater 66 may be provided and controlled to operate in unison with the adjacent

extractiofPRERENT0 1 PR Sweths TSR RAE UG ray cPRetidchRsy tBRLEB FTEG ESRRRE IR X BiSPality of
indepen%?@y%%ﬂ(ggisl@m NERICES 80019 he HIQKGES 8@&%&1&81%%‘3%&% 198 HHEM B2 LFise

provided. In"any case, a single independently controllable heater 66 m associated with a plurality
of indepensenpyraantcolalierextiatiiosi dwits eReotanpitiahiyotépiepaidgnityiceniselirblameaters 66
may be provided for each independently controllable extraction unit 63. [00121] The one or more

extractiolPtHiged gpblanel onil statsste Hempesasermeype e sattetB) thécaprslieresenseu4d

control the ¢ I’F%I ioning system 21. Alternatively, one.or more additigpal controllers may be provided.
[00122] AOSCE\}\% g"éﬁb‘%é%ﬁ?ég} éﬁﬁ,% %% %[}bto%vec ggéﬁgrégl?e%%lr%%ac%n be used with any other feature

and it is [uy9snly AhesaAareRinatiaas expliaigy ﬁﬁﬁ@f&@déﬂm@hﬁfﬁ@@yﬁsﬁhindhﬁagpséqﬁtm&@r
example, an embodiment of the invention could be applied to the embodiments of Figures 2 to 4.
Furthernforeeaibcyssidiiherginmesginnainglostibatert shpatg betahdewwsd tieetidokmpas sodotiing or
coolers, gg?o%%%ivseelgﬁon 22 of the support table WT. For example, if an electric heater 26 is
provided to an upper surface of the support section 22, such as between the burls 20, one
temperature sensor 40 may be provided above the electric heater 26, for example on its
upper surface, and one temperature sensor 40 may be provided within the support section
22 of the support table WT. The former may provide data that more quickly responds to
temperature change at the substrate W while the latter may respond more quickly to
temperature change of the support section 22.
[0099] Other distributions of the temperature sensors 40 may be appropriate, depending
on the arrangement of the conditioning system 21. Furthermore, the distribution of
temperature sensors 40 may be different for different conditioning regions 25.
[00100] In an embodiment, the controller 24 may include a memory 41 that stores

calibration data for each of the temperature sensors 40. Accordingly, the controller 24 may

control the conditioning system 21 based on the combination of the measurement data
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[00123] In an aspect, there is provided a support table, for a lithographic apparatus, configured to
support a substrate, the support table comprising a support section, configured to support a lower
surface of a substrate on an upper face thereof, and a conditioning system, configured to supply heat
energy to and/or remove heat energy from the support section, the conditioning system comprising a
plurality of conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective conditioning region
of the support section and each of the conditioning rﬁgions configured such that it corresponds to a

section of e tisprrpesasrResSupsrtasb s AaHE at Medalifitiih SorintfaTeRdmTa SeRsRRlely

50% to approximately 350% of the area, of the.substrate in,. contact with an immersign fluid provided by
= i ho S B R e A

embodimgsy, bach&f thegioniliioningsudis1eompsisesarejest ihbeatepeld8l25{ bansempydiment,
each of the conditioning units comprises a charnel within the corresponding conditioning region, the
charnel confitpifetiXb tootrrdycd dundmdaimningdpstemctnected to an inlet to provide the conditioning

LA S TR M, PR g el e
heat enengy fromail, ofithe coneiiRRing regions. [ARZLBrRepbedinenbhe gighal songitipnipg unit
comprises a charnel, configured to convey a conditioning fluid to pass through each of the conditioning
regions aackisednimeciethtexdernskeciatadsintbt 4o prapge thie s opdiiibrmiy fluidigadedutteptaform
exhaustig%é?i%r%?%ﬂtgrgggsﬂulig either case, the calibration data may be generated by comparison

of measurement data from each temperature sensor 40 for one or a plurality of known

temperatures of the temperature sensor 40. However, generating such data may be

difficult and/or time consuming. In particular, generating such data may require operation

of the lithographic apparatus to be suspended. This is undesirable.

[00102] In an embodiment, the memory 41 of the controller 24 further stores calibration

correction data for each temperature sensor 40. The controller 24 may be configured to

control the conditioning system 21 based on the temperature measurement data from each

temperature sensor 40, the corresponding calibration data and the corresponding

calibration correction data stored in the memory 41.

[00103] The controller 24 may be configured to periodically generate the calibration

correction data by performing a specific calibration correction data generation process.

This process may be performed at any time in which it is expected that the temperature of

a plurality of the temperature sensors 40 is substantially the same.

[00104] In order to perform the calibration correction data generation process, the

controller 24 receives measurement data from each temperature sensor 40 that is subject to

the calibration correction data generation process and uses the calibration data stored in

the memory 41 to generate temperature data. A mean value for the temperature data for

each of the temperature sensors 40 subject to the process is calculated and a deviation

from this mean is determined for each of those temperature sensors 40. The calibration
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[00128] In an embodiment, the support table further comprises a plurality of temperature sensors,

each sensor configured to measure the temperature of the support table at a respective location, and a
controller, configured to control the conditioning system, the controller configured to control the
conditioning system based on the measurement data from the temperature sensors. [00129] In an
aspect, there is provided a support table, for a lithographic apparatus, configured to support a
substrate, the support table comprising a support section, configured to support a lower surface of a
substrate on an upper face thereof, a conditioning system, configured to supply heat energy to and/or

remove KEEECSHERY W iGN A ecatp S BEEIBHe the R dtfloAiEeep St ¢eniprisieyatimar 4R etch

conditiorjog s, et e indgmandently sonirallable, gach phine condiionna s configured 1
supply heat energy tfo and/or remove heat energy from a respective conditioning region of the support

section, ghplutality efitRMpesaturelsensafereanfigiseshio J0easuedhs-éssnperature of the support table
at a respective location, and a controller, configured to control the conditioning system based on the

measure®E5l dfathe mrerampe ritarsis ohsbestqopERafure asriatsotimehicdt ie ke sabiheatiparature
sensor is $rovided t%aeach conditioninl;% regian. 001%%1 ?l’g e#]bo%{lgfnt, apl raliéy of temperature
sensors SYEBrEVRISHIE SRR ESINGI R ﬁ%%e’ﬁio e 60T 527 T A BB ORNERY, A HEPEI AR Bt Eler
comprises,&HHamAe Y FRRIWSGrBIRIR FIbiate ¢ala fob Rachaf the tRMRRIA I SeOREi$A0133]
In an embodiment, the controller is configured to generate or receive revised calibration data based on
a calibratietatést, thavhiohpetemperstusesdiisar frewdpsnreasuresnenit datarvinathe¢dnipetatire
sensor is at a known temperature. )

calibration correction data for each of the other temperature sensors 40. Accordingly, the

calibration correction data may reduce the effect of temperature sensor drift without the

requirement to perform a full calibration process. Such temperature sensor drift may

occur for known temperature sensors 40.

[00106] In practice, provided there is a relatively large sample of temperature sensors 40,

the deviation for each temperature sensor 40 from the mean measured temperature value

may quite accurately reflect the calibration drift for that temperature sensor 40.

[00107] In an embodiment, a calibration correction data generation process such as that

discussed above may be performed using the data for each temperature sensor 40

corresponding to a conditioning region 25. Accordingly, the process may be repeated for

each conditioning region 25.

[00108] Alternatively or additionally, in an embodiment, the process may be performed

for the temperature sensors 40 within each conditioning region 25 using data for each of

the temperature sensors 40 within that conditioning region 25 and each adjoining

conditioning region 25.

[00109] Alternatively or additionally, the process may be performed using data from all of

the temperature sensors 40 within the support table WT.

