CONTRCOL SYSTEM LI THOGRAPHI € PRQIECTI ON APPARATUS, METHOD OF CONTROLLI NG A
SUPPORT STRUCTURE, AND A COVPUTER PROGRAM PRODUCT - BACKGROUND [0001] The
present invention relates.-to a control systemfor controlling-a support
structure in a |lithographic apparatus, a lithographic projection apparatus,
a nethod of controlling a support structure in a |ithographic apparatus,:
and a conputer program product. [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, usually onto a
target por¢oem®fStdems RaidG A PROINOIOR APPSR APGR M HFOIFGNCBRTREENG T Or
exanple, in the manufacture of integrated circuits (ICs). In that instance,
a patterning devi CeSURBORESTRECEVRIGAA GOMPUTER BROEBAMPRODUSThRSK or a
reticle, maybe used to generate a circuit pattern to be fornmed on an

i ndi vidual layer of the IC. This pattern can be transferred onto a target
portion (@BACKGBMWNBI ng part of, one, or several dies) on a substrate

(e.g. a silicon wafer). Transfer of the pattern is typically via inmaging
onto a layer ofl040d4; EL‘? Bigsens grysntion slaaste picantrl sygeadr songollined syprathe
substrat eqf fi; [ L L t.al of .
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integrated circuits as well as liquid crystal display panels is the
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in 6 degreesitioft nfated esiftPpfoyidedion\ied abkiriteSIn gondral, 3 singleubtROF1 Anndigel y
used approach to achieve such demandi ng positioning reg{g}iﬂrerrents is to
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modul e ( Capthar Atk ificlude so-called steppers, in which each target portion is 1rradiated by exposing an.

entire pattern onto the farget 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] One of the most challenging requirements in micro-lithography for the
production of integrated circuits as well as liquid crystal display panels is the positioning of
structures with respect to each other. For example, sub-100 nm lithography demands
substrate-positioning and mask-positioning stages with dynamic accuracy and matching
between machines in the order of 1 nm in 6 degrees of freedom (DOF), at velocities up to 3
m/s.

[0004] A widely used approach to achieve such demanding positioning requir'efnents

is to sub-divide the stage positioning architecture into a coarse positioning module (e.g. an X-




Y table or a gantry table), onto which is cascaded a fi-ne-positioning
modul e. The coarse positioning nodule has a mcroneter accuracy. The fine
posi tioning nodul e is responsible for correcting for. the residual error of
the coarse positioning nodule to the |ast few nanoneters. The coarse
posi tioning nodul e covers a | arge working range, while the fine
positioning nodule only needs to accommpdate a very |limted range of
travel. Conmmonly wused actuators for such nano-positioning include
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on the substrate table, while thihgriq]plate i.s mounted on a frame of the
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positioning module, on the other hand, has to be performed in 6 DOF to sub-nanometer
resolution, with nanometer accuracy and stability. This is commonly achieved using multi-
axis interferometers to measure displacements in all 6 DOF, with redundant axes for
additional calibration functions (e.g. calibrations of interferometer mirror flatness on the
substrate table),

[0007] As an alternative for interferometers it is known to use optical encoders,
possibly in combination with interferometers. Such optical encoders are for instance
disclosed in US 2004/0263846 A1, which document is hereby incorporated herein by
reference. In US2006/0227309, optical encoders use a grid pattern on one or more grid plates
to determine their position with respect to the grid pattern. The optical encoders are mounted

- on the substrate table, while the grid plate is mounted on a frame of the lithographic
apparatus. Consequently, it is known where the substrate table is with respect to the grid

plate.




plate. 2 [0008] Wth the continual desire to inmage ever snuller patterns to
create devices wth higher conponent densities, while keeping the nunber
of patterns manufactured per unit tinme the sanme, or -even increase that’
nunber, nurnerous tasks within the |lithographic apparatus need to be
perfornmed faster. Consequently, accel erations and decel erations of the
substrate table al so increase, which may lead to vibrations. Due to the

af orenenti oned vibrations, alignnment beconmes nore difficult: Even though
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i nvention provides a control: rcontrolli'ng a suppor ructure in
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measurement systemis arranged to measure, in a second coordinate sy
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presumed posi.tion, .. t he second. coor di hat e,.syst The controller js
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position of the object into a converted position of the support structure

in the second coordinate system and position the support structure based
on the corygif@chposition. The controller is further configured to receive
a positiomerror—signal indicative of a difference between the presuned

posi tion and afoi@e] UB investidn @ovides 4 htiol §BtenifRSOARSERE a SYFHoaBrubutdia a
second cogrdi nate system The controller is further arranged to control the
posi ti on dthogrphicappyats. Jhe contipl 8YSigin CORPRIFs AdHFNCISHEEEN] FYStEmya ferond

mvent | on” B Ay aaf e Pgh BhEH B ler. tHERist mein ther SR ARk @bl
positioning the
i a first coordinate system, a position of an object supported by the support structure. The
second measurement system is arranged to measure, in a second coordinate system, the
position of the support structure. The first measurement system has a presumed position in
the second coordinate system. The controller is configured to:
¢ control the position of the support structure based on measurements by the second
measurement system,
* convert the measured position of the object into a converted position of the
support structure in the second coordinate system, and
e position the support structure based on the converted position.
The controlier is further configured to receive a position error signal indicative of a difference
between the presumed position and an actual position of the first measurement system in the
second coordinate system. The controller is further arranged to control the position of the
support structure and/or an aerial image in a manner dependent upon the position error signal.
[0010] An embodiment of the invention relates to a controller for positioning the
support structure dependent upon the position error signal. An embodiment of the invention

relates a controller for positioning the support structure with respect to an aerial image. The




support structure dependent upon the position error signal..An enbodi nent
of the invention relates a controller for positioning the support
structure with respect to.an aerial inmage. The 3 support structure can be

positioned with respect to a nenber of a group conprising an aerial inmage
and a further object (MA). The aerial image conprises an inmage of a mask in
an illum nation phase of a |ithographic apparatus. The invention then

relates to inproving the overlay error. [0011] The further object could be
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of controllin upport, structure in a lithographi c apparatus conprising
t he stepsp%ﬁ‘”r“%"gﬁ%@?‘ﬂqsh’@tegﬁthorﬁfpé’ﬁ“tmtt e%F“?L t structure arranged to
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embodiment the second measurement systern comprises a reference structure to which the
second coordinate system is coupled.
[0014] Additionally, in an exemplary embodiment, the invention provides a
lithographic projection apparatus that comprises the aforementioned control system.
[0015] Additionally, in an exemplary embodiment, the invention provides a method
of controlling a support structure in a lithographic apparatus comprising the steps of:
e providing an object to a support structure arranged to support the object;
¢ measuring the position of the object in a first coordinate system using a first
measurement system;
¢ measuring the position of the support structure in a second coordinate system,
the first measurement system having a presumed position in the second
coordinate system;
e converting the measured position of the object into a converted position of the
support structure in the second coordinate system;
o - performing a first positioning of the support structure and/or an aerial image in a

manner dependent upon the measured position of the support structure, the




converting the neasured position of the object into a converted position of
the support structure in the second coordinate system performng a first
-positioning of the support structure and/or an aerial inmage in a nanner
dependent upon the neasured position of the support structure, the 4 _
converted position of the support structure, and a position error signal
indicative of a difference between the presuned position and an actual
position of the first neasurenent systemin the second coordi nate system
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[0017] Enbodi mnﬁgg%?&?ﬁép%ﬁn%gﬁti on will now be described, by way of

- exanpl e only, ewhéastgiehepostib®of (he safPoRabird e aSebaitBdootdifhHtavysags, the

whi ch correspondifglg reference

S5t measurement system having a presumed position in the second coordinate
system,
» converting the measured position of the object into a converted position of the
support structure in the second coordinate system, ‘and
¢ performing a first positioning of the support structure and/or an aerial image in a
manner dependent upon the measured position of the support structure, the
converted position of the support structure, and a position error signal indicative

of a difference between the presumed position and an actual position of the first

measurement system in the second coordinate system.

BRIEF DESCRIPTION OF THE DRAWINGS

[6017] 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:

[0018] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

- [0019] Figure 2 schematically depicts a prior art displacement measuring system;




synbol s indicate corresponding parts, and in which: [0018] Figure 1 depicts
a |ithographi c apparatus according to an enbodi nent of the invention;
[0019] Figure 2 schematically depicts a prior ‘art displacenent neasuring
system 5 [0020] Figure 3 schematically depicts a cross-sectional view of
a part of a control systemaccording to a first enbodi ment of the

i nvention; [0021] Figure 4 schematically depicts a cross-sectional view of
a part of a control systemaccording to a second enbodi nent of the

i nvention; [ 0042020filggure 3 Sclenimtivally daplidty a deps-sdctiom] eicvsef st ofonantrul ew of

a part of a control. stem accordi ng.to.an enbodi nent of the invention,
[0023] Fi &HF@“@C&Q{H@&Z@?&%‘R‘?@B&W&{ gfr%f."fr}"&wl%’agram of a method of
controlling a }ﬁ@ﬂi@ﬁ@réh@&%&h&i@alﬁ?@éﬁéﬂé RErobRs@RoRTRRY SB-NSarldf £ Bitrol
invention; [0024] Figure 7 schemat’i cal lé depi cts an enbodiment of a
conput er a3semigcgordingto a aeppnd embedithepijoidhe orventédn; syst em according to an
enbodi nent of t resent iL,nventi.on, .DETAI LED DESCRI PTI 0025 igure 1
schemnt cal |y dUEEFIEED siREERL R eri R PaRre il Pl b coalibbal ment
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(illTumnator) IL contigured to condition a radiation beam B (e.g. W
adi ation or EUPZhdisEs 6rghematistbispictet flow dinesmn ef ymethodd koutzaliieg a T
construct i . i . - mask) MA and connect ed
to a fi rst%glf}%)gtl St%ll&gﬁ&e)érécﬁﬁﬁ%@%ﬁé&?&e@dg@&\{3@%&&@‘{%}lgﬁposi tion the patterning
device MA in a¢@i24fl&igvee WedHenmecdlhi depigpeanoemBticeliBentaf 3 bsipurt esstiablyahdte. 9. a
waf er tab%}% WI gfg struct?d to hold ,a substrate (e.d)%. a resist-coated

waf er) W S BedHFoRY &aontep! syLen areprding f2 fberabodmperin theqrpwat yentd®eur at el y
position the substrate Win accordance with certain paraneters, and a
projection system(e.g. a refractive projection |lens systenm) PS configured

to projec SC I to the radi ati on beam B by patterning device

MA onto a tar rtio e,.0.., COnpri si. one or nore dies) of the
substrate W ?(ﬁ)tZSPBIgure Psc(ﬁeﬁlaﬁgally (ﬂ:p cts a fltli’llggrap fic apparatus accordsn)lg 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 EUV radiation)

s a support structure (e.g. a mask table) MT constructed to support a patterning
device (e.g. a mask) MA and comiected to a first positioner PM configured to
accurately position the patterning device MA in accordance with certain
parameters

* asubstrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a
resist-coated wafer) W and connected to a second positioner PW configured to
accurately position the substrate W in accordance with certain parameters, and

* aprojection 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.

[0026] The illumination system 1L may include various types of optical components,

such as refractive, reflective, magnetic, electromagnetic, clectrostatic or other types of optical

components, or any combination thereof, for directing, shaping, or controlling radiation.




[0026] The illum nation systemIL may include various types of opti-cal
conponents, such as refractive, reflective, magnetic, electronmagnetic,
el ectrostatic or other types of optical conponents, or any conbi nation
t hereof, for directing, shaping, or controlling radiation. 6 [0027] The
support structure MI supports, i.e. bears the weight of, the patterning
device MA. It holds the patterning device MA in a manner that depends on
the orientation of the patterning device MA, the design of the
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device can be a programmable patterning device. [0029]_ The patterning

devi ce MASTREPT SRCH 3530 STePE RAEeRy InadpzelRqryen oftthe sehsiratedV. It shauld beneigd

devi ces L pel : r i [ ar r : LCD
panel o, Mk R BB b 0 i ARy AR BN PR S 1 s
bi nary, ahttenr mathe tggeipastensh of the salstratet We farak edplehifithe pattérh inclakes pldde- as

vart oUs hyheLd ok, XBSey A0 1AL o1, &R aIEbLe Lt atisy,

I ndi vi duabam BiwiliRSreoad té Q phkligF fundflodal G987 MG JRHeBel PR QBT ik target
portion C, such as an integrated circuit. The patterning device can be a programmable
patterning device.

[0029] The patterning device MA may be transmissive or reflective. Examples of
patterning devices MA include masks, programmable mirror arrays, and programmable L.CD
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 impért a pattern in a radiation beam which is reflected
by the mirror matrix.

[0030] 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




different directions. The tilted mrrors inpart a pattern in a radiation
beam which is reflected by the mnor matrix. [0030] The term "projection
systenm used herein should be broadly interpreted as enconpassing any type
of projection system including refractive, reflective, catadioptric,
magneti c, el ectromagnetic and el ectrostatic optical systens, or any

combi nation thereof, as 7 appropriate for the exposure radiation being
used, or for other factors such as the use of an inmersion liquid or the
use of a \appapniateAny the sepastretradiatien beitipussideat fooathbrfastorsracke anthamybef an
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wher ei n atsulh%%ta@le?ﬁinﬁ)o? {?Br mbfeEnSERHIES! & s%%l{ﬁge F Gfhched tl+e' qg' d

having a relatively ractive 1 ndex, 0 as to fi
space bet wéélnonddea‘qiea:peybe ased szypztrelrhalRS mcphrathgf stapis siaydtcecabiedAmt on on@osi on

liquid ma |ied to ot her int I|tho aphlc appar at us,
for exaniae EDP AN G & mrss Ao R S R nect o SyRtam 5. | by of on
techni ques ar e [stl] Thls mwgrapﬂlctaﬁsgaﬁfds rﬁ@ralémm&yﬁ@wha@mmﬂ M LRriGPsFture

of projection systens. i mrer si on" as uSed herein does not nean
that a st thictubsieate ?Gmayzbs cavesttbls)tahqmd hevigg abdatlmlﬂomhgeiﬁathe iridgkd @lg. but

e Or bR s B G SRS RSAE B vt o and

i1 um nat ehmletsidrElifiiy 8y alsb dd lapplicano BerRMsFAckY ﬂﬁh@hthbgﬁbﬁﬁ:'a@ﬁarﬁt@b”fﬁﬁ SO The
source SO and the lithographic apparatus may be separate entities, for

exanpl e wegHnplRebesBEACRC BEsk anddhe prdgatien syd@e PS. Immeision tedsigsies agevallour ce
SO i's not eamﬁJB raﬁ%xt 1?101%9% 5’%{1’1% nhirRFicdiNG el RPHFARALE sARRA ahlkSeApd the

radi ati on
“immersion” as used herein does not mean that a structure, such as a substrate, must be

submerged in liquid, but rather only means that liquid is located between the projection
system and the substrate during exposure.

[0034} Referring to Figure 1, the illuminator 1L receives a radiation beam B from a
radiation source SO. The source SO and the lithographic apparatus may be separate entities,
for example when the source SO is an excimer laser. In such cases, the source SQ is not
considered to form part of the lithographic apparatus and the radiation beam B is passed from
the source SO to the illuminator 1L 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
merbury 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.

[0035] The illuminator IL may comprise an adjuster AD for adjusting the angular

~ intensity distribution of the radiation beam B. Generally, at least the outer and/or inner radial




the source SOto the illumnator IL with the aid of a beamdelivery system
BD conprising, for exanple, suitable directing mnors and/or a beam
expander. In other cases, the source SO my be an integral part of the

| i t hographi c apparatus, for exanple when the source SOis a nercury |anp.

