1 Lithographi c 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 configuitation 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

t erm " pat t er ni ngLitlogtapisichApparaphsy Be vice ManhfadiwrddigyMelthodtadr et ed
as referring to neans that can be used to endow an i ncom ng radiation beam
with a patterned cross-sectiofPewse MamHactured Thexahern 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 par®icul ar fiepresait inpertidmreladey te Hthegraplticgatogeciion tdppaa@tiigr get
portion, such as an integrated circuit_or other device (see, bel ow).
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structure wi'll "generally be a mask table, which ensures that the mask can

be held at «lasmingcslpeptedar gonicrating ameleetraptatigi dampingeorceafed that it
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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;



mat ri x- addr essabl e surface having a viscoelastic control |layer 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 Iight. Using an appkopriate filter, the said
undiffracted light can be filtered out of the reflected beam |eaving only
the diffracted light behind; in this manner, the beam becones patterned

according to the addressin tern of the trix-adressable surface. An
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5,296,891 and,US 5,523,193, a PCT patent appl,icati.ons WO 98/ 38597 and WO
98/ 33096, mkﬁ%%%ﬁ@%r&’@%?%’&r%f&bﬂ Atz agyes QQ?ISrSéHé%‘?e-lfhntaﬁgﬂ&?gé"eof a
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required. 3 addressable, 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 1is 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.



For purposes of sinplicity, the rest of this text may, at certain |ocations,
specifically direct itself to exanples involving a mask and mask table;
however, the general principles discussed in such instances should be seen
in the broader context of the patterning neans as hereabove set 5 forth.

Li t hographi c projection apparatus can be uged, for exanple, in the

manuf acture of integrated circuits (ICs). In such a case, the patterning
means may generate a circuit pattern corresponding to an individual |ayer
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gl eaned, for exanple, fromUS 6, 046, 792, 1 ncorpora y reference.
30 I n a mnuiscsuccerpipelydessdiased yia the phrofpciiom sy sheo) eone @i a dippar bt us, a
pattern (e. géu}rrf]:natl ar{aaggx)athg, Er%a;ﬂggfirggn%agtt%rrslyrpgs ngaaE rene{s atoni 8 rr%\sk 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).



| east partially covered by a | ayer of radiation-sensitive material (resist).
4 Prior to this imging step, the substrate may undergo vari ous procedures,
such as primng, resist coating and a soft bake. After exposure, the
substrate may be subjected to other procedures, such as a post-exposure
bake (PEB), developnment, a hard bake and ng#asurenent/ inspection of the 5

i mged features. This array of procedures is used as a basis to pattern an

i ndi vidual | ayer of a device, e.g. an IC. Such a patterned | ayer may then
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| i t hographi ¢ apparatus may be of a_ type having.two or nore substrate tables
(and/ or two Bichasdifiak o sapvieg) whenes the mdivid paldeyigge cagebs aounk
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carried out on one or ‘nore
15 processes can be obtained, for example, from the book "Microchip

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.



30 while 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 reference. 5 Although specific
reference may be made in this text to the use of the apparatus according to
the invention in the manufacture of ICs, ig§ should be explicitly understood
that such an apparatus has many other possible applications. For exanple,

it my be enployed in the 5 manufacture of integrated optical systens,
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(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 walfer, 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 prdcessing occurs for instance when the

type of irradiation used for photolithographic processes is in the (soft) x-



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 vacuum
conditions. This type of processing occurs for instance when the type of
irradi ation used for photolithographic processes is in the (soft) x 6 ray
region, also referred to as Extrenme U travgolet (EUV) region. Electrostatic
cl anpi ng nmakes use of an electric field between the article holder and the
article. In this vvay, el ectrostatic forces are used that are present

bet ween el e [ h r rticle 5
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15 from each other and thereby form a bed of supporting members that
support the article. A typical height of the protrusions is 5 pm. 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.