[00110] The selection of the appropriate strategy for performing the calibration correction

data generation process may depend on the number of temperature sensors 40 provided

within each conditioning region 25 and/or within the support table WT. In general, the
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[00134] In an embodiment, the controller is configured to store calibration correction data for each
temperature sensor, and the controller is configured to control the conditioning system based on
measurement data from the temperature sensors, the corresponding calibration data and the
corresponding calibration correction data. [00135] In an embodiment, the controller is configured to
generate the calibration correction data by performing a calibration correction data generation process
comprising substantially simultaneously obtaining measurement data from a plurality of the
temperature sensors, determining temperature data for each temperature sensor based on the

measureBheHes dhe andrie c afbtedms Fhtd Soreserstdpisedutd S dRSER, dtertthing rerldgation

temperaluye, sefisonadoyiaion oLl lsmperaute. daia o the mean empeiatie data or e o

plurality 8?rtrempera ure sensors, and storing calibratioh‘correction data for eacﬁ?emperature sensor
that corresponasgerthedeteipiicdaeviation. RMSCHBBRMbBFiINEHighe caibiationaaseecton
data generation process is performed using measurement data from all of the temperature sensors
within a temgieing regiottheheuppatestutiontyobia7plivanretabgdirabie tHelalibmipenture
correction data generation.process is perfoymed using, measu emelnt data from all of the temperature
sensors AT D SEp5H e SBROMOAZE] th A SRRt e SSPARON OTFEEN Bl 210

generationdracesadsRatformashan & fivishanding Saciy ez rotsravidipg dmnpssaiopyfuigido an
area on an upper surface of a substrate supported by the support table.
calibration correction data generation process is to be performed, as discussed below.
[00111] In general, it may be desirable for the calibration correction data generation
process to be performed after the largest possible elapsed time from a time point when a
known localized heat load is applied to the support table WT. This may reduce or
minimize the temperature variation across the support table WT. This in turn may
minimize the actual temperature variation between the temperature sensors 40, increasing
the accuracy of the calibration correction data generation process.
[00112] The calibration correction data generation process may be performed relatively
quickly, at least in comparison to a process to generate calibration data. Furthermore, the
process may be performed while other actions are taking place, including, for example,
while the support table WT is in motion, provided that the other actions do not introduce
a localized heat load on the support table WT.
[00113] In an embodiment, a calibration correction data generation process may be
performed when the support table WT is provided at a location within the lithographic
apparatus at which a substrate W is removed from and/or loaded onto the support section
22.
[00114] Alternatively or additionally, the calibration correction data generation process
may be performed when the support table WT is provided to a location within the
lithographic apparatus at which one or more metrology processes are performed

including, for example an inspection of a substrate W that has been loaded onto a support

table WT.
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[00139] In an embodiment, the calibration data generation process is performed when the support
table is at a location in a lithographic apparatus at which at least one of the following occurs: the
substrate is unloaded from the support table; the substrate is loaded to the support table; and/or the
substrate supported by the support table is inspected by a measurement system. [00140] In an
embodiment, the support table is configured to support the substrate in a recess, and further
comprising an extraction system, configured to extract immersion fluid from a gap between the edge of
the recess and the edge of the substrate, the extraction system comprising a plurality of independently
controllal181dRk dptasmenststhecH Bxate R TRt ondaireaneraknadinsereraian haiarimed at

respectys, seameniol e AR (001410 an emiadinenn e uper able (uer smpries &

second condltlonlng system con |gure to sup heat nergy to and/or remove energy rom a

region ofihersHiReid iR Adigset Sparbeivieen thaeddenef aiecespanlidetsdge Ahen an
upper surface of a substrate W supported by the support table WT.

[00116] As discussed above, the conditioning system 21 may include a plurality of
conditioning regions 25 and the conditioning system 21 may be controlled to control
independently the conditioning applied within each of the conditioning regions 25.

[00117] In an embodiment, as depicted in Figure 11, the support section 22 of the support
table WT may additionally be formed from separate support table sections 61 that are
mechanically connected to adjacent support table section 61 by connectors 62. This may,
for example, facilitate the manufacture of a support section 22 in which individually
controllable conditioning units 23 are provided. For example, this may facilitate the
manufacture of a support table WT having a plurality of conditioning regions 25, each
having a separate channel 30 through which conditioning fluid may be provided in order
to condition that conditioning region 25 independently, as discussed above.

[00118] Alternatively or additionally, in an embodiment as also depicted in Figure 11, the
support table WT may include multiple independent edge extraction units 63. Such edge
extraction units 63 may be provided to extract immersion fluid, and gas bubbles that may
be included within the immersion fluid, from a gap 64 between the edge of a substrate W
and the edge of a recess 65 within the support table WT in which the substrate W is
supported. The extraction unit 63 may be provided to reduce or minimize the likelihood of
bubbles escaping from the gap 64 into the immersion fluid in the space between the final
element of the projection system PS and the substrate W. However, operation of the
extraction unit 63 may create a local heat load, in particular may result in cooling. By
providing multiple independently controllable extraction units 63 around the edge of the
support section 22 of the support table WT, the extraction process may only be performed

where and/or when necessary. This may reduce the total heat load on the substrate W.
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substrate, the second conditioning system comprising a plurality of independently controllable
conditioning units, each configured to supply heat energy to and/or remove heat energy from a
respective region of the support table adjacent a respective segment of the gap. [00142] In an
embodiment, the support section comprises a plurality of support table sections mechanically
connected to each other by a connector, each of the support table sections corresponding to a
respective conditioning region. [00143] In an aspect, there is provided a support table, for a
lithographic apparatus, configured to support a substrate, the support table comprising a support

section, C9HIRIRBdITL BigppBIPadBRR stieRicteds M shilsatratd bithenigpBETagk RRAERE Apgraction
conditionig Systerm Qnfianed q suRRleAt anetay 6 ARdIOL [Emay heat BpSia TAm (e gupport
section, the conditlonindgsystem comprising a plurality o con%itloﬁlng units that are independently

t

controllabieceashiabthegeRditmHNiRG uitsl cABiBE athdoSYpPindeat erarebla asfdindpaavensa
energy from a respective conditioning region of the support section, wherein each of the conditioning
units coraprised abtheximesiigthitnitetComasguripingidedditioning region, the channel configured to

convey itiqning fluid. [00144] In an embodiment, af least one selected. from. the followjng; the
coppor LT A e SR SN TR L EEhr g Ot ) Sy T o
and/or remousINGAk eRaTEY: FaMay et g & ithcisupRashiableradiases a1gepRebveRihe adae of a
recess and the edge of the substrate, the second conditioning system comprising a plurality of

independbatbdgentfotlablaubstidittoingruhitise etz conflyuredess ipplywbahetiergybetamd/ oV réamove
heat energy from a respective region of the support table adjacent a respective segment of the gap;

the suppdfPRMIefurtHeh QsafisreBe BB hraiRdAdgd e coiglirdd e eRatsAieersiBA feRiti&om a
gap bew%ﬁget&%e%d&% of g LeeRss AR e edas of; f,%‘?S&fg}ﬁtrﬁi%%fa&%%c%%{%@r@@f&ﬁl’@9 a

plurality of independently controllable extraction units; each configured to extract immersion liquid from
a respecpvevséginaniontébpayaiih andisiethes suppdid pectintedamprises @ bidralityafraupparhiadie
sections mechanically connected to each other by a connector, each of the support table sections
corresporéindhe adiacpiiciveastingifiiify region. [00145] In an aspect, there is provided a support

ff(‘)?i}e’ fofhﬁoﬂ FRROIS 3P PRI R IGHIES IR SHBPSI P BEPRIAte I, IReeRSIdNS SHRRSHL A
prisingasupport
independently controllable heaters 66 may be provided even if a single extraction system
63 is provided. In any case, a single independently controllable heater 66 may be
associated with a plurality of independently controllable extraction units 63 or a plurality
of independently controllable heaters 66 may be provided for each independently
controllable extraction unit 63.
[00121] The one or more extraction units 63 and the one or more heaters 66 may be
controlled by the controller 24 used to control the conditioning system 21. Alternatively,
one or more additional controllers may be provided.
[00122] As will be appreciated, any of the above described features can be used with any
other feature and it is not only those combinations explicitly described which are covered
in this application. For example, an embodiment of the invention could be applied to the
embodiments of Figures 2 to 4. Furthermore, discussions herein of heating or heaters
should be understood to encompass cooling or coolers, respectively.

