1 Lithographic Apparatus, Device Manufacturing Method, and Device

Manuf actured Thereby 5 The present invention relates to |ithographic

proj ection apparatus conprising: a radiation systemfor providing a

proj ection beamof radiation; an article holder conprising a plurality of
protrusions defining a protrusion configaration arranged to provide a flat
pl ane of support for supporting a substantially flat article to be placed
in a beam path of said 10 projection beam of radiation, the article hol der
conprising at |east one «clanping electrode for generating an el ectrostatic
clanping force, for <clanping an article against the article holder. The
term"patternin ans" re enpl oyed ,sh d br oadl 5 [ nterpreted
as referring to%ﬁﬂgﬁcﬁpﬁr@%ﬁﬁfﬂc@%ﬁ'&ﬁcgm %‘éﬁﬂfi’aﬁ?ﬁn beam
with a patterned cross-secti Ofevicd MeRatditaFeHOTReP@byErN that is to be
created in a target portion of the substrate; the term"light valve" can
al so be used in this context. Cenerally, the said pattern will correspond
to a particular nctional .layer. in devi ge, bei ng createed.in the 20 target
bor 1 on.8 such-as THA Hiesegt miston defhees fo dfhoRraa i BrECHoR AR ramS
Exanpl es of cenfitigial Eﬁrﬁdlﬂtiﬁﬁaé}%téﬂpfd%%ovidiﬁg@ ojetiorf BREAPLf Of a mask
Is well known i'n |'itThography, and it includes nmask pes such as binary,
al t er nat i ngradiadions Hri artiglegholder comprginh aselusality of prourisions defining

hybrid mask . P nt..25 of a mask.in e fadi ajiqQn _heam causes
ol ective. « PRYETR SARTERIRHER Sebder @ WYL AMCplaHA B SOPrRErRCEl on
(in the caseuppodtingfd eabswentialy flat efrtichetd bdiplaced inmpbegim gaein of Raidask,
according to the pattern (g'r;‘_atépe_ mask. In the case of a, mask, the support

struct W& wPreiegEpe, gam 1atigyy the@ricle\hplderesppeising At least @8BSk can

't can be. nevaqpig SRS R SthirRunah AT IRAR LB A BREE, BT 1N

clamping an article against the article holder.

The term “patterning means” as here employed should be broadly
15 interpreted as referring to 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 context. Generally, the said pattern will
correspond to a particular functional layer in a device being created in the
20 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
it includes mask types such as binary, alternating phase-shift, and
attenuated phase-shift, as well as various hybrid mask types. Placement

25 of such a mask in the radiation beam causes selective transmission {in the
case of a transmissive mask) or reflection (in the case of a reflective mask]
of the radiation impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will generally be a
mask table, which ensures that the mask can be held at a desired position

30 in the incoming radiation beam, and that it can be moved relative to the

beam if so desired;
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- A programmable mrror array. One exanple of such a device is a

mat ri x- addr essabl e surface having a viscoelastic control |ayer and a
reflective surface. The basic principle behind such an apparatus is that
(for exanple) addressed areas of the reflective surface reflect incident
light 5 as diffracted |ight, whereas unaddressed areas reflect incident
light as wundiffracted light. Using an appropriate filter, the said

undi ffracted light can be filtered out of the reflected beam |eaving only
the diffracted |ight behind; in this manner, the beam becones patterned
according to the- Adthogsaimmapie merrorodrrae Omet ekxmpde of satvhea sleviees a An

alternative_1Q_enbqdi nent, .of a.programmable mrror arr |l oys .a matrix
ar r angenent % fﬁ‘ﬁggﬁ?ﬁﬁ%ﬁ% ,Sué-g%? gﬁv\ﬂﬁ %H’l%%ﬂ?l%%tl? HBP@%ﬁgﬁ?QXPQI ed about
an axis by pgctivegsarfave! Bhkadsic Prirdplebekind suthadn apparayusidlient ng

pi ezoel ectric actuation means. Once again, the mrrors are matrix-

addr essabl e{fos ggampls} adduessesbarens ebthe rgflectiver sudacg reflaebmgigentlight
radi at i b ¥ [ j I ' &SRt ik 1id S
rranner,q’?hegréerafﬂfgbé ggl %fm%ﬂge%ésﬁéﬁggr%%ggr ingS to lg ﬁgh glé%?%shséﬂr?gég]

pattern of uhndiffedated-lighte$fsibhgeamiappoopriafthfilteegthe sdidramndiffractdddigtitng

can be perforned I ng, sui t e electronic ans.. In both qf..th .

o tuati ons GeBdH HiaratpLinsd b Erecisd Perm neaniog nbotie Sfracted Sibtor 20
nore progr ageRH® i fHiSrmahhRdYSthdBean BEESARK PAtte&MdH hEBSrdihbaystiRs here
referred to can be gl eaned, for exanple, fromUnited States Patents US

5,296, 891 afddussingrmtion ohHie REItrpaadnessaipe issufachAmelEenagneg7 and WO
98/ 330 ' ' i r I I .case of a
progr a%@abr%h%%%dém%%%g%ﬁgﬁ %Slgulgbll(%%{ argggﬁ]:ﬁlg ﬁrdejr&rfi&?mge enbodi ed
as a frane atrdrgleineent of tiewamiiers wacth offeshichecdn bedndivicueadlyl glted about
required; and - A _progranmble L array. An_exanpple of such a construction
is  given i ADUHAEEY @gaﬁfégg@aﬁléﬁgg@s{@%ﬁgéﬁ%t% gk, jar by emRigyHigd
herein by pelBERRGAC ATUARRYEMdRS. TMROLEai, (HEliMiford drBimatage may be

30 enbodied as a frane or_table, for exanple, which may be fixed or novable
as requir edaddressable, such that addressed mirrors will reflect an incoming

15 radiation beam in a different direction to unaddressed mirrors; in this
manner, the reflected beam is patterned according to the addressing
pattern of the matrix-adressable mirrors. The required matrix addressing
can be performed using suitable electronic means. In both of the
situations described hereabove, the patterning means can comprise one or

20 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 patent applications
WO 98/38597 and WO 98/33096, which are incorporated herein by
reference. In the case of a programmable mirror array, the said support

25 structure may be embodied as a frame or table, for example, which may
be fixed or movable as required; and

- A programmable LCD array. An example of such a construction is
given in United States Patent US 5,229,872, which is incorporated herein
by reference. As above, the support structure in this case may be

30 embodied as a frame or table, for example, which may be fixed or movable

as required.
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P-1624. 010 2 3 For purposes of sinplicity, the rest of this text may, at
certain locations, specifically direct itself to exanples involving a nmask
and mask table; however, the general principles discussed in such

i nstances should be seen in the broader context of the patterning neans as
her eabove set 5 forth. Lithographic projgction apparatus can be used, for
exanple, in the nmanufacture of integrated circuits (ICs). In such a case,
the patterning mneans may generate a circuit pattern corresponding to an

i ndi vi dual Iayer of the IC, and this pattern can be inaged onto a target
portion (e.g. 10Fenmurpesay ofmempliciiys sheiresy obphis texbanay; at certainon

waf er) that 1&&%%13?1%9%pe‘&8?6aqﬁr %M:Ie Slgﬁytgf ﬂmhfe% f?{w)o‘i’\'fi Q?ﬁé#lg\%pm