The source SO and the illumnator IL, together with the beam delivery
system BDif required, may be referred to as a radiation system [0035]
The illumnator IL nay conprise an adjuster AD for adjusting the angul ar

i nt ensi ty edicat fdobudnbnreddrredite as achiuget iant chiasen Bspecavady pf the indansiteast t he

outer and/or .inner. radial, 8 tent (co nly referred to..as a-oyter and
o e er ™ Gire b prpbpiannel e AbimbEOr T el Bl h 4R, Bt
the i1 umpatffcobtpriz@Paifisdter 8Bfonchfy, agsliab bR thtedrBr IN kit B@Hdehser 0. may

conprise vari ous ot her conponents, such as an integrator IN and a condenser
CO  The iTheuiriminator I mapdy ubl tasendition denadiniiombeameBrtadiryg ¢ desilsdam B, to
have a desired . uniform.ty.and intensit iLstribution in its cross-section.
[ 0036] ThémffglaTl&f ?ncﬁirfn{?g%{w%gpguﬁl%lpd%nc{g%%eﬁ%l' patterning device (e.g.,
mask MA),  whi qio3es The rsliabntlRemBIRAAEHerd bh Wigd pHteriies devicertagk niakMAMT)
and is patterned by the patterning device. Having traversed the mask MA
the radi atileeh 5digih @ thasunpertshpefuts e ghanask talieMT) onddy Betisrmaddy Tﬁﬁi ch

focuses 1 g, BRAM Ry 010 Aud ALERLARA! A, Hle raaaﬁérp?eég gfpg;,s\éggnwgmhé he

aid of th positi posi tion sensor
i nt er f er opdjedtion sgteum®sS, whichefacusenihedesm @ omapaapttipoeticced 96the, subdimte W.

substrate_table WI can be noved accurately, . e.qg. as to pasition
di fferent Wk _{:]@_ta“b@WlF %n@?ﬁtl‘?%f’%ﬂ‘fi& B{Sltme%&%?ai‘?ﬁﬁ-%ﬁnb@_gﬁ?fﬁm‘ﬂ%ﬁ larly,
the first dgﬁgé YinQREn R 3P garpg@i‘ﬁif? 8&nsPOStht kAR ARANNE WIVBALHL hsvdliccurately,

explicitly gicted in Fig can be used to accurately position the
mask MA wictghse estpaositipo diffeeer sarpetgfortidue G mdhapitbnf theaadiatB)n keag B afimslarly,

nmechanical, retrieval fro mask |ibrar or during.a scan. .ln_ genet.al
moverent &1 HIFEPQR0et M@%W"%ﬁ&poﬁg‘@égﬁoﬁ é‘ﬁg'\ﬂ;fsrf%tt ﬁ’éﬁé{;ﬁ%’ %ffp“?atgcfglﬁ%-g%rtbr oke
modul e (CQfESEhe R id hQRIRTY padiforRihs Rlsk MA haltarcifReLoend pith ot Pegidibtdi ng) ,
which form part of the first positioner PM Simlarly, novenent of the

- subst r at e bearh[Be c\aT aferyndsbaniea r¢trievk] fiinng mask Bhigrs oF Swengberan e genegal,

short-stroke nodul whi.ch. f Qr ant of.. 1t he . ! it e
case of an&vggsg}ofﬁg%mgﬂbtgglgé&/[?ﬁag bed ?’}}%SB)W@T?EQ%S?EQ? %riﬁ-%%% ngo\aﬁ&l‘{)@oarw
connect ed ph@tidning)ita shbft GlBk @mbalk Pfin®@pdsitiondiig) NWelich €orfri peethf tasilst MA and
substrate " Wnay be aligned using nask alignment_nmarks M, M _ and substrate

al i gnment pasitigeer M. Shoulary.raeyegient elethe suPsirpgtteble WT may be realized using a long-
stroke module and a short-stroke module, which form part of the second positioner PW. In

the case of a stepper (as opposed to a scanner) the mask table MT may be connected to a
short-stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned using
mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although the substrate
alignment marks P1,P2 as illustrated occupy dedicated target portions, they may be located in
spaces between target portions (these are known as scribe-lane alignment marks). Similarly,
in situations in which more than one die is provided on the mask MA, the mask alignment
marks M1,M2 may be located between the dies.

[0037] The invention relates to positioning one of the moveable elements of the
lithographic apparatus. Preferably a support table MT,WT is positioned hsing a controller.
Positioning according to the invention comprises positioning the support table with respect

the frame of the apparatus or with respect to a moving element or a non material element. The




alignment marks P 1,P2 as illustrated occupy dedicated target portions,
they may be located in spaces between target portions (these are known as
scribe-lane alignment marks). Simlarly, in situations in which nore than
one die is provided on the mask MA, the mask alignnment marks M ,M may be
| ocat ed between the dies. [0037] The invention relates to positioning one
of the noveable elenents of the |ithographic apparatus. Preferably a
support table MI,W is positioned using a controller. Positioning

accor di ng ntﬁg n#d?&‘iail aﬁﬁl@{l@h&ﬂl&wé L& iR tfh@@érfbg irh£g%ti§ HRARAEe bk e W th

respect t rane o e apparatus or Wth respect”-to a noving el enent or
a non nmat gaitethingldevientntoThesusman dnmngeilivadinaioenent coul d be the aeri al

i . Th ial. ol i.s, the i t he . .patterni i.ce.onto.th
Subst  at o dur i A TERRREES AL B0na d he rdaf ot eirt Bppdh B U BSaf B0 s
in at |east ongygo] ihe dted mewe Ak MRgkaable MPASPIhe Subdiftethble WPdss képhe mask
table MI and the substrate table WI are kept essenti al I%?statl onary, whil e

an enti r e cprntidhrstatiopant while an eire paidiraimpatadde theBadigtign baarBasiproinsted a
target portjon C at one tine (i.e. a sihgle.static exposure). Th strate
tabre - cbl e borPPF Gt PRe ks e 3T i ShRbubo R ke REWELRD o 1
target polilidnhifledGathelde aRKPOE Rlikectidh soIhap didfeient thipet FAKOMTNas b exgised.Ng
exposure field limts the size of the targ{et_ portion C imaged in a_single
static expgumese, thomegjmym sizg of therexponee figld dinpsdhe sigpplhamarggigortion C

substrate;t dQng@hgﬁﬁnﬁﬁ: gdesynchronously while a pattern inparted to
the radiation beamB i1s projected onto a target portion C (i.e. a single

dynam ¢ exposuf#Ep0] Tha sced ool hanmndsldiabled T and dfe suberasedabler\l erd sdaheed WI
relative to the sk table MI may be determ.ned by the (de-)nmagnification
and i mage SWF@U»@P"@ vibHs A pattemiiapiited tgrthe diagpy peak B Peyedt atgrgetscan

node, t he ,pRxL UFCSH §iﬁ§19fg?rﬁﬁﬁic R¥HRBYI Bhd \'-/e_%d#ty!ainHidirEctHﬁleof%éjststtﬂt@taﬁaﬁe

non-scannpng direction t he tgrget portion’in a single dynamc
exposur e, Wihedgas to e thashdehle MT trhag bs datermingd hpthiedde-gmbgrifitates anflembgs ght

(1 e, SSa0 09 4L 2el) O S0, LEIEhoROLLLOn o[ 005E), |8, 250"

progr ammakyeyspatiefd Mnftd tEeVidgein ﬁfadlohaearﬁlmgsdife@ﬁ@n)to&%@ta}gép b&rtibR Vsl sifgle

scanned while a pattern inparted to the radiation beamB is projected onto

a target ppraniiopxm@suienwheriess firpdength of the scanning motion determines the height (in the
scanning direction) of the target portion.

[0041} 3. In another mode, the mask table 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 B is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror
array of a type as referred to above.

[0042] Combinations and/or variations on the above described modes of use or
entirely different modes of use may also be employed. The present invention can be
embodied in a measurement system in such a way that alignment of a substrate can be
performed with respect to a substrate table with a higher accuracy than might otherwise be

possible using state-of-the-art systems.

10




generally a pul sed radi ation source is enployed and the programuabl e
patterning device is updated as required after each novenent of the
substrate table WI or in between successive radiation pulses during a
scan. This node of operation can be readily applied to maskl ess

| ithography that utilizes programuabl e patterning device, such as a
programmable mrror array of a type as referred to above. [0042] _
Conbi nati ons and/or variations on the above described nodes of use or

entirely di ffer@(ﬂf aﬁﬁéz?&heﬂﬁa‘ﬁcﬂﬁyd lc20a B E"Epl‘iﬁ@g% ﬁa%asuyﬂg ?§t&ﬁqrﬁesn§ﬁé’<?i%“ on

can be enbodl nmeasur enment s temin's t of a
substrate acemaﬂabr m:pmnrfemrpmmowdf h su‘t&qaexxablea mt}sed:)m;)ﬂaﬂaedet@éﬂs@f \fmeednna elg.gher

accuracy than_m ght .ot herw se, be ossi.bl e usi.n state -the-art systens.
10 [ 0043] aFHOé’GPB? 2 g ’r’fﬁ‘iqoéa!?)'/hed’gﬁ?%?‘é‘l apaﬂglm? HearenAp ﬂ%%?é‘ﬂ?wlr?g theyst em 1

desi gned g@sﬁﬁﬁ%ﬂ%tp%glﬁoﬂ?ﬁﬁ%% ﬁtd@l%ﬁ'a%b&'&n%ﬁus%eﬁkh&%ﬁl%ﬁ; doPhiRt gnd fecbiY €€
copl anar degrees of freedom e.g. a positioninafirst direction, i.e.

t he x- posidinedionsa.gthwirpiabion kppua theereonisiRai thestakisbeinig. the amhperyendpwéartto the,x and
a position reI ates?n]to rgtatlyn about an axis perpendicular to both first
and second™ diEFEIIPERITIEYE 2t he rotation about the z-axis Rz, the z-axis

bei ng the axi s [rREPENHGHORA einBodifRnK theANshl YceAREMERAMAg kybtdnh g'ébl@pﬁses[ 0044]
In the shown enbodi nent, the displ acement neasurin system 1 conpri ses

four adj adewtadigesnd gpilplates Bwhishere mpentedom theditlorgranhic anperasey Bpth grid plate 3
f‘ﬁgf‘r f‘ts “f" sgﬁs%e@ whtﬂ (%rfabv?lﬂ?a relt ﬁluﬂoﬁ’i’ﬂa?'i% yﬁﬁnée‘g’é‘g%% +ﬁa1Wt]I&|Qac%lea§\i QLo

€ accurac

enbodi menthe shown egbodindnatfesr @idaplatesS ack wwsd hdhe physéa dimeisioppsf hegridf t he
grid plates 3 are limted. However, it nust be understood that al sq other
arr angerreﬁ%aé%éoq!fﬁ}m%fﬁﬁg‘{o‘ﬁewfﬂ wrghe wdemiepd diat ala prhepprryigerments SPBETIHAY be

used. For of
the si ze AR TREY funfel U FRENTEIhE be BB MiForiel I Gl fehans D
nount ed oprcmiusepan@ﬂeegridplm ofitheesizeaofabe waﬂdn@areamtayd)bmgr;d frame, or on a

| ens which is r th ojection s m PS. Th rid pl at are
substantial |y Pitgs1 ﬁi% P@Fﬁiﬁéﬁg@ﬂb?fﬁwﬁﬂ faﬁésw%ﬁ%é%eelrﬁdesmaﬁ?i first
-and secong,dbl @5 tHaHtS or orf a fons Wﬁdﬁlﬁpa&‘t Qf ﬂh@ﬁdj@dﬁoﬁ@ﬁlstéfmqisr e6é gﬁ'&' Plai@@% geid
plates 3 are positioned in such a way that at |east one sid each grid

pl ate 3 i sutatintiaiénilattpbates aTadgedin aamiommwhlcg ekigngd iatthe Brst éﬁﬁb@ttbm}dlretcta@ls
i.e. in the x-direction and y-direction. The grid plates 3 are positioned in such a way that at
least one side of each grid plate 3 is adjacent to a side of another grid plate 3. Together, the
grid plates 3 substantially cover all required locations of the substrate table 2, such that the
measuring system 1 is continuously capable of measuring the position of the substrate table 2.

[0046] In the shown embodiment, the substrate table 2 is arranged underneath the grid

plates 3. On the substrate table 2, two x-sensors 4, 5, and two y-sensdrs 6, 7 are arranged. The
sensors 4, 5, 6, 7 are arranged to measure the position of the substrate table 2 with respect to
the grids on the respective grid plates 3. The x-sensors 4, 5 are arranged for measuring the
position of the substrate table 2 in the x-dircction. The y-sensors 6, 7 are arranged for
measuring the position of the substrate table 2 in the y-direction. Information obtained from
one pair of the two x-sensors 4, 5 and two y-sensors 6, 7 (%, X; X, y; ¥, X or y,y) may be used
to determine the rotation about the z-axis, i.e. the rotation in the x-y plane. With three of the
two x-sensors 4, 5 and two y-sensors 6, 7 it is possible to continuously determine the position

of the substrate table 2 in three coplanar degrees of freedom (x, y, Rz) with high accuracy
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grid plates 3 substantially cover all required | ocations of the substrate
table 2, such that the neasuring system1l is continuously capable of
measuring the position of the substrate table 2. [0046] In the shown

enbodi ment, the substrate table 2 is arranged underneath the grid plates
3. On the substrate table 2, two x-sensors 4, 5, and two y-sensors 6, 7 are
arranged. The sensors 4, 5, 6, 7 are arranged to neasure the position of
the substrate table 2 with respect to the grids on the respective grid

plates 3. H_{}m%ni%ée% %tﬁaﬁﬁpﬁgergés 1fohF @%ﬁgraih?i it ig%%ﬁyed' %e%,ﬁ%_}o BEILih &0

t he substr |rec ion are arrang ed

for measuyobifign bithe poisstiateaibloR at hiepssuihsd Toaitionk &bihen RhtHOgiabElc)&pphrﬁte@,t i on.
I nformation obtained from, one pair of the two x-sensors_4, 5 and two
y- sensor s Y61eTe7is 3y appeag duging 901‘113@1 g¥e §f this lighagraphic apwaratysg %@@P&ﬁhﬁ% t he

rotation ahoubnd Hgy Fefdk Sn ejépogmeta?ga E‘E}Iaﬁ‘stfkloﬂed for H?)Qrel)ﬁeﬁ(t tBlvafas a?c‘i/yi\gnﬂf fbmee

of the two x-sensors 4, two y-sensors 6, I'S possi b
cont i nuoushe/exgesuze mea,eantdhgnmsﬂ danddeveliog atchend v lsshshateeext:hﬂmlgmg&man t hree

copl anar degre freedom with h| y, 11 (nan r or
sub- nanonet er T@sf‘gi Ef“i’}bﬁtqﬁe @%ﬁ’éﬁoé "’F@z}) “§RSYIE P e Pgﬂg’ﬁ‘%ja% e%“&b%dflb%gﬁ rmne
the posi tipRRalbn UBQG@W@%S@%%? i docfnedt ib h@:‘é&@th%&ré&%& b?PeTeﬁéhééq' n a
l'i thographi'c apparatus, where i's may appear during normal use of th

| i t hographic aﬂﬂ%ﬁhﬂ“ be comsf@lmfstbﬁ: birangemeutatiitonunsgnsomdl dide 7and ébépos ure

t f
rea an ARRSOT AnBi e i AP AT B el o B R ek Ol i a5 BOHR
[0047] Eagho afiothdirid-p3£0 80D A4 sehsSaRRb Fer/ e wihen d diitGeedr st agefdiagd i n
the US application US 2004/0263846 Al, which docunent is herewith

i ncor por at@d afrst gridplats Senovesdoumils zrn@mtzm waeh BrviBicopprsate widirgeauist  of
the four gﬁ %f%'iess % selond sen{ gﬁ:‘} tr&?id(? %ﬁ?ﬁ% e@g{uﬁ%@%ﬂﬁﬂbu@?&ﬁ&ﬁ rTh%' d

pl ates 3 sensor ver one 0 another grid
plate 3. Rhentg fastsensols inakeraayeos the secondMadd paatd B, wissiBlgnasier refinitilization,
cooperating wth a first grid plate 3 noves towards a posiftion_in whi ch it
wi |l coopBfedie sangon H&‘Y%%‘rﬂﬂo‘“@‘? 7 sgppldprresentaive ArdRePSdEHIAT thasibsidsi de a
signal toygnpsyre a continuous neasurement. Then, when the first sensor is
in the range of the second grid plate 3, possi ny after re-initialization,
the first sensfl4fiphsdgaribepalawe dacaobihgirab xrseproes4, it atdi weenbas 65 hamakodi ti on

gf séggof glt))(isfs{ ! eﬁ%e%%é%ﬁﬁgpés?tgﬁng tﬁ%w@e Srgtre Ita%?éj 2 ?nbi%\rlge (;[og a(raxgr &fgréeg ((a)f two

freedom. There is thus one redundant sensor. The redundant sensor may be used in case one
of the other sensors cannot be used, e.g. because it is outside the range of the grid plates 3 or
a damaged area in the grid plate 3 causes the sensor on that location to be incapable of
measuring.

[0050] By selectively using a set of three sensors which can each properly determine
a signal representative for a position in the x-direction or y-direction, continuous control may
be obtained. The selection of the respective x-sensors and y-sensors may be performed by a
selection device. The selection/choice of the respective grid plate 3 depends on the position
of the substrate table 2. When all four sensors 4, 5, 6, 7 can deliver a signal, the signal
generated by the redundant sensor may be used for calibration purposes.