[00123] In an aspect, there is provided a support table, for a lithographic apparatus,

configured to support a substrate, the support table comprising a support section,
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section, configured to support a lower surface of a substrate on an upper face thereof, a first
conditioning system, configured to supply heat energy to and/or remove heat energy from the support
section, the first conditioning system comprising a plurality of conditioning units that are independently
controllable, each of the conditioning units configured to supply heat energy to and/or remove heat
energy from a respective conditioning region of the support section, and a second conditioning system,
configured to supply heat energy to and/or remove heat energy from a region of the support table
adjacent a gap between the edge of the recess and the edge of the substrate, the second conditioning

system CSMPEYHY AptuRineytor |nuepsHERSEPESTrBRARIE eormitiaRRsy [Aredheseal cfigured to

supply heat energy to and/or remove heat energy from a respective yegion of thehsu ort ta?[le
acjacent & 1aLsaee DG ot T GanC OULA8] Ty BreBOAMAL 3L IESGt o ETESIEH o the

followingireaghpplbite cansitieningudiis sanpEsesa coanpesnihindhe gayesnendingeongditioning
region, configured to convey a conditioning fluid, the charnel connected to a respective inlet and outlet;

the suppBritatie ifidirancemiyisentielishiactarhsyside coodiijorédg ok astifghesdidn kgwplirom

th , th tracti iSi lurality of ind dentl trollable extracti its,
each colgUERFES AR SRS T Aol br Pt e SRB RSP A h e i dlpor

section cQIpBUsesRRIHI Bty 85 SHBPORE G RESHRNS [ISERANUGARY CRINEGISCHR LA ARGI RIS

connector, each of the support table sections corresponding to a respective conditioning region.
[00147] o arsedpath thkeaiispeofdde dfdlseppppdetiectionshhthiographiceappatatus, reogfgurécio
support a substrate in a recess, the support table comprisingasuPPort section, configured to support a

lower SuﬁﬁBéoéf%Egﬁbéég}/é %a@pmﬁg}aﬁg&é %ﬁgfyé(ﬂ‘f, gle area of the substrate in contact with an

immersion fluid provided by a fluid handling structure and having an aspect ratio of
between 1 and approximately 2.

[00124] In an embodiment, each of the conditioning units comprises an electric heater.
[00125] In an embodiment, each of the conditioning units comprises a channel within the
corresponding conditioning region, the channel configured to convey a conditioning fluid
and connected to an inlet to provide the conditioning fluid and an outlet for exhausting
the conditioning fluid.

[00126] In an embodiment, the conditioning system further comprises a global
conditioning unit, configured to supply heat energy to and/or remove heat energy from all
of the conditioning regions.

[00127] In an embodiment, the global conditioning unit comprises a channel, configured
to convey a conditioning fluid to pass through each of the conditioning regions and is
connected to an associated inlet to provide the conditioning fluid and outlet for
exhausting the conditioning fluid.

[00128] In an embodiment, the support table further comprises a plurality of temperature
sensors, each sensor configured to measure the temperature of the support table at a
respective location, and a controller, configured to control the conditioning system, the
controller configured to control the conditioning system based on the measurement data

from the temperature sensors.
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conditioning system, configured to supply heat energy to and/or remove heat energy from the support
section, the conditioning system comprising a plurality of conditioning units that are independently
controllable, each of the conditioning units configured to supply heat energy to and/or remove heat
energy from a respective conditioning region of the support section, and an extraction system,
configured to extract immersion liquid from a gap between the edge of the recess and the edge of the
substrate, the extraction system comprising a plurality of independently controllable extraction units,
each configured to extract immersion liquid from a respective segment of the gap. Q0148] In an
embodim@¥t28l [Bashoasreste ey drdmRARVigRsWin§UBRSAt oA codifioMRO AR Contidat s
channel within the cqrresponding congit'o ing region, the chaynel configured tq convey a conditioning
g and Lo 1 e e Sl Ve SRR, S e S8
conditionipgfsyistem, teorfigwed t@ SupRly Bastenesgydobdiestcersavamagseaeydraneroggign of
the support table adjacent the gap, the second conditioning system comprising a plurality of
independentltiunitg kstevonditiiglingcuisitsy pRbhhwanfgeral to sngply rrapeEadig) energydraemove
heat enetrﬁ%/ from a res ectivaﬁreﬁ?ion of the support table adiacent ares .ectiv§ segment. of the.gap;
GBBBA S EEEBR LMD '889153%%%%?%688}?{ DS <L BB eehSATHH 2Bk EBEY to

and/or th

each_9thﬁ{a@xé?e_qaa@g,@meﬁa9hce££kl&ﬁmqﬁéﬁb&@ a?@@eﬂaﬁﬁfﬁ%sgqnqm&ﬁ SRECUVS1pply
conditioning region. [00149] In an aspect, there is provided a support table, for a lithographic

apparatuseaoerigngne daasdpporemsubdheste etivegsupport talés samipeisiogditsuppgrisgictionf the
configured to support a lower surface of a substrate on an upper face thereof, the support section
comprisifgPP Bitiraifts o suBpdt tapisYsettioFMREEMARCalf O R 18 1EAEN BindPERS Y Eoriféctor,
each of e HRRRITIAIGRPCIRRS SAERPANGIG IR.AREREGIN, AN PPN SRIPN AlfhAred to
conditioning 'system, configured to supply heat energy to and/or remove heat energy frorh the support
section, e gohdlilorgisystdnpcoypiisibg@ploralibeoheasditanng daits fhahatkddanandaniy
controllable, each of the conditioning units configured to supply heat energy to and/or remove heat
energy fEsMSRESrespective conditioning region of the support section. [00150] In an embodiment, least
one sele the following: each of the conditioning units, comprises a channel within the
corrospe A bR BB e Enacisl cao o T e g ORI A at cahected
toa resp&@gigﬂﬁqgﬂggmﬂl_et; the support table further comprises a second conditioning system,
configured to supply heat energy to and/or remove heat energy from a region of the support table
adjacentl8033pl detveere etheoddige s sargdessldydahdadgerefuhe sebhstratarthesecioled conditidning
system comprising a plurality of independently controllable conditioning units, each configured to
supply h@%‘?gﬁ to"&AtYBr remove heat energy from a respective region of the support table

adjacentgopaective Seamsihelthe oamandies %MQ?rEéﬂ%i&g@%&er&ﬁﬁgﬁéﬂc%“

system, configured to extract immersion liquid therein from a gap between the edge of arecess and
the edgesaitheasibiostiated tihe fexteachiart gystempanatprisisnsopturality of independently controllable
extraction units, each configured to extract immersion liquid therein from a respective segment of the

gap. [0018HFH d aspesriires proviaserdmitigraphie pdits, &BtRRISINYG d%ihrortasr
according, i any of 16 PrESENNY S8 Stibration test, in which a temperature sensor provides

measurement data when the temperature sensor is at a known temperature.

[00134] In an embodiment, the controller is configured to store calibration correction data
for each temperature sensor, and the controller is configured to control the conditioning
system based on measurement data from the temperature sensors, the corresponding
calibration data and the corresponding calibration correction data.