(resist). In geneéral r wel S al ha ene
adj acent tatajdb homeven,sth&genemlq)rsuc@s@dmigsmdrmﬂsla:tlednstaaqdds&should

proj ection stem 0 t a . tine. rrent apparatus
battorning BY S8 Bloditn aaisnd of gheipattemhRerRAn A5 BereakiYstveen
two di ff@refgrthypes of machine. In one type of lithographic projection

apparatus, each target portion is irradiated by exposing the entire nmask
pattern onto t heLtthpgaplpm prajaction appagatus sachbemsedp denersmpe contlon| y

referred to_as fer epeat anpar.a

i tor nat i veriipSPERo of LERBERSY SithiRRr S, 1R 38R0 HiF petleriiine
appar at us - neRets irﬁyggén@x@”tblapﬁxrtﬁlt pattach @bﬁféslibbnlaliﬁg teE Yedivideankiyed

t he mask pattern under the projection beamin gi ven reference direction
(the "scannPhtfe iy aad; &y ?P*‘Wiﬁllnec%’? p;ﬂt%@amgﬁgppﬁtéogdss& rate

table pgyal L& [p‘%im%gtc%neﬁ@f Mo& ?eﬁ@gJ%%u@sheftE' (Sflicod mrg'tﬂag r@éeﬁt he

proj ection sys ave a 25 m i catl on factor ner al
t he speed chtedwwdﬂn a Hayewbt radingion-ath sitive ma&cmah(msisit) Ha @ritataﬂ,oa M

Lmee Sl DSy Tl 3 SR e GRB0F lHr RPE M
exanpl e, frare bﬁc@e;{h‘iﬁelgﬁ?radlaﬁéd P eh€profeetionsyiteref GHi€Ae S time. In

current apparatus, employing patterning by a mask on a mask table, a

15 distinction can be made between two different types of machine. In one
type of lithographic projection apparatus, each target portion is 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

20 referred to as a step-and-scan apparatus — each target portion is
irradiated by progressively scanning the mask pattern under the
projection beam in a given reference direction (the "scanning" direction)
while synchronously scanning the substrate table parallel or anti-parallel
to this direction; since, in general, the projection system will have a

25 magnification factor M (generally < 1), the speed V at which the substrate
table is scanned will be a factor M times that at which the mask table is
scanned. More information with regard to lithographic devices as here
described can be gleaned, for example, from US 6,046,792, incorporated
herein by reference.

30 In a manufacturing process using a lithographic projection
apparatus, a pattern (e.g. in a mask) is imaged onto a substrate that is at

least partially covered by a layer of radiation-sensitive material (resist).
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30 In a manufacturing process using a |ithographic projection apparatus, a
pattern (e.g. in a mask) is imged onto a substrate that is at | east
partially covered by a | ayer of radiation-sensitive material (resist).
P-1624.010 3 4 Prior to this imaging step, the substrate nmay undergo

vari ous procedures, such as primng, resist coating and a soft bake. After
exposure, the substrate nay be subjected4to ot her procedures, such as a
post - exposure bake (PEB), devel opnent, a hard bake and neasurenent/

i nspection of the 5 inmaged features. This array of procedures is used as a
basi s to paPrgrdoathisimfigingséep) thesubstrate enay eindergo wario@ psoctduares,

patterned | ] r varLQus. pragesses, such _as et ching,

i on-i npl ant gﬁ?@n@é?ﬁ% ,r%gﬂ?gt(%%ﬂr%{iﬁgrﬁ g%ﬁictba;ﬁ'd?ﬁercﬁé%§%%&mi cal

pol i shing, etibstraatlmanttensabjeceed to ithbr Pi'@c)cét{uﬂdi‘.(;“sﬂc@vaé a pysi-expdsure
sever al layﬁaf( grg regui red, then i_lhe g\(?gwe 1Q procedure, or a variant

t hereof, wi PRKE4PER)odsclopmaentf hard #ady meagaremen eciionf ther ay
of devi ces W n (; . devi r
Then Separ o SdCr facrnAser IR gy SERrbiGhreclitiifid as K EASICRY pRARLA,
whence t he imdividuhlalaydewf @ededae, eg. mpuld.cSuchra patternedrlayen meactieeh t o
pins, etc. Further information re%ﬁ{ ing E ch 15 r.ocelss S .cag( be. oht ai ned,
for exanpl e WFEEE? VREIAHRT OGGSSES Cg'a SErhing, ten-1mplaniatipp {dopiRgle t o
Sem conduct gietBNREES, eKidatidh ¢hehih-hedhamitaPpolishhag, &@ntall Miferriudtd |
Publ i shing Co.,, 1997, I SBN 0-07-067250-4, incorporated herein b

reference. HBish pH anjiadprdyphiayes; {lyseveral lavsrs @regsasyrads therythe whole
her ei najg er phSceilte] S5 Y btk BRrddIS will Hive 1/ 1BUGUBEatdd ik dAMRYPU d e
broadl y 1nt gr prete as enconpassi ng’ vari ous types proj ection system

i ncl udi ng r EHyeac Eventuallyj an,anray lof cleivicesowill be,presdnt anatheoptibstrasg st ens,

for exanple, The radiation system may al so ing¢lude conponents operati.n

nccording ¢ el et ASBeRt are Thep asbar gt o arrganotg oy cofechniqde

control I i ngstBB 4y &ic‘i‘ﬁ% iR sawing) SAen @ thé UEdiviPRROAEILEs TRy Bé $RoBfted

referred to bel ow, colTlectively or singul arldfl, as a "lens". Further, the
er

| i t hogr aphi engbparaenscannedieddp pins, etc. Fur
15 processes can be obtained, for example, from the book "Microchip

information regarding such

Fabrication: A Practical Guide to Semiconductor Processing", Third
Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997,
ISBN 0-07-067250-4, incorporated herein by reference.
For the sake of simplicity, the projection system may hereinafter be
20 referred to as the "lens"; however, this term should be broadly interpreted
as encompassing various types of projection system, including refractive
optics, reflective optics, and catadioptric systems, for example. The
radiation system may also include components operating according to any
of these design types for directing, shaping or controlling the projection
25 beam, and such components may also be referred to below, collectively or
singularly, as a “lens”. Further, the lithographic apparatus may be of a
type having two or more substrate tables (and/or two or more mask
tables). In such “multiple stage” devices the additional tables may be used
in parallel, or preparatory steps may be carried out on one or more tables
30 while one or more other tables are being used for exposures. Dual stage
lithographic apparatus are described, for example, in US 5,969,441 and
WO 98/40791, both incorporated herein by reference.
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type having two or nore substrate tables (and/or two or nore mask tables).
In such "nultiple stage" devices the additional tables may be used in
parallel, or preparatory steps nay be carried out on one or nore tables 30
whil e one or nore other tables are being used for exposures. Dual stage

| i t hographi c apparatus are described, for exanple, in US 5,969,441 and WO
98/ 40791, both incorporated herein by reférence. P-1624.010 4 5 Although
specific reference may be made in this text to the use of the apparatus
according to the invention in the manufacture of 1Cs, it should be