[0051] Figure 3 schematically depicts a cross-sectional view of a part of a control

system according to a first embodiment of the invention. In the first embodiment of the

invention, the control system comprises a frame 11 supporting a first measurement system. In
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possible to determ ne the position of the substrate table 2 in three

copl anar degrees of freedom There is thus one redundant sensor. The
redundant sensor may be used in case one of the other sensors cannot be
used, e.g. because it is outside the range of the grid plates 3 or a
damaged area in the grid plate 3 causes the sensor on that |ocation to be

i ncapabl e of neasuring. [0050] By selectively using a set of three sensors
whi ch can each properly determne a signal representative for a position
in the x reegt nﬁg@ ined. The
selectlonq%éﬁﬁigﬂggggg%%?%gﬁgng%ﬁggggﬂgﬁg%y se oéigkggﬁ Sngg?ggéﬁéd by a
sel ecti on aligmines. Syéﬁhm 1§eirmug¢doﬁm‘ mieaducieg @fpositien oEtpschdstme Ifina fpktat e 3

depend t he substrate ta 4,
56, 7 cAoamarn’ d piable Tl Sbf sty Sl 1 kR " censor

may be usedhdire I}aﬂs |1tbf)@§iﬂ1&f(apb'1r @P@ﬁérem[tﬁ@ Sdscipte Mdkcad BENBEBSdr8bicY aflQRI Ct S

a cross-sectional view of a of a control " systemaccording to a first
embodi mentthefirst %@rﬁhn@téﬁyﬁt@n m@ﬁ@ﬂf isrdstectedtab tienegation pf higaeutigivaist then, t he

| f
P 12°t he WPl RGBT ol 7B o iR "0t em compr i ses an

al i gnment noduljeoszy Thahmgml’@}?ﬁterﬁ)’ESEIrﬁﬁi\gé(Qtoacfdn&BU@deE@ite PBS1Y Whighas posi tion
of the substrate 18 in a first coordinate system A g055|ble nmeasur ement

resul t of aftRREed|tp sepnrortthe substte 18. The qopirel sykem cmelsitag rositen of thesybskatei on
ai, bi,ci { hg, i t he

(Trst coor gy Bl bRt SREhahen bPALATLE14 IS Y The SRR B Eonh Coblt

neut ral ax1314,151#0) atdsgrendnriposifioh efitlikSubsiditcabkd 20n @ sasndlch gra@dhtgpgsiein. on of

the mark. _[ 0052] ~The control system i rr ed to control a substrate

table 12 \THL%F é‘ﬁso}lé me&%lffﬁfﬁ&&&ﬁ%ﬂéi&;b‘bﬁ 19hcktlpa v wlated3 Syneortghtpiby system

controls tﬁ‘&ﬁwﬁ‘is‘rﬁé QAbs@hte ki ﬂlﬁ%dv%ﬁ/ I BRhEd dkiehRiafiGhd gﬁ%&%m\%ur ement

system (13, 14,15, 16). The second neasurenent system (13,14,15,16) neasures
t he posit pontiof of tlhe sshsbrstertattle 12 shloetréiled by mesmoog theqositidn rméﬂ'@ ssbstta@aﬂableThe

second ne urement s st 14,15,16) includes a grid plate. 13 supported
by the T AARMSIE b s EERE e sdgnd Shorete S haly Lbte Rt Snder noat b
the grid plagh& thad-wille ex?l@ﬁie& heRirdftet NBe ol érﬁfsgstérﬁ‘lib %aslzpfe%urﬁ@dlﬁds@ﬁdrﬁd by
measuring the position of the substrate ta relative to the

pl ate 13 (fa.lamglisdhrisceonst eiondinae sysienan storasmmd@tomnneﬁdqtemmnqdrbya@ er

calibration, design or by a reference measurement and is stored in, or is otherwise made

available to, the control system.

[0053] The grid plate 13 is an embodiment of the reference structure to which the
second coordinate system is coupled. Such a grid plate 13 is a large object in a lithographic
apparatus and as such has a substantial weight. The grid plate, although connected to the
main frame of the lithographic apparatus can have an unstable position, at least for the
nanometer domain. An embodiment of the invention is aiming to overcome this effect and to
improve the positiohing of the substrate and/or substrate table relative to another object, such
as the frame or a patterning device or an aerial image of the patterning device.

[0054] Since the substrate table 12 is under the control of the second measurement
system (13,14,15,16), the position of the substrate table 12 when measuring the position of
the substrate 18 is known and in this case is (X3,V2,22), wherein the subscripts indicate that the

coordinates are in the second coordinate system.
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manner that will be explained hereinafter. The alignment system 19 has a
presunmed position (k2,12,n2) in the second coordi nate system The presuned
position is determned by either calibration, design or by a reference
measurenent and is stored in, or is otherw se made available to, the
control system [0053] The grid plate 13 is an enbodi nrent of the reference
structure to which the second coordinate systemis coupled. Such a grid
plate 13 is a large object in a lithographic apparatus and as such has a

substanti al ‘A’eggﬁ% THEGo I ggﬁérﬁtcglﬁlgﬁgésQ%gﬂol(fé?g{ﬂcgcsgggn)t Qhﬁ:ﬁ' gon\;EFtis fhef rane

of the lithogr apparatus can ve an unsta osition, at least for
t he nanormpesition ¢orimici).of Are sehiictk Tat medsutelddyithe digninent systeai 19 withtrespostes conme

this effec nd to, inprove the positjioni of the substrate and/or
subst r at 6 HEBREIoEHaHF LB (A Rt SUfCEPeras P K ReSRPatEosHge
patterni ngydeyi Tig RsitAl AReld sglbstfdﬂ%ﬁ@irpthe Eél?n@?@&rﬁfnﬁﬂerﬁgstglg% 88emhiQQP#] Si nce

the substrate table 12 is under the control of the seCond neasurenent
syst em ( 13lenendeaceiod)the piesumpessipasitom (b1, ming o§ thp sligrment spdiere 192n Wisecandasur i ng

the position of the su rate 18 is. kn and in this case IS 2,y2,22),
wher o1 n ¢ OB GRS Bhfu i AT S it 28 R AE L oG
coor di nat @osMsiadBystkd. TROSGItroTldecEIs tik tSths HesMi6d (NIyh,30 D theGABitiad taBle (NOt
shown) whi ch converts the position (ai,bj,cj) of the substrate 18 as

nmeasur ed By whes thg pagitioasd thesubetrta B8 Wwiag mepssgse ddter this ¢apaenionsthespliigtentd e
systemto Lk r 2 in the second coordinate
system Tﬁ%lgﬁé‘?sﬁog‘%dg pé{!goéﬁ%ﬁersa%é}aﬁt%%l he second coordi nate systemis
determ ned in [@S6ETHepesktianoftthesybisasienade pPDBihéatired ka2, tothe @id pibe 13.
alignment system 19 in the second oordj nate system and .t he neasured

posi tion (4 thesurigey Sl@ﬁth%gg Bkaﬁer!ﬁfacms thesubgigate {ablg 12, gpds & Arstnsogged: O
The contr thi t Ltj.Qn , s ate
Cabl o L2 e R e s N St Fbag e B e T 8 T s
conver si osgnstiseisildrse katwsoitd, Soary-fpas@e$| 1 ivnsdedoyitp oferenartofggira@. Thus,

substrate table 12. [00 The posi.ti on, of e substrate table 12 is.
S mour o FEPRtTy e ArE I Pnas e paoitone! s iHauE 43R o frestigps g
- plate 13 {agk pg;eﬁsta@s b BEhd @HFol RBARrikg theoklion éa‘ﬂ‘th’érsﬁbﬁfa%/ﬂagl%% - the

substrate table 12, sensors 15, 16 areé arranged. Sensors 15, 16 ray be
x- sensor sdigectipn. Senserod§, B arclagengad frr meariong the, position of theenbgirate @ble2

di scussed 605 &N S USRI 19 o' R ESd Brate TS

[0057] In an embodiment, the second measurement system 13, 14, 15, 16 is an
incremental position measurement system. An incremental position measurement system
does not provide an absolute position measurement but provides information about a distance
traveled between a first position and a second position by counting the number of increments
that are detected during a displacement from the first position to the second position. In this
embodiment, the grid 14 on the grid plate 13 comprises a periodic structure, ¢.g. a grating
with a period p. A final position is determined by looking at the position within an
increment, i.e. how far the substrate table 12 has moved with respect to the last passage of a
whole increment, resulting in a value between 0 and 1, also referred to as ‘phase’. More
details with respect to such an incremental position measurement system can be found in US
application 2007/0052976, which document is herewith incorporated by reference.

[0058] An incremental position system as described above may be used in

combination with a reference system for so-called zeroing. Such a reference system may also
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X-sensors are arranged for measuring the position of the substrate table 12
in the x-direction, while y-sensors are arranged for neasuring the
position of the substrate table in the y- direction. Sensors 15, 16 are
arranged for neasuring the position of the substrate table 12 wth respect
to the grids 14 on the grid plate 13. [0057] In an enbodi nent, the second
measurenment system 13, 14, 15, 16 is an increnental position neasurenent
system An increnental position neasurenent system does not provide an
absol ute pRsihhQRd W?We%{% e BT gﬂé A8Sehddf %t%tﬂr&ﬂd@sbaoﬂéferamg lhpkapce
travel ed between iTst position and a second posi‘tion by counting the
nunber of ponitiloemtepntogldetaﬁxa‘ms e dhich thederdmentap@sitdinaptacements cin ben t he
first p05|t t second .positi.on. In this odinment, the. grid 14 on
the or | d_ gibnad A fisRATE Soal D GrmbartionuPatich i OB Epoh g el TR High
period p. Afidrianadhc pesitidh the %15&%@&531@@%%&&9& 8inhg iteerR@d 4y @8 Wi thin
an increment, i.e. how far the substrate table 12 has noved with respect
to the | as}tlcrgag@dg@sxﬁfonaystvmom@men&méw scopad nleasungmeént sast@allaelébéﬁwefen 0

and 1, als ferr S withr ect. such an
i ncrement a agplgsscl °“§§1°ﬁé’£ a@ﬁ@ﬁ% Sléltogﬁﬁ%c?ﬁﬂh Zar;fl%ﬂ%lsni“??%gg ;}B ati on
2007/ 00529dGemwhii sia cd@ﬂumetdrﬁnﬂwr BietioliRGat POL RE@EhIRY yi8hek QB@ﬁbec{ 0058]

An i ncrenental position system as described above nay be used in
conbi nat i HOVA i€ Hesgriped wynaprealewldn i apphicaion 201831 129&1 ovhigh dgerenend iy ef er ence

syst em nay,, gﬁtﬂlnélcﬁ%#}gteﬁ%g?&%}eﬁgeto the reference frane 11. The reference

system provides a reference or zero position to provide a basis from which
t he i ncrenent aI[OQS@;sﬂheomtrmawmmeee ce@pridee a positibo effecsenAddStwiadeaislay, such

a conbi nat on enabl es an absol ositi.on determnation. After all, the
posi ti on GfSPERENEHBFHFRCREBY 8§HP%8“WGB%HER§|I$@TW¢ émet%mwna he

i ncrement glygj Q"TEW em 13,
14, 15, 16, rth?v% bqsggn%ﬁ%%ﬁgltl%% of {% abso nudtstgg 0sS t| on en t 031@% arting

posi tion ﬂlmrﬁl“hmla@htldﬂmrorlsmspe%m&e axen;dwrmmnbdlmemiebmpmesedo phts, a first
enmbodi rent _of a r.eference stem as .descri bed, . ove_is described in nore
Caran T e B e Rt i 2963 il 01t G A REmPREY e ¢
i ncor por a%ﬁﬂo&ﬁlehﬁﬁfér%%nso& 991539:17 Bbee Jﬁr@d?:hf QHetéMﬁ)h%@nfaPéénQﬁartmgQﬁ@féc&%ﬁq
position error sensor 25 wh is a i spl acement neasur enent nodul e

posi tion émt oid %Eﬂrﬂ@@ﬁw@@em@ltaﬁesmgwy fBre dgtactompigial generating and recelvmg unit

27 is arranged to generate a detection signal in the direction of the reflective element 29, and
after reflection from the reflective element 29, to detect at least a portion of the reflected
detection signal. The time it takes for the detection signal to travel from the detection signal
generating and receiving unit 27 toward the reflective element 29 and back constitutes a
measure of the relative position between the two. The detection signal generating and
receiving unit 27 is coupled to the gridplate 13 and therefore moves with the gridplate 13.
The reflective element 29 is coupled to the alignment system 19 and therefore moves with the
alignment system 19. Therefore, the relative position between alignment system 19 and grid
plate 13 can be measured with the position error sensor 25.

[0060] Alternatively, the first sensor part 27 and second sensor part 29 of position

_error sensor 25 may represent a detection signal source and detection signal detector,

respectively. The detection signal source, for example, can be connected to the grid plate 13
and arranged to provide a detection signal in the direction of the detection signal detector.

The detection signal detector can be connected to the alignment system 19 and arranged to
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a relative position between the alignnment system 19 and the grid plate 13
as a function of tine. The position error sensor 25 in the exenplary
enbodi ment conprises two parts, a first sensor part 27 and a second sensor
part 29, as depicted in Figure 3. In an exenplary enbodinment, the two
sensor parts 27, 29 represent a detection signal generating and receiving
unit and a reflective el enent, respectively. The detection signal
generating and receiving unit 27 is arranged to generate a detection

signal in i j -l ect . : f tion
romthe St oo B SoRbf M el FM b BaftriEDY e heilith Bl R0 BT AR
r ef | ect ed poditipe of thenlecgmadignal heirtd with rdspéakethefoid pfldie 18letdthicipositisn ghthe t 0

travel fromthe detection signal enerating and receivjng unit 27 taqward
the ref | cQEISyRObPERLAEsr 4l "oRes Te Bl Erpesysiom D ast kesVer Uafns Bids ve
posi tion lyst BaBeEN: &M ol clBbRGhd Qe RRhaGBNRLAL I 1ds ARWeteb@GEL AT
unit 27 is coupled to the gridplate 13 and therefore noves with the

gri dpl at e de@ctor Fremeasiteadttherslagive pesitionRbetiveercdigniret systenh? aid grivhplate 18y st em

19 and therefor, ves. . w.t h the i gnient, _system 19. .. Theref.are, the

el ative posi (ISR welledriginefby 3 EMEN P TS,  egPr et P idinpe
nmeasur ed Wel of S sHe idy RAised thef ars @ifkPént 22m (HOREMDLAMdney dTathsbehy dedchBed i 1 St
sensor part 27 and second sensor part 29 of position error sensor 25 may

repr esent 280 HeOHErRBYCLXI thhRPSIEULATE Seittar BRGE bE 6vaRIC ] sehor eemprsing two
respectl Vahe a7 i ALLPE LRRaS) GPAnSRUGfRris LB Tw S Y AIPY Pan RN be, comnected to
at e O provide a~-de

the grid and arrange ction signal in the

di rection of t@oedpTactimor 28 @opbe sledrgel Gir.combihictiba etithancoatrghél (nélet ect or
can be connected to the alignnment system 19 and arranged to 15 detect at

| east a p&TYYHnL ks canfelleranat eqrassiagratesys dErRgeddo syicHlaE thrteltive BRSIEPRNal

sour ce. IBetw%gnalﬁh%k%é%}%ﬁﬁéﬁ%{é%%@}g%! source with respect to the

grid plate 13 an etection signal detector with
respect to thelHI68hAsenil bsysdesnd®ban ekiKnbdpersot, kecrt thoegli the takad sydtan i he
detection,sigpal, to travel fr t he detectijon signal.source towards the
detectio nd%%°§ﬁ%{1| by ¥éHee & pad Bl et 4 tp gy XrdinpEi o grechabuicen

al i gnment , sysURMRSRHNANEiA it 8 aRb BbRibiSto frOREL IheABnibI dysiif WiHELSIQRd by a
skilled person, in enbodinments of the invention typés of sensors may be
used t hat cempridig 4 griénd iff 2 singlelarcetmpotti teintase, dic semmbsyskH Besengdeld above.
Al ternatiyel ositioa error sensor 25 nmay be a capacitive sensor

t he. .
conprising10 ﬁgﬂﬂggpﬁglg?ng F2EMor an encoder type sensor conprising two
parts 27 and 2[@064] Figure 4 schematically depicts a cross-sectional view of a part of a control

system according to a second embodiment of the invention. In this embodiment of the control
system, a first sensor part 31 (shown in Figure 3 as sensor part 27) of the position error sensor
25 is connected to the alignment system 19 and a second sensor part 33 (shown in Figure 3 as
sensor part 29) of the sensor 25 is connected to the grid plate 13. The position error sensor 25
in this embodiment operates in a similar way as erhbodiments of the positioﬁ error sensor 25
of the first embodiment depicted in and described with reference to Figure 3.

