P-1622.010 - 1 Supporting structure for use in a lithographic apparatus The
present invention relates to a supporting structure for supporting and
noving objects 5 in a lithographic apparatus. First of all, sone
definitions as used in the present description will be given. The term
"patterni rge2@ams” as here enpl oyed sheudl-d be broadly interpreted as
referring to neans that can be used to endow an incom ng radi ati on beam
with a patterned cross-section, corresponding to a pattern that is to be

created in a target pgrtion. of the sybstrate; .the term 10 "|ight valve" can
al so be used in this @BﬁR"g}&"% s%gl}rgl%&lf’setlﬂéuét PE"%PE‘E‘E%PW‘W‘ISI cor r espond
to a particular functional layer in a device being created in the target
portion, such as an integrated circuit or other device (see bel ow).
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is well known in lithography, and it includes mask types such as binary,
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St ruct ur etowhédns grnednedd ised® cadowrak incallisg radatichbentwitiespdiitaded chRs-B&Ekn,can
be held at a desired position in the incom ng radiation beam and that it
can be novatespending toea pater that ksctolheanneatdd wm W@egst pertion of thexmubsfratenthd team
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unaddr esseigcudti R dther AEViEE [sek BEloAGExadpi¢d dRliclpattentlh fieasd imcludé:ght . Using an
appropriate filter, the said undiffracted Iight can be filtered out of the

refl ected beam | Aavdaskhglhedopcephef alinskiawel dndwy it lithegraple;, andit inbludestaasker |,
t he beam becones patterned according.to the addressing patterpn of the
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again, the mrrors are nmatrix-addressable, such that addressed mrrors
wi || refl efthe eadidtivoompigingaati the ineask, mecording tathe 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 in the incoming radiation beam, and that it can be moved relative to
20  the beam if so desired;

- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface. The basic
principle behind such an apparatus is that (for example) addressed areas of the reflective
surface reflect incident light as diffracted light, whereas unaddressed areas reflect incident

25  light as undiffracted light. Using an appropriate filter, the said undiffracted light can be filtered
out of the reflected beam, leaving only the diffracted light behind; in this manner, the beam
becomes patterned according to the addressing pattern of the matrix-addressable surface. An
alternative embodiment of a programmable mirror array employs a matrix arrangement of tiny
mirrors, each of which can be individually tilted about an axis by applying a suitable localized

30  electric field, or by employing piezoelectric actuation means. Once again, the mirrors are

matrix-addressable, such that addressed mirrors will reflect an incoming radiation beam in a




P-1622.010 -2 different direction to unaddressed mrrors; in this manner,
the reflected beamis patterned according to the addressing pattern of the
mat ri x- addressable mrrors. The required matri x addressing can be
performed using suitable electronic neans. In both of the situations

descri bedr-h&®itmbove, the patterning me@nas can conpri se one or nore
programmable mrror 5 arrays. More information on mrror arrays as here
referred fidferah dgectipnetgimgddressed aniziops; an this mepnesn theagiletted beanpag paitesneds
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t he manuf ecimple vdfich inay bg fiatédr movahle asrequiesl and n such a case, the
patterning neans may generate a circyit pattern 20 corresponding to an
i ndi vi®Qual | ayer dPrqgammedlel (D Pﬁ%g‘ﬂﬁ@ém%%h@éopmﬁw isgtven i Ynjieget

por tion (%tag:s Pﬁ@ﬁfgg%i,iv%@t@ﬂgwﬁ{ch%hg rﬁérug h%f?eix?bﬂé?&ér{c?? s g@c{Jg{_tﬁgF\.\p\ﬁ%{‘ter)
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(resist). sthiRngeRehilcaseAm®y Biinfoodaddess a\ahle of bl Fdt eﬂamﬁié%ﬁicﬁﬁia?@é kix&f or
adj acent target portions that are successively irradiated via fhe

proj ect i omovablsaerguioetk at a tinme. In current apparatus, enploying
patterning by a mask on_a mask table, a 25 distinction can be nade_bet ween
two differentFaryperosss ofimmlisdy, the reshaf thisiexbmay, aticegaiadasations, specaieallyn
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referred §igoi@SedinWeéiPns@hERR]5UIAbe s@éﬁﬂTﬁéﬁbﬁ&?@@ﬁteﬁW%@ﬁﬂ&mih@nﬁ&s as
alternative apparatus - comonly referred to as a step-and-scan apparat us
--- each haeapeve parfoition i s irradi ated by progressively scanning the mask
Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning means may generate a circuit pattern
20  corresponding to an individual layer of the IC, and this pattern can be imaged onto a target
portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has been coated
with a layer of radiation-sensitive material (resist). In general, a single wafer will contain a
whole network of adjacent target portions that are successively irradiated via the projection
system, one at a time. In current apparatus, employing patterning by a mask on a mask table, a
25  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 referred to as a
step-and-scan apparatus — each target portion is irradiated by progressively scanning the mask
30  pattern under the projection beam in a given reference direction (the "scanning” direction)

while synchronously scanning the substrate table parallel or anti-parallel to this direction;



