P-1684.010 1 P-1684.010 Lithographic Apparatus, Device Manufacturing

Met hod, and Device Manufactured Thereby The present invention relates to a
Iithograg proj ection apparatus congrising: - at | east one noveabl e
object h v}ﬁﬂf dlftass, in particular a “substrate table or a mask table, and
5 - a position control system for controlling a position of said noveable
obj ect, the position control systemconprising a position controller

out putt pngse .pasi tion controller force; and a position feedback circuit
feeding back a determ ned actual position of the object to an input of the
posi ti on control | erLitlgogkaphtholppatataspr Deeite dangfpatatirg Jatbedl | gnd
conpri ses one or nore objects, which may be noveabl e, such as a nask
table, a substrate table, éﬁﬂlﬁﬂeﬂ?ﬂqﬁ?CtHéPél?Eﬁqqg? the |ithographic.
projection apparatus including any noveabl e objects will be described in
further detail. 15 The term "patterning neans" as hereinafter enpl oyed

should be brO&d'yTHé“ﬁ%é%%ﬁEeﬂnﬁéhﬂi%EeEéléEbé(%oﬁﬁa@§tﬁ$§¥aﬁhi% B?oj@%ﬁid&p
endow an i ncom ng radiation beamw th a patterned cross-section,

corr espoagpaiatiue acpptieimy:that is to be created in a target portion of
the substrate; the term"light valve" can also be used in this 20 context.
CGeneral |y, tae kesst paet epyeai e obow‘eﬁomma Baghr titc PRAELICRIACHE onal

| ayer in a device belngPﬁreated in th tar portlon such as an

i ntegrat ed PR Sy O MEEx (& Eﬁel Exanmpl es of such
patt &y ni ng n?%ltﬁ%huggntfbl%temhfofCH?JQ;“EE}BIﬂné‘ a{T%'iJél't§oH’e$f dgiguwn in

| ithography, and 25 it 1 ncludes mask types such as binary,
al ternati ng. phastiehiobfecandtheapbenupse tcapiase- swtfetm cafpwekings vari ous

hybrid mask types. Placenent of such a mask in the radiati on beam causes
sel ecti ve position controller outputting a position controller force; and
a position feedback circuit feeding back a dete;mined actual
position of the object to an input of the position controller.

10 A lithographic projection apparatus generally comprises one or more
objects, which may be moveable, such as a mask table, a substrate
table, and the like. Hereinafter, the lithographic:piojection
apparatus including any moveable objects will be desgribed in further
detail.

15 The term “patterning means” as hereinafter employed should
be broadly interpreted as referring tc means that can be used to
endow an incoming radiation beam with a patterned cross-section,
corresponding to a pattern that is to be created in a target portion
of the substrate; the term “light valve” can also be used in this

20 context. Generally, the said pattern will correspond to a particular
functional layer in a device being created in the target portion,
such as an integrated circuit or other device (see below). Examples
of such patterning means include:

- A mask. The concept of a mask is well known in lithography, and

25 it includeg mask types such as binary, alternating.phase-shift, and
attenuated phase-shift, as well as various hybrid mask types.

Placement of such a mask in the radiation beam causes selective



P-16B4. 010 2 the case of a reflective mask) of the radiation inpinging on

the nmask, according to the pattern on the mask. In the case of a nask,

t he supp9[£68s4toroli%ture will generally b? a mask table, which ensures that
I [

t he mask can be held at a desired posifion in the incomng 5 radiation
beam and that it can be noved relative to the beamif so desired; - A
programmable mrror array. One exanple of such a device is a

mat ri x- adde ess@bloé surétioethiae mgsia) s chel asdia: icontimpindgayeronantdea
reflective surface. The basic principle behind such an apparatus is 10 that
(for exalpPle) asderdinedtardwsrartere qefthechadh. i thcecret ¥ ™RAE} dent

light as _diffracted |ight. whereas unaddressed area flecgt. .incident

[ ght actURAIERPRE, BT GS ~ObErg i ads 35T LIS LRPOF: “HARR SEPUEes

undi 1 agted JehhokBaRbd iHell8 88 HWeslkeliNod BfHRCL 80 nbCABorli88YI NG 0Nl y
the diffracted |ight behind; in this manner, the 15 beam becones patterned
accorgdi ngadiadilke dddinpssidighaat ierdamfbet hevedateliatigddeesslablasuifase. An
al ternative enbodi ment of a programmable nmirror array enploys a matrix
arrangenBggizfditiny mrrors, each of which can be individually tilted
about an axis b applying a suitable localized electric field, or. b

epl oyi N 20N FPEBATBEPLT CBeTa T BAY medits S*ERELS i THo ReIRY 1551 Ar e
matri x- addrassable 412t a0 eaRPd h EEOL Sl cbRELELT1 AR BHQM NY
radi ati on eam%\l n as%%%rent 5i recti on than unad rlgsged m rroa‘r%'ls%;r In this
manner, tb8fld@fiveckadfdeamihe pabiermadcaptorsemihd @uchean atlsfrasubgis
pattern of the matrix-addressable mrrors. The required 25 matrix

addrssi kgt aifdye epanpbg hefldresagd safaasbloé Bhectafdgict ineapar fagen redlectof

the situati opns descri bed hereabove,. the pajternin ans an conprise one
or ror e SPSUIBEBE 1T O STRPLPE. 1 e PRECT I OO BRe oY PP oa PP AP tas
here ref epr g {01680 Pes AEAReYact 08 10%3EP! @sing{ raQ{“aFJB%ﬁfliﬁéﬂﬁitE’?tems

US 5,296, 891 and US 5,523,193, and PCT 30 patent applications WD 98/ 38597
and WO 98h8300G, unhi ehr&dtaed ilAght pedmited fhgteidd yutr efetraceeflaztelle case

of a programuabl e

beam, leaving only the diffracted light behind; in this manner, the

15 beam becomes patterned according to the addressing pattern of the
matrix-addressable surface. An alternative embodiment of a
programmable mirror array employs a matrix arrangement of tiny
mirrors, each of which can be individually tilted about an axis by
applying a suitable localized electric field, or by employing

20 piezoelectric actuation means. Once again, the mirrors are matrix-
addressable, such that addressed mirrors will reflect an incoming
radiation beam in a different direction than unaddressed mirrors; in
this manner, the reflected bheam is patterned according to the
addressing pattern of the matrix-addressable mirrors. The required

25 matrix addressing can be performed using suitable electronic means.
In both of the situations described hereabove, the patterning means
can comprise one or more programmable mirror arrays. More information
on mirror arrays as here referred to can be gleaned, for example,
from United States Patents US 5,296,891 and US 5,523,193, and PCT

30 patent applications WO 98/38597 and WO 98/33096, which are

incorporated herein by reference. In the case of a programmable



P-1684.010 3 mirror array, the said support structure nmay be enbodied as a
frame or table, for exanple, which nay be fixed or novable as required; and

- A progye |l e LCD array. An exanple_of such a construction is given in
pErER e 2

United S ent US 5,229,872, whicCh is incorporated 5 herein by

ref erence. As above, the support structure in this case may be enbodi ed as
a frane or table, for exanple, which nmay be fixed or novable as required.

For pur pasesoofarshppl tios tasid Bappest safrutbiise treayt beaygmbaflied efd ai frame

| ocations, specifically direct itself to exanples involving a 10 mask and
mask tabPe;tadweyvépr examgenerBichriaicibsl ésxed seuserablea ayteduisedncand

shoul d be seen in the oad context of th tterning neans as hereabove
ot ortr. R AT L BT ATEAK - A AL B B, CodonP b S BERaPe

the manubaglying ohitod SHARI pCLLALIUS o 85)e7d N HICR 25 dRcdidRGarklc

patterni ng nmeans nay generate a circuit pafttern corresponding“to an

i ndi \§ dupéréiayer, ekréhend<C, aandbbié S tirt kappofarnthetupagbd 1Hilso casé afiget
portion (e.g. conprising one or nore dies) on a substrate (silicon wafer)
t hat hasbgeenbogidgtieds v tiramel ayeralle, fadi axémplesemnbichveayndieefiized or
(resist). In general, a single wafer 20 will contain a whol e network of
adj acent "PEYE 3FoFEFOHEY hat are successively irradiated via the

Dr o] ecti on Syst em pANAloBeli OF ol 1GUEL Und A RBRLALHSen AIRIQYT Ay ar

patterning by a nas mask ta I stinctron can e ween

two di ffeeprdid MBest DbndpGPeRerital 1A reypeiedelf tthogkanplds ArRbesih®m
apparatus, each target portion is 25 irradiated by exposing the entire nmask
pat tEr n waslho aride magkgedbleyompwerer n Wree ggoeralighr imeipppar@tamugssedconmonl y

referred to as a wafer, stepper or step-and-repeat apparatus. In an
aIternat?V%h5%$$3P5Fﬁssh°%%£ﬁﬁnﬁﬁe?éVbFP@de%a FODEEBL afH-8an appar at us

aier GEAARE Ot ERdbat ey et eser ey scennino he, sk 30
"scanni ng" directi 0ighddHalp®isYPeSyutavsl ¥pSamttisNgah e sudst,r g#be
example, in the manufacture of integrated circuits (ICs). In such a
15 case, the patterning means may generate a circuit pattern
corresponding to an individual layer of the IC, and this pattern can
be imaged onto a target portion {(e.g. comprising one or more dies} on
a substrate (silicon wafer) that has been coated with a layer of
radiation-sensitive material (resist). In general, a single wafer
20 will contain a whole network of adjacent target portions that are
successively irradiated via the projection system, one at a time. In
current apparatus, employing patterning by a mask on a mask table, a
distinction can be made between two different types of machine. In
one type of lithographic projection apparatus, each target portiocn is
25 irradiated by exposing the entire mask pattern onto the target
portion in one go; such an apparatus is commonly referred to as a
wafer stepper or step-and-repeat apparatus. In an alternative
apparatus — commonly referred to as a step-and-scan apparatus — each
target portion is irradiated by progressively scanning the mask
30 pattern under the projection beam in a given reference direction (the

"scanning" direction) while synchronously scanning the substrate



P-1684.010 4 table parallel or anti-parallel to this direction; since, in
general, the projection systemw || have a magnification factor M .
(gener al Fgl% JO)l’O the speed V at which the substrate table is scanned w |

be a fac ‘ti'fes that at which the ftask table is scanned. Mre 5
information with regard to |ithographic devices as here described can be
gl eaned, for exanple, fromUS 6, 046, 792, incorporated herein by reference.
I n a mantdleld wairaglel oeestitispagabldl tthoghaphdirgutdjpact & diice apagahestal a
pattern (e.g. in a mask) is imaged onto a substrate that 10 is at |east
parti al | Yhe raiegtbyn asyhesy wallrbavetd sagsehbdatiipa facker M (geasikstly <
Prior to_this inagi step, .the substrate na under go_var i ous .procedures,
Such as b ity SEPES LA B gt B FUPSLE BT YRR LR FERTRRh AEHED: P
substr at | 0 r duges. ;Su RRsl.- exposure
bake (PEE?%e\%Fgg%ﬁﬁ&g tT:a‘r”'g'ugl&g li)haerk)gl(‘?lgtﬁdym&*asulr%ergjﬁat@gﬁ#‘lﬂ(%'spection of the

I mged f eaformetiohhwstiarfediaradl topl DRAHEERI ¢ SdelSiR@sadsahdds idedc@ipadt&m an
i ndi vidual |ayer of a device, e.g. an IC. Such a patterned |ayer nmay then
under go Rardlaanedpr ber smpd ge hfngm i l6i, A46 . THh- ilmgbanoratesh hedephnny ,

metal lizatjon, oxidation, cheno-nechanical polishing, etc., all intended
to fini sRERFICE -an i ndi vi dual | ayer. |If several |ayers are required, then

the whol e proced , ' Y N g .re for
each new | ayer. E\ljferﬁtaua(@?{l:ﬁIn@l,f gg%ﬁ%{ru a?@g{: g%;évllls}gélgj i ﬁ@%‘%&p glégnpggig%lﬁgl
substr at gpfaeitels) - a ThaseHEVECES 2 & WRRR) Sepampled bhed Hnabsarateerndy a
techni que such as dicing or sawi ng, whence the 25 individual devices can be
nountted om # daesteparttimligrtedeted fing, lagec. offyadiet iomfsmEttive

regardi ng such processes can be obtained, for exanple, fromthe book

"M cr ochPPeaititi (REPHPE) A BBLQEt FRathiciiAaging sah. c SREUBTRFL B 6c Ba%i ng"

Tt DTN MOl UG B BT SN
sinplici k¥st tHakePr REESE | QipoYELEEM K@ )substrate may be subjected to other
procedures, such as a post-exposure bake (PEB), development, a hard
15 bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a
device, e.g. an IC. Such a patterned layer may then undergo various
processes such as etching, ion-implantation (doping), metallization,
oxidation, chemo-mechanical polishing, etc., all intended to finish
20 off an individual layer. If several layers are required, then the
whole procedure, or a variant thereof, will have to be repeated for
each new layer. Eventually, an array of devices will be present on
the substrate {wafer). These devices are then separated from one
another by a technique such as dicing or sawing, whence the
25 individual devices can be mounted on a carrier, connected to pins,
etc. Further information regarding such processes can be obtained,
for example, from the book "Microchip Fabrication: A Practical Guide
to Semiconductor Processing", Third Edition, by Peter wvan Zant,
McGraw Hill Publishing Co., 1997, ISBN 0-07-067250-4, incorporated
30 herein by reference.