[00135] In an embodiment, the controller is configured to generate the calibration
correction data by performing a calibration correction data generation process comprising

substantially simultaneously obtaining measurement data from a plurality of the
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[00152] In an aspect, there is provided a device manufacturing method comprising projecting a
patterned beam of radiation through an immersion liquid provided by a fluid handling structure to a
space between a projection system and a substrate supported on an upper surface of a support
section of a support table, using a conditioning system to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of conditioning units,
each configured to supply heat energy to and/or remove heat energy from a respective conditioning
region of the support section, each of the conditioning regions corresponding to a section of the upper

face of tAEIDPFOHIESSHSATEadRIGTaN i IRAIMAT AR S BF R RRSP JFRPREBN SESET 3ptexiately

350% of e areq oL e, subsicals n conact ity immersion uid, rovided b he fuid anding
structure an aving an aspect ratio o between 1 an approximate )P , and contro INng eacnh or tne

conditioring Uads inclapensdently s(Rdp3h INeniaspaclthare ispiMiseGa daviceivanuactunagh
method comprising projecting a patterned beam of radiation through an immersion liquid to a space
betweentamppsjedtion ytéon Hiopdwabyrafdgupgottudeciensetppod skuting of a suppertibabiéomusing

a conditioning system tq. su heat energy to and/or remove heat ene rom the sppport section,
the condhBFHOE) SR b S T g 5P CB EGHIAG Ge a e RSBRGE M E bl
each congiaRinthuRitGABAEHIRG IO RURAILISRE KRB ANILRS FBMAUBASHLSARITY [ieFbAmed
respective conditioning region of the support section, andcontrolling the conditioning system based on
measuremserg datasfroemarp! degthtyroferi pdrite tesgrsoarsresasooniigthed aeomdiisangrt eegion
temperature of the sugport_table at a respective location. [00154] In an embodiment, the support

section CIrHFiSRRRLEE FR58R ure sensor in each conditioning region.

[00137] In an embodiment, the calibration correction data generation process is performed
using measurement data from all of the temperature sensors within the support section.
[00138] In an embodiment, the calibration correction data generation process is performed
when a fluid handling structure is not providing immersion fluid to an area on an upper
surface of a substrate supported by the support table.

[00139] In an embodiment, the calibration data generation process is performed when the
support table is at a location in a lithographic apparatus at which at least one of the
following occurs: the substrate is unloaded from the support table; the substrate is loaded
to the support table; and/or the substrate supported by the support table is inspected by a
measurement system.

[00140] In an embodiment, the support table is configured to support the substrate in a
recess, and further comprising an extraction system, configured to extract immersion fluid
from a gap between the edge of the recess and the edge of the substrate, the extraction
system comprising a plurality of independently controllable extraction units, each
extraction unit configured to extract immersion fluid from a respective segment of the
gap.

[00141] In an embodiment, the support table further comprises a second conditioning
system, configured to supply heat energy to and/or remove heat energy from a region of

the support table adjacent a gap between the edge of a recess and the edge of the
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[00155] In an embodiment, the control of the conditioning system is based on the measurement data
for each temperature sensor and calibration data for each sensor that is stored in a memory. [00156]
In an embodiment, the calibration data is generated based on a calibration test in which a temperature
sensor provides measurement data when the temperature sensor is at a known temperature. [00157]
In an embodiment, calibration correction data for each temperature sensor is stored in the memory;
and the control of the conditioning system is based on the measurement data from the temperature
sensors, the corresponding calibration data and the calibration correction data. [00158] In an

embodinfEREAE caliSr AR RO TN RIASS BTt SaTBY HERE iy & akbrafomesrecdenthata

generatlon roces: ecgcgplergtsln subs Qtl&{l s(ljr(g}%tane%lsoy obtanl?l%ameagyre Oe% %%1£reoma

plurality 0? e temperature sen e’termlnlng t peratursg]a%t% or eac perature sensor%ased

on the m@@&tﬁﬁ@ﬂgptfﬁaiwm,ﬁéetﬁ@élbégtm statiefon ppeht teBlReIdjatensanNseh detesmiringiebeach
temperature sensor a deviation of its temperature data from the mean temperature data for the

plurality 8iegperature sensors and storing calibration correction data for each temperature sensor

that th d deviati 00159 bodi librati
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within a %@&%&QNBQ&%&%M R AUPRAMSEEHPNother by a connector, each of the support table
sections corresponding to a respective conditioning region.
[00143] In an aspect, there is provided a support table, for a lithographic apparatus,
configured to support a substrate, the support table comprising a support section,
configured to support a lower surface of a substrate on an upper face thereof, and a
conditioning system, configured to supply heat energy to and/or remove heat energy from
the support section, the conditioning system comprising a plurality of conditioning units
that are independently controllable, each of the conditioning units configured to supply
heat energy to and/or remove heat energy from a respective conditioning region of the
support section, wherein each of the conditioning units comprises a channel within the
corresponding conditioning region, the channel configured to convey a conditioning fluid.
[00144] In an embodiment, at least one selected from the following: the support table
further comprises a second conditioning system, configured to supply heat energy to
and/or remove heat energy from a region of the support table adjacent a gap between the
edge of a recess and the edge of the substrate, the second conditioning system comprising
a plurality of independently controllable conditioning units, each configured to supply
heat energy to and/or remove heat energy from a respective region of the support table
adjacent a respective segment of the gap; the support table further comprises an extraction
system, configured to extract immersion liquid from a gap between the edge of a recess
and the edge of the substrate, the extraction system comprising a plurality of
independently controllable extraction units, each configured to extract immersion liquid

from a respective segment of the gap; and/or the support section comprises a plurality of
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[00160] In an embodiment, the calibration correction data generation process is performed using
measurement data from all of the temperature sensors of the support section. [00161] In an
embodiment, the calibration correction data generation process is performed when a fluid handling
structure is not providing immersion fluid to an area on an upper surface of a substrate supported by
the support table. [00162] In an embodiment, the calibration data generation process is performed
when the support table is at a location in a lithographic apparatus at which at least one of the following
occurs: a substrate is unloaded from the support table; a substrate is loaded to the support table;
and/or aSUPRYAEBIH pertinhy e aninadx cHBestas e qrewthemBsuemBaESysrach [P0 183] In
an aspect there% {g]ﬁ ovided a method of engatinec%falibration ﬁ%ection data for a plurality of

t
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temperatur%psensors, each con |guré9cf)to me&asure the temperature of a u&port table in a lithographic
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temperature sensors, determining temperature data for each temperature sensor based on the
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made in this text to the use of lithographic apparatus in the manufacture of ICs, it should be
understodrthaittheslithpgrapsdctappathtuSidsisorivet thergig ngytbaveothprisipglicatiphs;adiigh efs the
manufacture of integrated optical systems, guidance and detection patterns for magnetic domain

memorieCHitonkRE dipiaydatgars-dRAerraleni)s eerEdahin-srAlmAlgHticRRAHLONRS THSKilled
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or "die" hereif may be c ered as synonymous with the more general térms "substrate™ or "target

portion”, desgrsiviely. e aulIsthateueferreseteiberaindnasbendrecassedn befois ehafiemginasdre, in
for example a track (a tool that typically applies a layer of resist to a substrate and develops the

exposedtReSIHIPIY MeaFotBgyE AP M arFTREFECHOH AT VHEPS R FIREAPTE Ofhid glise RRYFE tRBlRIN
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"radiation” and "beam" used herein encompass all types of electromagnetic radiation, including
ultravioletr{ity/) eachationfigiyeHatingupwhvdienigénefgy dboandss, 2180Y93hdE7 anel@P hiranTae
[efe .to any one or combination 01I \ﬁarious types of optical

term "lens", where the context allows, ma
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[00146] In an embodiment, at least one selected from the following: each of the
conditioning units comprises a channel within the corresponding conditioning region,
configured to convey a conditioning fluid, the channel connected to a respective inlet and
outlet; the support table further comprises an extraction system, configured to extract
immersion liquid from the gap, the extraction system comprising a plurality of
independently controllable extraction units, each configured to extract immersion liquid
from a respective segment of the gap; and/or the support section comprises a plurality of
support table sections mechanically connected to each other by a connector, each of the
support table sections corresponding to a respective conditioning region.