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 claim14. In still 30
anot her aspect, the invention provides an article holder according to the
features of claim14. 7 By providing an article holder wwth a perforated

cl anpi ng el ectrode and/or by providing a clanping electrode wherein said

cl anping el ectrode conprises a boundary edge that varies a plurality of
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boundary edge ne ‘segnent one pro rusion,
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Ol o s BB RRe RN oo iatatpas Shatcram auBiits of tha i Sastes
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be limted to curved shapes but al so enconpasses shapes that have acute

edges such ai¢ i§ arotedshandbeanricgolnegforaimms. azs'small” wrigh eespdcietm thie meea,

sai d perfor atf)aor?r%eél rb%r 8 Jace?il lﬁ/roqi S Bln%f that is, the area of a perforation ranges

15 substantially from 0.01 to S0 % 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 peerrations in this way, said clamping electrode may

be a single piece, controlled by a single control voltage.



In anot her preferred enbodi nent, said perforations are generally slit-
shaped. The perforations and/or slits may be of a dinension ranging from
0.1 to 0.5 m 30 By providing perforations in this way, said clanping

el ectrode may be a single piece, controlled by a single control voltage. 8
Enbodi ments of the invention will now be d8scribed, by way of exanple only,
with reference to the acconpanying schematic drawings in which
correspondi ng reference synbols indicate corresponding parts, and in which:

5 Figure 1 depi ctpmbddibfiatsaiiine Rivenedr ¥l 3RRAbA dEs @TSad dbjiSvaP ofin
enbodi ment of the invention; Figure 2 depicts a plan view of an article
hol der depi ct@anple enlurwith: refeienaecctosthfepreempanying schepodiiawiiavengann

article hol der. of | i r.Qj i . t ] i on; 410
gure 4 dep DI s0ussbREREhB R GreRE e ThhoR HRIRE i SorobRtin il o
proj ection app&hsthts of the invention; Figure 5 depicts a detail of the
enbodi nent of Figure 3; igure 6§ depicts a detajl of the enbodi nent of

F
Figure 49 Fi gur &'18Ugepi BERICES o EROEARAHE IRERICCEIOTHAPRAT A EY S 2REPERINELO an15

|'i t hogr aphi c. REBHES h(gq)facﬁgth%ﬁﬁo f. the invention; Figure 8 depicts a
dirent 0 iC

fourth enbodi an article holder of a |ithographic projection
appar at us of the Figueatld dapidis guplrdaieendf an attdcledetldiet el ppeted in Evgumd 1;

| anpi | ect b dges that are modified ding to th
et on; and 20 EHGErEOEDISAGHE S SSRGS Ah EREIPBIE) ¥F showi g a
fifth enbodifipraphid BeojcRvient ApPardti @bt FkeRincal ly depicts a

| i t hographic projection apparatus 25 according to a particul ar enmbodi nent
of the ilfventi on.Figweehgapintas seenpd eselsediment of an article holder of a

lithographic projection apparatus of the invention;
Figure S 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;



- a radiation systemEx, IL, for supplying a projection beam PB of

radiation (e.g. light in the deep ultraviolet region). In this particular
case, the radiation systemalso conprises a radiation source LA, 30 - a
first object table (rmask table) MI provided with a mask hol der for hol ding
a mask MA (e.g. areticle), and connected o first positioning mneans PM for
accurately positioning the mask with respect to itemPL; 9 - a second
object table (substrate table) WI provided with an article hol der for

hol ding a .S“bStF@t%%é&lgwﬁeéteﬁbiwg’ﬁbgﬁa%é Lcéﬁf%g W &vidé’d‘@ﬁtﬁ%@ﬁ&?ﬁi@l@ to
second positioning neans or accurately positioning the substrate wth
respect to ilddePlor holding a sybrstj et Wofe. gy resis(C daesl” JiliPbnfwafdriveamdg an

irradi ated portion of the sk anto a tar ortion (e.qg,. conprjsing
one- or ror e GHEETE (o, SREORGLRDPHUE TREAHS AN B A A A H PO HAP IR BSEs of
a transm ssiyfmhdtyRe Witlerediisctao &AM aaLve Mmask). However, in general, it
may al so be of a reflective 10 type, for exanple (wth a refl ective nask).