For the sake of simplicity, the projection system may



P-1684.010 5 hereinafter be referred to as the "lens"; however, this term
should be broadly interpreted as enconpassing various types of projection
system |nclud|n refractive optics, reflective optics, and catadioptric
syst ens, FT 6484 ¥afpl e. The radiation syStem may al so 5 incl ude conponents
operating according to any of these design types for directing, shaping or
controlling the projection beam of radiation, and such conponents nay al so

be r ef er etk f: foekOBe roRlAreal tYehy e S1BEYH ANlohevRE, achl £N&rm BUBLIET |
the lithographic apparatus may be of a type haV|ng two or nore substrate

t abl es 1B0e (lareddy fmoexpreatmde apaskedrglasesing varisueh typabtohlprcgeagedn
devices the additional tables may be used in parallel, or preparatory
st eps nﬁ&SQEPN:&PFFe@l%ﬁnrQQ¥aﬁﬁev%r°Hﬁ%Q§ t 5B kchiffiel ePbhes ora re ot her

tabl es are b g used f or exposures a&hsta l.i.t ho ragth aratus are

descrubeﬁat? afpP -9 uS®s, 64T 4 b 58 46799 Y, R

' ncorspor@ﬁ@ﬁd@ee%hﬁomnisef&pre%aeeng Té'!ﬁ:df@l‘iﬁgeiﬁ aﬁ"fy QECLRESLMUH LS iRV E ke mask
tabl es, one or nore noveable subStrate tables and ot her noveabl e tabl es,

or otherfofHHMmﬂetengbjghﬁpan@ebﬂgcﬁmﬂﬁoulhnghehé|gﬂmjgeapbncb¢ﬁmnofct|on
apparatus in general, may be controlled by a position control system 20
Convent | badiatyione. gnd a&udl] sompseent s TRy spearbPIEsrrRE. tq, FEBW106, a

osition contral stem for _an_object ¢ ri ses osSi t cqntrol and
DO Bos! 41 S TRSCaBELK. B L SRLTesTT d JOBF | P LPSapbhe ot oo pRREe
posi tion, Qs ﬁé Wl Gk %altgﬂle%é‘ﬁﬁgh%weegf“n‘{%% g%‘éﬁ?é‘ée QfarhRe obj ect.

The position contro | er exerts a position contr orce on 25 the object
cor responghdyprt @wbher raspd madknoxeraNt.. 1M suderpasiplenstdpeddackees r cui t
the position controller receives information on the actual position of the
obj ect. tlhe tagdidépnahi tadd escadl bposiad an paeyllatles of r prepdwatdayi seeps
position, the position controller ¥%hchange the position control force

J3 t

unti | th'ea%tﬂee(?FrFeﬁ‘éh%%t tHe ©36 de BBSTE i'YH-1eacHBVPLtTWHT §FPERe act ual
pOSItlontéﬁfgg %Q% Bglﬁéndgé%dfor exposures. Dual stage lithographic

apparatus are described, for example, in US 5,969,441 and

15 WO 98/40791, both incorporated herein by reference.

The movement of one or more moveable mask tables, one or
more moveable substrate tables and other moveable tables, or other
moveable objects being part of the lithographic projection apparatus
in general, may be controlled by a position control system.

20 Conventionally, e.g. as disclosed in European Patent No. 1,265,106, a
position control system for an object comprises a position controller
and a position feedback circuit. A desired position is supplied to
the position controller which calculates the required movement of the
object. The position controller exerts a position control force on

25 the object corresponding to the required movement. Via the position
feedback circuit the position controller receives information on the
actual position of the object. If the determined actual position
deviates from the desired position, the position controller may
change the position control force until the object reaches the

30 desired position.

A deviation of the actual position from the calculated



P-1684.010 6 position may result fromexternal forces. In case of a

mul ti-stage |ithographic apparatus, air-pressure changes induced by an
accel eration of gone stage may | ead to an external disturbance force on
anot her gf%ﬁﬁﬁ'OﬂBr exanmpl e. The sensitPvity of the position 5 control
systemto external forces should be as small as possible, but other design
paraneters and requirenents |limt the possibilities to decrease the

sensi ti vpdyitidrenher Radultorgen. ektetrm1atoebictpicakhlespr £santyii-a¥ggtion to
decrease the sensitivity of an object position control systemto external
forces, lithdgraphiti gpparatushutineprdssureedhamges andosedilon aoontrol system
for noveable objects in a nulti-stage |ithographic projection apparatus.

It is a PEFEiRdAtaBRett ie FhaIpr BREMeFh Fantt dihfdhat odisriThassee foY FRr

design p ters equi_r epgent n inplenentin asures .t o decrease
g‘{.%ﬁ?cit%er g‘gggé %r examPfe qu%e S%rg%jl.tlvl ysgf gﬁe %OSJﬁ:tlgInnal

t he sensi y Of “an~ obj ect posttion contr yStem to ex

forces. dbesei1aRgdsebhero QitrRehal af &r AGNIEAYERTH] AL YdisRE11 0ad N sdiBYENtH@N i N
a lithographic projection apparatus as specified above, characterized in

t hat t heoplost tdegigonopdrameteyst emi f xeduieemennpriises tan pogseilendtiea tontr ol
system conprising 20 - a first acceleration circuit branch conprising a
subt r act 8¢cTeRss WRP cPeRHiE iydsit Forexernadl fe¥cdorce is input; and a first

filter having a fi%s%égain Lntg W?gg t he gugputvoftghe sg@%ragtortis

i nput and out puttihy & &nPPeFet &t'c Egﬁh?’éﬁ T PEVBRE I RXeET SRR ect
and 25 - 58n$RGQAEyACE LRIl £bs flidn BLARES CRMERSLHJeR Sa2ANdorbid T €F
havi ng a second gain and into I ch an accel eratiion control signal Is

i nputg t e murtpetlat thmutseeendicitelito brangdsiigiongconptidl dystemsabsl
subtractor to subtract the outg;; of the second circuit branch fromthe
posi t i onmexsrblel Peietio? dat a3@uihe-$tadeodi bhedranilFaraeliec i ath apRaratusor e
position control syslens accordiq} to tPe resent inventiaqn advant ageously

It is a further ogﬁect of the present invention not to
influence other design parameters and requirements when implementing
measures to decrease the sensitivity of an object position control

15 system to external forces.

These and other cbjects are achieved according to the
invention in a lithographic projection apparatus as specified above,
characterized in that the position control system further comprises
an acceleration control system comprising

20 - a first acceleration circuit branch comprising a
subtractor into which the position controller force is input; and a
first filter having a first gain into which the output of the
subtractor is input and outputting a control force which is to be
exerted on the object; and

25 - a gsecond acceleration circuit branch comprising a second
filter having a second gain and into which an acceleration control
gignal is input, the output of the second circuit branch being input
into said subtractor to subtract the output of the second circuit
branch from the position controller force.

30 The lithographic apparatus with one or more position

control systems according to the present invention advantageously



P-1684. 010 7 enpl oys an accel eration feedback or an acceleration error
feedforward via a second acceleration circuit branch. Wen a force is
exerted 99# éE1 qgject t he obj ect tendi to accel erate. Thus, when an

ext er nal orcd s exerted on the objecCt in addition to the position
control 5 force, the object does not accelerate as cal culated by the
position control system Using feedback of the acceleration of the object
or of téaephoeechar attolemtrion, feedbadkherdaiif &tcdicaahebneerrdih&eadtaabard
accel eration of the object and the intended acceleration, the additional
accel er a¥idr §§C§n?1e%¢ﬁetlemattlﬁ§ eix@riabranch uimace foree 10 exgytoe on
conpensat ed dim ni shed. Ho accel eration contr

syst em nay qqﬂﬁQSdu % %ﬁﬁt te Rﬁ?éﬁ’ﬁﬁ§M§F§ﬁF?T#ﬁqH?ncgh?% ﬂnﬁﬁtFFBﬁ?control
force. Pl eggrﬁé@%ﬂm tobpast faabiLiSt So the bbiflidd lufErgnd the
second | In the acce eratlon control system the systemaccording to
15 the pf@ﬁ@ﬂt tIhEVGBjd:@ﬂ doy het agvadlleageauss Yeqlesilgned Syathd Rakitisn
characteristics differ for forces input into the systemat different input
nodes. Teentinyl ggatemofUsing deecdbarhtdfonheontelerapspanebrthehe@bigoti of on
control force may thus be differentiated fromthe influence of the

accel er atf o'iPeCGﬁf’?ﬁ‘Fr%Vﬁr’erﬁrGHrt he- i $P6r BAhtF asec BetseeHE S acstat | ter
havi ng a i hSt . [ ranch may
bo. | ocar 2 TRraSTeh £ L REILE S ] poPe e B B e S o
filter nagaiid dnatakedeldratiionds s efediul@nNof egtbasite@hhCudist i b@ncheiywan
the output of an object filter, i.e. the actual acceleration, and the

i NpU0 of mahebef icorperSatfaed,t o, abrléastanlindnesledti on feedforward circuit,
e.g. having an acceleration error signal as input. In each case, the

signal input i nt oH?"F?é’eé'ecBﬁda‘F??]teé’Iatllgnac%‘?td’r?&l SM@F?‘U&FW ASFPRECS @ ual

| Th
Fhe pos; Tral B cMNap IR FloRte FhRER Sl \PRCERT Fdied Rprer TU5;
i s appligd g1ading 90) B&dst Rub aii€dral fihkt ew.cgt agaeker aﬁaomne Heghah has

been subtracted therefromby a subtractor. The disturbance
filter, in the acceleration control system, the system according to

15 the present invention may be advantageously designed such that its
characteristics differ for forces input into the system at different
input nodes. The influence of the acceleration control system on the
position control force way thus be differentiated from the influence
of the acceleration control system on the disturbance force.

20 The first filter having a first gain comprised in a first
acceleration circuit branch may be located between the position
controller and the object. The second filter may be located in an
acceleration feedback circuit, e.g. between the ocutput of an object
filter, i.e. the actual acceleration, and the input of the first

25 filter, or in an acceleration feedforward circuit, e.g. having an
acceleration error signal as input. In each case, the signal input
into the second filter is a signal derived from the actual
acceleration and may be regarded as an acceleration contreol signal.
Thus, the position controller force is filtered by the first filter

30 Dbefore it is applied to the object, but after a filtered acceleration

signal has been subtracted therefrom by a subtractor. The disturbance



P-1684.010 8 force on the other hand is directly exerted on the object,
resulting in a possibly different transfer function of the systemfor the
di st urbapcgf0r,Ge. Pl ease note that a %ransfer function of the systemfor a
5 position controller force is a transter function fromthe input of
subtractor 8 as input node to the acceleration of the object as the

output. A transfer function for a disturbance force is a transfer function
from t heforgrtonothehetlody deindf ikt @freas liynpyérirmtient ahehebjaorelresal t g of
the object as the output. 10 A force exerted on an object results in an
accel er at® ch RES1bhe ‘gbﬁf@crtentT%a RARMEUBF T het étfetei BHSFB Aars theom t he

force ap the _object: the force may be considered to be filtered by
the obj g%: tunﬁ?n%e ?%r%e schematical representation of the system the

obj ect may be (andphelsi natbeinyd ld chahsEoPrRaRRIBH 4F @ @gas%gin for fd 1 ter
havi ng an object gain. An advantage of the position control "system

enpl &/i ngositicacesherallean foaner 0 $\saarEae chumbitignt Gromecpy dsent of
invention is the differentiated transfer functions for a position
cont r ol | BibFrRcEeTafdRs akhrestt ephal tq’ diige acThl erafiiionepénthe LHRIRRE RBrthe

syst em desi ecreas I nfl.ue of an _external forc wth a
o B i SPEHEt AGRRRe AT e LiRb Ltbdl GhE PRS0 oG e LA (OABREST
Preferablyncdile 2c6R! @}Eé‘t 'n%%tcgf'til% W SEeME AR A ol i Abut IARRS L EHECtI on
for the position controller force inpuf to the subtractor and a second

t r ansf er ageslciria@iof 06f il sbyebanse dher eatp2b. directly exerted on the

object, the first transfer function being substantially equal to an object
gai ntnd the secor® farmeskErrtehcr on BRIeRf gesedLF| ynsamlacefﬁlﬁhawczrh@f

bj ect wh th bst |_I t
of the neiS'GeEhe. Tap AR EPE TR EAGH cr S NG, EENTofDs {26 aPRT
control syshemB0.E£0r dihe RSkt han wontral a8 é&etoeggakwgeéébeb gt gain,

the position control system and in particular the position controller,
does notobject. Thus, in a schematical representation of the system, the

object may be (and hereinafter will be} represented as an object
15 filter having an object gain.