[00147] In an aspect, there is provided a support table, for a lithographic apparatus,
configured to support a substrate in a recess, the support table comprisinga support

section, configured to support a lower surface of a substrate on an upper face thereof, a
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[00166] While specific embodiments of the invention have been described above, it will be appreciated
that the invention may be practiced otherwise than as described. For example, the embodiments of the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage medium
(e.g. semiconductor memory, magnetic or optical disk) having such a computer program stored
therein. Further, the machine readable instruction may be embodied in two or more computer
programs. The two or more computer programs may be stored on one or more different memories

and/or dSeR<iSRIBSAISNTORIETENSY EoSHBIRY YL EABERY Herds I ARYCERRYEI 9Al CHRISH AR be
operable when the pne or maqye computer programs are read by one,or more computer processors
ocated w B S s A G B,
combinatieft haveraisperiiahie Cantigorniios aideeeivirdcqianessing anseoding sianalss&naer
more processors are configured to communicate with the at least one of the controllers. For example,
each conteelienergy ihelatd/onaunavsrderbeassgysifonexetetirryiive conpilitenipg gesins thatheclude
machine-readable instructions for the methods described abave. The controllers.malxd( include data

storage MEAIM F6F L8HAGSEh COMBURE BYSGTamS MHeEF haPwSratS TUERACLLEH HE AR, So the
controller(s) may,QeaTate saserdingthr.rgshing iRadable NSHCUGpSRfeNG ORI FAMRHIRM

programs. [00168] One or more embodiments of the invention may be applied to any immersion
lithograptynappsiragus phipditic aindaepaot exdipsivetyolabse ¢ypestiventinitedeabloe@afigusdttver the
immersion liquid is provided in the form of a bath, only on a localized surface area of the substrate, or

is unconfikBACi B EFEOR iR hIFaRYRATSREHESHTEIZIA it $ay flow over the surface of the
subsratq g A UM S IRl IR R AR SHHRROYRICGaSIaGR O A disHRLe

table an strate is wetted. In such an unconfined immersion system, the liqtiid supply system
may not eandinihirdronies siom peidis ardhanaylovdvide ehprapeetiporafimgnaerstnokiguidregidineiment,
but not substantially complete confinement of the immersion liquid. [00169] A liquid supply system as
contempfaiNEEFOMRBER toechry£dIy coRshtiering Guithandmpoansiedtto v reapeséiveridehandm or
combinaiion gf shuctures naugroyides.2 luid taa space between the projection system and e
substraté andfor SUDSHALE table. | may compﬁse a ComDINALION Of ohe ormore structuras. ore or
more fluiglpp@ningatiNGUEIHIENEAy SR OfEEHAC IRRE NUIRE S PITR0RR MOFEERAS BPERINGE b Sess1more
openings for two phase flow. The openings may each be an inlet into the immersion space (or an
outlet frordjadtmitithegalindhstreasiond) emahitsutisgsustirtheompriisigra spacalityr efritalep imdethidyfluid
handling structyre). In an.embodiment, a surface of the space m e a portion of the substrate and/or
substraté‘f&‘b‘ii%ﬂ%??)lﬁ §8ﬁ§€é°8f’%ﬁe”§}5%§c8%%%88??&5?@?@?&%8%&’&@?% 8f$ﬁetgtﬂ5§1f8fer§ﬁ‘%?
substrate, iable, QL 1hE SRATTNACENGIORJRS PHRS LRI BRA/GN S URsYRIG tRhle L The iauid SuRpl
system may optionally further include one or more elements to control the po&ﬁon, guantity, quality,
shape, fltwe rgte oraadyctitee feaippestosehtdiguidn{Poité] ar dwdedityiptibrsippoyve aldéntexdeddo be
illustrative, not limiting. Thus, it will be apparent to one skilled in the art that modifications may be

made to MR sarasstehia Grthoathsadarih GIFBIRCERE $5BeCb e LIRS skbst cBelions

corresponding to a respective conditioning region.

[00149] In an aspect, there is provided a support table, for a lithographic apparatus,
configured to support a substrate, the support table comprising a support section,
configured to support a lower surface of a substrate on an upper face thereof, the support
section comprising a plurality of support table sections mechanically connected to each
other by a connector, each of the support table sections corresponding to a respective
conditioning region, and a conditioning system, configured to supply heat energy to
and/or remove heat energy from the support section, the conditioning system comprising

a plurality of conditioning units that are independently controllable, each of the
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CLAIMS 1. A support table, for a lithographic apparatus, configured to support a substrate, the
support table comprising: a support section, configured to support a lower surface of a substrate
on an upper face thereof; and a conditioning system, configured to supply heat energy to and/or
remove heat energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units configured to
supply heat energy to and/or remove heat energy from a respective conditioning region of the support
section and each of the conditioning regions configured such that it corresponds to a section of the

upper faSeHHHEED PBHS SONGIHERANEY S BPEA DRt SREFERJE PRt EPpRYEMatsIgBuey thom

approxinlmfast%\é 359{)\/9eof @gié(r)%qnof the sub trate in contact %/1\/6%1 an immersion fluid provided by a fluid

handling structire and %avmg an g%gtn ratio of bétween 1 and approximately 2. 2. The support table

accordinfppa 3uRim dn wheyeinRast RhtheLeREIERIMEbRitheTBIRsISasaBRIeGTigH et Iditioning
units comprises a channel within the corresponding conditioning region, the channel
configured to convey a conditioning fluid and connected to a respective inlet and outlet;
the support table further comprises a second conditioning system, configured to supply
heat energy to and/or remove heat energy from a region of the support table adjacent a
gap between the edge of a recess and the edge of the substrate, the second conditioning
system comprising a plurality of independently controllable conditioning units, each
configured to supply heat energy to and/or remove heat energy from a respective region
of the support table adjacent a respective segment of the gap; and/or the support table
further comprises an extraction system, configured to extract immersion liquid therein
from a gap between the edge of a recess and the edge of the substrate, the extraction
system comprising a plurality of independently controllable extraction units, each
configured to extract immersion liquid therein from a respective segment of the gap.
[00151] In an aspect, there is provided a lithographic apparatus, comprising a support
table according to any of the preceding claims.
[00152] In an aspect, there is provided a device manufacturing method comprising
projecting a patterned beam of radiation through an immersion liquid provided by a fluid
handling structure to a space between a projection system and a substrate supported on
an upper surface of a support section of a support table, using a conditioning system to
supply heat energy to and/or remove heat energy from the support section, the
conditioning system comprising a plurality of conditioning units, each configured to
supply heat energy to and/or remove heat energy from a respective conditioning region of
the support section, each of the conditioning regions corresponding to a section of the
upper face of the support section having an area within a range of from approximately