explicitly underAltbwmghgpegificirederenssanay ke maderimphist taxt tophesust of
application I & . 1 fac

i nt egrated gl?)? F@Bﬁégg?éﬁg?wglﬂgg%n@% f;t{r%lng%o?{ggé :E%%Qﬁ%gy er Elsrgf%flribgﬁgiet iC
domai n nenoshewnld beqiplicitly utrderditspd daiap snehsan tpiparatis hasegrety 6tHweads,
etc. The skilled,artisan wl|l Fappreci e.that,. . in th context of such

al ter nat i vePappl l%éﬂpi’r?é,uoéﬁy (P EXHPH it mpaybecanplayed in thegrer or " die
in this g exinshetctube of MEiatRlopticRPsPstehed AtRANRE 40¢ dbfed®is general

terns "mask", "substrate" and "target portion”.”In theaj)r_esent document
the terns "paticansdor magnetie demainemesearies oliguisbanestal displaygemeals, thin

o ect OmRgng gl gl JLUE AL ARI LR i WA D o
(EWV) radi atontextofgsudinultegnative w@phications) atnyeuds of ahgaebmaO'ratitle"as wel |
contoxt of IHRETSBI i ForiSHAE: SHPUIM ke el Hdorts abbeinEeBIAHEbHIBr o
o S B e s e ey B e THALOI Ty devi cos
enpl oyi ng | it holn dhaiprepent documentethaitormos; “radiatien antdipeaph’ are used
Proj et on. B3-Sl I PILARKS L cfo bk bHBhARY 6 fHiSh OB ALRAL ALt °
(UV) radiation (e.g. with a wavelength of 365, 248, 193, 157 or 126 nm}
and extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the
15 range 5-20 nm), as well as particle beams, such as ion beams or electron
beams.
Further, in the context of this application, the said "article" may be
any of the above mentioned terms wafer, reticle, mask, or substrate, more
specifically terms such as
20 - a substrate to be processed in manufacturing devices employing
lithographic projection techniques; or
- a lithographic projection mask or mask blank in a lithographic
projection apparatus, a mask handling apparatus such as mask
inspection or cleaning apparatus, or a mask manufacturing apparatus or
25 any other article or optical element that is clamped in the light path of the

radiation system.

In the photolithographic apparatus as hereabove specified, an article
is held to the article holder by a clamping electrode. Such electrostatic
30 clamping may be used for example when a substrate is processed in
vacuum conditions. This type of processing occurs for instance when the

type of irradiation used for photolithographic processes is in the {soft) x-
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I nspection or cleaning apparatus, or a mask manufacturing apparatus or 25
any other article or optical elenent that is clanped in the |ight path of
the radiation system In the photolithographic apparatus as hereabove
specified, an article is held to the article holder by a clanping

el ectrode. Such electrostatic 30 cl anpi ng_may be used for exanple when a
substrate is processed in vacuumconditions. This type of processing
occurs for instance when the type of irradiation used for

phot ol i t hogr aphi c_ processes is in the (soft) x P- 1624.010 5 6 ray region,
al so ref er r B 188195, @s¢ saterted tawsdistire tragifleh(EUW) eegiosst at i ¢

cl anpi ng ma ' [ : [ | der.. and t he
crciol o) nEfcussatic ARcib! kel e of BHAERHIC el bty en e Elich

bet ween el ebbideraand thegartitilé f kr ﬁmise«sajmekbﬂm:tatialf@ﬁﬁascmd ’aeedutléiac E&:S

hol der and the article in porder to provide a clanpi ressure,  Such,

el ectrical PhesgY l?ﬁtF"fe&Peﬁ]%& 15@12@};13%@?%png%1 I(]ggﬁﬁoﬁf@aisrpﬂtﬁ@. %ﬁt!qlél e
hol der is ChBId%RAdhEUrtRIGMR RdbP %o Prblidea '&a&ﬁgﬁéss desueie, in

the article holder, a plurality of elecCtrodes of o i'te vol tages may be

present, whelegtrinak odarge différenaes ecoppodier fohthe elatitsodd buthemrticle he 10

icle, | | . h ' h ' . E . .
2ppl | cat | on EIIS AT REE AR Te ExpRiat S B A 15, pHP SRS, BFhREVss dp e ol e
hol der wher ¢h¢ aptioler hisiders agsleralityp6feléctodds'dl Sppodibe vblt&k@@&ﬁ%?fbet he

article. These qprotrus' ons have a general dianeter of 0.5 nmand are

| ocat ed genBFei91L éﬁhIS ddroees BrlikewWise fRRPsite ¢1P%?Bee‘abﬁ‘irmn &h&h? her eby
form a fed a&iaepl%wihgqadfsﬁ@%sscﬁ iﬁt&&pg;ﬁcfef)e article. Atypical

hei ght of the protrusions is 5 m However, or electrostatic clanping
confi gurations, EmgopeswmpatentsppdichtiosuBpPoPidd84dudesambys adithegraphyc near

t he boundary_of the protrusion.confi ration,. due to.the term nati of
Support neafPPREA R RRZiE Bt el notit Whafein BETHSigtmpte PSR Bt ne
waf Ie_rtor a Happed the slaggesg ol thbiagticiRTHeeUbtotriSiowddkaed halferalgi ng
quality.

diameter of 0.5 mm and are located generally at a distance of 3 mm away

15 from each other and thereby form a bed of supporting members that
support the article. A typical height of the protrusions is 5 um. However,
for electrostatic clamping configurations, the wafer tends to be supported
unevenly, especially near the boundary of the protrusion configuration,
due to the termination of support near the boundary edge. This may cause

20 an upward lifting of the wafer or a downward "sagging", which may result
in unacceptable imaging quality.

The invention has as one of its objects to provide a
photolithographic apparatus according to the preamble, wherein the
problem of unevenness of the wafer support of the article holder is

25 addressed and wherein an article is leveled in a controllable way.

In order to achieve said object, the photolithographic apparatus of
the invention is arranged according to the characterizing features of claim
1. In another aspect the photolithographic apparatus of the invention is
arranged according to the characterizing features of claim 14. In still