An advantage of the position control system employing an
acceleration control system according to the present invention is the
differentiated transfer functions for a position controller force and
an external force., This difference allows for a system design that

20 decreases the influence of an external force with a minimum of
influence on any other design parameter or requirements.

Preferably, the acceleration control system has a first
transfer function for the position controller force input to the
subtractor and a second transfer function for a disturbance force

25 directly exerted on the object, the first transfer function being
substantially ecqual to an object gain and the second transfer
function being generally smaller than the object gain, wherein the
object gain is substantially equal to an inverse of the mass of the
object. With the transfer function of the acceleration control system

30 for the position control force equaling the object gain, the position

control system, and in particular the position controller, does not



P-1684.010 9 need to be adapted for the added accel eration control system
Wthout the acceleration control system the position controller already
experienced_ t he %bj ect gain, and thus virtually nothing changed. However,
wi t hout EhE&déleration control systel% a disturbance force 5 al so
experienced the object gain, but with the acceleration control system
havi ng a second transfer function for the disturbance force smaller than
t he obj egéeddid1bet BEaPXNEIiRNERE QNET acdal Brasicibhetel TR OWCrhddte
obj ect accelerates |less due to a disturbance force than w thout the

accel er athorraeideratigy starhrolOsysteam déhbopestitoroiconhecplesaitrerdyent i on,
the acceleration contrql systemhas a selected | Qop gain, the first

t r ansf er SYREIMTSRIDERA PRIFE s 8RN ANhAEHEr VITHHALLYn "BEL IS 1328882 he | oop

gai n bei +.K = -Ks . rein_mis,.t mass_of _t he object lis
Phe | oop e i Fhoy, £HE aech LAt OF (BREnY) &) Ap G rERbe Fopes
secornyl galdb QxpebeerbedatiN@bhibbt efaid, Nbac PRSI ite GEBELIOFaSbH €Bhtrol
conprising the acceleration control system having the first and second

t r ansf er syateot hensngla agetbon@? £ réhef eac denet adn ofpid whet digdisthanv@nderter ces
may be decreased to any arbitrarily selected |level. The transfer functions
Gl and G"Hehrr26haBnbie HECEePaiR orfhSf SKReT BRIt PRI PER 930 d$pEH3ELSD t he
respectiye _forces (the effected quantities the transfer functions, thus
he out BT o e obf o iiterer el e 1rhE Tourtdt & CFRRetBITy 5P Ehe

posi ti oncgpNtyi@hbet £1%e hRldicensianticdnerbiesphi&stt gain, but the transfer
function for a disturbance force may be selected by 30 selecting a | oop

gai LKl . Any | oop Daian Khboaymdoe: 6 ebkepregwht invention, the

acceleration control system has a selected loop gain, the first

transfer function being

Gl=—,
m
the second transfer function being
1
15 G2= .
m+ Kl
and the loop gain being
KI=Kf-Ks .

wherein m is the mass of the object, Kl is the loop gain, Kf is the
first gain of the first filter and Ks is the second gain of the
20 second filter,
In a position control system comprising the acceleration
control system having the first and second transfer functions Gl and
G2, the acceleration due to disturbance forces ma? be decreased to
any arbitrarily selected level. The transfer functions Gl and G2 may
25 denote the relation of the acceleration in response to the respective
forces {(the effected guantities by the transfer functions, thus the
output, are object accelerations). The transfer function for the
position controller is held constant to the object gain, but the
transfer function for a disturbance force may be selected by

30 selecting a loop gain Kl. Any loop gain K1 may be selected and



P-1684.010 5 10 Ks= KI Advantageously, the first transfer function Gl does
not substantially vary as a function of an input frequency, and the 15
second tpansderyifunction & varies as g, function of an input frequency. To
ensure systemstability under all circunstances, the second transfer
function for a disturbance force may vary as a function of the frequency
of the applied disturbance force. For higher frequencies, the object gain
Ho gener amplememngetisbrieseladtigg2d ¢enomsbondinortisetnghéndard teecdpdagats.
and/or time delays. To avoid instabilit I s therefore advantageous to
gi ve Kl BoYsHaY erltg%]i’?lum &e ﬁ‘PEjﬁ‘értlﬁte(f&ﬁhE?e%esyﬁé'cﬁlﬁgel‘gﬁ%ﬁ 1iipmjtpgions

gar ant g dnd DELRERMNEL ¢:0hubaBNChP JLSoRARLLSY, WA e g S3REC1 1 ve of

t he- phase. e resu that i NCr eases increasing

frequencypt 2nahiet D8ophper.descri bed systeminstability may occur in
particul ar at high frequenC| es, it is advantageous that the the loop gain

K1 decreases w th A nmEmsas aglile;iquencye aesutitliingei abke secdeducer ansf er
function & that increases with increasi ng i nput frequency. Wth the
at

i ncr easi figl t30AFs £&FS T uhichSean 20t sergph Spt kFl'taﬁé‘cGPF@Fﬁh‘Fs 1fo°i“'m§P§rrent ed

by sel ectin q,S9rEespo nding firs ain _and sec | t
ohout d oot Tih SFSRREFS PRI San Fos MR SRIE SR TS, BRhBan (PNRERRnalds

obt ai nabk g) fdyest Hgawelancto&e@emgla@ﬂessanguimet Qaling apbtpivaabl g | oop
gain. A person skilled in the art will be able to deduce suitable first

filter asditstdendifst tgicheriagt er| stics fromthe given transfer functions
and | oop gain, and to design correspondigyg filters. However, for
conpi®t eness, suitable gains are v%h+—a- suid abl e first gain being

a suitable second gain being

Ki
Ks——KI .
1+ —

m

Advantageously, the first transfer function Gl does not
substantially vary as a function of an input frequency, and the

15 second transfer function G2 varies as a function of an input
frequency. To ensure system stability under all circumstances, the
second transfer function for a disturbance force may vary as a
function of the frequency of the applied disturbance force. For
higher frequencies, the object gain Ho generally starts deviating

20 from 1/m, for example due to dynamics and/or time delays. To aveid
instability, it is therefore advantageous to give Kl a smaller gain
for higher frequencies, because stability is garanteed if the product
of K1 and Ho is smaller than 1, irrespective of the phase. The result
is that G2 increases up to 1/m for increasing frequency.

25 As the above-described system instability may occur in
particular at high frequencies, it is advantageous that the the locp
gain Kl decreases with increasing frequency, resulting in a second
transfer function G2 that increases with increasing input frequency.

With the increasing transfer function, it may approach the original



Kf=1+Kl, and ma suitable second gain being P-1684.010 11 object gain. In
that case, the acceleration control systemmay not influence any force
above a e{ééaqlt rblfor equency applied to the object. In an enbodi nent of the
present 1Tnvention in which the secon ransfer function &G is a function
of an input frequency, the 5 loop gain K1 is provided by a frequency
dependent loop filter H (s), the frequency dependency of the first filter
Hf bei ngob;ch(tS)galm HLf syhatmcase, t tige faceglensyidepentest yspdtdi @ayeaond
filter ﬁé{bel ng 10 HS(S) Hi(s) 1+-(s) mTo obtain_a frequency dependent
second t #®@ Qiﬂcef aREt forre @Povehe ¢ igal newuennyy al@élaeﬂulh%tﬁhmobﬁe‘at
frequency, i.e. 00 | t.er Consequent,| the fi | ter and
the second fi I ter ‘Tmas" 85'%’89@"?%&‘% 5H§ Bf<4 éﬁﬁ'éh?ﬂ/ Hhé" FI ¥he st
filter a@@'ccsrme tﬁngﬁgp%ﬁet'lbﬁr Gﬁmy eaeﬁzsy%@%nu%pat S@fec!;deggg figd er.
A suitable Toop filter 1s a secon oW pass f an | hfegrator.
It shoul odie gadhed] magnrdalﬁﬁpatBytdnefxferqequeﬁcd/epiﬁﬂendemwp fif 1 tlelre HE k $ St
filter and the second filter, the first transfer function is still

subst ant Fi¢ | firesygaryt depdnsiengyepEethsf fiiet nhiskrasf HIQbehwd obj ect, and
therefore independent fromany freguency. Hi(s)an enbodi nent of t he present

i nvention, the position control {tkT TSle screte tinme system Such a
digital systemis easily designed and cost™effective. In a further

enbodi mant 03| tion control st em ha
nd éh equency dependency yég the second filter Hs(s) being

Hi(s)
Hi(s)
m

10 Hs(s)=
1+

To obtain a frequency dependent second transfer function
G2, the loop gain Kl may be a function of a frequency, i.e. a loop
filter Hl(8). Consequently, the first filter and the second filter
may become functions of the frequency, as the first filter and the

15 second filter may be constructed using said loop filter. A suitable
loop filter is a second-order low-pass filter or an integrator.

It should be noted, that despite the frequency dependency
of the first filter and the second filter, the first transfer
function is still substantially equal to the inverse of the mass of

20 the object, and therefore independent from any frequency.

In an embodiment of the present invention, the position
control system is a discrete time system. Such a digital system is
easily designed and cost-effective.

In a further embodiment, the position control system has

25 at least a process transfer function delay Dp = z P in series with the
object gain and an acceleration measurement delay Da = 29 in the
acceleration feedback circuit in series with the second gain. The
position contreol system may exhibit delays anywhere in the system, as

stated above. The delays may be measured, calculated or otherwise




25 at least a process transfer function delay Dp = z-' in series with the
obj ect gain and an accel eration neasurenent delay Da = z-gq in the

accel erabi pgpf gggback circuit in seri &hﬁzv"ith the second gain. The position
control system may exhibit del ays anywhere in the system as stated above.
The del ays may be neasured, cal cul ated or otherw se P-1684.010 12 deduced
and thereafter nodeled and included in the systemdesign. Two inportant
del ays t #edugegl apd phessrfiternmbfel sy stredmiactudedrimcebs bysinsd eesfignct i on
delay Dp and an accel erati on nmeasurenent delay Da. The process transfer
function delay Dp 'F‘écbrlé‘?é’ﬁﬁénénd%‘-atﬁ?ertaﬂ 'EPeHé’g? Pﬁﬁ?e%'éc’d’r $hse BBESM t37E

Torent e, pOsl-L! 0D, COALT QLLRk s QUIIULS pB BOSI L1 acegatielLer Latce and the

nmonment t ] ect acce position COI’] orce. he

accel er agéngy :ﬁea@Hé eééeltaxnppef EHAINRE €HH SAAY @gl 2y f&@ént_cscgws during
the neasurenent of the acceleration of the object. ?n a digital system

the tswo dedmals Bplayndtlm: reyrulge betamees@héeﬁomdqnhezpesambzﬂa:Enzrqlm
introduced in the system design. In this representation, p and g are not
limted ‘E"btRL%Ftse@ePosh’i&ﬂTelcé’ntFﬁH%lﬁﬂrﬁ@ A sEq \R)é’"‘&éFa‘gr%e i9PIEFE di gi tal

d = H
PYTL o SRtk Pa R o bE) ponitian copbkaTle b 0Lt HhO WA O | |
control gysd&Bmeht é@?é&l' d)ab%eggeé'm %E?Ogeiéf&attﬂalleogghﬁé{ cidxlltn%r gnh8ny

anal ogously be conprised in an anal ogué position control systém as

di scl osedledmiremeabove. thithidceedayatidrt @f bas diepsctdescribed by its

characteristics, fornulated in equations, it is noted that the person
10

In a digital system, the two delays Dp and Da may be
represented as Dp= z® and Da= z 9 and introduced in the system
design. In this representation, p and q are not limited to integer

numbers. Introducing these two delays in the digital system design

leads to a suitable first filter being:
—(p+q)

15 Hf(z)=1+ Hl(z)

and a suitable second filter being:

Hi(z)

Hs(z) =

-(p+q)

1+ Hi(z) 2
m

Although the delay filters are presented and described in

combination with a digital position control system, it should be
20 understood that the delay filters may analogously be comprised in an
analogue position control system as disclosed hereinabove.

While any filter has been described by its
characteristics, formulated in equations, it is noted that the person
gkilled in the art will be able to implement the filters using the

25 given description and formulas in a position control system according
to the present invention.