[0065] Figure 5 schematically depicts a cross-sectional view of a part of a control
system according to a further embodiment of the invention. The control system comprises
two subsystems—-a first subsystem and a second subsystem. The first subsystem, e.g. the
subsystem of the second embodiment, schematically depicted in Figure 4, comprises a grid
plate 43a and a first alignment system 49. The first alignment system 49 has a neutral axis, in
Figure 5 represented by the dashed line denoted as reference numeral 50. Both the first
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[ 0062] The sensor 25 may be arranged for communication with a controller
(not shown). The controller may conprise a processor arranged to cal cul ate
the relative position between alignnment system 19 and grid plate 13 over
time. [0063] As will be understood by a skilled person, even though the
control systemis described by referring to a grid plate 13 having grids
14 in an x-direction and y-direction, i.e. a two-dinensional grid, it is
al so possible to provide the control systemwi th a structure conprising a

grid 14 in,.a single direction.,ln that case, ,the contr emjs arranged
Yo noni t HETRSrirGORRY SR plaetaite RO s e e b HEbHReh Sl 2
depi cts a  GhRSS16 a6lhRinah pysiB¥h 6f 2 ubR@AtE 18T @AtRAALS Pbstraty BbRM2GHAKIE Ng t O
a second enbodi ment of the invention. In this enbodi nent of the control

system aafrprged feemgving padengdh thetmwidiplate 434 gurtke Sriase sidagbihepadmlagi3af t he
position error sSor I nnected to.the.alignne sfem.l nd.,a
Cocond Schehe has e e dfk FREAREHRM AR Sl Tl RUS! At

25 i s conngstrac thisle D enagrbichrplidddewilidsentb® 18056 drkRiged for AieaSi@itiOthe Bositidoft hi s
enbodi ment. operates in a simlar way as enbodi nents of the position error

sensor 25 thesiubgiipde fabled2 wibsapask i thagpfed4aon the grd Pdeda-bed with reference
to Figure 3. [ ﬂ%@i Tﬁ%: Qi &ﬁg&&ﬂ%ﬁﬁéﬁ%ﬁ)ﬁg&% rgtiq%ﬁfgiroﬁre%ﬁ @81145?@%! tth\é'eew

of a part of a contro system accor di ng enbodi ment "o
i nvent i onpositien eontsendor 2§ sthemadcatprdepased ihvitigiee BsTist Brsep@itidorestor seilzoy43 em

and a second subsysiem The first subsystem e.g. the subsystem of the
Second enBGHIREH f\{) C@W@W&ﬁ r@%iﬂrf?/p%wrbleeé‘aewhﬁﬁ@i& ﬁ@%{l@%é}ﬁ#fﬂégén thrgr
pl ate _43apﬁ.&fm Js'arfﬁﬁctﬁah'og'ﬁ%nﬁ“%é ¥k BRidsh e%&%exfléof 3% gﬁvceﬂl?slﬁgé tvﬁyeno{@é §.9as

has a neutral axis, in Figure represented by the dashed | ne
r ef er encesinutae teathe Higst sBobhparh27, Bil restd sd@®nd lsérgonpart 2% B3 tas dest@ibechbergmbefopd at e

43a are connecte ith afr 11. The first subsystemis arranged to

det er i ne ™4 58@?&':8 I%Feségﬁbrzgf?sa?glvfg"l ocated on a substrate table 12,
which is arr a[@@ﬁ‘ B¢ sd¥BiYd s dR! NeAteRerfd 8o §Y fukhhBY ﬁb@ys‘ﬂe%@;-coﬁ%m’rs&aa s face
side of the grid plate 43a facing the substrate table 12, grids 44a are

provi ded. pieted3baanidya seegnddignmicnfeystionr ¥, gberdlydiketih ¢he ebysimentschamitieally may
N e e R
[ 0066] Thelidninicht systdns $S haya fiduikhels, GO FHiukS S Sepleskhted by BRSIabhad iR deBbtes NS OF
45,’ ©- g ;e?g'ence numeral 60. Both the second alignment system 59 and grid plate 43b are connected

with the frame 11. The second subsystem is also arranged to determine a position of a

substrate 18 located on a substrate table 12, however, in this case with respect to movement

undemeath the grid plate 43b. Grid plate 43b may, just like grid plate 43a, be provided with

gﬁdé 44b such that the position of the substrate table 12 with respect to the grids 44b on the

grid plate 43b may be determined by means of sensors 15, 16 provided on the substrate table

12.

[0068] The second subsystem further comprises a second position error sensor 55.

The second position error sensor 55 is arranged to determine a relative position between the

second alignment system 59 and the grid plate 43b, and in this embodiment thus also

determine a relative position between the projection system PS and the grid plate 43b, as a

function of time. The second position error sensor 55 may also comprise two parts, €.g.

similar to the first sensor part 27, 31 and second sensor part 29, 33 as described earlier with

respect to the first and second embodiments and depicted in Figures 3 and 4 respectively.
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_ position error sensor 25 schematically depicted in Figure 4. The first
position error sensor 45 is arranged to determne a relative position
between the first alignnent system49 and the grid plate 43a as a function
of time. The first position error sensor 45 may conprise two parts, e.g.
simlar to the first sensor part 27, 31 and second sensor part 29, 33 as
descri bed hereinbefore wth respect to Figures 3 and 4, respectively.

[ 0067] The second subsystem also referred to as further subsystem
conprises a gri I : i s |y
Tke i n the entouhilpre iR & BERANY Bl BN EN S ety IR0RI o

conj unct i eanssr simijor o) the pogtiorsgredramdss2s dhgwctse aoRigu 3, ganairsisyeatoepad® has a
neutral axis, in Figure 5 represented by the dashed |ine denoted as.

Fof er ence RIS B EHTHCRHb Cde 80 Bl 43 Frethis %Wgﬂ?rﬁgt%sﬁ%foag PESItiPTL

43b are cQARESdRSt 550k PheldiferhafdTgs Q—gensa-ﬂk%nﬁiﬁctg gk &éﬁﬁ%ﬁ%&ﬁmﬂiﬂéﬁ&écﬁnged

to determne a position of a substrate 18 |ocated on a substrate table 12,

however, iimFiguirest,dasthe firtt kensespatof the sensoimemnecied de thegatjbctidnesysieind® S| at e
43b. Gid plat just like grid plate 43a, b rovided with.. grids
45 such that (0LODBE HisshOhon weSAbier AR ri e anas ol Fibrragati vieh e
grids 44b sedont Besitié erforeadod 5430g NBY a B&tﬂﬂ%ﬁgﬂ: SRV YFUFBRP Setis ﬁ@lﬁ‘f&@?&t 15,
16 provided on the substrate table 12. [0068] The Second subs urt her

_ ] 58] _ ] Syst em
conpr i ses tathsdemnandresiant efaferomentigradsomnsBricatiph evil be snelained M%aﬁfeﬁm@w
sensor 55Fji " gr,anged to determine a relative position between the second
al i gnnment s@s em 59 and the grid plate 43b, and in this enbodi nent thus

al so det er mi ng0(a 1] alsatiil be updabtobd by bekiiegperbdit; eper0fhaait BB fisyt ShesedBid and
the grid plate 43b, as a function of time. The second position error
sensor 55StReystamns gredssgsioed by referrmarte grid plaes 438 44h bavingeridsd4pi 44t sensor

part 27, 339%; ; ﬁl@ﬁgri | :
respect t géspﬁ‘gg? I?Feg '?&g% sglg([f ntggtreﬁr?bﬂﬁ%bﬁﬁ%@é%n e‘3 Sﬁﬁgg%gli’#vﬁegﬁ&e}ga 3 and 4
respect i veingle gtid if @06@]e direction. dnited casenthe obnttd eystantis atangyd teemmnitdre fir st

position err.or senslcc)lr 45 is a sensor simlar to the position error sensor
25 depi ct BEFHW BiGEAENYSIq- o jts first sensor part is connected to the

grid structurejgogzpit ndlist B RARLSodABRat the r&ﬁ@%ﬁce@ﬂ%@@ﬁwtfoﬂgn FREPRG.5 %s

position error sensor 55, on the other , 1's a sensor simlar to the
posi ti on wepwrto perwyitha & eepddiments of theRngamtion 4he substrate wblé 12 siay bensord par t

of the s iy 1rsic girgcggg,%(.:gt. ?l(lje &pdi}egtelmg i - 1%%1t Eooo%teﬁx gutx glrpgnlzr?ént position of the
substrate 18 provided on the substrate table 12 with one of the alignment systems 19, 49, 59
in the X-direction, while the X-position of the substrate table 12 is monitored with respect to
one of the grid plates 13, 43a, 43b by means of sensors 15, 16, being first encoder type
SEnsors, 1.e. X-sensors, in this case. Similarly, the substrate table 12 may be moved in a
second direction, e.g. a Y-direction, in order to obtain an alignment position' of the substrate
18 provided on the substrate table 12 with one of the alignment systems 19, 49, 59 ina Y-
direction, while the Y-position of the substrate table 12 is monitored with respect to one of
the grid plates 13, 43a, 43b by means of sensors 15, 16, being second encoder-type sensors,
1.e. y-sensors, in this case. The X-direction may be orthogonal to the Y-direction.

[0073] Similarly, position error sensors 25, 45, 55 may comprise two sensor elements,

i.e. a sensor element arranged for measuring a relative position between the re.spective
alignment system 19, 49, 59 and the respective grid plate 13, 43a, 43b as a function of time in

a first direction, e.g. the X-direction, and a sensor element arranged for measuring a relative
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[0070] The first position error sensor 45 may be arranged for conmunication
with the second position error sensor 55, e.g. via a controller (not
shown). Further details with respect to the formand content of

af orenmenti oned comuni cation will be explained with reference to Figure 6.
[0071] As will be understood by a skilled person, even though the first and
second subsystens are described by referring to grid plates 43a, 43b
having grids 44a, 44b respectively, it is also possible that both

S rere! omboSRBRRLReR HMETERR RAANEAST 15 B0, 5 8 e ALkl Doy SlAGS

direction.” ITn that case steém s ’arrange
posi tion i43apttth abianfianaticmf ti[nﬁ):(]ﬁ%]seckdndmmsebtldﬁe elgnthe ﬁs-ﬁﬁaﬂlothﬁchtshﬁoi‘ elegre@nce

to the X Y-direction in Figures 3-5 s Ent to portray_that in
embodi ment&ayFen HERTG Erfrsioiensor Hé” &nfha p5oapd senap Rary3s degsyibsd hegsibgforsn a

first directiongoRyxs thiiRiofledh&EabiBR, id dndd8Entt 8 ARGAIAHAD oftly gnMENt

position of the substrate 18 provided on the substrate tabl’e I2 with one
of the al ingaswnmesty st & pogiedlired®n, 6Q. onlp theng-ditechionewrtanbnthe Whilirectipheare

X- t fot te tabl ‘ itored with t 1 f
the ori o prarudad Cﬂ’sﬁa‘r:aasﬁ%ﬁmg’i}s T i LB G B B iSRRGy i ufde ©

encoder t\ipectich@$Rrs, 1.e. x-sensors, in this case. Sinilarly t he
substrate table 12 may be noved in a second direction, e.g. a Y-direction,
in order to obi®¥78] &itlathegantinel ¢grsge ta ragsfeverrmnatighBatieanseo cm@teplewp@lwhon

t he subst f the.align n

i rect T on s (BRI, PR BrerinS e BB o R b wrioner 88 st
respect t eheasamepdr evieh encgdase that mxrﬁtser;;&me}&as tadk3vithin BBGRErphiceppaans né& 16,
bei ng second encoder-type sensors, i y-sensors, in this case. The

X-di r ect i éhbssiiomaed fas gfé%ﬁpqqeaﬂy,r?écelferatl@@c@riélﬁcelfrem]ofs|SHhat@Fq fgble 12

pOSI tion e. a
D ensor ol Sek8te 26088 Wty APma Read 80 oEUILATBLLDE, (OBIARRIR viBRIRLApe gha
respect i velata)i 1Gn4®nu3b yshawed0l, 004930060z, amflaﬂnhelar bapreet 160=- 980 Hz drat e 13,

43a, 43b as.a fungtion of tine.in firs irectio . the X-direction,
and a sen %ZO&FBE Né%ﬁi‘“%‘ﬁrlaﬁwd@’éat%?l }tﬁ urfé?%?ﬂbﬁsq@u%@rw@fﬁ Wit Heen

t he respeféagt\b%e%huqamaawsyé%ejgﬁcg%}aé%s 25, aﬁﬂl %H%efv%ﬁ%%'—‘é@()g{i% plate

13, 43a, 43b as a function in a sécond direction
Y-directi mrth&afdhais@msm Vddrmmmmemm@'xcmlhem th@smfacs of thefstrn@masmumdcd piht and

a second atioas onep 1.‘? 43a,e f:ﬁ)r Ie%eg grr} rpFatenPf 43a, 431)

[0076] In alternative embodiments, the position error sensor 25 measures the position
of the grid plate 13 and thereby of the grid 14 relative to the frame 11. The position of the
first alignment system 19 relative to the frame 11 is presumed fixed. In this embodiment, the
position error sensor 25 measures the only varying component in the relative distance
between the first measurement system (including, for example, alignment system 19) and the
second measurement system (including, for example, grid plate 13 and grid 14).
Alternatively, the position of the first measurement system (including alignment system 19)
relative to the frame 11 can be measured by the position error sensor 25 and the position of

-the grid plate 13 and thereby of the grid 14 relative to the frame 11 is presumed fixed.

| [0077] Figure 6 schematically depicts a flow diagram of a method for improving
position control using a control system of the further embodiment as schematically depicted
m Figure 5. One or more elements of the control system are enabled to communicate with a

controller 61. The controller 61 may comprise a processor 63 and a memory 65. More details
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[0074] As nentioned hereinbefore, in enbodinments of the invention, only
measurenents in a single direction, e.g. only the X-direction or only the
Y-direction, are neasured. In such a case, sensors 25, 45, 55 may be
arranged for a neasurenent in a single direction only. [0075] Wth the
continual desire to inmage ever snaller patterns to create devices with

hi gher conponent densities, while keeping the nunber of patterns

manuf actured per unit tine the same, or even increase that nunber,

numer ous t i.5 i |..i i Aol Mui=To M
faster. Covﬁgiél?iserﬁ ﬁ)ﬂ) Sglé}gg@?g{n?egln@s& n %ggﬁg?gﬁﬁglﬁ? %QQI géaﬁlfgﬁsat e ltt%.b| e
12 i ncr easfercase toelfipyrewhisaly latee)s freagprévaowgriighrgsl at e vi brati ons. Typically,

oo o AR e A oSt bRt e
Vi brat i ongnt Br Rlofd\@eMutdhdnRSBhArsy Phodifiéh tdrUehdr & LI Lt Oskitnt dirat
| east one grid 14, 44a,44b, e.g. a grid plate 13, 43a, 43b, and between 250

- 300 Hz fseisor 42 pnd segbnd/pdsitem epres serisoeSS.vi br at i ons per pendi cul ar to the
surface of the ture provi.ded with at_least one grid a,, 43b,
o grid pr ATOYEh HHE £ BT eftrsnsch i B PoR e e e o e

posi tion eglkVe mRNBAls & Furbios Uf 8febBEvdA Sid firduligdehNgs@f 4b MdadrRl gideand
thereby of the grid 14 relative to the frame 11. The position of the first

al i gnnent 439 xtegmstoored & eantrplien ¢ inetion Fhdimilaily ipeass geroad PosiEen ewer sehsos
enbodi ment : L . LT [ Yi0
component *ri hd RERkEDR: L A ERE e KTBRHOF R LRRCBBLEE AR sn e

(i ncl udi ngecohdnligadp kgstera 5P ghidrenid pRigksd s HAhsfamel folentrslée 1 dn BEESUT3C MENT
systen1(ing%udin . for exanple, grid plate 13 and grid 14). . Alternatively,

the posi t i8R FHrAe0t may ussivg smpaarenentdaty Eom tharne mege RPTLUOMEHT S§9sorem

19) rel akwv : : . it . nsor
25 and t e pal Ly o ot PE TR R e RRS AT, DEIRGRA | 88 4 iR B8
rel ative tenttohler 61 soag udethe pogties emexdcsigriak edy bp @0MBincFirguarmué waghthansriecal | y

depicts a _flow diagramof a.nmethod.for inproving position control using a
contr ol s?@#gﬁ? a“gﬁBPWh?Fﬂﬁwv%ﬂ%ﬁﬂpﬁ@ﬁ@gggmgﬁhenaticalIy depicted in
Figure 5. One mosOPanrebiRthsntOhe LhHRrARPEI QlesSHSLGEMRAR b?'ﬂ?@é&ﬁi(ﬁl‘%rmr
communicate with a controller 61. The controller 61 nmay conprise a

pr ocessor s@8orafdusad tredrmnnengslativbmeveteerds batwedbtheifirdt mespenenttsystpmy sihidhe

embodi e n%osr e)?aflm [391?1(: W an6a ig%rrr]lg:ntnseygc%ﬂly 1 9?4%)%('1 lthebseecgnidsn%gasslslr%%em éy@tem
(which, for example, includes a grid plate 13,43a,43b). As explained earlier the first
measurement system (which, for example, includes an alignment system 19,49) has a
presumed position in the second coordinate system which is coupled to the second
measurement system (which, for example, includes grid plate 13,43a,43b). In this
embodiment, the position error signal from the position error sensor 25 is fed to an actuator
(not shown) to drive either the first measurement system (including, for example, alignment
system 19,49) and/or the second measurement system (including, for example, grid plate
13,43a,43b) to tﬁe presumed relative positions. This method can be applied when the relative
positions of the first measurement system and the second measurement system are measured
directly, and also when one of the first measurement system and the second measurement
system is presumed fixed and the position of the other measurement system relative to the

frame is measured. Thus, the actuator dampens the relative movements of the first

measurement system and the second measurement system.
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reference to Figure 7 using |labels fromprevious figures. [0078] The
controller 61 is arranged to nodify certain control paraneters based on

one or nore neasurenents performed by a position error sensor, e.g., a
first position error sensor 45 and second position error sensor 55. [0079]
In case first position error sensor 45 is used, neasurenent data related to
the relative position as a function of tinme between the first alignnent
system 49 and grid plate 43a is transferred to controller 61 in action 71.