30  another aspect, the invention provides an article holder according to the

features of claim 14.
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The invention has as one of its objects to provide a photolithographic
apparatus according to the preanble, wherein the problem of unevenness of
t he wafer support of the article holder is 25 addressed and wherein an
article is leveled in a controllable way. In order to achieve said object,
t he photolithographi c apparatus of the |9yent|on I's arranged according to
the characterizing features of claim 1. I'n anot her aspect the

phot ol i t hographi ¢ apparatus of the invention is arranged according to the
characterizing features of claim14. In still 30 another aspect, the

i nvention provi dBY Rievadingas arsicke holdesowiing nesfangéed icbamping edfctzods m
14. P-1624. t | t
cl anpi ng el glétg / ZD }Bé (ﬁfl %?rlg?ﬁ(;{h génélgét%?g @%ﬁ%l%&@r%%@ g@ﬁtrsog‘led

cl anpi ng el eocmprikes adnmmdmy aigmtlmiavaa-lesigeplurahtyaf tnes withiraht teasof
nt that is adjacent to

times within at | east one houndar eIJnese

| east one pP BFLQYE'F 5eqlee dncrs ?ntg, LS %‘i]ﬂ?cgg?éﬂ least ene RIQE U OBneven
cl anpi ngs pr R)i:%m'}%‘igﬁﬁiianaﬁo?ﬂsrm%&‘hél% déknetah&RerEbREhpASE PréSsiiedRagd
pressure rrai/)gbe |l oCally reduced. In practice, due to boun ary effects

el ect r ost at mmgeat@i gince mn@acﬁosﬁmf@cbmpmps@ssprem@weh@hu:allyn
anot her as |O?§cium?t | 1n P&{tﬁcoer PLops bo?:%g{a(?r& e?f?e%g Y cqf‘éﬁ}g\‘q%nﬁ)rgg% é‘ﬁp‘g quite

pr ovided in an’i ve medsur enent 0Cess, er eln | oca
vari ati ons hhard togiredict preciselyr @‘ﬁeremrm@mthﬁmsxﬁ&ﬂ ohese peﬁfo@ations

m croundul ati Qqns of the boundar a dded in.order to I nprove a
measur ed ar%@?@rf’%‘ttﬂ'ég%aﬂ@ﬁo’fl |n§a Z@?p@a 3? in an, ferqtiys pea MRt o)

per f or afg ONprédeds, Wikdrein 1bédl KEigREVhriRidiofh Sfafe? REBNREaBUr&d) acent
protrusions, that is, the area of a perforation ranges 15 substantlally

from0.01 twhsgeupon microperfoyatianszor oriopingukdjcneaf the bovmdsiryradge n

of times.a GFf ACHEU OB 10 it § bR SR It oo Y T Rigtelt ¥
to least ongg 1pr1mtleasurm th%tﬁdlﬁﬁé}pdrﬁ)ﬂalﬂ@@fm%rﬁallh&\iﬂmgegpedtotbaiﬂdlaf&[ ved

shaped that forns r’g undul ations or curves bﬁtween t WO
y a the area of a perforation ranges

spanned jacent protrusions, that 1s,

15 substantially from 0.01 to 50 % of an avarage area formed by adjacent
protrusions. In another aspect it is noted that by varying said boundary
edge a plurality of times within at least one boundary edge line segment
that is adjacent to least one protrusion, at least is understood as having a
locally curved shaped that forms microundulations or curves between two

20 protrusions in a variation that is at least 5 %, preferably 20 % larger than
an overall curvature of an electrode boundary edge. Furthermore, this
definition it is not intended to be limited to curved shapes but also
encompasses shapes that have acute edges such as for instance a zig-zag
shape.

25 In a preferred embodiment, said perforations are generally circular.
In another preferred embodiment, said perforations are generally slit-
shaped.

The perforations and/or slits may be of a dimension ranging from
0.1 to 0.5 mm.
30 By providing perforations in this way, said clamping electrode may

be a single piece, controlled by a single control voltage.
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20 protrusions in a variation that is at least 5 % preferably 20 %/ arger
than an overall curvature of an el ectrode boundary edge. Furthernore, this
definition it is not intended to be |imted to curved shapes but al so
enconpasses shapes that have acute edges such as for instance a zig-zag
shape. 25 In a preferred enbodi nent, saidgperforations are generally
circular. In another preferred enbodi nent’, said perforations are generally
slit- shaped. The perforations and/or slits may be of a di nension rangi ng
from 0.1 to 0.5 mm 30 By providing perforations in this way, said

cl anpi ng el ect r oBEhegimeRts ok the mvestien willgiaw &g deserybedsbrgray ebnt r ol

vol tage. P-1624, é%nﬁy,ﬁwﬁvﬂ\f?ﬁ%@@ét&ﬁhé *a%cbﬁq?'agijcig g@ﬂémaﬁwq%ggﬁggﬁhbed,

by way of exanple on erence to t anyl ng sc

drawi ngs i nwhibh siercespasiiogaaferansessyenbelssindioste coxtiespoading pespy ratidg
parts, and .in.whjch: 5 Figure 1 depicts a |ithographic projection

appar at us a&:&’rhdf:jﬂg to an enbodi nent of the invention; Figure 2 depicts a

plan vi ey of an Rigirel B degliekera GeRbgtshicprojaitich Appafhfité acéortfipigtoSard
first enbodi ment ot an article holder of a i t hographi c projection
appar at us ofmbediment ef @e inMgntiafire 4 depicts a second enmbodi nent of an

article hol der of; | A ' o] [ r . | NV [.Qn;.
Figure 5 depict Sf“%‘g%drgt%H@%@f{??@m@%?%rﬁgﬁ@?gﬁlg%gge | gl(Jirfg1 g[%ier%i %:*t S
a detail of the Eighoei drelepicts afigst embodifieyitral an deficht hokldriofral

enbodi ment an article.holder of a 15 ljthographic projection apparatus
of the inve {}??ﬁﬁapﬁlﬁlﬂrgjeé: ppparatys, {'}FFH?T‘W&F%M of an article hol der

of a 1ig hogr aphFiniteot elepici’s KBEE6RA ¥enbbdithént BY 8AtAdible holder of a
lithographic projection apparatus of the invention;
Figure 5 depicts a detail of the embodiment of Figure 3;
Figure 6 depicts a detail of the embodiment of Figure 4;
Figure 7 depicts a third embodiment of an article holder of a
15 lithographic projection apparatus of the invention;
Figure 8 depicts a fourth embodiment of an article holder of a
lithographic projection apparatus of the invention,;
Figure 9a end 9b show detailed plan views of clamping electrode
boundary edges that are modified according to the invention; and
20 Figure 10 shows a side view of an article holder showing a fifth

embodiment of the invention.

Figure 1 schematically depicts a lithographic projection apparatus
25 according to a particular embodiment of the invention. The apparatus
comprises:

- aradiation system Ex, IL, for supplying a projection beam PB of
radiation (e.g. light in the deep ultraviolet region). In this particular case,
the radiation system also comprises a radiation source LA;

30 - a first object table (mask table) MT provided with a mask holder
for holding a mask MA (e.g. a reticle), and connected to first positioning

means PM for accurately positioning the mask with respect to item PL;
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Figure 9a end 9b show detail ed plan views of clanping el ectrode boundary
edges that are nodified according to the invention; and 20 Figure 10 shows
a side view of an article holder showing a fifth enbodi nent of the

i nvention. Figure 1 schematically depicts a |ithographic projection
apparatus 25 according to a particul ar epgbodi nent of the invention. The
apparatus conprises: - a radiation systemEx, IL, for supplying a

proj ection beam PB of radiation (e.g. light in the deep ultraviolet
region). In this particul ar case, _the radiation systemalso conprises a
radi ati on sour ce- LA;segond qbject %b@dﬁé‘@ﬁtlfaéﬁltébl%\éﬂ' pridgd with esy prldele
W th a mask : | : | G 0, cted
fo first potPRGnond il e it SalERl (OF, BivHisiBol B Sbn BUEARAT
respect to coenefled @ $6&nd posiéningamneansnieWofijreatcuraitély pesibisting ¢he

table) WI provided w.th an artjcle | der, for holding a substrate W(e.g.
a resi stcoa?‘éﬁsg"ialq?é‘@ WEPRESt {odﬁamg nAB% ed to second positioning neans