In a further aspect of the present invention there is
provided a position control system as above described in relation to

a lithographic apparatus.




skilled in the art will be able to inplenment the filters using the 25 given
description and fornmulas in a position control system according to the
pr esent ﬁgy t%&n. In a further aspect,_of the present invention there is

%? sitPon

provi ded cont rol systen1as]§bove described in relation to a

| it hographi c apparatus. leads to a suitable first filter being: _(P+4)

Hf (z)=1+HI (z) mand a suitable second filter being: P-1684.010 13 According
to a anot her aspedcdirdihg pseseaitiotheyefsépedt, oft bReé epiasgiitod ndeft fordevi ce
manuf acturing method conprising a step of controlling a position of at

| east onehensyéabbeovideta deriparmdrafiagturseg deddiedt Famer I siqiad apateRrafi ng
nmeans, or

bot hh; .wh in.the st f, 5 trolli |t ' th
Steps of COUFELLIHG 3 REHFGR Porte Y6 BRE S FOFeaBI & un L Pa iilar

det er m Nty ARELLEL, RASI baPeOin AR hellBY AL BN, ChherediPAHNGLbgCke sl d
position to an I npuf of a position —controller (6), 10 characterized by -
subt ract ¢ iflihées gsbficdehetanpOibezOnheobt gd: from a position
controller force (Fp) using a subtractor (8) conprised in a first

accel eration circui texdsriiod; a- conincdr fagce hFYuropusadd moneadlist PRLedT: (8)
using a first 15 filter (H) having a_first gain_(Kf)_ conprised in the
first accel eration HFEIFERHPANTH 2G4t RO HiHy © nsﬁgc%é’i'cgpreék’ﬁ&ome%%i d
noveabl e object; -_fj ri.n ' | ont.r | I Lhg: a, second
filter (Hs) having éh%%ggﬁdgaggn EEs%%%g%%%?éga%%nggpg%ggggbﬁgggg%e eration

circuit bs¥@ieands),
10 characterized by
- subtracting a filtered acceleration control signal from
a position controller force (Fp) using a subtractor (8)
comprised in a first acceleration circuit branch;
- filtering the output of the subtractor (8) using a first
15 filter (Hf) having a first gain (Kf) comprised in the
first acceleration circuit branch;
- determining an acceleration of said moveable object;
- filtering an acceleration control signal using a second
filter {Hs) having a second gain (Ks) comprised in a
20 gsecond acceleration circuit branch; and
- supplying the output of the second acceleration circuit
branch to the subtractor (8) comprised in the first
acceleration circuit branch.
Although specific reference may be made in this text to
25 the use of the apparatus according to the invention in the
manufacture of ICs, it should be explicitly understood that such an
apparatus has many other possible applications. For example, it may
be employed in the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain memories,
30 liquid-crystal display panels, thin-film magnetic heads, etc. The

gkilled artisan will appreciate that, in the context of such



- supplying the output of the second acceleration circuit branch to the
subtract or (8) corrpri sed in the first acceleration circuit branch.

Al t hough o SP&RGI i G ref erence may be nm e4|n this text to 25 the use of the
appar at ug accoreil ng to the invention in the manufacture of 1Cs, it should
be explicitly understood that such an apparatus has nmany ot her possible
applications. For exanple, it may be enployed in the manufacture of

i nt egr at etk eoplaitéat spystiensiongui sianameand tied echimen "patiel«rs, frenfengnetic

domain nenories, 30 liquid-crystal display panels, thin-film magnetic
heads, ef%le'“l'ﬁél tékﬁlq@‘d: ﬁhopianbwqqnsaésr iaf eeiRat reP#‘CEEI’?e byoRhe xroxst
such P-1684 0.14 alternativye | i.cations,, an terns, .
“reticled shing R VBB R A R e AT b RO hel o iR PAE BEF Wy

repl aced by t he r@&ﬁatHleP?EQEnEEHHE%meH@S the 3RSt FALLIa@RM" LA J8leam”
portion", respectively. [n the present document, the terms “"radiation" and

"bead &ranmedsed éncaneezpaid ajped mesleo‘:t:aimmmﬁragﬁmiatﬂoadl ation,
including ultraviolet (UV) radiation (e.g. with a wavel ength of 365, 248,
193, 1571@11@29%14;':@1@%@@ dHg) ulratdlét\;pal &% - EMILhr ad%‘remgt@eoé 36| ng

| th th |1 h
bonny o i e diBon 1o A5 0 nEh, o e ete vl G RaGeRE ! CROVS HRiaa g o "
descri beg, gby PARY ng Of v@@mhstﬂnimﬁ@ gangsf@ﬁ%)toag hseﬂ%%n{agwwﬂe

schemati ¢ drawi ng3 in which correspondi ng reference symbol s i ndicate
correspopshiny pachSas aih iveawbi 6h eldcguba Beghepi cts a |ithographic
projection apparatus 15 according to an enbodi nent of the invention;

Fi gule 2 is a scheﬁifquémlgrléékoﬂi@@r é}nvelﬂtieprpmiéﬁ eV b aidscraped oty glay
system e pos t eedback; gure IS schemati c bl qck di agram

of an _en‘B o‘Pni%l r6 e’é%‘?ﬁerﬁ E{’%t%‘fﬁoé‘@@i'i‘?’a?ﬁgs%e“laﬁé present
I nventi oy, Q! GHN &h ik 122 SE085RI] GePbPCK-LI AT  nds SAvent i onal

corresponding parts, and in which:

Figure 1 depicts a lithographic projectiocon apparatus

15 according to an embodiment of the invention;

Figure 2 is a schematic block diagram of a prior art
position control system employing position feedback;

Figure 3 is a schematic block diagram of an embediment of
a position control system according to the present invention;

20 Figure 4A is a schematic block diagram of a conventional
acceleration control system;

Figure 4B is a schematic block diagram of an acceleration
control system according to the present invention having a position
controller force as an input;

25 Figure 4C is a schematic block diagram of an acceleration
control system according to the present invention having a
disturbance force as an input;

Figure 5A is a schematic block diagram of an embodiment of
a first filter;

30 Figure 5B is a schematic block diagram of an embodiment of

a second filter;



accel eration control system Figure 4B is a schematic bl ock diagram of an
acceleration control systemaccording to the present invention having a
positionp_fggylb | er force as an inputi 25 Figure 4C is a schematic bl ock
di agram of “an ‘accel eration control system according to the present

I nvention having a disturbance force as an input; Figure 5A is a schematic
bl ock di agram of an enbodi nent of a first filter; 30 Figure 5Bis a
schemati c bl ock dikgram 6 as &nddchimaent mfockadiegomd 4f larermbPdiGad @X0 15
Figure 5Cis a schematic bl ock diagram of an enbodi nent of a position
control 3RITFHIFECHPBEFRY SYFRB PFEVEHNT RO eHie ATESERHUERVENEIPTE schemati ¢
bl ock di agram of digital . enbodi nent of. the present inventi.on, wherein
sone filters reprg%ﬁ%e % 683%isbch1f“1a 19(;%1%%3{5@3%195?‘35%%? Sie]lﬁé;g/%.l Figure 7A
and 7B ag@haHidRie bl U rAldsRdt t iy dHAGES SwhSNS otkt ¥i BeddLvuadruhihy t he
digital enmbodinent of Fig. 6. Figure 8 is a schematic bl ock diagram of a
furtiser podmidilyenh ofie tdystemepeasent\d@iaysn enpl oyi ng accel eration set point
10 feedforward. Enbodinent 1 Figure 1 schenmatically depicts a |ithographic
proj ection apparaf¥@BIre Jécardi thy are arprie iiddiugtrakbesi thenPreresse
invention. 15 The apparatus. rises: -.a radjiation systemlL, for
supplyinfﬁ?fﬁg;gfggt? Be: nggnﬁheré%%lﬁ?}o?ﬁb? q?ﬁisogaﬁfQIHﬁ’ar case, the
radi ation system %ﬁlré@”ﬁ?é' 8 eScrana®dhab] Mk %ﬁQF;EQm'-oAE 4 farkhest object
tabl e (rmask table) provided wth a 20 nmask hol'der for holding a mask MA
(e.g. a emodimeht andcloopieckatd imverdtibatl efpbditineiangeh@pasi ddMskepoint

accurately positioning the mask with
10 feedforward.

Embodiment 1

Figure 1 schematically depicts a lithographic projecticn
apparatus 1 according to a particular embodiment of the invention.
15 The apparatus comprises:
- a radiation system IL, for supplying a projection beam
PB of radiation. In this particular case, the radiation system also
comprises a radiation source LA;
- a first object table (mask table) MT provided with a
20 mask holder for holding a mask MA {e.g. a reticle), and connected to
first positioning means PM for accurately positioning the mask with
regpect to item PL;
- a second object table {(substrate table) WT provided with
a substrate holder for holding a substrate W {(e.g. a resist-coated
25 silicon wafer), and connected to second positioning means PW for
accurately positioning the substrate with respect to item PL; and
- a projection system (*lens”) PL for imaging an
irradiated portion of the mask MA onto a target portion C (e.g.
comprising one or more dies) of the substrate W.
30 As here depicted, the apparatus is of a transmissive type

{(i.e. has a transmissive mask). However, in general, it may also be



respect to itemPL; - a second object table (substrate table) W provided
with a substrate holder for holding a substrate W(e.g. a resist-coated
25 silicgr fer), and connected to s nd positioning means PW for

accur at ePSl%%s'i%tliboni ng the substrate \;e\%cét)h respect toitemPL; and - a
projection system ("lens") PL for imaging an irradiated portion of the
mask MA onto a target portion C (e.g. conprising one or nore dies) of the
substratef W r3FlAsties ecygdeni cbedexdid eafpatiatairdfdeat iae tmagkam ssi ve type
(i.e. has_a transm ssive nmask). However, in general, it may also be

P- 1684. OAbrermasivaly ef the iPparalpe Mo LTk e e thirt hladr@%/ |IRACEEYBingSK) .

Al ternatjvely, the apparatus _ma mpl.Qy _anot her kind, of patternin nmeans,
such as T ToFHHaT & M EBATEITES THECET SHEAST & ETPECRT 0 45008, 55 The
source Liprpduces a beam of radiation. This beamis fed into an
illumnation system (illumnator) IL, either directly or after having
travey sed conditi cThen@goneaeSLA Spiedduaesaa lesam epaadest iod . oThasabpae.isThe
illumnator IL may conprise adjusting means for setting the outer and/or

i nner r aftdlinget et 11 BoRMELPDr eYereed ilduninawpry- it el EiRY slirgaEty or
respectivgl‘%/ﬁ) of .the_i ntensidtg d%st.ri Qution in the beam_In addition, it
will gendra P3RPr PR SFAR 0 HR™Ot H L EoRp RNt hs iR n2 3 S*REBIT 1 or

and a copgensgip1bn tHY Si MR nkbEr ﬂ?%ﬁypgorhmsfbg'aﬁgu%iﬁ@%é%kf% has a
desired uniformty and intensity distribution in ifs cross-section. 15 It
shoul d beetmitred thiet butegard/be fhger acalliabaéxtidre Jeomeenly Adfeyrbd wotdd n
the housing of the Ilithographic projection apparatus (as is often the case
whenl® heSsotliege 2apA ¢sinnater &gepetielyl opt E@rigitensibytdiHaibutinayinl so

b te f the |ith hi, | ecti tus, th di at i b
i Ch 1B ORes LB Ia: 20C | KLl (SRE-ERbHY MBS CEgvatA Tt (e d of

tsﬁiet 22{]?%%&6'_%&?1%@2 nEﬂ'uEH UsShn 1hPeSrdid! GhaSEBHdedsks . Oth hild GaGdSEnahen

beam PB impinging on the mask MA has a desired uniformity and
intensity distribution in its cross-section.

15 It should be noted with regard to figure 1 that the source
LA may be within the housing of the lithographic projection apparatus
{(as is often the case when the source LA is a mercury lamp, for
example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led

20 into the apparatus (e.g. with the aid of suitable directing mirrors);
this latter scenario is often the case when the source LA is an
excimer laser. The current invention and claims encompass both of
these scenarios.