50% to approximately 350% of the area of the substrate in contact with immersion fluid
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3. The support table according to claim 1 or claim 2, wherein each of the conditioning units comprises
a channel within the corresponding conditioning region, the charnel configured to convey a
conditioning fluid and connected to an inlet to provide the conditioning fluid and an outlet for
exhausting the conditioning fluid. 4. The support table according to any of claims 1 to 3, wherein the
conditioning system further comprises a global conditioning unit, configured to supply heat energy to
and/or remove heat energy from all of the conditioning regions. 5. The support table according to
claim 4, wherein the global conditioning unit comprises a charnel, configured to convey a conditioning

fluid to pag@ftm%&w_eta@hfb%ié@%ﬁaﬁ&ﬁﬁﬁ@%ﬁ%ﬁ@%ﬁ&@%rﬂﬁbéﬁ@@% migbbritvaenidt dd

provide the canditigning, fluid,and outlet for exhausting the conditioning.fluid. 6.,Thg support table
Bcordm L 2 BB Senaore, emch

sensor cigslekh tameaspure thectenperatrrielithe guprertiabiaftaraspesiddacatignasdg a
controller, configured to control the conditioning system, the controller configured to control the

conditioriigiestitgm Ipatietnsd theamefsiadiation darafebhathieneerséoatliguidhegrspace between

a projection system and a substrate supported on a support section of a support table,
using a conditioning system to supply heat energy to and/or remove heat energy from the
support section, the conditioning system comprising a plurality of conditioning units that
are independently controllable, each conditioning unit configured to supply heat energy
to and/or remove heat energy from a respective conditioning region of the support
section, and  controlling the conditioning system based on measurement data from a
plurality of temperature sensors, each configured to measure the temperature of the
support table at a respective location.

[00154] In an embodiment, the support section comprises a temperature sensor in each
conditioning region.

[00155] In an embodiment, the control of the conditioning system is based on the
measurement data for each temperature sensor and calibration data for each sensor that is
stored in a memory.

[00156] In an embodiment, the calibration data is generated based on a calibration test in
which a temperature sensor provides measurement data when the temperature sensor is
at a known temperature.

[00157] In an embodiment, calibration correction data for each temperature sensor is
stored in the memory; and the control of the conditioning system is based on the
measurement data from the temperature sensors, the corresponding calibration data and
the calibration correction data.

[00158] In an embodiment, the calibration correction data is generated by performing a
calibration correction data generation process comprising substantially ~ simultaneously

obtaining measurement data from a plurality of the temperature sensors, determining
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7. A support table, for a lithographic apparatus, configured to support a substrate, the support table
comprising:  a support section, configured to support a lower surface of a substrate on an upper
face thereof,  a conditioning system, configured to supply heat energy to and/or remove heat energy
from the support section, the conditioning system comprising a plurality of conditioning units that are
independently controllable, each of the conditioning units configured to supply heat energy to and/or
remove heat energy from a respective conditioning region of the support section;  a plurality of
temperature sensors, configured to measure the temperature of the support table at a respective
location; ISAtPeraliEd KA 0T BAFY IRBARY tBHE SIAROE IR MRS SReeATbAS B B R MBdstiement

data frorgatggrg%rgge&éa%g "Bor eeggﬁr%mperature sensor, determining for each temperature sensor a
deviation of its temperature data from the mean temperature data for the plurality of
temperature sensors, and storing calibration correction data for each temperature sensor
that corresponds to the determined deviation.

[00159] In an embodiment, the calibration correction data generation process is performed
using measurement data from all of the temperature sensors within a conditioning region
of the support section.

[00160] In an embodiment, the calibration correction data generation process is performed
using measurement data from all of the temperature sensors of the support section.

[00161] In an embodiment, the calibration correction data generation process is performed
when a fluid handling structure is not providing immersion fluid to an area on an upper
surface of a substrate supported by the support table.

[00162] In an embodiment, the calibration data generation process is performed when the
support table is at a location in a lithographic apparatus at which at least one of the
following occurs: a substrate is unloaded from the support table; a substrate is loaded to
the support table; and/or a substrate supported by the support table is inspected by a
measurement system.

[00163] In an aspect, there is provided a method of generating calibration correction data
for a plurality of temperature sensors, each configured to measure the temperature of a
support table in a lithographic apparatus, the method comprising substantially
simultaneously obtaining measurement data from the temperature sensors, determining
temperature data for each temperature sensor based on the measurement data and
existing calibration data for each temperature sensor, determining for each temperature
sensor a deviation of its temperature data from the mean temperature data for the
plurality of temperature sensors, and determining calibration correction data for each

temperature sensor that corresponds to the determined deviation.
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8. The support table according to claim 6 or claim 7, wherein at least one temperature sensor is
provided to each conditioning region and/or wherein a plurality of temperature sensors are provided to
each conditioning region. 9. The support table according to any of claims 6 to 8, wherein the controller
comprises a memory, configured to store calibration data for each of the temperature sensors. 10.
The support table according to claim 9, wherein the controller is configured to generate or receive
revised calibration data based on a calibration test, in which a temperature sensor provides
measurement data when the temperature sensor is at a known temperature and/or wherein the

controlleFl216dhidihew el stoesi ESITsHEEBRCEMELBh BREerdn dhéh terhperitaressensdithagaaplhic
controller 15 C?&ﬂgu{ﬁdﬁ% conuoldhe %Q”QF‘?b&‘sngit%?em&%sﬁe%ﬁae%‘%gé rgﬂé‘%” Ife‘;ﬁ"i‘tf{é’ﬁf?aéohﬁic
A .

appa :
temperatLPrg sensors, the corresponding cal ration data an € corresponding calibratiofy correction

data. llaghasuRpasstailencratdingdsyclaimelBtvvheipiniheicantrolen isLontigwadd i ganerate the
calibration correction data by performing a calibration correction data generation process comprising:

substantiatggsatedtappbosly Histaming sredanremurd ddeiefebma phiietiy oothemegnsitatisfesaisors;
determining lempergiure dota for gach temperalure pensef baspe ) (G MegRASIIgnt deta.and the

etc. The skilled artisan will 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 applicable, the disclosure herein may be
applied to such and other substrate processing tools. Further, the substrate may be
processed more than once, for example in order to create a multi-layer IC, so that the term
substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[00165] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength
of or about 365, 248, 193, 157 or 126 nm). The term “lens”, where the context allows, may
refer to any one or combination of various types of optical components, including
refractive and reflective optical components.

[00166] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example,
the embodiments of the invention may take the form of a computer program containing
one or more sequences of machine-readable instructions describing a method as disclosed
above, or a data storage medium (e.g. semiconductor memory, magnetic or optical disk)

having such a computer program stored therein. Further, the machine readable instruction
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determining for each temperature sensor a deviation of its temperature data from the mean
temperature data for the plurality of temperature sensors; and storing calibration correction data for
each temperature sensor that corresponds to the determined deviation. 12. The support table
according to claim 11, wherein the calibration correction data generation process is performed using
measurement data from all of the temperature sensors within a conditioning region of the support
section or wherein the calibration correction data generation process is performed using measurement
data from all of the temperature sensors within the support section. 13. The support table according to
claim 1181 20SvSBERAIRE dBIIBFEBOPT CBIPERLIEPNHRASHeRERSIRIN Protes WP EFFIGRAEY HHBRM Huid
handiing giruetire IS ehpioviding immersian, fuid e.a0.Area,on. a0 RRRL SwIlace of asybsirate
supporte%r8§ the supB’ort table. 14. The support ta e accorgllng t any of claims 1185 523 Wherein the
calibratiquedatg generainromacesssispearerethwhey thersepparttahigristaia becapiemblawhen
lithographic apparatus at which at least one of the following occurs: the substrate is unloaded from the

support télsienhersmest amPidatpaogr anessuppeatanlenarel onehe cubpuiee Bisosad Inrated