30 pattern under the projection beamin a given reference direction (the
"scanni ng" direction) while synchronously scanning the substrate table
parallel or anti-parallel to this direction; P-1 622.010 -3 since, in
general, the projection systemw || have a nmagnification factor M
(general | B-16220)0 the speed V at which-8he substrate table is scanned wil |
be a factar Mtines that at which the nmask taple. is scanned. Mre
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partially covered by a |layer of radiation-sensitive nmaterial (resist
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regar di ngpfiaiedpiyRe Mas den Gaderfevaidugproessesistth SxaNMgion ifdhntaien (dopmig),
"M crochip Fabrication: A Practical Guide to Sem conductor Processing”,
Third Edi megHizaton,byxidasiosy chemo-Zeachanioal Godishibi ¢tcPabl insdnided) tdinjsh1€fap | SBN
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system may al so i nclude conponents operating according to any of these

desi gn t ypalcifigor shiwieg whegee thhaplividua dedioest oan bk mugnted@nprogjrear doonedakm of
radi ati on,, and _such conponents may al so be referred to helow, collectively
or si ngul Bps-fic. Eurtherinfapmationgggardigp such processes can be obtained, for example, from the

book "Microchip Fabrication: A Practical Guide to Semiconductor Processing", Third Edition,

20 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 referred to as the

"lens"; however, this term should be broadly interpreted as encompassing various types of

projection systems, including refractive optics, reflective optics, and catadioptric systems, for

25  example. The radiation system may also include components operating according to any of

these design types for directing, shaping or controlling the projection beam of radiation, 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

30  parallel, or preparatory steps may be carried out on one or more tables while one or more other

table(s) is (are) being used for exposures. Dual stage lithographic apparatus are described, for



the lithographic apparatus may be of a type having two or nore substrate
tables (and/or two or nore mask tables). In such "nmultiple stage" devices
the additional tables may be used in 30 parallel, or preparatory steps nay
be carried out on one or nore tables while one or nore other table(s) is
(are) beimnge2ased for exposures. DuaI stage | i t hographi c apparatus are
described, for P-1622.010 -4- exa in US 5,969,441 and WD 98140791,
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conpliant part. 25 By the above-referred supporting structure, very

accur at e ¢.gkthesubstraiss (oosst fohetionimg of theoclamping device is necessary to ensure positive
handling, i.e., at every point in time, it must be unambiguous where the substrate is in the
lithographic apparatus. This implies that the substrate must be actively clamped at all times.

20 An object of the present invention is to provide improved compensation of tilt and/or
displacement between an object and a supporting structure, such as a robot arm.

To that end, a supporting structure for holding and moving an object in a lithographic
apparatus is provided, the supporting structure comprising a clamp for clamping the object and
being provided with a compliant part.

25 By the above-referred supporting structure, very accurate take-over is possible while no
rotation or displacement of, e.g., a substrate is necessary. Forces created by a collision
between, e.g., a substrate and a receiving supporting structure are absorbed by the compliant
part. There will be less risk of displacement and of losing substrates in the lithographic
apparatus.

30 The invention also relates to a supporting structure where the supporting structure is a

robot arm. Moreover, the invention relates to a robot for use in a lithographic projection



rotation or displacenent of, e.g., a substrate is necessary. Forces created
by a collision between, e.g., a substrate and a receiving supporting
structure are absorbed by the conpliant part. There will be less risk of

di spl acenent and of | osing substrates in the |ithographic apparatus. 30
The invenkilg.0&l so relates to a supportiSng structure where the supporting
structure is a robot arm Mreover, the invention relates to a robot for
use in a ﬂﬂFﬁ%ﬁﬁSﬁmpﬂmﬂgéH@k%$@ﬁt¢mﬁ622 010 -5- apparatus, conprising such
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t he arr angdiertcoaesndinggatte, dnddumbicha, - Figure 4a shows a side view of a
support frame of a robot armwith a clanp to hold 20 a substrate according
to an enbodi nent BgureHelepisisaithegraphic projgeitan apbaratis agcording tanembodiorentof

support frane o; a robot armwith a clanp to hold a substrate according to
an enbodi WEMVEBHOThe i nvention, wherein the substrate is warped; - Figure