The beam PB subsequently intercepts the mask MA, which is

25 held on a mask table MT. Having traversed the mask MA, the beam PB
passes through the lens PL, which focuses the beam PB onto a target
portion C of the substrate W. With the aid of the second positioning
means PW (and interferometric measuring means IF), the substrate
table WT can be moved accurately, e.g. 8o as to position different

30 target portions C in the path of the beam PB. Similarly, the first

positioning means PM can be used to accurately position the mask MA




excinmer |aser. The current invention and clai ns enconpass both of these
scenari os. The beam PB subsequently intercepts the mask MA, which is 25
hel d on a_{@sk ohabl e M. Having traversed the mask MA, the beam PB passes
through the lens PL, which focuses the beam PB onto a target portion C of
the substrate W Wth the aid of the second posi tioning nmeans PW (and
interferonetric nmeasuring neans |IF), the substrate table WI can be noved
accur at evith gegpesh &g the ;P@§F1t PBthi fofeameRB. 30 a-argberpoechasisat in the
path of the bea the firs osi tioning neans PM can_be used

P Si |
D P cour A ATs PE; R (ash b R (2 T8t BHOTary wiPE R ELRR A H85e LA vt 1
of the bamh, Rodenald e TEENERISAL cabSLE | BalOli ey oo Wil M sk

l'i brary, uring a scan. eral, novenent o e object tables M,

WE wi || blee rid ozed mﬁglsttrb@eamdd@fe a(cbaﬂge Spdaka on@EY) eald RALEHBrt -
positioning) and a short- S stroke nodule (fine positioning), which are not
expl i%i t $yrakpimotdade [firfs g:@sétionirm!/everhiclh rRzeh@otasspbic i aldepistepper
(as opposed_to a _step-and-scan apparatus) the mask table MI may just be
connect et tG & eshor ¥ ‘%‘?"re&kel&c'f‘iﬁgtﬁse 8f fefPifF FERBAST MRk ‘WROSEG to a

substr at M%!E tyate
al i gnmenfg éé{%@l)r{riarg %ﬂ&%%q#ze&g%pl ct eggggga@naﬁn& g%ttl\)%e use %’&QeﬁuPé d

di f f er enghomdesrokd. Adt e, Medenay e Faskdl apdsx MR hﬁd%stﬁ&&%nwl raéyy
stationary, and an entire mask inmage is projected in one go (i.e. a single
"fl ash")borlocaetanging porski eni@meiie werkst Mt M2 apdesyisiisates aflhgnmei f t ed
in the x and/or y _directions so that a different target portion C can be

i rrad at BFHR BlheP Beam PB; and 2.1n scan node, essentially the sane

scenario applies, | nst gﬁ%ﬁcEE&t n@%a\éﬁgl ka/%?elt W@kt hg”tv% ' F0LAXARRRL I N a

single "flash". s novabl e 1n a given iTection
20 (the so-called i soanstdp’ REHEPNthe Gagk tAS1ey Ml LECkéEPN)esdentialfpeed v,

so that the proj ection beam PB i s caused to scan over a mask
stationary, and an entire mask image is projected in one go (i.e. a
single *“flash”) onto a target portion C. The substrate table WT is
15 then shifted in the x and/or y directions so that a different target
portion C can be irradiated by the beam PB; and

2.In scan mode, essentially the same scenario applies,
except that a given target portion C is not exposed in a single
“flash”. Instead, the mask table MT is movable in a given direction

20 (the so-called “scan direction”, e.g. the y direction} with a speed
v, so that the projection beam PB is caused to scan over a mask
image; concurrently, the substrate table WT is simultaneocusly moved
in the same or opposite direction at a speed V = Mv, in which M is
the magnification of the lens PL (typically, M = 1/4 or 1/5). In this

25 manner, a relatively large target portion C can be exposed, without
having to compromise on resoclution.

The positioning means PM and PW may be embodiments of the
position control system according to the present invention. The
figures and their description hereinafter will be dedicated to such

30 position control systems. First, for a good understanding, the

construction and operation of a position control system will be



| mage; concurrently, the substrate table WI is sinultaneously noved in the
sane or opposite direction at a speed V = wv, in which Mis the
nagnificgtiQ? the | ens PL (typicall¥ = 1/4 or 1/5). In this 25

manner , St er | arge target port gon C can be exposed, w thout having
to conprom se on resolution. The positioning means PM and PW nay be

enbodi nents of the position control system according to the present

i nvent i ofles dhided§ LgUr€BataiGh thea rpriescarpt bosi diereicsattel svddenhe dedi cat ed
to such 30 position control systenms. First, for a good understanding, the
constr uc?h‘%ﬁ?aefﬁér@pelﬂambﬂ@i@ﬁné pbstihd prregent rigivesydranvivl Ibeherpsesiger 010
18 descrlb dinr tion to a prior art position control system

Ther eaf t 3¢ 45?°éﬁ§8 lnent of the present invention will be presented and

described. Figure g have on%eedﬁgregpp%mtll“?haop%l IsQR i3 cont r ol

system that enpl oys k for controlling the p05|t|on of an
obj ed . &xiwrdlalskytémofRd@nposis i gubitaBhr fbe®ETke ForacofitsdNatigabsel ut e

position is determned and fed to the position control systemvia a set

poi nt i npesitionFpdnan hebiketi.r Byt eyt droposhe inowitioneesnined system, a

absol ute 05|t|og {7 the caontrol|ed 10 obje g arﬂr;riay be subtracted resul ting
in a desﬁi PRBPYRESRASHEACT &% JIRheTRBed 138 G5PetP. l‘t‘?]é"’c?&llf’ﬂd

rel ative, m%teggfgérg%a 4 's%t%gfrn: S Bt:' £d dQnf ¢ %Sh%é 'b%{&‘r 6 via

a position contr I nput e posi |on control I'S a eV|ce wel |

known t opdsfEicsi0Na wkddledl aathle avdoland pepdilen of thansdrdridlgea novenent
signal into 15 control signals. The position controller 6 may conprise a

Pl D 1contkirdtemayabé ommipassteid| resuldridigann anpldfiired, rédat isseamgivemehe
control %sﬂlqggnal output fromthe goleon controller 6 may be ref erenced as

a posi ti SNt 8F| Bhe (BEELEp TG | I tefe T LMo oY PRRAY S8 @Lyfoh® t he
obj ect as,&, ?;E&h h%eC?o%gggog &-&%ﬁ%}eé $iY %ePthh‘[éf"éﬁ}é"%t&Bmﬁﬁh S

acceleration o epen I Ng on mass mo ect,
represenigslit NThBeposition controller 6 is a device well known to a person
skilled in the art and capable of translating a movement signal into
15 control signals. The position controller 6 may comprise a PID
controller, a low-pass filter and an amplifier, for example.

The control signal ocutput from the position controller 6
may be referenced as a position controller force Fp, since the
control signal acts upon the object as a force. The position

20 controller force Fp results in an acceleration of the object
depending on a mass m of the object, which is represented in the
diagram as object filter Ho, having an object gain Ko. Apart from the
mass m of the object, also cother parameters, such as friction, may be
present and represented by the object gain Ko, however, for

25 simplicity, it is assumed that the object gain Ko only depends on the
mase of the object.

Due to physical laws, a velocity of the object equals the
acceleration of the object integrated over time, depicted by means of
integrator 14. Similarly, an integration of a velocity signal 16 by

30 an integrator 18 leads to a determined actual position signal 20. The

position signal 20 is fed back to the input of the position control



di agram as object filter Ho, having an object gain Ko. Apart fromthe nass
m of the object, also other paranmeters, such as friction, my be present
and reprgsgiied,gy the object gain Ko,,yonever, for 25 sinplicity, it is
assunmed that the object gain Ko only dlepends on the mass of the object.
Due to physical laws, a velocity of the object equals the acceleration of
the object integrated over tine, depicted by neans of integrator 14.

Si m | ar | gysteam ivieegreesionocgf feededdcidiyepign?. 16 by 30 an integrator 18

| eads to a determ ned actual position signal 20. The position signal 20 is
fed back to the i fiith Bt RBSptRAIIS SR EBMRYOPYPERESROBHY O coPEFeMSAia a
positio C LI cal 2 Q e e tp t osition
cont rol In%ét?ea lgL'S’t 55 %% %%%ceer% %ngyg%% érgae%tgg c’eIEL<cel'£r eegﬁgﬁgphet%b%& E%I% case of
a mul tirﬁ&ﬁg.%tb.gbhl)gtﬂ@ﬂﬁiaﬁahalépaﬁ%éﬁ&ust,hEh@bJJI%CetctmbeeQﬂ:ﬁe Hrage. AF S
pressure changes i nduced by another stage may apply an external

di st & baprsssfurec ehangsniididsiradeby Howaher, stage enayeapaly f or gectéirsalir bs  t he

position_control systemas it results in an unexpected djsplacenent of the
obj ect . A IFELGPEENER ForWe SRy TR HIWEWET n FYGFESINDY LPTFS doftwdps

arTow atnd todo100h S ANNAT GOL-SOTRONSNLQ1 {00 SXS! il deJat hOWEVeT

i ncluded ™ Tn ur e eére rsturbance forc s to be

consi der @tbd1adefehPpolt dHe LBSesyStemas this is an inportant aspect for
under standing the present invention. A person skilled in the art wll

readi | y under st anc? ibiwtiusbahee plosidel 64 Conindilcagydt &m Bifguzieg2 Bygeneral |y
functions. A position input at set point 2 is subtracted with a )

det i néeftqd @rrewi caf dtteds BPE mRWPdgal seRANeHSsPE | BPE STYFYEM- 28 AP a
subtract resul.ti in. I Vi t. Si I ggaf

desired %%eg%nfgﬁ?g?%&]e l%loggglﬁ%%e%o%rsggﬁg‘?h%%gﬁgr réhiﬁes %e&fogrgéégﬁ)d nove
the objegd do veheondidlasi tedppOshditonn The fytem BB oMiPUts fanORbberant

position controller 6 is applied to the object. Further, the disturbance
f orce Fdaspdutcliorsunderstanding the present invention. _
A person skilled in the art will readily understand how
15 the position control system of Fig. 2 generally functions. A position
input at set point 2 is subtracted with a determined, i.e. calculated
or measured, actual position signal 20 by a subtractor resulting in a
desired movement signal 4. Based upon the desired movement 4, the
position controller 6 determines the force to move the object to the
20 desired position. The force Fp output from the position controller 6
is applied to the object. Further, the disturbance force Fd, which is
assumed to be present in this case, is also applied to the object.
The object accelerates as a result of the force resulting from the
force Fp applied by the position controller 6, and by the disturbance
25 force Fd, depending on the mass of the object represented by object
filter Ho having object gain Ko equaling 1/m, m being the mass of the
object.
By nature, the actual position signal 20 equals the double
integrated acceleration signal 12. Schematically, this double
30 integration is performed by integrators 14 and 18. If the

acceleration signal 12 is desired to be known, it could be measured



assuned to be present in this case, is also applied to the object. The

obj ect accelerates as a result of the force resulting fromthe force Fp
applied Py, the ;pgsition controller 6, ﬂpd by the di sturbance 25 force Fd,
dependi ng on thé mass of the object represented by object filter Ho having
object gain Ko equaling 1/m mbeing the mass of the object. By nature,
the actual position signal 20 equals the double integrated acceleration

si gnal 1@iréstfigmatri datived tfhros doellposiB@ohns Bgradt i20nby sa pdsdkdrened by
integrators 14 and 18, If the acceleration signal 12 is desired to be
known, ifikfanegepbiaei@urediprespectote Somai rew Idptermifaed i vetom t he
position_signal 20 b Qubl.e. differerentiation wth respect to tine. The
Gt er m neek SoetaPontk i 3 6Bg 1 H 5o SRR et e ers - RRE S rstor The
desi red pnoRMRARNLigGh&NA 1450885 tPhe TREUALI HA enRCRBD nORW 1OWRVEr be 5
different fromthe desired novenent that was intended to result from the

force& appiffedeny €hempdsi idesiredntovanear thdeocwssenobnidd tadirsuil bafosm
force Fd. Thus, the position controller 6 needs to change the position
control | Ete figrce ppPtE MpERsapes¥don: RenEFtiftbanbecaysr &F e 10 Note
that Figure 2.does pot inglu any _.f eedf orward Lrcuits, However, in
bract | oot T aBHra et o Rl LBy tse BRPRLER corEgPl iRt i usifhas,
POSi ti ONtKe MPRY16 965 ESHANG11@rar 98BS M8 ccORbRSInAGEL FBE 2l hON 1 sTR@HERSA I ed

obj ect acceleration is generally processed, for exanple multiplied by the
obj ect nass;e add added to 15 the position controller force Fp. O her
feedforward circuits may be present as well, depending on details of

obj e char act eri 19t thafj flgwrs 3 dogs dielyrianlyfe aaposiagddervartrol system

enpl oyi ngipc%sittsi o] c>fe,FeCJIrba(;k angl acceel gr a&égrnwfredecébacki ccor dibrég tg tthe
pr esent FhvehtionT “Re di é&r R %%Jfﬁ)r'i S AR Gt Celér st oh TontToP 5%ns'ystem

34. The ﬁ&ﬁeéx%hﬁiie?nt}?@'ﬁers@reSY§éﬂﬂi% QQm!cﬁ%e@thHSEo apdieiregcond
acceleration circuit branch. The first circuit branch

object acceleration. The desired object acceleration is generally
processed, for example multiplied by the object mass, and added to
15 the position controller force Fp. Other feedforward circuits may be
present as well, depending on details of object characteristics.
Figure 3 is a diagram of a position control system
employing position feedback and acceleration feedback according to
the present invention. The diagram comprises an acceleration control
20 system 34. The acceleration control system 34 comprises a first and a
second acceleration circuit branch. The first circuit branch
comprises a subtractor 8 and a first filter Hf having a first gain
Kf. The second circuit branch comprises a second filter Ha having a
second gain Ks. Further, an acceleration feedback signal 28 is input
25 to the second filter Hs and the filtered acceleration feedback signal
32 1is output from the second filter Hs and subtracted from the
position controller force Fp output from the position contreoller 6 by
subtractor 8. Not the position controller force Fp, but a control
force Fc is exerted on the object. The control force Fc is output by
30 the first filter Hf.