Similarly, in qass] 3650 AbORRIchi %c%ﬁfrglrsygt%?lsigﬁrr @%d't rek!él%gt @él&ﬁ\?e”e“t

data related to the relative poSition as unct i i me b meen second
al i gnment poyisiveneBbe frtimgasuderpéra spsteB fwhisht fonersigr ¢, @bl ddes dlond] ignideat syStkmi n

action 73. ntroller Q1 use t asurenent data fromthe one or
ror e posi 10 G B suBalable 18T g SecdGpR Bt ool bkt o e the
descr i bed dasifieabt @k subshatedis iarant ﬁ?@)‘rﬁiaktﬁ‘elﬁ@lt%?st&ﬂ @nd Mhakdt@fab@ﬁz%é/ use
the position error signal may be conbined in various ways that are readily

appar ent dpdirdangehsiclafiveopositimm. Thgtlebﬁtaccﬁ@élscg‘mﬂefor fhe p8B1imEd pasitiembitte nent

h d
Lo danpen Tt Ve R ERRE b RERr 3Tt Bl B Grecial S

f or exanplag; inithcdeveiebcoandintt gym@ﬂhncwﬁtaemhﬂ&sﬁ&h R ek ﬁr@ﬂngmwﬁ@bnm% ement
system (vvhi& F for exanple, includes a grid 5E‘}ﬂate 13, 43a 43b) As

expl ai ned (Bichi fgF example, ipcly GSH%@WWSWEI ) (R e OuR i smwde

I ncl udes g@ Iﬁtl)ﬂ P T al ﬁéd?&héﬁ% ’bg?lﬂ pﬁf %asupern?&?g%gen? ggllﬂélllé%g ah QI‘I‘E)]??H ﬁffcond
coor di nat & syst’em whi ¢ |s coupl second ' neasu

(whi ch, fembediarpt, ﬁ;e dontrbllietad wges e pigahle"rdrﬁ 1He3ms#idh errot Serbdd 25 to&ﬂb@dltﬂ@nt
the position, eréﬁ% %@H fron1the position error sensor 25 is fed to an

act uat or PPHiEeD SHPSWE 1B OEPaYdeRqenrthe RsTRILETY SHgak anghthe fpget
| udi
(includi nEblatfv‘é"po@iﬁ@H@%ﬁen ﬁkésﬂﬂﬁ?me po§i¥i§h%ﬂlﬂ:%u %Qapeﬁggtj\gﬁﬁ il‘gehlzrg %%E%n}[egt the

measur ement system (i ncl udi ng, exanple, gri
presunmed pxstcam. |M@re§pm1ﬁ¢ablmsthefhmtsollmﬁh@dbustamdqmsamplof da: snhport sthecturel12t6 ve

positions of the fir sur.enent stem and the secgond .measur nt system
are meas u?%pena?et? é?fttﬁ?/devéﬁﬁ)%e%e%ﬁ% %Fﬁg]aﬂﬁ‘i HPECSIMEE POHHGR Bfg'ﬁ?? syst em

and the speeitr@ASY@T RN he sma%abﬂdﬁlawswﬂmufemademﬂebbﬁu&@éfﬁhb @Rt Of :
the other neasurenent systemrelative to'the frame iS5 neasured. Thus, the

act uat or BrasRYEReNE Bstene Isseonirelledbipenompersaty, farhestdrice by a dapwsuing mtm,sfyos them
and the Sg&qﬂ%n%%%%é'ﬁ% acttua? Xn& & presumed position of the first measurement system. It is

not important which measurement system is vibrating or if both measurement systems are
vibrating; the relative positions of the coordinate systems coupled to the respective
measurement systems are controlled.

[0082] Although the figures illustrate the invention with regard to a substrate table 12,
the substrate table 12 is just an embodiment of a support structure to be used in combination
with the invention. In an embodiment the support structure having a presumed position in the
second coordinate system is the reticle stage for supporting the patterning device MA. Inan
embodiment the second measurement system is arranged to measure the position of the

- support structure MT holding the patterning device. The intent is to measure the position of
the patterning device, while the first measurement system and the support structure MT are in
the target relative position. Thereby, account is given for the presumed position of the first
measurement system in the second coordinate system. Since the target relative positions are

in the second coordinate system and the actual position of the first measurement system
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20 [0081] In an enbodinent, the control systemis arranged to receive
target relative positions of the first nmeasurenent system (which, for
exanpl e, includes the alignnent system 19,49) and the substrate table 12
in the second coordinate system The intent is to neasure the position of
the substrate 18 while the first neasurenent system and the substrate table
12 are in their target relative position. Thereby, account is given for
the presuned position of the first measurenent systemin the second

- coordi nat t L hce: .relative positions. are in the second
coor di nat g@%ﬁ gdrﬂegrﬁljﬂﬂt% hlgElglg?SL%gaq%%%ﬁe fi%trl\ceoafl RE PSP %@%%Sﬁr%‘f?élﬂfs system
(whi ch, f areexaadplosifion,tht adles nidasurank@rbvahé figy sleefirdfBet ) stMab@prigiaund its

pr esuned %%sieéﬂson, t he actual measurenent by the first nmeasurenent system
conpri ses GRTepoin thiserhgdiment 2iesitip RETor SCREOT CaR be BIaddp nERsUIe a1 cirpesigiagnal
fromthe pagbhefssie i | it of. the. support
structure in dependencérl g%r?ﬁélg%%s%(?? g%%ggfﬁg?Eg:grg%eg?&]éhggﬁogh%ea& gg?}ﬂ&

rel ative pbesupporistrudgtene MEas dependerich on plespdsition eodor bigralsnb she tatget kitivkt h t he
first neasurement. system re speci.fically, the controller 61 adjusts the
posi ti on P UHE VhppbRsuEe D don ot %_P%ﬁ%ﬁ&f@é&% “flglrt%? HEst egsaeme

bet ween t hgstaa! Mate REAANS, HEHHIBHeRASIdsRMhOboditiéh & tflé%]u pHﬁ@ﬁ‘H&ﬁf@%?’
systemin the second coordinate system Alternatively, t position of the

first medeorapesete dydhedevigiandeiwesin theladter] codferseueedipositipmsf tiadestby a

danpeni ng f e.. deviation.between t actual ~and the presuned
posi tion (]ﬁéé? 'l%g&}e?trsggteﬁr%g%gﬁersee ﬁ%‘f’ﬂ[ cog%?azﬁfysfegn.i@?erﬂag{veﬁznggﬂo n\%ﬁf trst
neasur ene micasytsinei syStemi iDEGtIONGd @F cdnpdd@itd) FIBRSIHAQBINY daY eIy RER), for the
vibrating;, the relative positions of the coordinate systens coupled to the

respect i vaeviadshaterayihc aqtielangd the rresmindmesition of [lo0Be] medsuteeghsystem. i igur es

illustrat ] I i i . 0. trate tabl 12 h
substr ar ¢ e el dinb 3G e 0B RHE L 138 hERp TRkl stdB 32 usea
i n conbi natbraing; thictrblativiepdsitivan bt die.cobrii@ite SRkadidvapikd td@eSeppaivk structure

havi ng a giegsuned position in the second coordinate systemis the reticle
stage for "SEIPHREN YRR s £0RERdng device MA. In an  enbodi ment the second

measur ement sy gjoR8) -i§¥é‘%rf91@19§%nfb9dfgﬁglg g{eggﬁﬂ?@he? %3 ii% éerg{}aggti idf QffrecoRPOr t

structure MI holding the patternin ein to measure the
posi ti on pésitiethel thasuppertishgctdesV@enf thehpdttertimeddvicest Anzasidirge nt deystiam and

the support structure MI are in the rget re|ative position. Thereby,

account i 8" B SFERF 6FO% Hen f%rsq?ﬁrgatl%%f{tﬁ? g‘}?SIB’F‘eC{ pRsitiqnyefithe first measurement
system for measuring the position of the substrate W on the substrate table 18, while the
position of the substrate table 18 is measured using the second measurement system. Such a
correction is advantageous when the combination of patterning device and substrate 18 is
important, such as during illumination. The patterning device will provide an aerial image of
the pattern onto the substrate. In fact, although a error signal is measured for the substrate
table 18, the position of the aerial image is adapted according to this embodiment. The
position of the aerial image is adapted by positioning the support structure for the patterning
device in accordance to the error signal. Without the correction according to the invention,
the aerial image might be positioned dependent on the presumed position of the substrate
carried by the substrate table. However the position of the aerial image relative to the
substrate can be corrected by positioning the support structure MT of the patterning device

dependent on the received error signal from the error sensor.
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measurenent systemin the second coordinate system Since the target
relative positions are in the second coordinate system and the actual
position of the first measurenent system 21 (which, for exanple, includes a
patterning device alignnent system varies around its presuned position,

t he actual neasurenent by the first measurenent system conprises an error.
Al'so in this enbodi nent a position error sensor can be used to neasure an
error signal. The controller 61 can use the signal fromthe position error
sensor to contr osiLion of .. t uppor.t ructure Ml in. dependence
on the post ti oo IF vERT i dnfiqmbing HRRRIL G FUEHHEN Folif ERISH
measur i ng dflig: ubstdie BIe0rS dcberdPattd arfien@d @t Signaliféiokieetidn ¢f3he pRASHER MENT
system More specifically, the controller 61 adjusts the position of the
support sthosiée pethyrfirstpcasysmensysiens lor mepargs thenastionwé theawtemms devicsal

and t he prm%&ﬁnnﬁi%u@'@eﬁ s@hcrhB®rt! Lifite th .éﬁﬂér?gfrﬂté ﬁ@b?)ll't%ﬂ]ujctﬂretﬂ? igecond

coordi nate system rnatively, the position rst  measur enent
syst em i s mastrcdbiieg atle wonmpbnsatemehbsystenst ance by a danpeni ng system for

the deviation en th ctual .and the presuned positi of the first
measur ement Syi&W‘P yeli asf%‘rtﬁgte“} BREg AYo ?Wﬁ%’ég _F?ﬁlé’ﬁé) %g%tﬁ”é’ 1Pl
vi brati ng jiepkhdeRfihBasTRATIE SRS, VRS MheallrBmeMt! DL R pobifGningiad 1 ve

positions of the coordi nate systens coupled to the respective ~nmeasurenent
syst ens arsebstrgretinle 18 @nd fleG8sdort sirugare M. Jihcentradlvh cdiagrahie of tedcudaingreol | er

61 is arranged to coxrect the position of t ) r{ structure M. of the
pat ter ni ngoAB0A ST aBats treydBEM “HbpRete SURIac rter GEUHafg riedilgnal
for corregd tqrecothetpdsitibhias WIBAL GYaRE tOQupPhrt khi€ctlides 38, MEASUr enent  system
for measuring the position of the substrate Won the substrate table 18,

while the posil®086hlnin erneodimbei: tharcentrellsr 61 igarrangpd tiseneert tsipegitiohef fwcond
measur e”e%bs%%tl%ﬁh tl%uﬁ%t Sordinhi ?gs&éf@&, A éon%‘éMQd‘{x%%‘fo ot EH\%:seu%sttr%g B fpati on
of patterning device and Substra IsIportant, such as during

i1l um nat itersecdidecopalifiee Hskgn Ggvgce Wi || provide an aerial inmage of the
pattern onto the substrate, In fact, although a error signal is neasured
for the substr &t ¢he pegifien afghe substrige sieesused by thetfirstapedsaienicrpgystens(vduelp ferd

according to this dj it d f.oft he aerial image is adapted
by positioning tﬁ%l%@g@%pp!%§g%gﬁ§?§8ﬁg&h%ﬂégﬁgﬁterping device in
accordance to shehepfeimed gitalon Mftihd gt melRrdhiint Sftdn® th @6 6ot BEortMatdhe
invention, the aerial image m ght be positioned dependent on the presuned

position of the $YHEHrate
o the position of the support structure (e.g, substrate table 12) in the second

coordinate system
and is also arranged tb correct the converted position in dependence on the position error
signal. This is explained hereinbefore in relation to the exemplary embodiment shown in
Figure 3.

[0087] Alternatively, the converted position is not corrected afterwards as in the first
embodiment described using Figure 3. Instead, the actual position of the first measurement
system (which, for example, includes the alignment systeni 19,49) in the second coordinate
system (which is coupled to the second measurement system that can include, for example,
the grid plate 13,43a) is used to convert the position of the substrate 18 to a converted
position of the substrate table 12 in the second coordinate system. The actual position of the
first measurement system in the second coordinate system is obtained by correcting the

presumed position with the position error signal from the position error sensor 25.
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carried by the substrate table. However the position of the aerial imge
relative to the substrate can be corrected by positioning the support
structure MI of the patterning device dependent on the received error
signal fromthe error sensor. 22 [0084] In yet another enbodinment the
controller 61 is arranged to correct the position of the substrate table
18 according to a received error signal for correction of the presuned
position of the first nmeasurenent system for neasuring the position of the

patterning devi dinthe s rt strycture M ile.the position
of the support [gﬁsrsd (h:@ﬁ ?jgflfﬁmi%ays H%‘QE{%BE%E ??&Efﬁge’-’a 214 gg_géié\%%osﬁboé's‘iﬂ ment
system [ Q{Dg%@], ik Prayi@de, hal YE To1RYwea QLB Afn g tNKDsUBE 08 tablcONAfoB il RiEndtRGahy ed
fromtwo first | ndependent neasurenment systens, such as nmeasurenent

syst ens f Gib§iess 18 with Ay irpags fomsishyr apaiternel|bsan®f sasdintion. Soppona thet ruct ur e

MI. The c lier. i C ! I r. f h
recei ved SPneaERelin TROAREnls SRR R e AT MR TR IncH A B8
correct theatpgeobd bosrlayganbe obigined. Albanitivel serydditionsily, tiet fisemeds8rdlent [ 0086]
In an enbodi ment, the controlleé 61 is. arranged to convert_ the position of
the substVSFB CPBPFFEsEH{Eve senspr o gregrpmedhspesttim aig syrfacinidhe ssesdBi on of

th bst gt i i t bk e
e subst rpa fg}ﬁ@:@ orh4hd éﬁbs&ﬁ@ta%?ecd%d(iﬁg&]gﬁﬂ%%)%téy 1 c%génlg(?]![)f‘l%} ﬁulé}%ﬁ? whi ch,

posi tion of e substrate neasure t I'rst” measur

for examshdaceipedisetiemta foeusnli.gatrmepdsitiysh ¢ hoer@) bedrh & whee avkapposgdison
of the first asurenent systemin the second coordinate system the
position 5@“?%2 support structure (e.g, substrate table 12) in the second

coor di nate sysyeBopndinHrehiR cHvoangsms, %ﬁn@g{grrﬁ&heﬁtbsf&@ﬂay&ﬁ t@doRasgtion in
- dependence on the position error signal. This is explained hereinbéefore in

rel ati on sensplietSeRfBmpil alignmeert oriitenandd, SAonwry need tFbegadapted, i.¢. @P8:Afonized or
o B SR ROt RS SR BF D
the first nmeasyweopRishodl bt @ATEGVBHLE that fRHrexaFPb® of EditloUdes] ddiged! | gnment
system lg’thlllﬁgt)lghioﬂt tthlt:;etegt%gg gg ingglglrnggltre]g tinea computer assembly 100 as shown in Figure 7.
The computer assembly 100 may be a dedicated computer in the form of the controller 61 in
embodiments of the assembly according to the invention or, alternatively, be a central
computer controlling the lithographic projection apparatus. The memory 65 connected to the
processor 63 may comprise a number of memory components, such as a hard disk 111, a
Read Only Memory (ROM) 112, an Electrically Erasable Programmable Read Only Memory
(EEPROM) 113 and a Random Access Memory (RAM) 114. Not all aforementioned memory
components need to be present. Furthermore, it is not essential that the aforementioned
memory components are physically located in close proximity to the processor 63 or to each
other. They may be located at a distance away
[0091] The processor 63 may also be connected to some kind of user interface, for
instance, a keyboard 115 or a mouse 116. A touch screen, track ball, speech converter or
other interfaces that are known to persons skilled in the art may also be used.
[0092] The processor 63 may be connected to a reading unit 117, which is arranged to
read data from and, under some circumstances, store data on a data carrier, like a floppy disc