4c shpys a cross gggl PE‘ch%BqaﬁcaﬁHp@éb'iété QPaittdrUctithbErabhic apfarhfils Th Which the
present invention can be used according to an embodiment of the invention; and
- Figure 3a schematically shows a robot arm supporting a substrate;
- Figure 3b shows a side view of the arrangement according to Figure 3a;
- Figure 4a shows a side view of a support frame of a robot arm with a clamp to hold
20  asubstrate according to an embodiment of the invention;
- Figure 4b shows a side view of a support frame of a robot arm with a clamp to
hold a substrate according to an embodiment of the invention, wherein the substrate is warped,
- Figure 4c shows a cross section of a supporting structure in the form of a
moveable rod with a compliant part according to an embodiment of the invention;
25 - Figure 4d shows a cross section of the rod of Figure 4c;
Figures 4e and 4f show a further embodiment of a flexible supporting structure;
- Figure 5 shows a side view of a support frame of a robot arm with a clamp to hold
a substrate, the clamp being provided with an oxidized upper surface according to an
embodiment of the invention;
30 - Figure 6a shows a side view of a support frame with a clamp to hold a substrate,

the clamp being a Johnson-Raybeck type clamp according to an embodiment of the invention;



noveable rod with a conp Rty agco enbodi nent of the
invention; 25 - Figure ER(EM &&PEERtMrOd of Figure 4c;
Figures de and 4f show a AEdAeK, SIRRM MRAL.gk Srfl@ple suppor ting
structure; - Figure 5 shows a side view of a support Tranme of a robot arm

with a cl amp2awohol d a substrate, the-ganp being provided W|th an
oxi di zed upper surface according to an enbodi nent of th nt i
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act uator 28 [avardsthe sybstate tabls gesordiag éo #R@ﬁbOdlﬁeatrﬂfthe)m?toﬁ%’oyﬁbst rate
tabl e according to an enbodi ment of the invention Flﬁgﬁfa@kih@ffﬁﬁ‘ﬁ‘ﬁf?"tal ly
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LA;

- 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;

15 - a second object table {(substrate table) WT provided with a substrate holder for

holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second positioning
means PW for accurately positioning the substrate with respect to item PL; and

- a projection system (“lens”) PL (e.g. mirrors for EUV radiation) for imaging an
irradiated portion of the mask MA onto a target portion C (e.g. comprising one or more dies)

20 of the substrate W,

As here depicted, the apparatus is of a reflective type (i.e. has a reflective mask).
However, in general, it may also be of a transmissive type, for example with a transmissive
mask. Alternatively, the apparatus may employ another kind of patterning means, such as a
programmable mirror array of a type as referred to above.

25 The source LA (e.g. EUV source) produces a beam of radiation. This beam is fed into an
illumination system (illuminator) IL, 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 o-outer
and o-inner, respectively) of the intensity distribution in the beam. In addition, it will generally

30  comprise various 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
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15 - a second object tabl rate t vided with a substrate
hol der for holding a SUD R;EW& NRMER&MSI licon wafer), and
connected to second posi tAR.RY& JBAHRS AWLRLLICEILRTgLMs POSi tioning the
substrate with respect to itemPL; and - a projection system ("lens") PL
(e.g. mreasmMor EUV radiation) for imgging an irradiated portion of the
mask MA onto a target portion C (e.g. conprising one or gﬁq{a&
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| atter scenario iis oftep.the case when the source LA is_an exciner |aser.
VE DO Norreapsstterthemath picthe eam PB, e.g. after mechanical retrieval of the mask MA from a
15 mask library, or during a scan. In general, movement of the object tables MT, WT will be
realized with the aid of a long-stroke module {coarse positioning) and a short-stroke module
(fine positioning), which are not explicitly depicted in Figure 1.
However, in the case of a wafer stepper (as opposed to a step-and-scan apparatus) the
mask table MT may just be connected to a short stroke actuator, or may be fixed. Mask MA
20 and substrate W may be aligned using mask alignment marks M1, M2 and substrate alignment
marks P1, P2.
The depicted apparatus can be used in two different modes:
1. Instep 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
25  WT is then shifted in the x and/or y directions so that a different target portion C can be
irradiated by the beam PB; and
2.  In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given
direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that the