For a good understanding of the acceleration control



conprises a subtractor 8 and a first filter Hf having a first gain Kf. The

second circuit branch conprises a second filter Hs having a second gain

Ks. Fur'lt_ggfss an.gccel eration feedback signal 28 is input 25 to the second
an

filter éthefiltered accel eration feedback signal 32 is output from
the second filter Hs and subtracted fromthe position controller force Fp
output fromthe position controller 6 by subtractor 8 Not the position
cont r ol | gystfenr @, Fpefémence denthade td drigerés 4% eBephddiOrbafltaeobj ect. The
control force Fc is output by 30 the first filter H. For a good

under st afRR G PGNTt e AEEtdPRE PP dier BPS P IBB £ D015 e gAY ding

referenchiFsi ngg_‘e:%to Fi gures 4A, 4B and 4C before describing the

functioning thé position control systemaccording to Figure 3. Figure

4A shows a gener al FASIeC 4808660 DigeRBraL O HIALbARep® SO Akc8YSEANoB0
conprising a loop gain KI and the object filter Ho. Conpared to the system
il ustratedtial Byguee 3% ddmerisomg gailwol gaiml Kla adedbactbidatc fiilt88 Buy.e
added. The acceleration is related to the position controller force Fp by
a gai n KFPTRAMED) toThae Juatiery Al Rt yaledr dpal &P % 2r hEREI LPR Farie Xt 3% Fd

by a gain %ée%‘é‘ék) SRR %eré’iéetci.o%h%%éée l%rﬁé{t):&{o&[ £8 I.Fé)le{tl%%ukzéisgljﬁ@ a

di fferent ac eration ~conpareéd 10 a system w e accelera

control systieMn3Bont ol A otk arp N gKlini 1 MK 1H I eanencacederapdsmtiso
as to dimnish the |oop gain Kl I15‘)or hi gher frequencies in view of del ays
or dynantekatied thiothé hiistelrdhnoa betaedd ppsi tgadm adritnrBl) erTHuer,ce FI D and
t he actual 15 accel eration al so becones dependent on the frequency. Thus,

t he 10r i Bpsiiiashreptreplar SPrEEnfP STeplaced dylid frregtetiesrrepéntent
0o oo bR gl e R BB SRR , Bl SORAIA 5,
for thisppiRQSer, Wh&eh 11S i3engaa! £ deqtRnty daddddddnl: Wbt s 2 ragahdsh Oche
stability of the position control |oop. Figures 4B and 4C illustrate the
accel er alogm gadnt Kbl for higher frequencies in view of delays or dynamics in
Ho, the relation between position controller force Fp and the actual
15 acceleration also becomes dependent on the frequency. Thus, the
original object gain of 1/m is replaced by a frequency dependent
gain. It is difficult for the position controller & to compensate
this frequency dependent gain. The position contrecller € needs to be
modified for this purpoge, which is generally very difficult with
20 regard to stability of the position control loop.
Figures 4B and 4C illustrate the acceleration control
system 34 according to the present invention having a subtractor 8, a
first filter Hf having a first gain Kf and a second filter Hs having
a second gain Hs. Figure 4B illustrates the acceleration control
25 system 34 with only the position controllier force Fp as an input.
Figure 4C illustrates the same but only having the disturbance force
Fd as an input. Both acceleration control systems of Figs. 4B and 4C
have the actual acceleration of the object as output.
The acceleration resulting from position controller force
30 Fp should not be changed, i.e. increased or attenuated, by the

acceleration control system 34, compared to the acceleration



system 34 according to the present invention having a subtractor 8, a
first filter Hf having a first gain Kf and a second filter Hs having a
second ggi{edis.o1fgi gure 4B illustrates yhe acceleration control 25 system 34
with only the position controller force Fp as an input. Figure 4C
Il lustrates the sane but only having the disturbance force Fd as an input.
Bot h accel eration control systens of Figs. 4B and 4C have the actual
accel er argonltoingt fsovpesit ing ganprllefhdonce fmriat ithe sesten iiigubtoated
posi tion, controll r force 30 F %ﬁuld not be changed, i.e. increased or

c

at t enuat &%, TP ERE - B &Pt FBAT CONtTS aE?E%%?ﬁtlen ESHE’&‘F]ecFYES&eE“hé‘I

accel era p. Jorce Fpin
t he syst%ﬂ%&%{lﬁé’??gt géQ %ﬁ: Fi Eggg’m’p ﬁ&wm g%ééal % fctﬂﬁée%a%:gtre erat i on
control sysiemtd4 sshoul d equal 1/mfor a position control force Fp input
to the subtractor 8. The gain of the acceleration control system 34 equal s
for %n input int oTltmaa@@bpfa‘éltl@raCSJeIlﬁraKlanl(fon-thlﬂssmqm 3rtd equate dfaad
above shoul d e%ual a f| rst constraint for the first gain Kf and
second gaf mtTEY éntth Prnsul?fj’ﬁ'l'ﬁf"‘ “fim Now referring to Figure 4C, the

di sturbance force Fd should be attenuat@ﬁl with a | oop gain K1 conparable
to the loop gain introduced in Figure 4 In fact, the accel eration
control system34 illustrated in i"gurqr(leﬁy s substantial | y identical to
the circuit in 1+

m

and as stated above should equal 1/m. Thus, a first

constraint for the first gain Kf and second gain Ks is:

Xf
—m
10 X Ks

1
—.

m

Now referring to Figure 4C, the disturbance force Fd
should be attenuated with a loop gain K1 comparable to the loop gain
introduced in Figure 4A. In fact, the acceleration control system 34
illustrated in Figure 4C is substantially identical to the circuit in

15 Figure 4A as, in this case, the first filter Hf and the second filter
Hs may be combined and represented as one filter. Thus, the loop gain
K1 may represent both filters and thus equal the first gain Kf
multiplied by the second gain Ks:
Ki=Kf-Ks,
20 resulting in a second constraint for the first gain Kf and the second
gain Ks.

It is to be noted that emﬁloying an acceleration control
system 34 according to the present invention results in an
attenuation of an acceleration caused by a disturbance force Fd,

25 whereas an acceleration caused by the position controller force is
kept unchanged.

The two constraints described in relation to Figs. 4B and



15 Figure 4A as, in this case, the first filter H and the second filter
Hs may be conbi ned and represented as one filter. Thus, the |oop gain K
may reprﬁSf%ﬁﬁtxnrlfilters and thus equal the first gain Kf nultiplied by

t he secohd MiRs: Ki= Ki Ks , 20 r lting in a second constraint for
the first gain Kf and the second gain Ks. It is to be noted that enploying
an acceleration control system 34 according to the present invention
results &0 mdy bt teRbMeDNtPbbBALIACER Rhpleosi SalsRdrbYs dndligtdidanesg f or ce
Fd, 25 whereas an accel eration caused by the position controller force is
kept unchirgfediaiThBEt fwr ddwesifiasnt £ ldescHE band i ther eleabndngdim MsgSor4&hand
P-1684. 010 23 4C.may be conbined to obtain two expressions expressing the
desired 5§57 I3AFRTKE®For the first filter Hf and the second gain Ks for
the second filter Hs: Kf=1+K1 M5 Kl Lngs:1+Kl =Kf M Figure 5A

il lustrates an enbodinent of a filt havijpd the filter characteristics as
formulated for the first filter Hf above. The filter conprises a first
filt Hf 1 identical to the object, filkier I with respect to its
characteristics and a second filtér H 2x§0 ggrresponding to the loop filter
HL both put in a feed forward branchl*Figure 5B illustrates an enbodi nent
of a filter having the filter characterstics as fornulated for the second

filter Hs above. The filter_conprises a first filter Hsi identical to the
obj ect Figure 5A illustrates an embodiment of a filter having the

filter characteristics as formulated for the first filter Hf above,
The filter comprises a first filter Hfl identical to the object
filter Ho with respect to its characteristics and a second filter Hf2

10 corresponding to the loop filter Hl both put in a feed forward
branch.

Figure 5B illustrates an embodiment of a filter having the

filter characteristics as formulated for the second filter Hs above.
The filter comprises a first filter Hsl identical to the object

15 filter Ho with respect to its characteristics and a second filter Hs2
corresponding to the loop filter Hl. The first filter Hsl is placed
in a feedback circuit branch.

The physical embodiment of the filters Hf1l and Hsl, which

are identical to the object filter Ho with respect to their

20 characteristics, may be a computer implementation. That means that
the illustrated filters are implemented in a signal processing
device, a programmed computer device for example, which receives the
input signal, filters the signal according to the implemented
characteristics of the filter (in this case identical to the

25 characteristics of the object filter), and outputs the result. In
addition, also other parts of the system may be physically
implemented in a well-known computer device or be implemented using
any other kind of signal processor.

Figure 5C illustrates an embodiment of a position control



15 filter Ho with respect to its characteristics and a second filter Hs2
corresponding to the loop filter HL. The first filter Hsi is placed in a
f eedbackpci ggplids gbor anch. The physi cal ?‘{'rbodi ment of the filters Hf 1 and
Hsi, which are identical to the object filter Ho with respect to their 20
characteristics, may be a conputer inplenentation. That neans that the
illustrated filters are inplenented in a signal processing device, a
pr ogr anme¥s tanagcerdiey i e ther pexeemt envehttbnr edeireds the fileuis si gnal ,
filters the sij régl ,according to the inplenmented characteristics of the

a

filter (FREEH 4B Tt Tarot Blehe 75 2BAaPRARS idPlegented Hat sBPect

filter), QUL e I . It | so arts of th
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il lustrates an enbodi nent of a position control P-1684.010 24 system

accordi ngystent ¢ pebspmint rvuefroonthevhisseiradt pres ftiilonethe amtusddpoedtion

relation to Fi %Z? BA and 5B are inplenented in the position control system
|“€'r

enpl oyi n§ e 8 3Bi B ASHSAC KPP IR dPel deHingdymogement Mignadct, g

dest e BRel D50 R oh SIS RIYSL SR BE) BRI From (e

desired position act ual® posi 0°'s’s Fesul ti ng in
a desir edoEPMAMRR £81-80Fp,4a fWEEFed 2ideNRYt ad 12 RRSbRI S1yeoNtkRokLer 6.
Fromthe position controller force Fp, a filtered actual accel eration
si gnal 32ubtsractieldt andtBdwndol npet fimstt ffiélter SHE f iNower this . olN@t blietioait put
of the 10 first filter Hf is the control force Fc applied to the object,
repriésentBeptadidher olif ekt el ceptyel frreeake arprldederer Bl crbiest suppl i ed
to the sgcond filter earé);iiJ .tth gufstpeutgthe eof cits ﬁ_UbEr a.gére .Ofrognthe
posi ti on" Controrter2f orte P55 ThEH Boa Ao TR oA PRt A Harl
accel er agh i¥a0p8| tle: sdddRidaet ¥er RASIahkOPhS | AN r2PniBYoPE sl 3ubRl st & ed
and supplied to the systeminput node, i.e. set point 2, to be subtracted
from t hefrowputhedesii etbrpagintirobl e AgiirreaSpSaatdtbecribed above. From the
actual acceleration signal 12, the actual position signal 20 may be
15 calculated and supplied tc the system input node, i.e. set point 2,
to be subtracted from the input desired posgsition. Again as stated
above, usually, the position signal 20 is measured, and the actual
acceleration may be determined there f£rom.
In the illustrated position control system, any unexpected
20 acceleration of the object because of a disturbance force Fd exerted
on the object is compensated in an early stage by the acceleration
feedback system 34.
It is to be noted, that in the position control system,
there is still an unspecified filter present. The loop filter Hl has
25 at this point not been specified. The acceleration control system is
designed such, that the loop filter H]l only has an impact on a
disturbance force Fd and does not influence the reaction to any
position controller force Fp. Therefore, the loop filter H1 may be
designed according to any suitable filter characteristics.