PWfor gcurately aﬁb%eammg shen (FASY AL oirhBgirRS RAGrddiatd® PoPlionatd 5
- a projection system ("lens") PL for inmaging an rrradiated portion of the
mask MA ont BheymaskyMA sateiaptarget ézog.tloaoﬁgﬁgs icognprising orgray mioss dies) oft he
substrate Wy Ag Bef&td8R cted, the apparatus is of a transm ssive type
(i.e. has a transm ssive nask). However, in general, it may also be of a
reflective 10 tyfs hdrerdepiatql,ehevappamtosfiiseftd terramigsiveAtymy (iat. ihed ¥,

th t I h ki nd of tt [ h as a
or ogr ammabl FRNSRISSIVLRSK) oHoweushe L genetaly Hopavorishde of SHETEshvEe LA
(e.g. aD exgpEErfol @kBMSIRYRGE] aFelIUEios rﬁa@ﬁf.tml@émdtm:ilﬁ,t tiapphtatfeam i s

fed into an’ILlum nation system (illumnator) IL, 15 either directly or
aft er havi njray engrer @ncdhar kindiof pattermingsueangssuchamma aregrammaRle f or

exanpl e. The,ibld WA R a HpdBY LfRES TS above.

The source LA (e.g. an excimer laser source) produces a beam of
radiation. This beam is fed into an ILlumination system (illuminator) IL,
15 either directly or after having traversed conditioning means, such as a
beam expander Ex, for example. The illuminator IL may comprise
adjusting means AM for setting the ocuter and/or inner radial extent
(commonly referred to as s-outer and s-inner, respectively) of the intensity
distribution in the beam. In addition, it will generally comprise various
20 other components, such as an integrator IN and a condenser CO. In this
way, the beam PB impinging on the mask MA has a desired uniformity
and intensity distribution in its cross-section.
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
25 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 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
30 encompass both of these scenarios.
The beam PB subsequently intercepts the mask MA, which is held
on a mask table MT. Having traversed the mask MA, the beam PB passes
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adj usting neans AMfor setting the outer and/or inner radial extent
(commonly referred to as s-outer and s-inner, respectively) of the

intensity distribution in the beam In addition, it will generally
conprise various 20 other conponents, such as an integrator IN and a
condenser CO In this way, the beam PB ijywpinging on the mask MA has a

desired uniformty and intensity distribution in its cross-section. It
shoul d be noted with regard to figure 1 that the source LA may be within

T T B AR B i P

al so be renﬂa@shbgmatteewl WHRAMRACOPHY %drﬁi‘gé@&%ﬁh el PRI 0N

beam which it produces being |led into the apparatus )
sui tabl e di nﬁctfengmﬂmcm)isurmgmmﬁ)sblemaubstmieda W’B@anals@ when

encompass bR G fuBlell e, R5ES oyt Bl rtmt Blecl i Bons P alire e
mask MA5 whpath iof thelbbamPB. Shinkatlgbtiee MiFst Easittmqlhrgmmewmmk VA,
t he beam PB pagses P- 1624 010 .9 10 throu h t | ens PL, which fﬁgg es the

beam PB ont BS&d taaserglslyi Resitiogsth eth@ WéﬁlbrWPthﬁ theePathyobthe he
second posi BE?H Pg, %T‘%’tgﬁl\fr(ésﬂg%mbﬂf Fét?i%'ir%? FhE nTRES WA THoRER RadlE) . the

substrate ta accur at el Yy, €.g. SO as to pOSItIOI’]
di fferent tBbgaty,pordudng aCscant he génpralh rmVamenbeémhea)bjsmrrtabies WMTt he

first positpping . .nea ef 9. acqu tel tion the mask MA
wth respecw)lf| tpee f)%ﬁﬁgeg{lfwfa[ﬁ‘e& 3‘5%?’% logggs ? gﬂﬁ@‘h@ﬁ’%ﬁ? retrieval

of the s kpb&tfdrﬁﬁgpaﬁas;k shbrbrsa:rczke Rlodiilé i(fifle poibning), gdilehalre mdtyement
of the object tables M, be realized with the ard of a | ong- st roke

modul e (coa?%@hqlt!}l}’p@%mﬁ‘%ﬁl mé‘agtaﬁdl -2HeWsVer.dfy tiecasriaf @ vaferestepper (as
posi tioni ngé)gp&@%&lﬂo%r& eé%&{ﬂ ag@ %Hfsg'tﬁteerﬁabﬁtf AT Ina BE; 1IN

t he case of er steppe a step-an scan apparatus) the
mask tabl e ddinmegteduky atsélort(smﬁmt acdtuaton, shmay berfoiesl. MasktMA and nay be
fixed. NaSks%sﬁ“gge W may be aligned using mask alignment marks M1, M2 and
15 substrate alignment marks P1, P2.
The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially 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 then shifted in the x and/or
20 vy 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 (the so-called “scan direction”, €.g.
25 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
simultaneously 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 manner, a relatively large target portion C can be exposed,
30 without having to compromise on resolution.

In Figure 2, a schematic plan view is illustrated of an article holder

1 according to the invention. In the figure, by the dotted lines, a plurality
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substrate Wnmay be aligned using nmask alignnment marks M1, M2 and 15
substrate alignnment marks P 1, P2. The depicted apparatus can be used in
two different nodes: 1. In step node, the mask table MI is kept essentially
stationary, and an entire nask inmage is projected in one go (i.e. a single
"flash") onto a target portion C. The suP trate table WI is then shifted
in the x and/or 20 y directions so that a different target portion C can be
irradiated by the beam PB; and 2. In scan node, essentially the sane

scenari o applies, except_that a gi ven target portion C.is not expgsed in a
singl e "fl aghProfrusiens 2 inpigard, the psomsiensevismtediin substaatiadiyr ecti on
(the so-cal oSG0 ol ti 01 el | ' REE ,
so t hat thek%g%? ectl Sﬂ'bg%ggogﬁnpg&éegﬂgglt{eg?glggw %\?}tg %ra?e n%k&lr%nlgge; fre
concur r ent | yeferdreceslirs thatpictuaielse THEse prosmumibharikchase \a gevechlidiattetes afre

or opposite.direction at .a speed V. =_. M/, i I ch I s the magnificatgion
of the T ensOR Rt BRd Atk OcRIEl gpaeraly 31 aydistindaot rlm anaSatoes Sorbel y
| 'arge t & gebtiR@ AhQ@theréley fhEnexBed & sulfpottinioerhB¥i ) th4d OsGPPBIOfASe ONn
resolution. In Figure 2, a schematic plan viewis illustrated of an article

hol der 1 adtldelgi ychrs pevaferamradicle | Rurthermaygs &y mafexanceqauimeral i dds, a
lurality P: ._of ' is. pi '

b et ed | g A Amiping c1PE@bHES TRBRIGnlging citetrble d faPbeIL Us! ONS

i ntelligibitonguctingylagef ¢hapibunridoinsadrase plate oéthedrticle helgergt ur es.