Al t er nat bvel y, the aappajestion sysigne(peny’) dlofdreimaging an ipeadisted poriteanss,
such as a pr

ourco LA {475 PRTRAER S Roteulet B fbn Ty B0 cBnhElY B o8 ARRRe S,

beamis fed theteuBdirhtd W nati on system (illumnnator) IL, 15 either
directly or after having traversed conditioni % nmeans, such as a beam

expander Ex, for /4x86p¢ &leriHed; t(heARRAGIUSILS phyp HommmisslvabiREsihdiakans
AM f or Se“'t?gnkf}ﬁs&%%aéﬂg/ BbwevaEr i ?&?ﬁ#al?ﬁtﬁ% - alkbBBRLYriRLEvEed O

as s-outer and s-inner, respectively) o e Intensity distribution in the
beam | nOaddiypepfor examigle (wetheaaleflgctivapnasl). Vdtémetivg@ly otheappampoment s,

e e o e MHORAE: B ST ERE R el St e e AL
di stributi onmifoktayray @I% 65 h8efdrtegowitbviee noted with regard to figure
1 that the source LA Tay be wthin the housing of the |ithographic

proj ecti on appar athe spusce &Aofe: gnantgxcimer 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 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 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 béam PB subsequently intercepts the mask MA, which is held

on a mask table MT. Having traversed the mask MA, the beam PB passes



25 case when the source LAis a nercury lanp, for exanple), but that it may
al so be renote fromthe |ithographic projection apparatus, the radiation
beam whi ch it produces being led into the apparatus (e.g. with the aid of
suitable directing mrrors); this latter scenario is often the case when the
source LA is an exciner |aser. The currentjg nvention and clains 30 enconpass
both of these scenarios. The beam PB subsequently intercepts the mask MA
which is held on a mask table MI. Having traversed the mask MA, the beam PB

passes 10 t e P ].-’ﬁ;i rge

portion C oftplrr?ﬁgﬁstttlj%sltern SSP%LV&V r@?’ﬁ%(%alk%g%fs 5?%@%2?55? t%%glg% ?’c?%ﬁﬁgl (?reoafns
PW (and i nttaefariostehte & nddstuthegidedthel deconidhposithriingtraehall BWWackn be
noved accurately, .S0 as to p05|t|or}|Fg|ffere t target. portions Cin the

e. g,
5 path of tH@t?fé%?ﬁm%Frlgirﬁ??%ﬁlW,g mransi it thosHPSHRitR g RisaWsl PRICRS be

used to acc Ltdionet f I: : p@rﬁt fi At

beam PB, e. gﬁ ag‘feg% ércEth%F% o4 'esrcgrfg% :f%l;%s‘f‘ﬂg%ﬂt 1g€mas tﬁe{: grrﬁghga(glén the

| i brary, Sor mithi ofgthee beam PBh Sjemidady, thofiesteposisiorting robpastPMatdedeMr, WP
will be realized with the aid of a.long-strgke dul e arse 10

posi ti oni ng)USHHIA2ERYF#LELY P&?étl%&bFé%FFf(r‘}@‘Kp‘gﬁ %ﬁﬂer%;%? i RATLPE thgt
explicitly depiratrEm, &1y, fHfti @ethabov@viRtriebal bhen€ asesloMAR fverhes rhseper (as
opposed to a_step-and-scan apparatus) the mask table MI may just be