30 In an embodiment of the present invention, the loop filter

Hl is designed as a frequency dependent filter, suppressing any low-



above, usually, the position signal 20 is neasured, and the actual

accel eration may be determned there from In the illustrated position

cont rol §y§g§znof%ny unexpected 20 acc %eration of the object because of a
di sturbance torce Fd exerted on the object is conpensated in an early
stage by the acceleration feedback system34. It is to be noted, that in
the position control system there is still an unspecified filter present.
The | oopftedniercyHlibasrb&catforbesF@pimit Netvbee mmspedighi edeqidiey

accel eration control systemis designed such, that the loop filter HL only
has an i Apatyrimics farse upphisesefor Be T9¢hanl eeadimenti nfheckrep tfidter

ti it troller f Fp. Therefore, the | filt
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a frequency dependent filter, suppr any | ow guency
di st s basessdatcegakd, but | eaving any hi gh-frequency disturbance force
unchanged. In such an enbodi nent, the loop filter HL may be a second-order
| ow- pass filter orFignientéedidvorratiepvanerher tawbadiopnti o evheHpreragnbe

frequenc inde_pendeﬂt and thus being just a5, constant ,8ai n. Figure 6
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escri yst ens, ere nmy ays present |
system hhensf de@ aybNpfédghntt int vhe 16/neasi therselmys iar eigncd uded in the
position control system A first delay present in the systemmy be a
prockss presgidfler dedagsi ore dalicdpdediire the gebayidn menpgsilt spstaonfr Sitel
output tQ actual acceleration of the object. A second _delay may be an

accol or afP LAY RESSEREMbh PGV IR IRE Br BEGSRSS (FASPERT | HHRANTIOR EISY: i s
| ntroduced. 1, 119, PRsbh 4 29Bh" ShnIET BYAIERY BEchhE AR AGtatibler M

to inclu
of the object. A second delay may be an acceleration measurement

delay.

15 The process transfer function delay is introduced in the
position control system by amending the object filter Ho to include
the delay. In discrete time, a delay is represented as z'®, thus the
object filter Ho becoming z'?/m. The acceleration measurement delay
is introduced as a separate delay filter located in the feedback

20 branch of the acceleration control system 34.

An acceleration measurement delay filter Da equals z™?. The
amended and the added filter lead to amended characteristics of the
overall position control system. In particular, the first gain Gl now
changes to z®/m, i.e. remaining the same as the cbject gain

25 including delay. However, basically the digital position contrel
system comprising filters representing one or more delays functions
similar to the position control system of Figs. 3, 4A - 4C and 5A& -
5C. Therefore, a more detailed description of the digital position
control system is omitted.

3o Fig. 7A illustrates theoretical and Fig. 7B illustrates

practical results achieved with the embodiment described in relation



the delay. In discrete tinme, a delay is represented as z-', thus the

object filter Ho becom ng z _p/m The accel eration neasurenent delay is

i nt roduc dlgqs‘gf aor%%eparate delay filter %gcat ed in the feedback 20 branch of
0

t he accefler control system 34. An®accel eration nmeasurenent del ay
filter Da equals z-1. The anended and the added filter |ead to anended
characteristics of the overall position control system In particular, the
first gata Hgnhew Thbagofshd Anz FP4s) TA @ndl @BBéMbN G Hehproa8®s aferdshei obfgct
gain 25 including delay. However, basically the digital position control
syst em cBhptisidigitalt emrodiggnssant & niprotdonr ofiovle delegypentyinef ithes input
simlar to th osition contral system of gigs. 3, 4A_- 4C and 5A - 5C.

Ther ef or 82540 €d&PETE eJr}tfegEFﬂ%‘F?% T LR AR LpBEL 8 i AP 2control
system i .4 L g. LA r : retical .and. Fi 9.7

i1l ust ra%SL 8 ﬂlpérhg{g%c [ %g?f% 'esTu étb\g &g%ﬁ;géevsgegl%\%t%ﬂ%?}ﬁeéﬂeo o] ﬁrrgﬁ éble?s?*cr%lngealai n

rel atd onif-die84dai@idh 1&bdittockss TenGraRhiey| N R 9the? Arans B rahevidhe
process sensitivity of thé digital enmbodinent as a function of the
frequencyroh & Wesitppbénceli Singeb&dceo ftdrec @eaFheed egruienon enrdhet .hori zont al

axis has a logarithmc scale. The process sensitivity shown in Fi gs. 7A and
7B 5 is the positith |"BoFbpreceey herspEicit pracess” paeeitisidter PPtct i on

from a disthnRangs Loree biLitooths, wasied BOSLULON eLr phe 4oy TA Shovs

the theorefical process sensi ou acceleration

f eedback; A& idMN I ThAs | henPt@eePbiddlV @Fo8s JeHisitilheyt B efiig@akiprocess
sensitivity of a digital 10 prior art position control systemis shown with

a dashedptiowe &2 pdhitidhemmeiriot abyprec dss sbemsiwith tydafhed plagiet 50N The
control system_ according to the present invention is shown with a
cont i nuokBePTetd CaBAPTPeR ST AerPdE1Vhi YRt AoPERI LR APIEEChr &Y Pr¥sent in the

system The _r.esonan peak near 1 kHz results framsuch_higher-ortder
ynan csaoqer R0 BONF B PG <RE; Lafsiniert T8, eh P TG & RoRr eGP et ca

nodel  used # rakeukal enidiesectBePr fllahllsr 88882 sent in the system. The

resonance peak near 1 kHz results from such higher;order dynamics.
15 These higher-order dynamics are included in the theoretical model
used to calculate these theoretical results.

The process sengitivity of the system according to the
present invention is clearly reduced with respect to_the process
gsensitivity of the prior art system, especially for iow frequencies.

20 For a 10 Hz disturbance force, the process sensitivity is reduced
with about 20 dB ({a factor of 10). For frequencies higher than 200
Hz, but lower than 1 kHz, the process sensitivity is slightly
increased, and for frequencies higher than 1 kHz, the process
gsensitivity is substantially the same as for a prior art system.

25 Fig. 7B shows a dashed line 56 for ; prior art system and
a continuous line 58 for a system according to the present invention.
The graphs represent measured data and thus represent the actual
position loop process sensitivity of the system. The process
sensitivity of both the prior art system and the system according to

30 the present invention do not substantially differ from the predicted

theoretical process sensitivity illustrated in Fig, JA. Note that



The process sensitivity of the systemaccording to the present invention

Is clearly reduced with respect to the process sensitivity of the prior

art syst pecially for | ow frequencies. 20 For a 10 Hz di sturbance
Rt ffbcad ¢

force, t S sensitivity is redu ®d with about 20 dB (a factor of

10). For frequencies higher than 200 Hz, but [ower than 1 kHz, the process
sensitivity is slightly increased, and for frequencies higher than 1 kHz,
the proceBsve Sensizl, | Meayutenstitbabasé i addointbBersamrasackafady Pid Ghear t
system 25 Fig. 7B shows a dashed |line 56 for a prior art systemand a
cont i nuomsasyrrMeR sf ovhick yaire haceboxl mytt sendibly dsegpmpayedtwish, thdhe
graphs represent asured data and thus represent, the actual position |oop
process §E?@ﬁ?q%ﬂag§r8?u}?ﬁ? e nthTHRY§5EBc BT S itO TREWPIRSHSt h t he

pri or arggﬁ%(r?ttg] y%gg?%g(rgn%sya%t %gkaﬁgotg 'erg:Qe o 30 the present invention do

not subst romthe predicte t heoretical process

sensigivity illustrpyed iin1bkbratds MokBet NbbRikea4 820Ky Qg 1 kHz,

measur enent noi se accounts for non-accuracy in the nmeasurenents, which can
t her ef or énvenitisenshbbynbea qospaied gwntrolher 6 hewastsi cal thesdd iferefbeas, the

system according to the present invention functions as _nmay be expected. 5
Fig. B iPFtees™f BRB D SfboBPHRN2 Fndt AR $Ftexdnt PORALEPR iignaAgaPn, a

position_controller.6 reacts on.the difference. bet n the. position set
Dot nt 2 BLBLE et baF 5A BaRBaiutar 257G on P FRR SRR crpod ment

| n addi t LRt 1the £BOSE tHON a60ALES] &It iRl 68t RfbidN raeaebakatd QFrSeL poi nt
feedforward Aff is 10 present. The acceleration set point feedforward

si gnel Aptesent .ggher atesll dratd onesepaaiintadeeti omtdran sfighéeraffa,isnhi ch has
an input that equals the desired accel eration or set point acceleration
Asp. CeReRenated breasett Rolmt aceelwrdirantil ek Haqa Whheh ek afn iPRVEYr se

of the opi_iaecte ailn, N 'étss. sei | es faq:r.m equal itn Jn .t hg oﬁ' ect. Mags. 15
General | 1St eBE" BhP i SioRe Bratt Sir vASH StoRtam Bl JoBgURI 15" BoRibI o
deriVatiﬁ@héﬁéﬂlyﬂeﬁﬁgcéeé(ﬁdihgeaeéeféyéﬁigh POi tdr BRSIihkPAdes an inverse
of the object gain, in its simplest form equaling m, the object mass.
15 Generally, the set point acceleration Asp substantially equals a
double derivative with respect to time of the set point position,
input at set point 2. The main goal of the set point acceleration
feedforward is to accelerate the object such that its position
matches the desired position without needing a mismatch between the
20 desired and the actual position to make the position contreller 6
react. Hence, the acceleration feedforward makes it possible for the
object to closely follow its set point position without needing an
input to the position controller 6.
It is observed that the acceleration set point feedforward
25 signal Aff enters the system at a node that is comparable to the
disturbance force Fd, as it is directly input into the object filter
Ho. In the embodiment illustrated in Fig. 3, the acceleration control
system 34 will attempt to diminish an effect of the acceleration set
point feedforward signal Aff. Obviously, the effect of the
30 acceleration set point feedforward signal Aff should not be

diminished.



I nput at set point 2. The main goal of the set point acceleration
feedforward is to accelerate the object such that its position matches the
desired goiﬁ%ﬁﬂtwthout needing a m spatch between the 20 desired and the

act ual % make the position cthtroller 6 react. Hence, the
accel erat ion feedforward makes it possible for the object to closely
followits set point position wi thout needing an input to the position

controller 6. It islebseredivhaind hecaceeherat isah $8EnPOFdUadRedEQr war d
25 signal Aff enters the systemat a node that is conparable to the

di st ur bastendborrddd Ednldsbe taddeddioetiid )pOISrZI]DU.IDHI e rtold epbf ecte fHg.t én  Ho.

In the enbodinment illustrated in Fig the acceleration control system
34 will abe'érﬁﬁset:otaﬁn??ﬁ%lwr&ﬁleﬂf %%rftxtﬁl EHEteR 4 eHdd Bﬁts%‘%te"ﬁ"él ke

f eedf or n effect of the 3 ele ion se
boi nt 1 e QR BT 37 SRETSAE SRR T A5 SR aP T TS TR R 6 DR
Al terqat pyel mo»;ets%racs@éﬁ@é itpR a6te RO ohessf qydvasd feéaﬁaﬁbaﬁi‘ fs:.%ﬁh'i d be
added to the p05|t|on controller force Fp. In that case, the acceleration
control ByStrewwm Jdswiblpaed tdirbeght the actedeeastond enetrbécsyaien 3@ which

accel eration set point feedforward signal 5 Aff. However, because the
accel er abp®IYEL CHBP AL C RN AR g %hag?@aaterww%wmastbe %‘é:!s%Ctt tfliétagh t he

accel er af,i system.34 whic as co at nani c

har act orporyidt nBher¥et it Prflendting P Lud T pBOLEY SO TRPe

accel eratipim 4 | w8k ERatS %Qs%nbelgbfse &RARL8SecfO e d HRE ERESAbellekrat Son
advant ageous to | et the acceleration 10 set point feedforward signal Aff
act 1 resét ypaimtt feea@bpeedrd aignahdaftitaed dbré&tily &n the pbpddtemakhat the
accel eration control system 34 reacts on the accel eration caused by the
accel era@ﬂ@*ﬁ%‘@é‘dﬂérﬁbﬁd fmy be solved by not feedi ng back the actual

acceleration 12 th cond, 15 filter Jl—|e n . acceleration
error signal 44 th 8?{ z’gf%gha‘ml}e PEER. V’ht ﬁoﬁt’éggesys&rﬁ“y gneeacts
acceleragﬁcghéugﬁcE§§P$Eiéﬁ)JQHQEB by the acceleration feedforward may be
solved by not feeding back the actual acceleration 12 through second
15 filter Hs, but feeding an acceleration error signal 44 through second
filter Hs. In such a case, only the acceleration not resulting from
the acceleration set point feedforward signal Aff is fed back into
the acceleration control system 34. The acceleration error signal 44
is deduced from the difference between the get point position 2 and
20 the actual position 20 by means of an acceleration error
reconstruction filter Hr, as indicated in Fig. 8. The acceleration
error reconstruction filter Hr generally consists of a double
differentiator that differentiates its input twice with respect to
time. Because of the sign difference of the cutput of this
25 reconstruction filter Hr compared to the original acceleration
measurement signal 12, the output of second filter Hs is added to the
position controller force Fp, instead of being subtr?cted from it.
However, a person skilled in the art will readily understand that an
inversion may be performed by a separate inverter to correct the sign
30 difference of the output of the reconstructicon filter Hr and then

subtracting the resulting signal using subtractor 8.