These protrusions.2 have a general .dianeter. of . 0.5 and are | ocated
gonoral |y aPURPATEAEABE RAOERREndRe HaRng e PAE S AN B o or m o
bed of [UPPEEAERGeIRIFEIcEtid RALIE WIRRIPinE T8rcedtd tisdRbySaGPa@SanR AMicRs Or
reticle. Furthernore, by reference nuneral 3 is indicated a clanping

el ectrode. FgRinstdhgidigtal ends ofiths prayrusions % dndiigtirad. | Rrpseralivt is
bur <01 1, 2SR RO B ch AUk e DR Rl o >
cl anpi ng fohokst & afeiradicasdd.rBlae throwagh ihodles 4 may serve to accommodate
ejection pins (not shown), for ejecting the article from the article holder
15 after a photo-lithographic process has been carried out. Otherwise, in the
article holder, through-holes may be present to accommodate feeding
means for feeding a backfill gas to the article holder.
Such backfill-gas may be used to fill the spaces formed between the
protrusions 2, a base plate that forms a ground layer for supporting the
20 protrusions and the backside of an article, such as a wafer or reticle
clamped by the article holder. Such a backfill gas enhances the heat
transfer capability from the article to the article holder.
Turning now to Figure 3 there is depicted a detail of article holder 1
near through-hole 4. Although in this description, the invention is
25 demonstrated in the vicinity of such a through-hole 4, the invention may
be very well applied in other areas, such as for instance in the vicinity of
an irregularity near the perimeter of the article holder (in the art known as
"notches"). The invention may even be applied outside the context of an
irregular boundary form, since it may serve to resolve local pressure peaks
30 that may arise in a protrusion configuration due to the overall protrusion
distribution. However, the presence of through-hole 4 is a good example of

a how a local support of the article on the article holder may be variable,
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agai nst the distal ends of the protrusions 2. In Figure 2, preferably
symmetrically in the formof an isosceles triangle, a plurality of through-
hol es 4 are indicated. The through-holes 4 may serve to acconmopdate

ej ection pins (not shown), for ejecting the article fromthe article hol der
15 after a photo-Ilithographic process haslgeen carried out. herwise, in
the article holder, through-holes nay be Ppresent to accommodate feeding
nmeans for feeding a backfill gas to the article holder. Such backfill -gas
may be used to f|II the sp s.formed between the protrusions 2, a base
plate that PEssthe th ?‘é@%l‘nv&ﬂ%ﬁﬁﬁé’r unsyppestedaren of ﬂib§|3é'ﬁl§1%r$hatthe

backsi de of caferd e lifroiEhole YirkQiehief bRIRE nPhubA AL | ! @

hol der. Such a ba ances t e eat transfer capabiPity fromthe
article to ﬂ‘her@fnrﬂ:,citl'm anildermaTLdeforngl, ml@pehduliggmrﬁuSnBlhurfeof thelspippioetl a

detail of arti,cle hal de r thyrough-hole 4. Al thou in this

descri ption fiht(? ﬁ\?&ﬁ?%‘i Pg%ggoiiéhﬁ TR ted arfa g’?’n?‘f";}] of such a

t hr ough-giol anéccébﬁlble\fﬁﬂﬁbﬁﬂoﬁﬁ}’so kRay er ibciel drréP bl icveriay Srbe rudiseRst
such as for jnstance in the vicinity of an |rregul arity near the perineter

of the arti®l BUAgEHdN erden Kuprgentibip, according %Bl':)mvmeonn@@ppmg may
even be apphiegtrdd SidtnbfiSef PeRIhtths28 ror6EMY decPerifBraaifior M  since

it may serve to resolve Tocal “pressure peaks at’  nay a isein a
prot rusi on cbntnogimaamabqu:mgtfomdqelnds}ns ardy,dooal height vatiation$ wf mafer

Ho f.through-hole 4 i d h | ocal
Cupport " of GHE GrERETeH IR BT o Ry, DRy B (b iegn PEnoP 8824 010 11

12 si ncem t helechroatgtic b ping edsase ﬁEh}UBéllﬁéQlfljr eedated. Plencbehardrtidie
that covers the through-hole, and in the direct vicinity of the

t hr ough- hol B1aY lradnere feenbhipperterle rogylting by mredalssAdveglasncrios orat ur e
of the suppgydys rLhe magni tude of the of the unsupported area, to an
even 5 unacceptable proportlons so that a focus error or overlay error
runs out of budbefFigure 45 deraltermateecemboldimend ds ahaiwry, whithevhereamtthen,

clanping el leectcrosgatlc c‘fax%lhg%rcpeerrrfa%r E:Ie%% ur{her cc?r(fg'l h%d ?—ferrgalsrll ng sai d

15 addition, the clamping electrode 3 comprises a boundary edge 6 that is
curved locally around at least some of boundary protrusions 2. Such
curve may be viewed in general as a plurality of overlapping circles, each
oriented with coaxially with respect to a protrusion. The invention may
even applied in combination with non-overlapping circles. However, the

20 overlapping circles offer the benefit of a single piece electrostatic clamp,
that can be controlled by a single control voltage.

Figure 5 shows a detail of the configuration of Figure 3. In Figure 5,
protrusions 2 are shown independent of a specific boundary configuration.
Here, the perforations 5 are shown to be present in a central area of a

25 triangle formed by three neighbouring protrusions. In this area, due to the
lack of support, an article tends to be clamped too hard, so that the article
"sags" and focus and overlay errors are increased. Due to the perforations,
such sagging may be prevented, thus decreasing the focus and overlay
EITOTS.

30 Figure 6 shows a detail of Figure 4. Boundary 6 is curved locally,
having a radius curvature that is approximately in the order of the

distance of the boundary to a next protrusion 2. In this way, local
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el ectrostatic clanping force. In this way, |ocal height variations of wafer
due to uneven cl anpi ng pressures may be circunvented, since the 10

el ectrostatic clanping pressure nay be locally reduced. Hence the article
may be nore evenly supported, resulting in a reduced overlay error or

focus error. In Figure 4, an alternative g@bodinent I's shown, which wherein
the electrostatic clanmping force may be en further controlled. Here, in
15 addition, the clanping electrode 3 conprises a boundary edge 6 that S

curved locally arou east of boundary protrusions 2. Su urve
may be vi evieitiphio rfg}%}?- € télcpq?% %Foevﬁlealpapmﬂgfvenﬁa 3t b eq;a
oriented wi Hde%ﬁ?i %Hé’b&hhﬂa&f%ﬂ%g% b the EI%E,%%%CJ&& knvention may

even applied in co nat 1 on n- over |l appi ircles. However, the 20
over | appi ng ci r cFiguref 7T end Be:ldn;nbalscmmms |p1|gnenwelfei et ticker heldar ifor

| , h | | |
o Getai 1 of ipRaR EOVESTER 3 e bE Ny hefR tht Serthi1 o a fenltlit vBYal S
shown i rmep@hde@treﬁéleahemsf ¥ carbqusittaraily aepfdreUhadhape, ati@rege suiported

perforation a to be present in central area of a 25 triangle
formed by tE}’@epﬁbr%%g}mrﬁwlepﬁuﬁr@mh FARTS shiapes, dhe Basiehe | ack of

suppor t, an t a
Tohger and [oRRERIREA S S AmBHr 7Pl Tindlal MR BItR Inffer s
such saggi npawimg saeptivne lassdanition demwas batwed rfemglmlsoumhgoburlsay