connect ed t dikraghioPt MiiBE& BedmakbEeneralnmovssnenk efithwmedheqtadnas MT,
cubstrat e Wi he el avedouhakn o LB, odte MRl 19
di fferend nosestiohing)nasd epshordestroke madkilé dixhe pdbitisnkgy)] wetsknireahdy
P L TR BT G e
B g e SR
scenari o applangscteddem shieat stroke actuator, or may be fixed. Mask MA and
substrate 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 ydirections 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”, e.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 =
My, 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



given target portion Cis not exposed in a single "flash". Instead, the mask
table MI is novable in a given direction (the so-called "scan direction",
e.g. 25 the y direction) with a speed v, so that the projection beamPB is
caused to scan over a nask inmamge; concurrently, the substrate table WI is
si nul taneously noved in the same or opposiie direction at a speed V = M,
in which Mis 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

A M . . 2 ! e
Vewis i1 uSPPEReBRIRHER IF pRAERTIE pPBundslon; Bidheey A SABSERIGELR
the figure, byntdetritotiretts. Treinpaows thialintellidibiligf, qlpta Gsv @iotAuididns are

pi ctured, the protrusions oriented in substant.i al Ir% concentric circles. To
i nprove t he FHEEMGe Bi the picByiey. 4 hesq Rosrusiensrs have a gensrahdisaneteriade

pi ctures. Th 0, j | g4t &L 0.
| ocat ed genergg‘ffrg&la%ﬁ&asdéi% sqt% g%&%ﬁé?m%r%ﬁ‘gg\gyd% ‘r:om eggﬁ’ %%g?%%ﬁﬁﬁkgby
forma béd obtrsarmpgod tthegele fitlensa bedtofshippoottingencmbers lthat sugpas thewaf er

or reticle. Furthernore, by reference nupergl 3 is .indicated a cl anping.

of ectrode. TAEICFaRBENG SRACEEIBAY F UG BEr et Ko eTedes Rerls o is
buried in a paseafldhelemping detireode. ThledahmpidigPslettriode & heapr susi ons.
The cl anpi ng el ectrode 3, when charged, 10 generates an el ectrostatic

cl anpi ng f or eendyctingrlapgr shet iz puaiechin pdpase plgdrmitthenartitlstholdends of the

cosce es 1 r (AREPERG thR FrarPhSIoR ik B HIPTY LERY e 3, Wi ot

t hr ough-1®| egedermys sa1 ectpstacioniatdgiiag ferects ehemns attratt shoasticlef or
ejecting the article fromthe article holder 15 after a photo-]|ithographic
process has BeaISARe t%?ndwﬁéflmr@,tmﬂwﬁ@-al& Fleure %OPH%HF,rabIY

Lhr ough-hol gyt &P the Br@CSOH c%léseﬁ‘i%ﬁgg:é@ NerdIRy dRefbugHa

backfill gas e article holder. Such backfil y be
t he spaces f bpinsd derawedicahed. Photthugiighshdes & hragespier o aheemimpdste

g{ ,? Iug:j el, agﬁ(r:ﬁ]fegiiozlu Os;&og?skﬁg\gpélzfgr%ﬁg&ri és itl%l Sér?irc]?e %r%?n%%kaslitgcﬁe Cﬂcolggr
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,



clanped by the article holder. Such a backfill gas enhances the heat
transfer capability fromthe 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 denonstrated 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 perineter of the article holder (in the art known as "notches").

The inventiaon_nay, even | ied_outside the context, of an. jrrequl ar
poundary 1 oipCe FheeTTpURRoRRls B fdbPes Bl R BRP RIS Lo B pat et (that
may arise ircoveps ohe UbrONghdbleguiat irpfhe derdc® vidiei 8y 6f dhé tRFOLENHER.
di stribution. However, the presence of through-hole 4 is a good exanpl e of

a how a | ocalhesgfysss thefarticle may deforsn, drpeadingpa the Baturmgl Hee suippsst e,
12 si t - i ticl
Since +id BROUBRERlAc o ARAIPRR. ALMIRIRREN LEdh SLP B0l a1e article