30  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
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outlet 5. The gas outlet 5 can be provided with a pump 6 to pump down the load lock LL to
vacuum conditions of, for instance, 10~ — 10~ Pa, a pressure substantially equal to or lower
than Py,.. The movement of, for instance, a substrate W from the atmospheric environment to
the vacuum via the load lock LL, usually comprises the following steps:

20

opening the second door 4 facing the atmospheric conditions Py,
- transferring the substrate W from atmospheric conditions P,y into the load lock
LL,
- closing the second door 4,
- depressurizing the load lock LL to a pressure substantially equal to or less than
25 vacuum conditions Py, through gas outlet 5 using, for example, pump 6,
- opening the first door 4 facing the vacuum conditions Py,., and
- transferring the substrate W to the vacuum conditions Py, from the load lock LL.
The gas inlet 3 can be used to vent the load lock in order to raise the pressure in the load
lock from Py, to Pym. Movement of a substrate W from the vacuum to the atmospheric
30  environment via the load lock LL, usually comprises the following steps:

- depressuring the load lock LL to a pressure substantially equal to or less than the

DREW & NAPIER wur is a law corporation with limited liability



target portion C can be exposed, w thout having to conprom se on
resolution. Figure. 2 schematically depicts several parts of the

| i t hographi ¢ apparatus through which, in operation, substrates (and

possi bly other objects) may be noved. Figure 2 shows a load lock 5 LL, a
handl i ng eheéase¢ HC and a projection ch@rber PC. The load | ock LL conprises
two doors 2, 4. The first, door 2 faces the inside of the lithographic

proj ecti on appar 2264 CORGHERS Bieng t he handl i ng chamber HC and the
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inlet 3 and a gagpeRink!tvd seeond B6or oGcial ileShmesghRAc Bondifions g daid th @ punp 6
to punp down the load 'l ock LL to vacuum conditions of, for instance, 10-3
- 10-5 Pa, a pregkiiversgihs sebstrate Wito elspamotgheat comdidons R.pan Pvac. The
novenent of, for instance, a substrate Wfromthe atnospheric environnment
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a pressure substantially equal "to or 1ess an 25 vacuum conditions Pvac

t hrough gt loadlletk I1udiagrdduerpaeticlephed cphtamitting mpkRouleg $usk 4si 6jgenloor 4
facing the vacuum condi tions Pvac, and - transferring the substrate Wto
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at mspier Liecially chosen gas that doesn’t comprise these particles or molecules. Gasses, such as N gas,
Ar gas or synthetic air, but of course also other suitable gasses, can be used, as will be
understood by a person skilled in the art.
When the load lock LL is brought back from Py, to P by supplying gas through gas
inlet 3 to the load lock LL a special gas is typically used instead of normal environmental air.
20  Figure. 2 shows a gas supply 7 comprising N gas. Gas supply 7 may be a high pressure tank.
It will be appreciated by persons skilled in the art that for supporting and moving a
substrate W, and possibly other objects in, towards and from the lithographic apparatus (like in
a track, the load lock, a pre-aligner and the projection chamber), use is made of a supporting
structure driven by an actnator to move the substrate W in either one, two or three dimensions,
25  such as arobot 8 with an arm provided with a suitable gripper or clamp. Another example of a
supporting structure is pins to displace, lift or lower a substrate in a direction, which are,
optionally, provided with aclamp to hold the substrate In the embodiments described below,

reference will be made to substrates, but the invention is equally applicable to other objects.

30 Embodiment 1

Figure 3a shows a robot arm 10 of robot 8 in more detail. The robot arm 10 comprises a



30 environnment via the load | ock LL, usually conprises the foll ow ng steps:
- depressuring the load lock LL to a pressure substantially equal to or
| ess than the DREW & NAPIER u,c is a law corporation with limted liability

P-1622.010 -9 vacuumconditions P,,az, - opening the first door 2 facing

t he vacuumisnmdoti ons Pvac, - transferrimg the substrate Wfromthe vacuum
conditions Pvac into the load lock LL, - closing the first door 2, 5 -
venting t Kl 12enanp@edto a suppor ﬁran@slﬁhyemsambgf anemplidng perddland en ortermediatet han
at nospheri c (fgndltlons Patmvia the gas inlet 3, - opening the second door
4 facing Pt t mospheric conditions Pat,,,, and - delivering the substrate