118 or a CDROM 119. Also DVD’s or other data carriers known to persons skilled in the art

- .may be used.
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system (which is coupled to the second neasurenent systemthat can include,
for exanple, the grid plate 13,43a) is used to convert the position of the
substrate 18 to a converted position of the substrate table 12 in the
second coordi nate system The actual position of the first measurenent
systemin the second coordinate systemis obtained by correcting the
presunmed position with the position error signal fromthe position error
sensor 25. 23 [0088] The different ways in which the controller 61 may use

t he position er iagnal , i ractice, nma fol.l sitioning the
substrate tabr dO01 AT Ressol R Pled o coBibila e 8aBh TRt P uft R e Or rea
by a patt elatesh fpamasobelr &db atdipmyR21Bor Ustange & ARniteOMMECD €DigRRsCiysian, t he
substrate 18 is positioned with respect to the pattern in the beamB so

that a god¥sRIgdr PranyQsher hpcshdipldnonpie 2 pamew diillebin theyartt i onal Iy, the
¥ \ _ .
I rst measur e”ggﬁrﬂ?é%%fdgeﬁepﬁé Eg?%e%oﬂnﬁe\é&h gé&.@&%ﬁ%u{iﬁ%ﬁ R925 NGr

position of a e su rate aci ng away omthe substrate
tabl e 12 amtariche poblid svalchsy sil@itons netepadb(PE TON), divcagircanetherk (BAaN)arwide
precisely into fo i.e., at a pgsitiqgn in the patterned beam B where a
sharp i nag?‘éeaﬁ@twq’-‘%?ﬁ%m o GuaPea of H@nsa}ltéw/é@fgw&ﬁb'&éirﬁ%p%@%sf%*awt@tput
monent s of/dh iR 1edtes8 83 Aay be@rdnged B RERHRnfRe With otﬁ?:lg?(%{lj g@gﬁ%is;é&ahw

49, 59 may need to be adaptéd, i.e’ synchronized or ,

enbodi nentve: e cothmumsasensersbrirk 422 .dnge reerbdiacno o fthe gnvieotiomh exiemad nampuiers
[0090] It 530 | d .be understood that the processor 63 of ntroller 61 as
Loed - t hr STORBUE™: Fir SR b 8o pe S AL PG Ty Reraty PRSI 400 as
shown i n Kiwdhenuhicatibhen&Qapui®; assenbly 100 may be a dedi cated conputer
in the formof the controller 61 in enbodinments of the assenbly according

to the inventi f98} Thaprosesser 63mpy be baplamerind pndn indepgadentsysentore$ #i ng t he
l'ithographj j I t The ry 65 copnected to.th
BB PR BT SR e, RIS Do,

processor e an }ﬁ)%aﬁe

di sk 111, te@exeBataduinisys dnarger pReMm. The, prédesdtheaiitsi Bay Alyo bk @isafel € one or
Programmabl e Read Only Menpry. (EEPROM 113 and a Random Access Menory
(RAM) 114MOokpMmali) NTOGERH RS Ktk Vih 8V CFd SBT-Process MSameRt SO mfdrgeqssing anity eldhe |

R S e
ot her. Theymmayichte viotha cedmainicatichssicanak 1a2ay

[0096] The computer assembly 100 may be arranged for loading a computer readable
medium comprising computer executable code, also referred to as a computer program
product. This may enable the computer assembly 100 to execute, when the computer
executable code on the computer.readable medium is loaded, embodiments of

-aforementioned method of controlling a support structure like a substrate table 12 in a
lithographic apparatus.

[0097] In embodiments of the invention, the measurement precision of the position
error sensor 25, the first position error sensor 45 or the second position error sensor 55 is
enhanced by reducing dependence on temperature. This, for instance, can be done by
mounting the first sensor part 27 of position error sensor 25 on a member with a low thermal
expansion coefficient, for instance with a value below 0.1x10°° K or below 2x10® K. The

member is for instance made of Zerodur™ glass ceramic (manufactured by Schott Glas,

Hattenbergstralie 10 55120, Mainz, Germany). The function of the member is to reduce the
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[ 0091] The processor 63 may al so be connected to sone kind of user
interface, for instance, a keyboard 115 or a nouse 116. A touch screen,
track ball, speech converter or other interfaces that are known to persons
skilled in the art may al so be used. [0092] The processor 63 maybe
connected to a reading unit 117, which is arranged to read data from and,
under some circunstances, store data on a data carrier, like a floppy disc
118 or a CDROM 119. Also DVD s or other data carriers known to persons

skilled in.the art e used. 0093] Th roces 63 may .gl so be
connect ed e BeireR e 3 4555 P2 6 D SCHst BLA0 BPEITRGTREI | as to
a di spl ay pbdition F@thd At 8ASE FrtMMhitQocPhotldepdldiiempeeiyst al  Displ ay), or
any other type of display known to a person skilled in the art. [0094] The

processor 63 md§098k Iz ampabedideno the fugrhenser pait 28 sempasandgriisel 2l a depctor and
i nst ance i Wt t el ephone. net wor P | n rk
(LA s IR RGN0, bR ERINGAE W bERToh ol OKR)s Bleil RELLOT ¢

123 r espongivalet theofirst seastr/pattt2guhd tHd de€Ind sthsdr pan Qe SBetettes tHeditstzenwt panged
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net wor k 127 anfl theasseandrsionpatt 28 pra opstated asr; inierfermess mgaswiga pargete] Hat
shown), for..i : : r i t he

ot ocossor S LANETRELE Mol AR e, B AT IR g Bt RAR2 Wle 07 65
may be i nptenmdntedr pat 2handidependgisinad/béreinbeforeaTha tinmddpendsafn the opté®méi ng
units that erate i.n parallel, erein each processing unit .is arranged
to execut &M4HHT f%fga@%fwafa&} lartg@r‘i'gé?@gpa&he %Pﬁweﬁwe@iéxe@& Cl¥EFCal so be
di vi ded i qjspii@e BEtweBPHR 1R Bndf PLEST hADihE @béo%d\%ﬁéaﬁgm 26 ahe BHRT RIOBSSHiNY
units. Sone processing units of the processor 63 nmay even be | ocated a

di st ance avitugnée ditemperawrdien thetiove Bsilvning thie dsstancd, redupantheiicuesceof t he

conmuni cati ons .net k 122, [.00 .Jhe co t enb 100 jmay be ..

o ranged: ol Adhg S ar | el R SR P BIRDR Gt
execut abl exsPRBce XpakisLhRT thedb} fifdénd (ROPRHISHIPEREFES the BER &by patt2F MRY
enabl e the conputer assenblggloo to execute, when the conputer executable

code on t hed hepiand sensennarb PR (sincgitdiisssanserdad, 27arbsuhted enghenember), this
af orement i oped ELOAH QLG Ak i Adnd RHRRRAN e S HGEIbE e i B SUPRE YR ©

table 12 ina
member of a material with a suitably low thermal expansion coefficient.

-[6099] It will also be appreciated that other embodiments are possible as well, such as
having a further member for mounting the second sensor part 29, having only a member for
the second sensor part 29 and not for the first sensor part 27. Also, the position error sensor
25 should be able to determine displacements of the first sensor part 27 and the second sensor
part 29 and thus may comprise an optical encoder system or may comprise in general a

- detection signal source as a first or second sensor part 27,29 and a detection signal detector as
the other sénsor part as explained hereinbefore. Also, the position error sensor 25 may have a
third sensor part {not shown) which measures the distance between the member and the
further member, both comprising a material with a low thermal expansion coefficient,
wherein the third sensor part is located away from the member and the further member, for
instance, by being mounted on the frame 11 or even on another part of the lithographic
apparatus or a further frame.

[00100] As mentioned before, the second measurement system which is arranged for

~ measuring the position of the substrate table 12 in the second coordinate system may be an
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| i t hographi c apparatus. [0097] In enbodi nents of the invention, the

measur enment precision of the position error sensor 25, the first position
error sensor 45 or the second position error sensor 55 is enhanced by
reduci ng dependence on tenperature. This, for instance, can be done by
mounting the first sensor part 27 of position error sensor 25 on a nenber
with a low thermal expansion coefficient, for instance with a val ue bel ow
0. 1x10-6 K-' or below 2x10.8 K-'. The nenber is for instance nade of

Zer odur TM; Eng) : t S, r raf 3e 10
55120, Nl g U HORLf iR BS G SHiERGh o R car B ARIREY R O
di st ance befeweesondeeo positiin deemmored pgheay ofnceftrhncesystomacs slestsibed plaovie, 201 and

to provide a  pasition for the fjrst sensor part 27 that does not end on
t enper at uCBUNFEABEERHS aleng G FRSR £ SHERE podonate aBéPWJaIZ’PSE’Gﬁggﬁ ses a

| aser and uQinQ‘étt;@&ﬁlR;Iﬁ.\e AP Fhast BEHIRBC VLSS BRPMinBRId méR dOfMA! téptm rror, and
the detection signal travels through a gas between the first sensor part

27 and t hepgaetbon 26EWHBR0 T the Bstrafo tpblehkdr caphmeo e withtous amsloss giaaceurad7wiind

t he second seqsggg art.gQ a{e oqﬁrated as gn 'nt@rferoneter measuring a

par amet er "R © ‘5@&8&38ﬂﬂlﬂél FEcPBY CONLIAE S Pon si gnal to travel from

the first sens@oip@ft 27 HOwtRE, afoRERAGRARSRfindRsiticADANGsUBaEHe Aible 12
expl ai ned hereinbefore. This tine depends on the optical index of

ref ract i omaywat ehwieh deliged id eprerd dribnvitlhe thedithegraphie eprsfatghdsgassultrive | ar ger
the dist t i nsQr r rt
20, the | B oayt EREREDGT Bkl pb i Ko Bfbafalal sl B REG R R GRBRLIAR L g
the di st apc8pedigilubesast heh fiidréiBnae Bkt oftrésip eliathilfandncrtientabsol ute ti nme.

It will be appreciated that although the nenber may still experience
expansi on and tHdP&by i nfiushersithaonamvhichihg seropd MteBHCNAY SHHFRIMAensor

0 20 PR IS B PN RO

mount ed o uence IS nu er than the 1 nfluence

t enper at uthe gngyonhtdy erid platdiens bieerechayged kign dud toeexpansidnesr cohtractivatae piregshiltwift h a
suitably | ow thernmal, expansion coefficient. [0099] It wll also be

appr eci at EPACHY e yRH#%nhodi ment s are possible as wel |, such as having a

- further menber [gogpzmount i GuiEsSE aRRdisSERKYF nPRile 2rs RPOsABnRRIWHR TENMDEr

for the second sensor part 29 and not for the first sensor part 27. Al so,
t he posi t $witcharg Tomsan swasur@bessobdydtehetoainbthet meaatanant sebsglitepl agement s of

the first Flsglell“nes , I;?Vlﬁl%rlﬁovzlgg QI% lflgagur%?n%gp (gjf psoglr’gi%(rjl I’by the second measurement subsystem
with respect to grid plate 43a with grid 44a, to measurement of position by the second
measurement subsystem with respect to grid plate 43b with grid 44b.

[00204] - Drift may occur as a result of temperature variations in the control
system. However, drifts may not only be temperature related. A drift may also be caused by
relaxation of materials or deformation by external forces.

[00105] In embodiments of the invention, the grid plate 13, 43a, 43b,
provided with grid 14, 44a, 44b respectively, may be connected to the measure frame 11 such
that a thermally neutral point can be defined in the plane formed by the grid 14, 44a, 44b.
The thermally neutral point, which is a virtual point in space, remains unaffected in response
to thermal variations, i.e. it is not affected by expansion and/or contraction of the measure
frame 11. The thermally neutral point may coincide with a neutral axis of an alignment
system, e.g. neutral axis 20 of alignment system 19 as séhematically depicted in Figures 3

and 4. In embodiments, more than one thermally neutral points may be present. Again, these
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part 29 and thus may conprise an optical encoder systemor nmay conprise in
general a- detection signal source as a first or second sensor part 27,29
and a detection signal detector as the other sensor part as expl ai ned

her ei nbefore. Al so, the position error sensor 25 may have a third sensor
part (not shown) which neasures the di stance between the nmenber and the
further nmenber, both conprising a material with a | ow thermal expansion
coefficient, wherein the third sensor part is |ocated away fromthe nenber
and the fyrth ne r.. for. instanc b ei ng.moupted on the franme 11 or
cven o olheEDy BEIFRR Boinfsthoy dPRAGTE RN pebirad SRR ANER e Byt A et
[00100] Asn ometthosaishdaaénschenidiitalbed@ndedmas pire 3O tscay s fimhshihslly hdtral
arranged for neasuring the position of the substrate table 12 in the

second codPHIt By sodigisle srithihg nerrah axis §0 of hedhetrlignmpesystea ek pespicht
system st i : I : il j . zero
poai t1on qsriify AR BoifERLPhlpShELih R, ARkt b8 e0 bt fe g BHELR Ml Sonn
counti ng iAltretieeltysfoatldngnbodimeit, theamdndehatmally nagrab esint inap cbidwae dsthahe

act ual positi?n” Bﬁ usi ng. a techni que of phase capture, which is explained
in more d@PUsA agis ofjbepRRigston syMpIifSat i on 2007/ 0052976, the substrate table

12 can nove W jhAge) any | & ,e‘PﬁboﬂﬁﬁéHt,aiﬁlbrcY@[rt(t)@obté $REE DY g?é(’)l'ilpgﬁtibﬁ,%

position in the second coordinate system 0101] However, nment’i oned
starting podiptatoh3,dBat43b is obrstertad ¢o thalmhasiii2 frameeyl Iigt mesms wé b Inuohbed, med i n

case of drift wthin the |lithographic ratus. aresult, th posi tion
measur eneRETHSEAE ??e%?agii’“c“ﬁ% a%goélﬂﬁ‘gloﬁéggﬁg é%ﬂf’wﬁétggﬂﬁﬁ%f dtﬁgo‘[ieﬁ EXC urate.
This is egpeetUnerillss, FRSRICUNEH bR RS chbodimert it S&lenfiticAIRF Sotvian Fipakd g.an
i ncrement. [00102] Another situation in which the second reasurenent system

may. pr ovi@isenbadanenis thres leadspiingsi 8 aa8 W4, Slieaieoned. A hatieag liprings $ar§1baBLé t y

i odi ¢ j h i-d bl h h d,
o o, oo s TERaRSd PR Bl B SRl Pl AP0 W5 Rl Bl 200

vari at i ongendté00@ferdrite aufldra 8566 andlbes €1 A0sdegroel Skth@bspedtb BEhESh@! Asi N
positioning while swtching fromone neasurenent subsystemto anot her
neasur eneHENEsepatlismthethgrmallymeutrplpapind i5a vighie] poipiopisaipef Comsereentlyr daent  of

AR TR N T e
or the like, the thermally neutral point may actually be at a position in which no grid plate is
present 83. This situation is schematically shown in Figure 8 in case the dashed circle 87 is
considered as an opening in the grid plate 83.