that covers t hol e, I'n Vi CI hi e
t hr ough- Bol eunaddegrtebty propdwiand,i sd ehaty fdefisrenrodependrlay exrot hansadwt e of

t he support nd,t he magni tyde of the of the ynsu rted area, to an.even 5
inaccept abl ©TaT T FEARI IS JO AT B FBEUASPFOME O BU6iNEGN P PoF BRI E 0t
of budget. Id}eOd8E 3 BoRIRYSY péHb?atiéﬁ@OF%f‘g?éélgﬁe B8ctenEAkifd ¢l anpi ng

el ectrode 3 conprises perforations 5 for locally decreasing said

el ectr ost at iddectraststigclaonping fercehis thay wayodatalne¢ight weatataensf vaifenaf er
due to uneven clampin ressures may be circunvented, since_the 10

el ect rost at 1AASIE MBI Ry BELUE REE s %r geal B FRbEuA BN e s i ci e
my be nore @yeirbytuppRirhpthg pesskiiterthdynbe l6cdue eed aved | Heneertble Ofticléocus
error. In Figure 4, an alternative enbodinent is shqown, which wherein the

el ect r ost at i Ba¥ I RMPINNE FGLE SHRPBECvESTULIPEHEr 2 dedt eI ¥ETIaRrEOT QT 15
addition, ths.gkapping el ectrode 3 conprises a boundary edge 6 that is

curved |l ocalTy around at |east some of boundary protrusions 2. Such curve
may be viewed i n IgeRiguak fsam apternativeyerobodumehappishgval r whesh vdatdein the

oriented w teﬁe&?%éla%'ic' Xla%%{]ngr £ C%Cxtnagrobea PR tfﬁyﬁ{e%néor]-tqgllieay?Petrie?pn ey

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
errors.

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



even applied in conbination with non-overl apping circles. However, the 20
overlapping circles offer the benefit of a single piece electrostatic clanp,
that can be controlled by a single control voltage. Figure 5 shows a detai
of the configuration of Figure 3. In Figure 5  protrusions 2 are shown

i ndependent of a specific boundary configurgtion. Here, the perforations 5
are shown to be present in a central area of a 25 triangle forned by three
nei ghbouring protrusions. In this area, due to the |lack of support, an

article t endvsar a&;(g}r?s %If%quf%chqB Cﬁ@%&naiooet ?&rltrgﬂ?dailﬁd %bgneds qutﬁbgiﬁgal cus

and overlay €rrors are‘i néreasé orations, g may

be prevent edjefbiuingenheassingdathedgoeust &mcm;;ireg/el@ltfmcss 30 Figure 6
shows a detail of Figure 4. Boundary 6 is curved locally, having a radl us
curvature that i§1§|d5¢3xﬁﬁ§t%ldfﬁl?lt 2 sehsmatic plan yiew B s Eefdeledroldss for

boundary to v f
electric fie dé]nnyl'g\é%ﬁfrr%rllé AI@I evenwggcr)eu'lttﬂgqle?oca 8 b ;ﬂg?ﬁ‘yﬁg ?ﬁe
boundar y Seddkhdseofetidie hodldaps ng aehegﬂrremdﬂy%quléirg unesl*?amdalﬁ}d cepi suppiorted
schematic plan vi.ew g[_}fa ret cle holder for, use in EUV-S¥$ 2)5?

particul ar - WAGRIGFRLLY 8 PEPETYSIORS. 4 Gretiich SAVETE FHaPeSs RAGASIC ot | ol o
hol ders 7 arg, a@ldrY neal BeSsdiia@h@REura T oak SaSldReF (Rigurbyg)a thb %ﬁbkty
of protrusions. For such square shapes, the basic configuration may