support t%?tlﬁi%s ai??gaesqctggebgo?nrgggesrl{tr eolpﬁ{let i Sg)egrrna'phic apparatus. The controllers may each or
in combination have any suitable configuration for receiving, processing, and sending
signals. One or more processors are configured to communicate with the at least one of the
controllers. For example, each controller may include one or more processors for
executing the computer programs that include machine-readable instructions for the
methods described above. The controllers may include data storage medium for storing
such computer programs, and/or hardware to receive such medium. So the controller(s)
may operate according the machine readable instructions of one or more computer
programs.
[00168] One or more embodiments of the invention may be applied to any immersion
lithography apparatus, in particular, but not exclusively, those types mentioned above
and whether the immersion liquid is provided in the form of a bath, only on a localized
surface area of the substrate, or is unconfined. In an unconfined arrangement, the
immersion liquid may flow over the surface of the substrate and/or substrate table so that
substantially the entire uncovered surface of the substrate table and/or substrate is wetted.
In such an unconfined immersion system, the liquid supply system may not confine the
immersion liquid or it may provide a proportion of immersion liquid confinement, but not
substantially complete confinement of the immersion liquid.
[00169] A liquid supply system as contemplated herein should be broadly construed. In
certain embodiments, it may be a mechanism or combination of structures that provides a
liquid to a space between the projection system and the substrate and/or substrate table. It
may comprise a combination of one or more structures, one or more fluid openings

including one or more liquid openings, one or more gas openings or one or more openings
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15. The support table according to any of the preceding claims, wherein the support table is configured
to support the substrate in a recess, and further comprising an extraction system, configured to
extract immersion fluid from a gap between the edge of the recess and the edge of the substrate, the
extraction system comprising a plurality of independently controllable extraction units, each extraction
unit configured to extract immersion fluid from a respective segment of the gap. 16. The support table
according to any of the preceding claims, further comprising a second conditioning system, configured
to supply heat energy to and/or remove heat energy from a region of the support table adjacent a gap
between ﬂretIé@gBhﬂSs ﬂéﬁ@sér hﬁ&ﬂr@%éwr@g harafeintled BdcoHe dBHARISHIRGSEYSERRT an

comprlsrng ralrt entI captrallable congrt;tonln its, each confi ured (0] supR% heat
tle tcture) Or an outlet out .? € immer51 5% g gor an'i
energy to anc or remove tener y rom a respective region of the support adjacent a

respective tsegiaemif lﬁbﬁ\ﬁﬁﬂg btrubhersy ppoHHakithaaeeichngdsar@f Bretpeesssinoned3imse, a
wherein the support section comprises a plurality of support table sections mechanically connected to

each othepiioa ebrihectobstrath didiher supsoretaiidlse cionswdnpesspbtkngpasea mapeetveletely
conditoning 1egion, 48, ASUPOTLaDIS, ar. ogiaphie, AL Ye FTNELI0 SURRILS e
substrate and/or substrate table. The liquid supply system may optionally further include
one or more elements to control the position, quantity, quality, shape, flow rate or any
other features of the liquid.
[00170] 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 without departing from the scope of the claims set out below.
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a support section, configured to support a lower surface of a substrate on an upper face thereof; and
a conditioning system, configured to supply heat energy to and/or remove heat energy from the
support section, the conditioning system comprising a plurality of conditioning units that are
independently controllable, each of the conditioning units configured to supply heat energy to and/or
remove heat energy from a respective conditioning region of the support section, wherein each of
the conditioning units comprises a charnel within the corresponding conditioning region, the channel
configured to convey a conditioning fluid. 19. A support table, for a lithographic apparatus, configured
to support a substrate in a recess, the support tagéé@ﬁ)rising: a support section, configured to
support a lower surface of a substrate on an upper face thereof;

1. A support table, for a lithographic apparatus, configured to support a substrate, the
support table comprising:

a support section, configured to support a lower surface of a substrate on an upper
face thereof; and

a conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section and each of the conditioning regions
configured such that it corresponds to a section of the upper face of the support section
having an area within a range of from approximately 50% to approximately 350% of the
area of the substrate in contact with an immersion fluid provided by a fluid handling

structure and having an aspect ratio of between 1 and approximately 2.

2. The support table according to claim 1, wherein each of the conditioning units

comprises an electric heater.

3. The support table according to claim 1 or claim 2, wherein each of the conditioning
units comprises a channel within the corresponding conditioning region, the channel
configured to convey a conditioning fluid and connected to an inlet to provide the

conditioning fluid and an outlet for exhausting the conditioning fluid.

4. The support table according to any of claims 1 to 3, wherein the conditioning
system further comprises a global conditioning unit, configured to supply heat energy to

and/or remove heat energy from all of the conditioning regions.
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a first conditioning system, configured to supply heat energy to and/or remove heat energy from the
support section, the first conditioning system comprising a plurality of conditioning units that are
independently controllable, each of the conditioning units configured to supply heat energy to and/or
remove heat energy from a respective conditioning region of the support section; and a second
conditioning system, configured to supply heat energy to and/or remove heat energy from a region of
the support table adjacent a gap between the edge of the recess and the edge of the substrate, the
second conditioning system comprising a plurality of independently controllable conditioning units,

each corfigured 16 st Hektdnergsrisi digd /it [EaiByéhadreisEigihRosiob b patdiviordRgo Bitthe

support table adiacent aespective seamentof e aap 120, AUAROT eble. f0r 8 lthograPien.
apparatus, configured 10 SUPpOIt asubstrate In' a-recess, the sUpport tablé compnsifig: - a support

section, eehfigibachto @uRpRstalbWeEsireedofR suBsiRiReH @kl ePRepfceddereafonditfoning
conditioning system, configured to supply heat energy to and/or remove heat energy from the support

section, fiddonditoniayioysedmuesingribingoaditicatitygoieshditioning units that are independently
controllable, each of the conditioning units configured to supply heat energy to and/or remove heat
energy from a respective conditioning region of the support section; and an extraction system,

configured to e’ftlﬁécét:iw&?fséé’&éi%‘é%ﬂ‘ﬁﬂgat&%ﬁ’l?%ﬁ’%‘ﬁf&&ﬁﬁ% Qf&ﬁﬁsf%ﬁ%ﬁé’i‘%mﬁﬂﬂg gf the
substrate, the extraction system comprising a plurality of independently controllable extraction units,
each corflguatitit@exérapeimmersiensbgs)ictfrbnsensespectigused e mh ed theedgdye. temperature of
the support table at a respective location; and
a controller, configured to control the conditioning system, the controller

configured to control the conditioning system based on the measurement data from the

temperature sensors.

7. A support table, for a lithographic apparatus, configured to support a substrate, the
support table comprising:

a support section, configured to support a lower surface of a substrate on an upper
face thereof;

a conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section;

a plurality of temperature sensors, configured to measure the temperature of the
support table at a respective location; and

a controller, configured to control the conditioning system based on the

measurement data from the temperature sensors.
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21. A support table, for a lithographic apparatus, configured to support a substrate, the support table
comprising: a support section, configured to support a lower surface of a substrate on an upper
face thereof, the support section comprising a plurality of support table sections mechanically
connected to each other by a connector, each of the support table sections corresponding to a
respective conditioning region; and a conditioning system, configured to supply heat energy to
and/or remove heat energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units configured to

supply h8at enérd§ TBRRRIToRRImBSROHUREERT M it 2E8pe A o atisIH PRSI BE R Sipport

section. 525121%&'%%“"%%‘9&‘48 PRI é{i‘r%‘”9%1%%%&&%‘%‘%%8&98@‘Bﬁfr%ﬁ{}yo?fttefh? UeeaHing
claims. 23. A device manufacturing method compfising:

sensors are provided to each conditioning region.

9. The support table according to any of claims 6 to 8, wherein the controller
comprises a memory, configured to store calibration data for each of the temperature

Sensors.