the acceleration set point feedforward signal Aff is fed back into the

accel eration control system 34. The acceleration error signal 44 s

deduced E[9€g4qE£difference bet ween thfbset poi nt position 2 and 20 the
ion

actual posi 0 by neans of an acceferation error reconstruction filter
Hr, as indicated in Fig. 8 The acceleration error reconstruction filter
Hr generally consists of a double differentiator that differentiates its
input twice with respet specifideemBedaeaes odf tdhe Shgentidd eraerceeon t he
output of this 25 reconstruction filter H conpared to the original

accel er afgeefrihnshappegentt digrabe12prrdniasadpubatoftheedorantion ayHbei s
added to_the . position controller force Fp, Lnstead qQf being subtracted
rom it PERGESEr CthOPETSh HaR AP QT I LG aFPE VMRS adAP AT SPRVEY t hat
an 1 NVegjs AL¢1RY ESeP@I&?r bRYm@a SERA AhEe LAY e She! chgféﬁg:tio he sign
30 difference of the output of the reconstruction filter H and thén

subt ract whgch he Inesubhing Silgnabtedi N ther acdairsd pBs1664n 013 28tMhihst
speci fic enbodi ments of the invention have been described above, it wll
be appreefeglmratiign &ne theyeesishommprbde peasuieshd adilhwing sko tdmdt asy
descri bed. . For exa as stated above, the actual _position na¥ be

| e, ,

measur edSA HEt i g PERs dCHEICEPRL | BYE CRSTWh PRRCH 49 SAERT hECBRATEACSt B f r om
t he neasyre it on, bat h cel. i 0sl tj,an e
masur odte ol Tt 08 bl T b8 w AL RiGhel AR erdBL R R i oY
speci ficelitdemcGOBROREHE SrdBanbe 4 ncl uded in H (s) to cope with
hi gher-order effects in the object filter Ho, such as resonance's. 10
Furt®er, whil st thBurthent wbhldtasthreemvdesion fes brenréé¢stiided ona
| it hographjc projection apparatus, it should be understood that the
present FRVEMITofOndyl bRy EdPT P Sty OBy BPRAR M r oF | BRI B5si ti on of
an objec T f;0 t e | pt.ion__| I d Lot the
vent | on S EBeE ar. 1 HRKEAE B aris o mad d YnpBYEACEE 4 LAkl

controlling a position of an object. Therefore, the above description

is not intended to limit the invention in any way.



1. Lithographic projection apparatus conprising: - at |east one noveable
object having a mass (m, in particular a substrate table or a mask tabl e,
and - a oi%%ion control systemfor controlling a position of 5 said

noveabl e obf&tt°1% he position control $Ystem conprising a position
controller (6) outputting a position controller force (Fp); and a position
feedback circuit (22) feeding back a determ ned actual position (20) of
the object to an input of the position conttgtmer (6), 10 characterized in
that the position control systemfurther CoOnprises an accel eration control
system (34) conprising - a first acceleration circuit branch conprising a
subtractor (8) into which the position controller force (Fp) is input; and
a first filter (Hf}-havi hyFRPGHaPEL CgRT ot 10K FPPFERS UshCOMPE hBLiRft put of

the subtractor (8).is.innil o300 QU AL LAG.S: Gontigl of QLge (HC) suhich is
J -

to be exerted on the object; an a seco accel eérati on ci di £ branch

conprising a second darktieh14Fs dwkPetd S&NQNErJa fadiKDarald hid 0 which
an 20 acceleration control signal is input, the output of the second
circuit branch bei Agaipgrittiiont costral syisteacfar ddBkrofdisybd mastitihe @it put
of the second circuit branch from the position controller force (Fp). 2.
Li t hoyr aphi WYEPReeei O effpatBfuBCREHSIUICREL Ol By SHeli fPIPT itidikien t he
accel eration control syste as first transfer functi for_the
posi 1 onPREnTdr cParEatTn el sufersy fiee = BR Finn SPhEap it ez aRn
transferhanctdRne(6R) edQivardiestuiDanes) £eE&end lckdhr 86¢ ddmigxar Ledyon
the object, the first transfer function (Gl) being substantially equal to
an obj ecpoghiion Kap) anfl 1<l @B4 2040t lart HapaecohdHea pash el of uneitiren16£2)

bei ng generally smaller than the object gain (Ko), the object gain (Ko)
substant i@l iy equaling an

10 characterized in that the position control system further
comprises an acceleration control system (34) comprising
- a first acceleration circuit branch comprising a
subtractor (8) into which the position controller force
{Fp} is input; and a first filter (Hf) having a first gain
15 {Kf) into which the output of the subtractor (8) is input
and outputting a control force (Fc) which is to be exerted
on the object; and
- a second acceleration circuit branch comprising a second
filter (Hs) having a second gain (Ks) and into which an
20 acceleration control signal is input, the output of the
second circuit branch being input into said subtractor (B8)
to subtract the output of the second circuit branch from
the position controller force (Fp).
2. Lithographic projection apparatus according to
25 claim 1, wherein the acceleration control system has a first transfer
function (Gl) for the position control force (Fp) input to the
subtractor (8) and a second transfer function (G2) for a disturbance
force (Fd) directly exerted on the object, the first transfer

function (Gl) being substantially equal to an object gain (Ko) and



I nverse of the mass of the object (1/nm. 3. Lithographic projection
apparatus according to 5 claim2, wherein the acceleration control system
(34) has pa %? qﬁtoed | oop gain (KI), t first transfer function (C) being
, % e second transfer function"{®&) being 1 & = 10 and the | oop
ga| n (KI) being mtKI ' KI = Kf Ks . 4. Lithographic projection apparatus
according to claim2 or 3, wherein the first transfer function (Gl) does
not subshandéanidy tranyfars fanfcthohi (GRjobedngi geauerdllgqeaatyer atthnmbheei n 15
t he second transfer function (&) varjies as a function_ of an input
frequenc§PI2®F B2ipi dkeYr a1 EPREET eBd it Keppavitiantdeddydragpting epai m 4,

wherein the secaond ransfer cti creases wWith increasing i nput
frequencynv%rsei_lor%h(%ér ap TR opf]; gjﬁec ]i??)%ét;%éépgt us according to claim4 or 5,

wherein the | oop ggin (KLithsyR ﬁ!bgﬁpo ta Er < depspd dePop
filter (H(s)), the frequenctil%'] d(rgpen enc }ygeof oth Irst  fil terﬁ(&fﬂf(s)) bei ng
Hf (s-3 =claimH (Sl)'le;r31mt2f£ andel beaf i@quencyoctlepaendendg4df hihea etented
filter (Hs(s)) beln% r'' MS) + Hi(s) 7. Lithographic projection
appar at uscer & gl o the fert transfer function (Gl)} being

1

the second transfer function (G2) being

1

G2= .
m+ Kl
10 and the loop gain {Kl) being
Ki=Kf-Ks .
4., Lithographic projection apparatus according to

claim 2 or 3, wherein the first transfer function (Gl) does not
substantially vary as a function of an input frequency, and wherein

15 the second transfer function (G2) varies as a function of an input
frequency.

5. Lithographic projection apparatus according to
claim 4, wherein the second transfer function (G2) iﬁcreases with
increasing input frequency.

20 6. Lithographic projection apparatus according to
claim 4 or 5, wherein the lcop gain (K1) is provided by a frequency
dependent loop filter (H1l(s)}, the freguency dependency of the first

filter (Hf(s)) being
fﬂ(ﬂ

Hf(s)=1+

25 and the frequency dependency of the second filter (Hs(s)) being

7. Lithographic projection apparatus according to

claim 6, wherein the loop filter (Hl{(s)) is a second-order low-pass



claim6, wherein the loop filter (H (s)) is a second-order |ow pass

P-1684. 010 32 filter. 8. Lithographic projection apparatus according to

cl aim 6, ein the loop filter (H (s is an integrator. 9. Lithographic
BrLgh i

proj ecti %é¥%&us according to any of the preceding clains,
characterized in that the position control systemis a discrete tine
system 10. Lithographic projection apparatus according to claim?9,
conprisi ggieee. or nore delays, in particular a process transfer function
delay (Dp) equaling z-pin series with the object, 10 an accel eration

nmeasur enent del ay ¢Da) ejuehdégrarrnio preidveisecapplraveelaecatdiomg dia cuit
branch in_series with the second filter FB} or both. 11. Lithographic
proj ect i SheHp far AGESHR CHUILPGPt 5T LFST nBRIS? WhbF @ATh 115 SIERER - HF (2) =1+HI ( 2)

, and mHs(z) _ H{{z) 1+ : osi.tjion_control _systemfaqr
controlling a poséf I on %ﬁ%@%‘%él %&o%%éto,h g’ﬁéa%aotsﬁst FS%OEOHHO ° S‘%’t em
conprg si BY tike RRSCEERg COMN iR, | BhatfotQUlZRYL LA Nha RS pholt £k LET
force 20 (Fp); and a position feedback circuit (22) feeding back a

det er m negstexctizala goscreton t(ide) spstdmne object to an i nput of the position
controller (6), characterized in that the position control systemfurther
conpri ses an accel £? at i ohl AR 1SyRYSIRCIAN RpPTGdisngegsrding fhor st

acceleration %jrcuit br anch congrisinqiq . ,
claim 9, ¢oOmprising oné of more elays, in particular a process

transfer function delay (Dp) equaling z® in series with the object,
10 an acceleration measurement delay (Da) equaling z'? in the second
acceleration c¢ircuit branch in series with the second filter (Hs), or
both.
11. Lithographic projection apparatus according to

claim 10, wherein
—(pt+q)

15 Hf (z) =1+ Hi(z)Z . and
m

Hi(z)

Hs(z)= prrl

1+ Hi(z)

12. A position control system for controlling a
position of a moveable object, the position control system comprising
a position controller (6) outputting a position controller force
20 {Fp); and a position feedback circuit (22} feeding back a‘determined
actual position (20) of the object to an input of the position
controller (6},
characterized in that the position control system further
comprises an acceleration control system (34) comprising
25 - a first acceleration circuit branch comprising a
subtractor (8) into which the position controller force
{Fp) is input; and a first filter (Hf) having a first

gain (Kf) and into which the output of the subtractor



subtractor (8) into which the position controller force (Fp) is input; and
a first filter (H) having a first gain (Kf) and into which the output of
the subtractor P-1684.010 33 (8) is input, the output of the first filter
(H) bei Agte¥&H%d on the object; and®*?® a second acceleration circuit
branch conprising a second filter (Hs) having a second gain (Ks) and into
which an 5 acceleration control signal is input, the output of the second

circuit branch being(énpis inphe, Sehdl suPlEast Ofhe (@)st0r SULF agir)t Bey tput

of the second circuit branch fromthe position controller force (Fp) A
devi ce nanufacturlngexmmﬂﬁﬂiononpeleb]qyta atép of 10 controlling a p05|t|on
of at | east one noveable obje in particular said substrate, said

patterni ng means, or2b¥IPn éFé??F%qﬂ9nsFéﬁc%ﬁt QﬁﬁﬁFPoFPmPﬁf%%qﬁo§l?P@ﬁﬂd
conprises the steps ng. a control .for.ce (Fc) veabl e
object; - determni gbl%enr a()éltesua 91 55 A& 88°020) 95 s‘% g ﬁ%@ejargﬁo wg‘ogﬁo%rj‘ ect;
- feegling back said 9@&@:@@1630&0&&@ '1?9&!1 f 1@1pu|905t1tlé QR bl L
(6), characterized by - subtracting a ered accel eration control signal
from 20 a position semﬁndﬂdlebuiormxanﬁﬁpbeomgpUtnhylhbe posd tdubitractor
controller (6) using a subtractor (8) conprised in a first acceleration

circuit branch; - fi H’erq%gubﬁéa%tfﬁm O@theo%m&{er &@F@Fd(%‘-')r%ﬁnﬁranﬂrst

filter (Hf) having a f|r gain. n th first acceleration
circuit branch; - def%? %1 BOSh HOQEEP °r95 veabl e object; -

filtering an accel@fatlcm &@&erhaﬁﬁmuﬂ%gnﬂe@a&?%ngLﬁéea[ deldp) oBavi ng
a second gain (KS) conprised in a

10 controlling a position of at least one moveable cbject, in particular
said substrate, said patterning means, or both; wherein the step of
controlling a position comprises the steps of:

- exerting a control force (Fc} on said moveable object;
- determining an actual position (20) of said moveable

15 object;

- feeding back said position (20) to an input of a
position controller (6),

characterized by

- subtracting a filtered acceleration control signal from

20 a position controller force (Fp) output by the position

controller (6} using a subtractor (B8} comprised in a
first acceleration circuit branch;

- filtering the output of the subtractof {8) using a first
filter (Hf) having a first gain (Kf) comprised in the

25 first acceleration circuit branch;

- determining an acceleration of said moveable object;

- filtering an acceleration contrcl signal using a second
filter {Hs) having a second gain (Ks) comprised in a
second acceleration circuit branch; and

30 - supplying the output of the second acceleration circuit

branch to the subtractor (8) comprised in the first



second acceleration circuit branch; and 30 - supplying the output of the
second acceleration circuit branch to the subtractor (8) conprised in the
first P-3684gPX3o34 accel eration circugf branch.

acceleration circuit branch.