square (Fi gunaving arelativenigss sar(aiouin Pan bhevéen neighbevring burlst at ive
eos Vel ot Rt e HGERLDE] SRR 0L aa 085 by
shaped aocoredigmg6 tthad isisheipedesetdrndahg ltbre cﬁmumﬁnemglaladn@cenhebawgdar y
protrusions. In Figure 7 this results |n str n wherein_ the
i mpr ovenent 4@3Fﬁng%§mtp%8\&§’é’d‘sdl Ig alﬁb‘ée%‘ 1ﬁéesb@£ﬁﬂhﬁy5té%l’§@tdlfi% t he
At S e i S S T e
exanpl e t he edecsdagdedge ao élxc dvadf apahawidib dfdivfo ad@gmcamtapraisisiond. ynce.
'n Figure 8, stich %Rtéfa:‘éu%lggcll de%lrgef e eftrecfc&l, E){/(\e/r are 24 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.



reticle 8 is shown, wherein the protrusion configuration is triangular. In
this setup, the boundary edge 6 is optimzed, by shaping the edge 6
according to a varying circunferential |line 9 connecting adjacent 20
boundary protrusions 2. Finally, Figure 9a and 9b show detail ed plan views
of a clanping electrode boundary edges 6 t4at are nodified according to the
invention. 1In the figure, by the hatched area 10 the clanping el ectrode is
i ndicated. Furthernore, crossed circles 11 indicate protrusions for

supporting an 25 }ﬁ]ﬁxtﬂh%}rﬁlox‘éurffd}ﬁrﬁ%h?e d %‘l’!é“ticéﬁe%ficth%ec e?n%?ﬁgéf% r%gge 6.

perforations for ocall'y ‘'décreasi fig said e trostatic ¢
order to achnayevaay deitealifyl of ness withiheatdeastbae bowndahe efliggdires it is

apparent that the areas. have shapes that differ frqm perfect round
shapes. Furt¥f&monkthat iy ggj/aé:ﬁﬁért@ﬂfea hapetmgtw%anofsqﬁéaﬁm SFEMDBHs!Smay
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area 13 indi cated schenmat y i'n fig. 9 by neighbouring protrisions~2.
Furt her nor e, frémon E d@r Enges anjavespgaspan betweaméwbmeighbpustnge 6 may vary

a plurality of .tinmes wdhin at |east, one boundary edge,l.ine .segment,that,is
2l acent 1o PorkeSEhs" i ReBingre "SheR AN Balefifs) bR 43R Haa R
picture by rehgeance sdes@hndd4rpedgb@s RidiaRdhts shogimgo 2licleoge.al to 10

ti mes an average span between two nei ghbourjng protrusions. Furthernore,

schemat i cal |§QURdAgeREEAIO havig adaggsntivdilng Bneatingerric PumdpBoEdgar y
P08 O eI e S IOWR ] SE1Q56 BURPUNGRLY SIS OBE DA ANEN! | 2

| ine tangent to sai ry edge that varies in direction so“as to foll ow
a | ocal 1€ontdocufmderadidlylihbarbtOnd atlenfsersenté dounderyapmindsaid 2ast sone
boundary protrusigQns 2. .  Fjqure sho fifth.enbodi nent of .t he.

Cnvent o' wher o HEDHE 1QbEFs & IR A bttt o) B dhguer ar WOSTET HBC1 ocal
hei ght vari adjeefisc fikld ¢ loclly h&ng¥llifshldvelint Hcad s driBodscoiHe 16
for clanping a fiducial 17 which s _used for —alignment purposes of a
substrate toaBiclpamheehdn. thip caseaeidd hisa clamdl diteéar ¢clemping adidmeial al7

grounding stghpl8 %@@d%r%fﬁﬁrﬂggt 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.