[00107] In embodiments, the grid plate 13, 43a, 43b is made of a matenal
having a low thermal expansion coefficient, e.g. with a value below 0.1 * 10 K™ or below 2
* 10 K. The grid plate 13, 43a, 43b may for example comprise Zerodur "™ (manufactured
by Schott Glas, HattenbergstraBe 10, 55120 Mainz, Germahy.

| [00108] In embodiments, the measure frame 11 comprises a material with a

high thermal conduction coefficient, e.g. with a value larger than 150 Wm™'K™. The measure
frame 11 may for example be made of Aluminum. The measure frame 11 may be connected
with a plurality of temperature sensors, which, in an embodiment, are located at outer edges
of the measure frame. Suitable positioning of the plurality of temperature sensors with respect
to the measure frame 11 may, when the behavior of the material from which the measure

frame 11 is made with respect to temperature variations is known, enable a predicting of the

behavior of the measure frame 11 with respect to shape and size in response to temperature
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measur enent subsystemw th respect to grid plate 43b with grid 44b. [00104]
Drift nmay occur as a result of tenperature variations in the control

system However, drifts may not only be tenperature related. A drift may

al so be caused by relaxation of materials or deformation by external
forces. [00105] In enbodi ments of the invention, the grid plate 13, 43a,
43b, provided with grid 14, 44a, 44b respectively, may be connected to the
nmeasure franme 11 such that a thermally neutral point can be defined in the

pl ane for ”%ﬁatl?(}/nst RGa@lel & debelof e@maxs its tlfIPebetus crl%aéétgrrmﬁeu as’h% ﬁtsfzew‘?

is a vi rtua polrnt 1 space, enal una 'n response erm

vari at i onshe incssurd fraths 111(11re@ﬁcfn@@&ﬁdmb@taﬁ%@ﬁ@@du@ﬁn@mﬁmm@m the@lirglityof t he
nmeasure frame 11. The thermally neutral point may coincide with a neutral
axi s of arCBPIHMHEITASOrS AN @hbeace in fibgresa] andd, éhez@%fneat et mayBe em 19

as schematd,cal | JaR rﬁ&a%gre d p r(;%ﬁse:?tué'lﬂgrg“fthé Hleﬁﬁig eﬂ'cngg 14 Sha { %ﬁbé‘a” one

thermally neutral points nmay be prese ain t her neut r al
poi nt s nmawandor nee dhaepmsittonm&"mheaiignme%swfenaw mby giemgabs Feoll. z&fomrmmpnechyst em
[ enbodi ment. schematically depicted i sed,. a

Fo in case t
first ther"i%h fvlamﬁ‘f’ﬂ’ﬁlusiﬂo‘i"r‘r‘f’%’gﬁa&edp PEFEIeRf PO Hgta EMC 31}&%0 BO5HP ¢ he

first aligppR; §ﬁtes?kté1% ' 193RG @s&ﬁﬁ‘?ﬁ@chaﬁ@@éf@ah YarlBH SRl of QY MbasiRY
coincide with t neu axis 60 of the first alignnment system 59

Al t er nat i \f@hye, Aitetrnatlmlg @ﬁﬂdﬁdpmm thetnlmiekmaphd usdddp malehd aRiscony Ofﬁdw nt may
coincide w t AN (I;[e[a ?(pti cal agm ) Irlﬂaclp ection yst em PS. [001061 In an
enbodi mentUPSIRCITRE O FBTRsESAE fOT (EI%‘P n|e§ éf}fr?rﬁ?n p08ftion, a grid plate
13, 43a, 43b i goea0apect edAt Gard hiscoR @BFigBrel BadEndld, Mdﬂ@ﬁ%rﬁntﬁnﬁﬁdﬁ@er in
particular three, |eaf springs as connections 21. Atop viewof a grid

plate, deseanseicayo thegneasasdeama e lnin gabodiment widta firt Aligueent aystemid andrant
i h E
87a. a1b. SipRl e Ryddn SO Endnasichfiy b Qe FERER oy FEED A FRcERY | N0°

the grid pkats®, 88of dligantnhglsen3l 49069 syspeviidtely et frepernid eachesiier @ln Hzoi nt

denoted by ref erﬁé,ce nuneral 85, at an%I es of 120 degrees with respect to
each ot hefnonggred bypsingaaaodeh ps deseribedetqrs el ﬁ@}mwnmw?lapowpﬁé 198 a virtual

p0| nt :3“ ?&ﬁfo?ler EQ@&%%?E‘Eélydméufsse%l’\;vltl{)n%?é}fn{& th i rﬁ%é)é( | 6 nidhe Sﬂ;‘[ﬁ glFHSE‘gt?:l ate

pur poses of positioning an alignnert system or
t her rra! | y tablul2 @ain beaionipensieddot afatdnyenbienal vasiapas bf mnotual distahdéedietmeenghé d
plate is neutral axes 50, 60 of the first alignment system 49 and second alignment system 59
respectively.

[00110] In a hthographic apparatus, a procedure is foliowed to expose a pattern on
number of substrates provided subsequently. The process of movement of the substrate table
12 to the starting position, and subsequent movement towards a position suitable for
alignment with the alignment system 49 and exposure at a position aligned by means of the
second alignment system 59 is referred to as substrate cycle. As the substrates are provided
subsequently, the process is followed repeatedly. A drift not caused by temperature, e.g. by
relaiation of materials or by deformation as a result of external forces, is generally slow. By
monitoring the starting position with respect to the thermally neutral position such a non-
temperature related drift may be compensated for. Drifts that are not related to temperature

are generally slow, i.e. it takes numerous substrate cycles to obtain a drift exceeding half an

increment. Consequently, in an embodiment, in aforementioned monitoring mecasurements

29




present 83. This situation is schematically shown in Figure 8 in case the
dashed circle 87 is  considered as an opening in the grid plate 83. [001071
I n enbodi ments, the grid plate 13, 43a, 43b is made of a material having a
| ow t hermal expansion coefficient, e.g. with a value below 0.1 * 10.6 KCB
or below2 * 10-8 K-1. The grid plate 13, 43a, 43b may for exanple
conpri se Zerodur TM (manufactured by Schott d as, Hattenbergstra(3e 10,
55120 Mainz, CGernmany. [00108] In enbodinments, the neasure frame 11

R e e S R Yl St

made of Alrespectuonoif@&veieasure franme 11 may be connected wth a plurality
of tenperature sensors, which, in (?fn enbodi pent, are | ocated at quter edges

of the neasure [#44E. Adhpvalnipscife s5ieiensh mey Bf Medeinghisieitie {hedse Perper at ur e
sensors w Rﬁﬁb ; HBAS : | t he
mat eri al flfrﬂ(li)br%E a\?E/;ri?i C ta ﬁg&&%kal% ure raﬁfﬁg?f@ﬁg?%&%q?ﬁ{bﬁ%%%e%? &?&ézﬁ%‘ére%

t enper at umsmywave athenapplicstidnasmh astha pdaautacpre df ictdgregedodptichlesystomis agriidamce f

t he neasuredfrane 11 with respect .to .shape and_si ze hn %FS onse to

t enper at u8d JYCCRARRALPING f¥ AN LymLB SpH RS PP UG She used
to det er mMgpgldh e SDAP iR MR $hatfetRf healld) %tcrrﬁaeﬁwb%,aPﬁ@Hﬁtealhamnrtﬁé&%@@ of 0
tenperature neasurenents obtained by the plurality of tenperature sensors.
As can be sedeaiternatiFe geplisstigisasny use of the termisgivwasert os ydie'ehardig mabeaxensidered

connected _to the neas frame 11...Conse ntl.y. .t the neasure fr 11
changes. s Aanw o gmAoT h uehOiFberery (pARS ROBHNG or lersch RERPRe bR e T
change as siglrhte réfefre® (ERdrtiaMES befRelaksedplefoRVbr Reete@dsire, if fhaamplea track
measur enent errors obtained bi;qya change of position of the alignnment

syst em 19 (aigohthalypicallyeprlisea ysnefacest 18 papestafrmdrdexelops he exprsediagisti @
f Al t ' , i, ,
tr o ect or SheaBloet bl andlr 85 ebocBR oY whiE oIRREHIITRY G aEelh BITRY ©

measur eneappldnoe ssch 4nd G129 fubAsraeprodessise®olsi Ruticguhe sub3iraté neaytheprocegsadr ous
el ements may he connected o the neasure frane 11. In an enbodinment with a
first ali giheihan gl &nexamplsdn ardes fagrc et (eye tatsgern substrate
schemat i cgldqh ' [ i 0, 60 of
1 gnment Ca e hizy BB ki Bemty TRL ARRRY Bl L BRecs PLAERN b
moni t ored by ufli0d§2ja Abbielghapeditsmférbes: thef rve betf madeahove cathiewse yt

connected t ) . C o s )
emBodlments of the invention in the context of optical lithography, it will be appreciated that

with

the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography, a topography
in a patterning device defines the pattern created on a substrate. The topography of the
patterning device may be pressed into a layer of resist supplied to the substrate whereupon
the resist is cured by applying electromagnetic radiation, heat, pressure or a combination
thereof. The patterning device is moved out of the resist leaving a pattern in it after the resist
1s cured.

{00113] 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, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g.
'having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or

electron beams.
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controller like controller 61 discussed with reference to Figure 6,
novenment of the substrate table 12 can be conpensated for aforenentioned
variation of nutual distance between the neutral axes 50, 60 of the first
al i gnment system 49 and second al i gnnent system 59 respectively. [001101
Ina |ithographi c apparatus, a procedure is followed to expose a pattern on
nunber of substrates provi ded subsequently. The process of novenent of the
substrate table 12 to the starting position, and subsequent novenent
towards a posi tgj ui | e £ or. alignaent w.t he_al i gnnent. system 49 and
exposure at a dggﬂﬁfogﬁggpgnéaSbéﬁﬁ%aﬁgC@Fepﬁ@oagﬂggnﬁggl?Sﬂ % OIéystemSg
i s ref err edmbinadsn sfasionatypecytdicalASnigoaciiis| indlidihg fefRkvd reldctes
subsequently, the process is followed repeatedly. A drift not caused by

t enper at urEnglig clegyomagnetic ang @ﬁ“&s‘tﬁﬁ*ﬁtoég?aélc%mb‘?neﬁ% def ormation as a result
of external Toygss) | WIHRIBLAACS dmbBl@MenS%r aEANA0A Alvd fin ALRLBE GhRESH ! O
with respect to the thermatly neutral position such a non- tenperature

rel at ed dmiflbenpyrebeted tmptrdatvation aray torpirddtised dihérvascethmots deatriieddl ¢ro

t enper at ure ar e general“ﬁ s| ow, ife. i.t takes nunerous substrate cycles to
obtain a GFIPPIoLlE DREPHY HAY fokg the fPRR PEASOMPUBLNO G fINg Anepr mofe

enbodi nMentequeAcAo@ HRBRNLFQRASH e FRALERIHs MYsBaTY ABBOY s ddoABLREd: & R 2
nunber of substrate cycles nmay be averaged to i nprove perfornmance wt
respect t stosgicgeediuny &4-2. spodbadictey merooyhmageaticfor optief drskhbayingsusk armade i n
this text [o HQFIUSG of I%thographic apparatus in the manufacture of ICGCs,
t he Iithogragﬁlcpggﬁg}%?ﬁg]H%§ Tibed herein may have ot her applications,

such as the napuiael UTige @scriftiond ABdRGrHdndad toSbesi1a8Eative Uldd Bifing. s, it
detection patterns for nmagnetic domain nenories, flat-panel displays,

| i qui d- cr Y4H Be appirans legne skillepdy therasi thafmodiipatipne may beerads to Srednvantiomps | be
appr eci at : - > A ti plications, any use
of the te§%§59§£$g$ﬁﬂg%&wgﬁgﬁgﬁng%ﬁp§§§ﬁggh@§%gﬁ g?@%g@as synonynous with
the nore general terns "substrate" or "target portion," respectively. The
substrate referred to herein may be processed, before or after exposure, in
for exanple a track (a tool that typically applies a |layer of resist to a
substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Were applicable, the disclosure herein may be applied to
such and ot her substrate processing tools. Further, the substrate may be
processed
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nore than once, for exanple in order to create a nulti-layer 1C, so that
the termsubstrate used herein nay also refer to a substrate that already
contains multiple processed |layers. [00112] Although specific reference my
have been nmade above to the use of enbodinents of the invention in the

context of optical lithography, it will be appreciated that the invention
may be used in other applications, for exanple inprint |ithography, and
where the context allows, is not limted to optical l|ithography. In

i mprint I%ﬁg{g‘fphy, a topography in a patterning device defines the
pattern c on a substrate. The topography of the patterning device
may be pregped dshRdas:| ayer of resist supplied to the substrate whereupon
the resist is cured by applying el ectromagnetic radi ation, heat, pressure
or a conbi nat lon AtgeakelofystelpHer penttoding axgrgen sicectirs (Zohe¥MDdn adithaghawhiesi st
| eavi ng a den ] frer the resist is cured. [00113] The terns
"radiati Oﬁgﬁg%tgiggggﬁ#ﬁ?}§g%}g écf)lél?ﬁls@%corrpass all types of electromagnetic
-radi ation, i nelfitdinegsutbhemsyabat(14,U¥) arradicatd MRafuts, dn a fia cH@dmawaysteangt h
of or about 365, 355, 248, 193, 157 or 126 nn) and extrenme ultra-violet
(EWV) r adPagtigholas object (y i hgUA) sunpertediby MeisHPROESIFUSHE® of 5-20 nn), as
wel | as parti i I 0114]
The torm -1 engr o arapHEl SPReh D TSR 05 1 B WAR o ERHPr il
conbi nat i sezond caadinalesyitypes poaditiapdfi thatupponpnantesthe ifirct i nuchsimgmesf systetn ve,

reflective, . magnetic, el ectromagnetjc apnd el ectrostatic optical
conponent 82V Tg‘im%msglcgldgé]ilq9,6&O@i@@5£%ﬁ§)§‘%@ 4fe invention have been

descri bed aboyeonirdiler (61)lcoRfetbPieCi ated that the invention maybe practiced
ot herwi se than as descri'bed. For exanple, the invention may take the form
of a conputer program contEiaithegpostienot thesuppors siquetine basedfonmeeskinamentebgabl e
i nstructions descriﬁi E%Pa net hod as di.scl osed above, or a data storage

medi um (e.g. sem cORUTEPR] MTAHEYSI TRt i ¢ or optical disk) having such a

conput er program stored b&mfeﬂitﬁvem[eg%ﬂe@osﬁi@ﬁo@q%&& 08 caRRYI8d BbStion
intended to be illustrative, not limting. Thus, i wi |l be apparent to

one skilled in the cdithe suppert foetyre dathesnepndepotsenatagstons ante i nvention as
described without depart i)nggUgI{ &@sﬁprb%ﬂss?r%gt%reogasg&1 &n ﬁleado%efeﬁtpogﬁgn;bel ow.

wherein the controller is further configured to receive a position error signal indicative
of a difference between the presumed position and an actual position of the first measurement
system (19, 49) in the second coordinate system, and to control the position of the support

structure and/or an aerial image in a manner dependent upon the position error signal.

2. A control system according to claim 1, wherein the controller is arranged to
position the support structure (2, 12) for a substrate (18) in 2 manner dependent upon the

position error signal.
3. A conirol system according to claim 1, wherein the controlier is arranged to

position a support structure (MT) for a patterning device (MA) in a manner dependent upon

the position error signal.
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31 CLAIMS What is clained is: 1. A control systemfor controlling a
support structure (2, 12, MI) in a lithographic apparatus, said control
system conprising: a first nmeasurenent system (19, 49) arranged to neasure,
in a first coordinate system a position of an object (W 18, M)
supported by the support structure; a second neasurenent system (1, 3, 13, .
14, 15, 16, 43a, 44a) arranged to neasure, in a second coordinate system
a position of the support structure, the first neasurenent system having a

presumed posi tj on 4 i n . n ntroll (61)
configured to :4’ co r‘ﬂ ?Ocl)jltn%f f?g?e%g g&? fcglgé %fdia}]it?gl ’ Rh%%egrﬂhegto rgtﬁ@% eﬁ ?Searﬁagl %cg{oo n

measur enerdostrélythe fetatise posidomeithe seppont stsymte 1 2) by posivetihg b iatiee agipoad
position of the obhject into a converted position of the support structure
in the secHHe IS HiAAmeaggedepsndenhupendhe podion HEorsigabrt structure based
on the converted position; wherein the controller is further configured to
receive a position error signal indicative of a difference between the
presumed posi ti on Aamaitmhsyatiualcopligd toiaop obfthetddmt il rf twheeasthesamntl  syst em

(19, 49) in the second coofdin system and to.control the position of
he. supporteSEPER TR E ) d Ch Lokt AP LS RIS Hif P UBERH: pon
the posi ti4aR) ©rHREL Bk 98@Rhd cdordMafRbkRl is S¥ffi&M according to claim1,

wherein the controller is arranged to position the support structure (2,

12) for a substrate (18) in a manner dependent upon the position error

signal. 3. A control tem accor.di o claiml, . wherei .controller is
rfanged o Jooi (1SR SEEBERESLEHaId lin S Mot FonE e el i RRRRL  way
in a nmnndimgepge@esition ey siglaebPasihg tRMPositioR errst GBI to Shitrbl the réigiNd Ol

system according to claim1, wherein the controller is arranged to control

the rel at Postipisifithofirsbmeasyeenaanp pistam 6% d8x andghg refarencetsirupiyed Bi bhildgd4e)-

further support

7. Control system according to claim 5 or 6, wherein the reference structure
comprises a material with a thermal coefficient of expansion smaller than at least one of 0.1 *

10°K" and 2 * 10° KL,

8. A control system according to claim 5, 6 or 7, wherein the reference structure

comprises a grid plate (14).