Coeal 1y, - pBbPdng SRR, e olahihE e BOMAT AN pPIER o HbY §aryof

the dilg} anedgeb tHe 1bcnmaqﬁd/ab@ox@lmg>tb a)r@fdwmwm@alllmé bbﬁn\e@Mngl ocal
P-1624. 010 151 13 v riations of an electric field may be controlled and

evened out BHAEHA %lm%%pmtﬁbwt% dBuhighes Tetiys r@szslflt% Heagyteghidine,
el ectrode 3y pergiy ?ne? i o@eﬂ%ﬂt% iff SO L R L@tﬁﬁc@ ot¢hkc! e

hol der for use 1 n EUV-syst In particular, r reticle is of a
refl ective bgpadary eclge 6 to the ‘half span width of two ad_lacent protrusions. By

such an optimized edge, the effects of overhang can be reduced in relation
15 to a wafer where for example the electrode would extend as far as half the
protrusion distance. In Figure 8, an article holder for a reflective square
reticle 8 is shown, wherein the protrusion configuration is triangular. In
this setup, the boundary edge 6 is optimized, by shaping the edge 6
according to a varying circumferential line 9 connecting adjacent
20 boundary protrusions 2.
Finally, Figure 9a and 9b show detailed plan views of a clamping
electrode boundary edges 6 that are modified according to the invention.
In the figure, by the hatched area 10 the clamping electrode is indicated.
Furthermore, crossed circles 11 indicate protrusions for supporting an
25 article. Furthermore, the white enclosed areas 12 are perforations for
locally decreasing said electrostatic clamping force, in order to achieve a
better flatness of the article. From the figure, it is apparent that the areas
may have shapes that differ from perfect round shapes. Furthermore, it is
apparent that the area of the perforations may vary, more particular, is of
30 an order that is a fraction of an average area 13 indicated schematically in

fig. 9 by neighbouring protrusions 2.
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5 These reticle holders 7 are generally square in shape, and are supported
by a plurality of protrusions. For such square shapes, the basic
configuration nmay be square (Figure 7) or triangular (Figure 8), the latter
having a relative |less variation in span between nei ghbouring burls.
According to the invention, the clanping ﬁ%fctrode conprises a boundary 10
edge 6 that is shaped according to a circ erential |ine connecting

adj acent boundary protrusions. In Figure 7 this results in a straight |ine,
wherein the inprgvenent is |n a sonemhat reduced di stance of t he baqundary
edge 6 to the hal'Br Qe tiromy Fighge R jtaiscarpanest that dhe. bayndape gdge 6

optim zed eﬂ.ﬁ, gq{}g 15 to a
waf er where r@?ﬁﬁﬁ%@%@g g%ﬁgo e Wou e%)%% gng%(?&?g?”égh I?ﬂ:t
protrusi on segment¢hat ns Bdjacentstio keastoneghmthosider Surh a lird lsegmcm isquar e
reticle 8 is ho . rei.n. th rofrusion confi.g rat| IS tri ul ar

hi s set up, SRHRL RS Biflgureced tolskeRng Puittiy dhand hasa lsaéﬂgsangmg
accor di rg) t frofn Valtyi 1P tidhés unf &¥aagealpdr BetwWes0 Bwechéigh badirasent

boundary pr ot ru3| ons 2. Fi nal ly, F@gure 9a_and 9b show detail ed pl an VI ews

of a cl anpi RECTHSKNS. JOarthsiRyey s Q%t@aﬂlbfattaﬁgénﬁﬁhhﬂﬁéd 1acansrimdieated
the i nventi f i-ng

el ectrode |g£}$1d—|ltzzlt§%§e%q b% ﬁ{‘f%d%g% sed Cl rg]oég’lﬁ%ll%dlagte

pr ot r usi onsbbundamp[mdlgeiﬁn@aarmga Imrtgemltml line tdregerdr to, sailde bﬂunctargmrlgrsed
areas 12 ar erforatlo s for oca ecr asi I d ec tic

cl anpi ng foﬁl lﬁe%;‘%éﬁrﬁ‘i?%ﬁijéﬁe oa%l01 ?fg?ﬂﬁygr g?"‘?‘?‘fi €le. From
the fi g e, cirbuhferdWaAERhetdTourid 8t %m%om%om&?mmuém giffer from
perfect round shapes Furt hernmore, it is apparent that the area of the

perforations mayFigg, 19shewsa ity embodisnent abths inyentionhwhergingthe
o, O R TAS BANCH I SIS BRI frflinodi e,
i s appar ent atthele, whechdnndas casdgeudd bmg clamp alﬁofaxrellamlmrrg‘ atfidwgaly thi n
at | east oN& b ri]g Ust f(j)geal{glnment purposes of a substrate to be patterned. In
15 this case, a dielectric layer and/or a grounding strip 18 can be provided,
that is locally provided covering the electrode. In case of a grounding strip,
such could be provided easily by etching or local implanting, in order to
provide a local conductive layer that is grounded and covers the electric
clamp. The grounded strip prevents the electric field from propagating
20 which will cause a local attenuation which is similar to providing a hole in
the clamp. Otherwise, the strip could be a dielectric layer, which increases
the electric force exerted on the fiducial. In this example, the fiducial 16
clamp of Figure 10 comprises a top ULE layer 19 of wherein protrusions 2
are arranged to provide a flat support. Likewise, a bottom ULE layer 20 is
25 also provided with protrusions 21, that rest on a supporting part 22, e.g.
a moving stage. The clamp is further provided with a central Zerodur layer
23, that is bonded to the ULE layers 19 and 20 by aluminium bonding
layer 24 which serve as clamping electrodes.
Whilst specific embodiments of the invention have been described

30 above, it will be appreciated that the invention may be practiced otherwise

than as described. The description is not intended to limit the invention.
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segnent that is adjacent to | east one protrusion. Such a line segnent is
i ndicated in the picture by reference nuneral 14 and has a length ranging 5
from.1l to 10 times an average span between two nei ghbouring protrusions.