Wto the at MoaghRbke, HRAAbbAP AARRE s prdllBSF yifi hOApd 46 1A RPIY erifee” ©f

t o at nospheric conditions I'rs wever,

known to pepderfrnski8 supportsh subStraié W. e sebstrale Weanbdigdld Bf ﬁﬁ%ﬁﬁﬁbrﬁcﬁﬂ@d 1'[8' ons
outside the | oad | ock. The exanple given above is by no neans intended to

restri&t brmeaseoighe clamps28222 #reicdd. LL. Hazar dous parti cI es and

t t | | b nd/ o O t hat
Cnterfere \INin'? oot Saine I A8 T HBR iR he et Polics hspabinelamps Ye
vt ed oo anton o0, ey (s gty 'ﬁ%gtmgap&g rhogh b

15 specia y choseh das esn i'sé I"'es™or cules

Gasses, sumBitadinMAi@aSon ofthe BAY ZOWh&MﬁkttH@jr hgis & ;fezp&urcuﬁﬁ tERy &saalsah%xgt her
sui tabl e gasses, can be used, as will be understood by a person skilled in

the art. Wtbﬁncdwrp@mbuﬂam«bmh thesx-xioanghthe pasis. Thmﬂvmldt ghoRat imFigpre 3a
suppl yji ng, gas t hrough. gas inlet 3 tq the |oad | ock a special gas i
typi cﬁh y DRdle ghe Wy freBigups 3 haéffhﬁaq YA 2R AR VS angerpgin 12c§hq-’c.1§;ﬁffféwdzo §F’|8Ws a

gas suppl 0, essure K.
o1 piooRiRIRGE et o ARE sy R be it B Bl Surle BNl g
and novi NghegubsitRSW kdughth@ishaPAgsdtblnn iRtl3RFe 0bj ects in, towards and from
the |ithographic apparatus (like in a track, the |oad Iock a pre-aligner
and the proj eEtgurn3kshowen) sidayew of rthmlarrm'igemestjplpmmri imdigwe rBacFiguee db,i ven
by an actuator to nove the substrate Win either one, tw or three

di mensi ondddipenallycrhoxs the subratetale WTawlmﬂspM\ﬁh%a ipFgre 3akMoger T,
glr Isglpggc eohgﬁ aig)shoég%aq g?pg(\)ﬁtb%e }{'be D %lprr G Ilt(rlglgd cso;[mr? Ct tupror?t clanS (o? hex1bfe
portion} 26. The compliant portion 26 may be located behind the "fingers" of support frame 18
but may also be located within one or both of the "fingers".
As shown in Figure 3b, the compliant portion 14 may comprise two or more compliant
rods 14, rotatable at their ends. Thus, the intermediate part 16 is able to rotate slightly about
20 both the x-axis and the y-axis. Moreover, it can be lifted slightly in the z-direction. Of course,
the compliant portion 14 can be made of any other structure or of any material, having a
flexible or compliant feature,
As shown in Figure 3b, the compliant portion 26 of the support frame 18 is produced by
providing the support frame 18 with a notch, such that the front side of the support frame
25  designed to hold the substrate W is allowed to rotate about both the x-axis and the y-axis, and
to lift slightly in the z-direction, without any movement of the rod 12.
Preferably, the compliant portion 14 is designed such that it has rotation poles in a
predetermined center coinciding with the center of the coordinate system, as defined by the x-,
y- and z-axes. This point of origin is also the location where the center of the substrate W is to
30  be located during gripping/clamping by the robot arm. Thus, any rotation errors in a positive

and negative direction of the substrate W about the x- and/or y-axis (generally a tilt) can be



optionally, provided with aclanp to hold the substrate In the enbodi nents

descri bed below, reference will be nmade to substrates, but the invention
is equally applicable to other objects. 30 Enbodi nent 1 Figure 3a shows a
robot arm 10 of robot 8 in nore detail. The robot arm 10 conprises a