9. A control system according to any of the claims 1 to 8, wherein the second

measurement system comprises an encoder type sensor (15, 16).

10.  Control system according to claim 8 or 9, wherein the second measurement

system is an incremental position measurement system,
11.  Control system according to claim 9, wherein the control system further

comprises a reference system arranged to provide a starting position for measurements to be

performed by the incremental position measurement system.
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~of 0.1 10-6 K-1 and 2 * 10-8

structure (M) in a manner dependent upon the position error signal. 5. A
control system according to any of the clains 1-4, wherein the second
nmeasur enent system (1, 3, 13, 14, 15, 16, 43a, 44a) conprises a reference
structure (3, 14, 44a) to which the second coordi nate systemis coupl ed.
6. A control systemaccording to claim5, wherein the controller (61) is
arranged to danpen the position error signal by using the position error
signal to control the relative positions of the first measurenent system

(19, 49) and tihe refern u re ( 3,..14, 44a) . 7. ntrol, system
according to cllaai a é&éﬁlgﬁte\?\%é?céwﬁn% 1;r%’ea%;y é)% gfiﬁgﬂ%}atosfir &V&eﬁr‘%t%%cc8ﬂ%?qe§i§1)a
mat eri al  vis ténfputdie edeiveobétirelagnd paxfiti @ pa b fakt iBdmhleflent fHaRmidnd tBast one
8. A control systemaccording to claim

K" ~.
5, 6 or 7,SURPRS EIUSURES [ &ML Arcbis spptigired © copbpldhf pesitiep ofrthel sypartstrpatyre. 9.
A control ; ' - ' L d
reasur enery t oy RPN A St st 18 che Lol MR LS Rh BT O

syst em acaagadimgg the padigemoBhoobjdct (WhdBeMA tsmgske fintmerasdmaneiem $i5t em i s
an incren%% al position neasurenent system 11. Control systemaccording to
claim?9, rein the control systemfurther conprises a reference system
arranged to provide a starting position for neasurenents to be perforned
by the increnmental position nmeasurenment system 33 12. A control system
according to dAy &fcogiral system apcartlingthengiohckims Cont shewin the tyntrilker (61)

configure receive target relative position f..the first measurenent
system anq écﬁlg] gu?ﬁﬁ%gﬁveg'?&%qsﬁ}og O(fg},‘e : ?CtW lg’n@Ai)é“ ﬁJ‘F?tngP’éi&laf%Sy&?m rol
the posi t ik®f c@fvettB@pesitRROsTithSéupyeit WirGetule2 21 2TRINGH tERENIENrdHPA0 s{sh8n
position erraor signal and the target relative positions when neasuring the

posi tion 8fsedRa: object (W 18, MA) using the first neasurement system (19,

ool en SO T Ol PASEMLAAEOLILNAS AN, AL B HelRudthy SR 8P |

controller (61) 1s*configure 0 convert e po
18, MA) in the fimstpresomedpostien sHht Gt mMeas@eRom\igsttadn BRSetortoofdiidie

support sts}gst#e%’uarnﬁ (2, 12, M) in the second coordi nate system
the position of the support structure in the second coordinate system,
and
wherein the controller is further configured to correct the converted position in a

manner dependent upon the position error signal.

14. A control system according to any of the claims 1 to 13, wherein the controller
(61) is configured to determine the actual position of the first measurement system (19, 49) in
the second coordinate system using the presumed position and the position error signal, and is
configured to determine the converted position in a manner dependent upon the actual

position of the first measurement system and the measured position of the object (W, 18).

15. A control system according to any of the claims 1 to 14, wherein the second
measurement system (1, 3, 13, 14, 15, 16, 43a, 44a) comprises a reference structure (3, 14,
44a) to which the second coordinate system is coupled, wherein the first measurement system

and the reference structure are supported by a frame (11).
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based on: the position of the object nmeasured by the first measurenent
system (19, 49), the presuned position of the first neasurenent systemin
t he second coordinate system and the position of the support structure in
the second coordinate system and wherein the controller is further
configured to correct the converted position in a mnmanner dependent upon
the position error signal. 14. A control system according to any of the
claims 1 to 13, wherein the controller (61) is configured to determ ne the
actual positi o] first nmeasurenent .system (19, .49) | t he second
coor di nate syaremCa I PRl RE Thih S BN TR ettt e o

si gnal, andppstedboniid Gathed 1Y) by delans of Nelutadie, sfuovesctiods (203 kddhahatiath@magnpner
dependent upon the_ actual position of the first measurenent system and the
measur ed p&siralipgHt & formed igheplang of saxprelerencs structeignt r ol syst em accordi ng to
any of the clainms 1 to 14, wherein the second neasurenent system (1, 3, _
13, 14, 15, 16, 43a, 44a) conprises a reference structure (3, 14, 44a) to
whi ch the secdfid dhonwi sateen socstdimg oscldmuld, edierenhibe eomectiensf (R i sdre leaf

measur enent .system and the reference structure are supported by a frane
(11). 34 fB™M&%ontrol system according to claim 15, wherein the reference
structure is supported by the franme (11) by neans of a plurality of
connections (21) such that a thermally neutral point is fornmed in the

pl ane of sai diBef Eremdeysemuctardiag td Zlaintdaor 0T, vhestin theavuured bhepnnectaingi m

16, wherein.the.connectjons (21). ar eaf .spri.ngs..18. Control. system
accor di ng(?l(; cayals ﬁ'ir%albdt E’f?%ﬁ‘fé?’%@dﬂgpﬂﬁﬁ&ﬁd_lgﬁ SE’@%}@E‘E? Fawnd S(‘ﬁﬁ) equal s
three, anehehigllEIMATHIIANG ahAdd oRID Rt Wi e&kpbft 18 ead@h&, Pl ane ar ound
said thermally neutral point at angles of 120 degrees with respect to each

other. 19. Control system according to any of the clains 16 to 18, wherein

(e e (U, SERR 3SR T AL ot 1o R GEVMURL RRREILIE S

1 to 19, tompties aeeing@idl siithg thermal conduction coefficient larger than 150 Wm 'K

20. A control system according to any of the claims 1 to 19, further comprising a
position error sensor (25, 45) arranged to measure a distance between a first sensor part (27,

29, 31, 33) and a second sensor part (27, 29, 31, 33).

21. A control system according to claim 20 wherein the first sensor part is connected

to at least one of the first measurement system and the second measurement system.

22. A control system according to claim 21, wherein the second sensor part is
connected to one of the first measurement system and the second measurement system so that
the distance between the first measurement system and the second measurement system can

be measured directly.

23. A control system according to claim 16 and 22, wherein the second sensor part is

connected to the frame (11).
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position error sensor (25, 45) arranged to neasure a di stance between a
first sensor part (27, 29, 31, 33) and a second sensor part (27, 29, 31,
33). 21. A control systemaccording to claim?20 wherein the first sensor
part is connected to at |east one of the first measurenment system and the
second nmeasurenent system 22. A control systemaccording to claim?21
wherein the second sensor part is connected to one of the first

measur enent system and the second neasurenment systemso that the distance
bet ween the fisst .em t copd stem can
be neasured diZ# écfﬁn@?@g%g%%%n liltcl)rfg tg f,c gag%lrﬁp %15] ?ﬁ g’iﬁl‘grfﬁf@g g{ﬂgﬁ@nﬁ& gﬁﬁind 22,
wher ei n t kenpeaestiaagRAmg spaeh té Sampaivieiation dfahd distahdean®as(ked by tBEpcdftionA
control system according to claim6 and 23, wherein the controller (61)
conpri ses “HOHRPENI ng systemto danpen variations of the distance neasured
by the position. error signal. 25. A control system according to any of the
clains 20 to 24, wherein at |east one of the first sensor part and the
second sensor 2par A @ohp! sysEm acomieyrtoahy o the ciimbk 0 nal4,extpasis aoleast one of

coefficient |l er than,0.1x10-6 K-'. 26. A.contraol .systemaccqrding. to
oy of t nehe R SR gng e S Rro el SauPrIoRG TBRCriq A ek SHRBrioBar
and the segsfidicheisMer BARD. GQ0PKI'Ses a material with a thermal expansion
coefficient smaller than 2x10-8 K-'. 27. A control system according to any

of the clains 20 to 26, wherein the position error sensor conprises an

interferonete 28. A control system according.to.an f .the clains 20.to0
26, cwher i tR8 phuePBERN e P alRTR ARG B i 2 b iR gL ' 2
control sy @8 RE&PpdHtAGd e REdhdeEndoh Part LaihPEsel atr@at@tal wiher Bikindl BLpadgidht | On
error signal_is indicative of,a difference between the presuned position

and an aceefficisaisimallsnthapPxitieKsi r st measurement systemin the second
coordi nate systemin at |least two dinensions. 30. A control system

according to any of the clainms Ito 29, wherein the first neasurenent
system conpri 8&s Arcoatrblgsysemit ace@ii@rio any of the claims 20 to 26, wherein the position

erTor Sensor comprises an interferometer.

28. A control system according to any of the claims 20 to 26, wherein the position

error sensor comprises an encoder system.
29. A control system according to any of the claims 1 to 28, wherein the position
error signal is indicative of a difference between the presumned position and an actual position

of the first measurement system in the second coordinate system in at least two dimensions.

30. A control system according to any of the claims 1 to 29, wherein the first

measurement system comprises an alignment sensor.

31. A control system according to any of the claims 1 to 30, wherein the first

measurement system comprises a level sensor.

32. A lithographic projection apparatus comprising the control system of any of the

claims 1 to 31.
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31. A control systemaccording to any of the clains Ito 30, wherein the
first measurenent system conprises a |level sensor. 32. A lithographic
proj ection apparatus conprising the control systemof any of the «clains 1
to 31. 36 33. A lithographic projection apparatus according to claim 32,
wherein the apparatus conprises a frane and wherein one of the neasurenent
systens is fixed to the franme. 34. A |lithographic projection apparatus
according to claim 33, wherein the second neasurenent system (1, 3, 13,
14, 15, 16, 43a, 44a) conprises a reference structure (3, 14, 44a) to

whi ch the second coordinate systemis coupled, wherein the reference
structure is fikedAdihagmphiapingscti@Bapparatistdecgtaph 6lafh 9P 86kd:OR tRPRPaAILS
according t ai,ne.32-3 further conprising a projection
syst em ( PS) ?0%6% g%@l%r? ﬁ{‘ ng@(‘fml}e&ﬁit ¢ Megpyenent syptanpds fixethio thefiantct o:
receive a further position error signal indicative of a difference between
a presuned andr@n acﬁj al position of an aerial inmage or a further object,
such as a furt LS g“ﬁé’faﬂ’h@tm@jé?tmneﬂppwwsmmordﬁngmklaﬁxm,,wﬂdi’eiﬁlﬂ%s‘é@é&ﬁnd

coordi nat e ¥ i i ppor tructure (2,12) for the
substrate (Q%%%ﬁt%ﬁmé ngﬁg%g{r) i é’t rggé%ir}fse?g’(%ﬁ‘) L*ag POrpprses g Sxferenpd stpictuse{th 14,
support st rdfe) terwelicll thel2cddll)cobrilifatTBRBRET is SBMARH SerdiP AR refeliicf %H‘l&ctﬂtﬁ‘lé is .
position erd or sg&;{?l. 36. A nethod of controlling a support structure in a
| i t hogr aphi ¢ 36 ¥ conprising the steps of: providing an object (W
18, MA) to a support structure (2, 12, M) arranged to support the object;
measuring the position of the object in a first coordinate systemusing a

first measured@nt Adibegmplid frojet@ipn appasus hatgrdifietoROS o L AHns BHS S HRRGS ¢
structure ic@mgﬁs?ﬁggnd .coor di nat ﬁ%@ést en}i the first measurement system
havi ng a prestmed® p8SPTTGA SYHeP debractedhe ponirodes(pd) srfirthaaoubgdredep:t he
measur ed position fkekbe @M ebsili q r i t.i.on of the support
structure in the second coor d?n%t‘g“%%tsg YflakE POR GBnE bl Eers

presumed and an actual position of an aerial image or a further object, such as a further

support structure (MT) for a mask (MA), in the second coordinate system, and

position the support structure (2,12) for the substrate (W), the support structure

(MT) for the mask (MA) or both support structures (2,12,MT) in a manner dependent upon
the further position error signal.

36. A method of controlling a support structure in a lithographic apparatus
comprising the steps of:

providing an object (W, 18,MA) to a support structure (2, 12,MT) arranged to support
the object;

measuring the position of the object in a first coordinate system using a first
measurement system (19, 49);
measuring the position of the support structure in 2 second coordinate system, the first
measurement system having a presumed position in the second coordinate system;
converting the measured position of the object into a converted position of the support
structure in the second coordinate system;
performing a first positioning of the support structure (2,12,MT) in a manner dependent

upon the measured position of the support structure, the converted position of the support
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performng a first positioning of the support structure (2,12, M) in a
manner dependent upon the neasured position of the support structure, the
converted position of the support 37 structure, and a position error signal
indicative of a difference between the presuned position and an actual
position of the first measurenent systemin the second coordi nate system
37. The nethod of claim 36, wherein the first positioning conprises
relative first positioning of the support structure (2,12, M) with respect

to a menbesreliredat PPEitidOFRr is%}né‘lgn@igatﬁ%" dfal diffoRee rRfkdd thalblelifhed position

object (MA). 38. The nethod of aim 37, wherein the first positioning Is

per f or med @y apestveli pogition nbthedirstangnsaremest sysicmuinghq sdfondcobadinate systenespect to
t he neasured support structure 2,12, MI. 39. The nethod of any of the
clainms 36 - 38, wherein the first positioning is performed in a manner

that al so depemds TupaikilddR@Siaih GO, @heraih theBge pRieitnOEordpriveOi@aiviedst Syst em
(PS) in the second coordinate system 40. A conputer program product

embodi ed iPasiHOWRE BT the speabriTustured, 7 13 aiith resnspigo eenenphes gf agrpPoduct  bei ng
encoded wi I | QF 0 W ng,. n executed by a processor, a
met hod ofngﬁ?ggé%#%%hgﬂ?ﬁ%ﬁ%ggﬁgﬁ@%g%ﬁgéaﬁgia | i t hographi c apparatus, said
nmet hod conprising the steps of. providing an object to a support structure

arranged to syppo th bject, _measuring_the position of  the object in a
first coordi ngge ib% ﬁaoaﬁ#ﬁlaanﬁ?f‘g ereindhs firseResondyssis epompsr RYsEioPhe

POSi i 0N ghothHRupptRPRritt (MA! 19 it FospBG A0 Ehe GRRNHLR Aot kRhEle ( e Tirst

measur enent syst avi ng presumed poSition int coordi nate
system @ddvdi}).i ng the neasured position of the object into a converted
position of the support structure in the second coordinate system
performng a first positioning of the support structure in a manner

dependent upoBot hghe ARASH O POSthE cRMNOE6 I DL vHIRRPHe b Posiiidhiie i§ Ne
converted position of the support structure, and a position error signal

i ndi cat i vecrrmgddn & frenaerdbat pendshipop p pssitietobosintage plaandf aprojativual
posi tion g))];stetrr?&Sf)liﬁﬁ-lte Jpa ucrogrr(rﬁrpaess))é stemin t he second coordi nate system

40. A computer program product embodied in a machine-readable medium, said
. computer program product being encoded with instructions for performing, when executed by

a processor, a method of controlling a support structure in a lithographic apparatus, said
method comprising the steps of:

providing an object to a support structure arranged to support the object,

measuring the position of the object in a first coordinate system with a first
measurement systerm,

measuring the position of the support structure in a second coordinate system, the first
measurement system having a presumed position in the second coordinate system,

converting the measured position of the object into a converted position of the support
structure in the second coordinate system,

performing a first positioning of the support structure in a manner dependent upon the
measured position of the support structure, the converted position of the support structure,
and a position error signal indicative of a difference between the presumed position and an -

actual position of the first measurement system in the second coordinate system.

38




38 41. The conputer program product of claim40, wherein the first
positioning conprises relative first positioning of the support structure
(2,12, M) with respect to a nenber of a group conprising an aerial inmge
and a further object (MA). 42. The conputer program product of claim40 or
41, wherein the instructions are encoded such that, when executed by a
processor, the first positioning is performed in a manner that is further
dependent upon a position of an image plane of a projection systemin the
second coordi nate system 39

41. The computer program product of claim 40, wherein the first positioning
comprises relative first positioning of the support structure (2,12,MT) with respect to a

member of a group comprising an aerial image and a further object (MA).

42. The computer program product of claim 40 or 41, wherein the instructions are
encoded such that, when executed by a processor, the first positioning is performed in a
manner that is further dependent upon a position of an image plane of a projection system in

the second coordinate system.
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