that is locally provided covering the electrode. In case of a groundi ng
strip, such could be provided easily by etching or local inplanting, in
order to provide a |local conductive layer that is grounded and covers the
el ectric clanp. The grounded strip prevents the electric field from
propagating 20 which will cause a local attenuation which is simlar to
providing a hole in the clanp. O herwise, the strip could be a dielectric

| ayer, which increases the electric force exerted on the fiducial. In this
exanpl e, dﬁﬁlﬂﬁdakﬁi¥§36 clanp of Figure 10 conprises a top ULE |ayer 19 of
wherein protrusions 2 are arranged to provide a flat support. Likew se, a
bottom ULE | ay 20; 4 [ 1 f | 0BG mad 4 on a
supporting par ?f 5‘%?153%.%"I?‘ﬁnﬁ‘\ﬂgé\%‘%gggw?ﬁé’%l@ﬁ%%@@&%%ﬁefy%‘ﬁ%é’%ed W th
a central applioativn:| ayer 23, that is bonded to the ULE | ayers 19 and 20 by
al um ni um bondi ng |ayer 24 which serve as clanping el ectrodes. Wil st

speci fic enbodi nents of the invention have been described 30 above, it wll
be appreciatedlthat the invention be ractLCﬁg ot herwi se t.han as

descri bed. The''description is not‘pﬁﬁ@ 1G FOJSCRPR PRRESTUS FRMPPSRE | N THE
CLAIMS: This |istiagilRimiahtot f6t cohikiochRRlaednPbf radiati6h; atRlr si ons, and
listings, of clainms in the application: 1. A lithographic projection

appar atus conpri si #iyarticlerhalder pempase # puradion of priobusiags arangshtopravidiiat i on;

d icl i si i f. i ons. )
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cl anpi ng el ectrode for generating an electrostatic _clanmping force for

cl anpi ng tHamping feres foy slamping the agtials agaansidreticlelpldesi n sai d at | east one
cl anpi ng el ectrode L Lo f i ng
said electrostati ngl anp%a?](gﬁtflg%égh?gfra%pgn\ée%@#go oca sglsg 'E; 15\%@1%%%1(?8}%?2%?
sai d arti cloelocdlly Ahhngihg said plectrostatiy eletmporg fapgedoatavsling ealhaighttvarietiarsiof 1,
wherein said, electric field changer conprises at | east one perforation in
the cl anpi S eflrélgfer ode. 3. A lithographic projection apparatus according to
claim1l1, wherein said

2. A lithographic projection apparatus according to claim 1, wherein said

electric field changer comprises at least one perforation in the clamping electrode.

3. A lithographic projection apparatus according to claim 1, wherein said
electric field changer comprises a dielectric layer and/or a ground layer covering said

~ clamping electrode.

4. A lithographic projection apparatus according to claim 1, wherein said
electric field changer 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.

5. A lithographic projection apparatus according to claim 1, wherein the
clamping electrode comprises a boundary edge that is shaped according to a circumferential

line connecting adjacent boundary protrusions.

6. A lithographic projection apparatus according to claim
5, wherein said boundary edge 1s curved locally around at least some boundary

protrusions.
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electric field changer conprises a dielectric layer and/or a ground |ayer
covering said clanping electrode. 4. A lithographic projection apparatus
according to claim1l, wherein said electric field changer conprises a
boundary edge that varies a plurality of tinmes within at |east one boundary
edge line segnent that is adjacent to | east one protrusion. 5. A

| i thographic grojection appggabdshid e '%’Jdﬁn%% i tgﬁ o
cl anpi ng el ectrode conprises a"’%gunggg; eﬁgaeﬂptgﬁg'%ﬁ% sha e?@(@%’r m%mfsaélda
ci r cunf er pafforakionli§ generdlyne@ruiang adj acent boundary protrusions. 6. A

| i t hographi c projection apparatus according to claim 5, wherein said

boundary edge i s curved | I ound at | east sone_houndary. rat rusi ans.
15 W T o8t aphi ¢ pr o] SorPOHRHE 4P IE Lo BB AP B SR Furen fMba; o
perforati g&fbﬁﬁgﬁI}@%@H&M]ﬁli&.@ﬁéﬁ@ 8. A lithographic projection apparatus
according to claim?2, wherein said perforation is generally slit-shaped. 9.