10.  The support table according to claim 9, wherein the controller is configured to
generate or receive revised calibration data based on a calibration test, in which a
temperature sensor provides measurement data when the temperature sensor is at a
known temperature and/or wherein the controller is configured to store calibration
correction data for each temperature sensor; and the controller is configured to control the
conditioning system based on measurement data from the temperature sensors, the

corresponding calibration data and the corresponding calibration correction data.

11. The support table according to claim 10, wherein the controller is configured to
generate the calibration correction data by performing a calibration correction data
generation process comprising:

substantially simultaneously obtaining measurement data from a plurality of the
temperature sensors;

determining temperature data for each temperature sensor based on the
measurement data and the calibration data for each temperature sensor;

determining for each temperature sensor a deviation of its temperature data from
the mean temperature data for the plurality of temperature sensors; and

storing calibration correction data for each temperature sensor that corresponds to

the determined deviation.
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projecting a patterned beam of radiation through an immersion liquid provided by a fluid handling
structure to a space between a projection system and a substrate supported on an upper surface of a
support section of a support table; using a conditioning system to supply heat energy to and/or
remove heat energy from the support section, the conditioning system comprising a plurality of
conditioning units, each configured to supply heat energy to and/or remove heat energy from a
respective conditioning region of the support section, each of the conditioning regions corresponding
to a section of the upper face of the support section having an area within a range of from
approximately 0% t5RPPFokinStscetnsotardaired b HlesabsiiateHibspEMRY GAIHIRYINRIERIA fluid
provided by the fluid handling structure and having an aspect ratig of between d roximately 2;
ol S Roe e B R W IR s
comprisisghsors PRABEHNG eopaitesnadbranvaf sadiatien thuuganinsmendiendif UHd A $pagaen
between a projection system and a substrate supported on a support section of a support table;
using a coMtitioamg sipsganera BapayIveas éhergjommedrsingriesas eanene dgparormhellsap et

section, the conditioni%?t (sg}/sterr% Con}é)risin %l}gluralit of conditioning units that are independently
controllalSIERAGRES SERFSAY e ¢ ﬁﬁ&?ﬂ% escﬁ'ﬁ%h/ heat energy to and/or remove heat energy
from a respective conditioning region of the support section; and
13.  The support table according to claim 11 or 12, wherein the calibration correction
data generation process is performed when a fluid handling structure is not providing
immersion fluid to an area on an upper surface of a substrate supported by the support

table.

14.  The support table according to any of claims 11 to 13, wherein the calibration data
generation process is performed when the support table is at a location in a lithographic
apparatus at which at least one of the following occurs: the substrate is unloaded from the
support table; the substrate is loaded to the support table; and/or the substrate supported

by the support table is inspected by a measurement system.

15.  The support table according to any of the preceding claims, wherein the support
table is configured to support the substrate in a recess, and

further comprising an extraction system, configured to extract immersion fluid
from a gap between the edge of the recess and the edge of the substrate, the extraction
system comprising a plurality of independently controllable extraction units, each

extraction unit configured to extract immersion fluid from a respective segment of the

&ap-

16.  The support table according to any of the preceding claims, further comprising a

second conditioning system, configured to supply heat energy to and/or remove heat
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controlling the conditioning system based on measurement data from a plurality of temperature
sensors, each configured to measure the temperature of the support table at a respective location. 25.
A method of generating calibration correction data for a plurality of temperature sensors, each
configured to measure the temperature of a support table in a lithographic apparatus, the method
comprising: substantially simultaneously obtaining measurement data from the temperature
Sensors; determining temperature data for each temperature sensor based on the measurement
data and existing calibration data for each temperature sensor; determining for each temperature
sensor a*HETRtBIEY tsasionp e WaRoTdAPIR@ Hirssh kerspRrattirecaa i fordRe plurangpssand
temperalye sgnsors: AN JEleIMiTing Al lianFoNARI ARlA o SRR e Riks gnegr that
corresponds to the determined deviation.

independently controllable conditioning units, each configured to supply heat energy to

and/or remove heat energy from a respective region of the support table adjacent a

respective segment of the gap.

17.  The support table according to any of the preceding claims, wherein the support
section comprises a plurality of support table sections mechanically connected to each
other by a connector, each of the support table sections corresponding to a respective

conditioning region.

18. A support table, for a lithographic apparatus, configured to support a substrate, the
support table comprising:

a support section, configured to support a lower surface of a substrate on an upper
face thereof; and

a conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section,

wherein each of the conditioning units comprises a channel within the

corresponding conditioning region, the channel configured to convey a conditioning fluid.

19. A support table, for a lithographic apparatus, configured to support a substrate in a
recess, the support table comprising;:
a support section, configured to support a lower surface of a substrate on an upper

face thereof;
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a first conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the first conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section; and

a second conditioning system, configured to supply heat energy to and/or remove
heat energy from a region of the support table adjacent a gap between the edge of the
recess and the edge of the substrate, the second conditioning system comprising a
plurality of independently controllable conditioning units, each configured to supply heat
energy to and/or remove heat energy from a respective region of the support table

adjacent a respective segment of the gap.

20. A support table, for a lithographic apparatus, configured to support a substrate in a
recess, the support table comprising:

a support section, configured to support a lower surface of a substrate on an upper
face thereof;

a conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from a respective
conditioning region of the support section; and

an extraction system, configured to extract immersion liquid from a gap between
the edge of the recess and the edge of the substrate, the extraction system comprising a
plurality of independently controllable extraction units, each configured to extract
immersion liquid from a respective segment of the gap.

21. A support table, for a lithographic apparatus, configured to support a substrate, the

support table comprising;:
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a support section, configured to support a lower surface of a substrate on an upper
face thereof, the support section comprising a plurality of support table sections
mechanically connected to each other by a connector, each of the support table sections
corresponding to a respective conditioning region; and

a conditioning system, configured to supply heat energy to and/or remove heat
energy from the support section, the conditioning system comprising a plurality of
conditioning units that are independently controllable, each of the conditioning units
configured to supply heat energy to and/or remove heat energy from its respective

conditioning region of the support section.

22. A lithographic apparatus, comprising a support table according to any of the

preceding claims.

23. A device manufacturing method comprising;

projecting a patterned beam of radiation through an immersion liquid provided by
a fluid handling structure to a space between a projection system and a substrate
supported on an upper surface of a support section of a support table;

using a conditioning system to supply heat energy to and/or remove heat energy
from the support section, the conditioning system comprising a plurality of conditioning
units, each configured to supply heat energy to and/or remove heat energy from a
respective conditioning region of the support section, each of the conditioning regions
corresponding to a section of the upper face of the support section having an area within a
range of from approximately 50% to approximately 350% of the area of the substrate in
contact with immersion fluid provided by the fluid handling structure and having an
aspect ratio of between 1 and approximately 2; and

controlling each of the conditioning units independently.



24. A device manufacturing method comprising;:

projecting a patterned beam of radiation through an immersion liquid to a space
between a projection system and a substrate supported on a support section of a support
table;

using a conditioning system to supply heat energy to and/or remove heat energy
from the support section, the conditioning system comprising a plurality of conditioning
units that are independently controllable, each conditioning unit configured to supply
heat energy to and/or remove heat energy from a respective conditioning region of the
support section; and

controlling the conditioning system based on measurement data from a plurality of
temperature sensors, each configured to measure the temperature of the support table at a

respective location.

25. A method of generating calibration correction data for a plurality of temperature
sensors, each configured to measure the temperature of a support table in a lithographic
apparatus, the method comprising:

substantially simultaneously obtaining measurement data from the temperature
sensors;

determining temperature data for each temperature sensor based on the
measurement data and existing calibration data for each temperature sensor;

determining for each temperature sensor a deviation of its temperature data from
the mean temperature data for the plurality of temperature sensors; and

determining calibration correction data for each temperature sensor that

corresponds to the determined deviation.
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