Furthernore, schematically, tangential lines 15 are indicated tangent to
sai d boundary edge 6. Figure 9 is shown tg%di scl ose a boundary edge 6
havi ng a tangential |ine tangent to said undary edge that varies in

direction so as to follow a |local contour fornmed by the 10 circunferenti al

| ine around at | east sone boundary protrusions 2. Figure 10 shows a fifth
embodi ment of the invention, wherein tHel®iB&ctric field is locally changed
for leveling | ocal height variations of the article, which in this case
could be a clanp 16 for clanping a fiducial 17 which is used for alignnent
pur poses of a substrate to be patterned. In 15 this case, a dielectric

| ayer and/oil.a gAdithdigrgphiac ppojé8tioamyparatasicbedprisitgt is | ocally

rovi ded covering the electrode..ln case of a groundi strip,,. such could
Do b ovi ded-onsi e G0k MREER: for et iding & pr e o, Dep ! FastiaBioRn o
| ocal canducti veahaweiclé hldés cohpHslag 2plusanerst protresiosls définie) . The

grounded strip prevents the electric fireld from propagating 20 which w ||
cause a | ocRrotausiouaenbguration arsanged|tarproyide ailat plane absdppart foge

clanp. O herw . .&I'&? ol ri r }ng,]f | S

the electri %%é?gtéﬁ %e?‘%fe)é on eﬂg ? Sﬂtt:llg%ﬁe{&]s% }%l%?é&gﬁaarrg e, pﬁ‘gﬂﬁk %%?:I al

16 cl anp oprdjegtioa Héamoslfrddiation, the attiEld hpkterldhmprisiveg eit lepstoonesi ons
2 are arranged to oyi d flat s ort. Likew se, a bottom ULE.| ayer 20
's 25 al so prEwPHEElcHPds B ateRtitgan derrodatc dameme e broa 22,
e.g. aQOoViREnphidthe Abfck nis¢ theldriiRle RoR¥dded with a central Zerodur
| ayer 23, that is bonded to the ULE |layers 19 and 20 by al um ni um bondi ng

| ayer 24 whtbaragtevigeddncthatpi ng el ectrodes. Wil st specific enbodi ments of

t he i nventi on hayge: ' ' i t hat
Lhe i mvent! on mayRih BETeARRAHI Betnpiil itHGad Lodlprlocial BREGEAH
descri pti onchangoig istraoted for lbcaily chhagimg esdidorlectrosttic @l:inping force

for leveling local height variations of said substrate.

15 2. A lithographic projection apparatus according to claim 1, wherein
said electric field changing structure comprises at least one perforation in

the clamping electrode.

3. A lithographic projection apparatus according to claim 1 or 2,
wherein said electric field changing structure comprises comprises a

20 dielectric layer and/or a ground layer covering said clamping electrode.

4. A lithographic projection apparatus according to claim 1 - 3,
wherein said electric field changing structure comprises a boundary edge
that varies a plurality of times within at least one boundary edge line

segment that is adjacent to least one protrusion.

25 5. A lithographic projection apparatus according to to any of the
preceding claims, wherein the clamping electrode comprises a boundary

edge that is shaped according to a circumferential line connecting

adjacent boundary protrusions.
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Claims 1. A lithographic projection apparatus conprising: - a radiation
system for providing a projection beamof radiation; 5 - an article hol der
conprising a plurality of protrusions defining a protrusion configuration
arranged to provide a flat plane of support for supporting a substantially
flat article to be placed in a beam path gﬁ said projection beam of

radi ation, the article holder conprising | east one cl anping el ectrode
for generating an electrostatic clanping force, for 10 clanmping the article

against the _article holder., characterized in that - said at |east one
cl anpi ng el Bct r oGO ORERP RIS PEYICEHER 3PRATALES ACCORGHI H a8 fcthifr e for

| ocal 'y Chfigﬂéé&iiﬁ | daheCivh@stial g&idcbaﬁnaagy Eageqs hitvel W¥EANY ArbaAa! at
hei ght variations of said substrate. 15 2. 't Thographi ¢ projection
appar at us alest gonge bougidamn protwhsiosisn  sai d el ectric field changing

structure conprises at |east one perforation in the clanping el ectrode. 3.

A Jithogr aphi o PRGLSGLAANAPRABENBRARSRLAING dRShAIIG B G mather ol

said electric fi'el ng rises co ses”a 20 di el ectric
| ayer aril/ opreceglingrdaimyewheoyier saigl patfdraticmdp ang geheehlipdércudar A
| i t hographi c projection apparatus according to claiml - 3, wherein said

electric figeld ch I ng structure, .conprises a boundary, edge at varies a
ol ural ity of ti maloRRRhi BrREHOBRPRIMHA P OTIEY Fhenyselttin: tnat i o
adj acent t oplQastingReaRh8! WhekSih saiel Perfratid® a8 RneranPisti¢!dHipeappar at us
according to to any of the preceding clains, wherein the clanping

el ectrode conprises_a boundary edge that is shaped according to a
ci rcunferenial Aili&ogsarbis PhgecHanARPAr S RrsOydpHte asyonsthep- 1624. 010

15 16 6. A Li | r QJ o0, j . :
pr ecedi ng cbg%éﬁbgghgh@gé&l% %ﬁ%@oﬁ?ﬁﬁ%@%@%ﬁ%ﬁﬁ% %giéa I f?ch} gﬂﬁghalts
10 a fraction of an avarage span between two neighbouring protrusions.

10. A lithographic projection apparatus according to claim 9, wherein

said perforations are ranging from 0.1 to 0.5 mm.

11. A lithographic projection apparatus according to any of the
preceding claims, wherein said perforations are located central to a

15 triangle formed by three protrusions.

12. A lithographic projection apparatus according to any of the
preceding claims, wherein said clamping electrode is a single piece,

controlled by a single control voltage.

13. A lithographic projection apparatus according to any of the
20 preceding claims, wherein said protrusions are generally cylindrically

formed.

14. An article holder for a lithographic apparatus according to any of
the preceding claims, comprising a plurality of protrusions defining a
protrusion configuration arranged to providing a flat plane of support for
25 supporting a substantially flat article, the article holder comprising at
least one clamping electrode for generating an electrostatic clamping force,

for clamping an article against the article holder;
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| east some boundary protrusions. 7. A lithographic projection apparatus
according to any of the 5 preceding clains, wherein said perforations are
generally circular. 8. A lithographic projection apparatus according to any
of the preceding clains, wherein said perforations are generally
slit-shaped. 9. A lithographic projectionlﬁpparatus according to any of the
precedi ng clainms, wherein said perforations are have a dinension which is
10 a fraction of an avarage span between two nei ghbouring protrusions. 10.
A lithographjc _projecti.on.appar.gtus _according tqo claim9, wherei.n said
berforat | onSharactebized i A mad et lsast anmAlamping alscUatr SMMBTISES At | on
appar at us aggetst rrfumtﬁmgiﬁg sh@ictife S dicRally! i drbgingh SRl Blettdhtatic
perforations are |ocated central to a 15 trianhgle forned by three

pr ot r usi ons¢lamping farchder dgralinglasiab height wpatiangoifaidraibirate. any of
the preceding clains, wherein said clanping electrode is a single piece,
controlled by a single control voltage. 13. A lithographic projection
apparatus according to any of the 20 preceding clains, wherein said
protrusions are generally cylindrically formed. 14. An article holder for
a lithographi c apparatus according to any of the preceding clains,
conprising a plurality of protrusions defining a protrusion configuration
arranged to providing a flat plane of support for 25 supporting a
substantially flat article, the article holder conprising at |east one

cl anping el ectrode for generating an electrostatic clanping force, for
clanping an article against the article holder; P-1624.010 16 17
characterized in that said at | east one cl anping el ectrode conprises an
electric field changing structure for locally changing said electrostatic
clanmping force for leveling | ocal height variations of said substrate.
P-1624. 010 17
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