A lithographic projection apparatus according to claim2, wherein said
perforation h8s a di nensi énlitiipgrenhicprejestioncarperatusf acaprdingtoieimsph avheseinsaidn

accor ol ng P RRgpReeh kAR v i LabRaPbOR Y el RbE b AR A RIS h kg

about 0. S pfatusidas, A | i t hographi c projection apparatus according to claim 2,
wherein said perforation is located central to a triangle fornmed by three
protrusions. 12. A lithographic projection apparatus according to claimJ1,

wherei n said 18t anpi ng el écithegaPhis pIolertiRy aPPATaisACCedME 191 qlaim Hyvherdn syifle
control vghtfglg1 on}%g[eé‘ﬁlo!rﬁ m%&h@ocabgﬁﬂ{).ﬁ?ﬁrhpn appar atus according to claim
a

I, whereifn sali protrusions are gener y cylindrically forned. 14. An
article holder for a lithographic apparatus, the article holder conprising:
a plurality ofllprotrusi ond kithograghi¢ projeptiandpperatussagbending foadléign 2,|vehtergih aaid of

support Ejgrrforsa'ifli%R?sr foc 8 30nfi 1 %lu'?éngefen Formed by three protrusions.

12. A lithographic projection apparatus according to claim 1, wherein said

clamping electrode is a single piece, controlled by a single control voltage.

13. ' A lithographic projection apparatus according to claim 1, wherein said

protrusions are generally cylindrically formed.

14. . An article holder for a lithographic apparatus, the article

holder comprising: '

a plurality of protrusions arranged to provide a substantially flat plane of support
for supporting an article; and

at least one clamping electrode for generating an electrostatic clamping force for
clamping an article against the article holder,

wherein said at least one clamping electrode comprises an electric field changer
for locally changing said electrostatic clamping force for levelling local hejght varations of

said - article.

15, A device manufacturing method comprising:
patterning a beam of radiation with a patterning device that is supported by a first
article holder;

projecting the patterned beam of radiation onto a target portion of a substrate that
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at | east one clanping el ectrode for generating an el ectrostatic clanping
force for <clanping an article against the article holder, wherein said at
| east one cl anpi ng el ectrode conprises an electric field changer for

| ocal |y changing said electrostatic clanmping force for |evelling |ocal

hei ght variations of said article. 15. A device manufacturing nethod
conpri siig ' P%f}i degdoid Qﬁfmlﬁl?aéadi ation with a patterning device that is
supporte afifst article holder; projecting t. ; :
radi ati on onto aclempipgthpprisraRedevige %&B’%%t%éet ﬁrs? ﬁé’?ﬁs lgog&%r?@ﬁ%}o%?@ép%v a
second article hol der; R arRldfodevnée against the first
arti cl e HEPREE c[crgegﬁra%de trté%fsgé}?coqﬁ%#lgrgrgilégg force generated bfy at | east
one clanping el eGLyRags;loaNHeibkvatihtiory of Geahtitreingldevisarithtan sestristlicidehanger.
patterning device with an electric field changer. 16. A device

manuf acturi ng nmet hod conprising: patterning a beamof radiation with a

patterning device that is supported by a fi.rst. cart'cle hol der; projecting
the patterned®eam of radiation &1&%‘%%‘5@%%’ dcan’Q”él?gstrat_e t hat

i's supported by a,3@r0RE 2 Bedrh oF adiRlodSWith £ batehing debRe SIS fupbErtadlBy B8ttt he
second article holder with an electrostatic clanping force generated by at

| east oneartitletpldeg el ectrode; and levelling |ocal height variations of the

substrate with anprgjle%ﬁfné the ﬂca!ttngn%d B 98 Fadiatibh onto a target portion of a substrate that

is supported by a second article holder;
clamping the substrate against the second article holder with an electrostatic

clamping force generated by at least one clamping electrode; and

levelling local height variations of the substrate with an electric field changer.
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