P-1622. 018-162@10 od 12 connected to a support frame 18 by neans of a
conpliant part 14 and an internediate part 16. As shown, the support frane
18 is prodap&d BGSth three clanps 20, 22, and 24. The support frane 18
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and 03075929.4), to decouple the movements of the gripper with respect to the armset. As a result
of the mechanical link, the accuracy of the position of the gripper, and thus the substrate, with
respect to the receiver 1s increased. Also, vibrations, and in particular the relative vibrations of
the gripper and the receiver are reduced and the mutual accuracy of the substrate and the
20  receiver can be increased. Of course, the mechanical docking solution can also be used for the
reverse procedure, 1.e. picking up objects, as for instance a substrate, from the receiver.
Figures 4a and 4b show that the provision of compliant parts within a clamp may also
help correcting for tilt and displacements when clamping a substrate W (or any other object) to
a clamp on a support frame 18 of a robot arm.
25 Figure 4a shows the support frame 18 provided with the clamp 20, approaching a
substrate W to be clamped. There is a tilt angle o between the top of the clamp 20 and the
substrate W. The substrate W has a diameter D1 that may be 200 mm. The clamp 20 has a
diameter D2 that may be 40 mm. In an example, for a proper clamp functioning, the tilt angle .
requirements can be so low that the distance indicated by D3 in Figure 4a needs to be below 8
30  micrometers. The clamping device may be a vacuum pad or an electrostatic clamp, like a

Johnson-Raybeck effect clamp. As is known to persons skilled in the art, tilt requirements are



tolift slightly in the z-direction, w thout any novenent of the rod 12.
Preferably, the conpliant portion 14 is designed such that it has rotation
poles in a predeterm ned center coinciding with the center of the

coordi nate system as defined by the x-, y- and z-axes. This point of
origin ispabzmehe |ocation where the center of the substrate Wis to 30 be
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positional accuracy of the substrate, as i1s required for other processes in the lithographic
projection apparatus.

20 Preferably, the weight of the substrate W is sufficient to align the clamp since the clamp
should also work after losing clamp force due to, e.g., cut off of electrical power, after an
emergency stop of the apparatus, etc.

As may be evident to a person skilled in the art, the compliant portion 28 can also correct
for any curvature of the support frame 18.

25 Figures 4c and 4d show the provision of compliant portions with supporting structures
that are allowed to move in one direction only. The supporting structure shown comprises a
rod like a substrate table pin 38 having a clamp 20 mounted on an end. The pin 38 comprises
compliant portion 28. The compliant portion 28 is made by providing the pin with two noiches
29 that provide the pin 38 with a flexibility in a first direction perpendicular to its direction of

30  movement. There may be provided two other notches 31, as indicated with dashed lines, in the

pin 38 perpendicular to the notches 29 to provide the pin 38 with a flexibility in a second



a clanp on a support franme 18 of a robot arm 25 Figure 4a shows the
support frane 18 provided with the clanp 20, approaching a substrate Wto
be clanped. There is a tilt angle a between the top of the clanp 20 and the
substrate W The substrate Whas a dianeter D1 that may be 200 mm The
clamp 2 Ophemoao dianeter D2 that maybel30 nm In an exanple, for a proper
clamp functioning, the tilt angle a requirenents can be so [ow that the
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be. made. s58% EhrInh a6 b Ao IOTRIRE R G P O SHET YOI R S d.

Thi s I NtAy Lt : I : ' ' for

ot hor "or onh 303 LAY CORH IR Aerhife e R Teeotis deohiilach. 7))

t he wei ghiel@bestdnty snddtatwhei. oY Re. Bud fenvdising tragslationg ared fivedolisiheSieRibée t he
clanp should also work after |osing clanp force due to, e.g., cut off of
el ectri Caq;upﬁgm,g,strgpmgerofﬁgures 4e and 4f, i.e., x and z d.o.f.’s.

Embodiment 2

20 Figure 5 shows a further embodiment of the invention, in which the clamp 20 on the
support frame 18 is a Johnson-Raybeck effect type clamp. As known to persons skilled in the
art, a Johnson-Raybeck effect type clamp is provided with a dielectric material made from a
very low conductive material. Due to the very low conductivity (of electrical resistance) of the
dielectric material, electrical clamping charges migrate through the dielectric material towards

25  the clamping surface. In use, contact with substrate W is only made at some tiny spots.
Between those tiny spots there are “open” spaces defining a distance between the clamping
surface and the rear side of substrate W. Charges opposite the “open” spaces in both the
clamping surface and the substrate W create a clamp with a very small distance between the
charges, only the remaining gap, and hence create very large clamping forces.

30 In a Johnson-Raybeck clamp a small electrical current is flowing through the dielectric

layer (furthermore in this example a small current flows in between the wafer and the dielectric



energency stop of the apparatus, etc. As may be evident to a person skilled
in the art, the conpliant portion 28 can also correct for any curvature of
t he support franme 18. 25 Figures 4c and 4d show the provision of conpliant
portions with supporting structures that are allowed to nove in one

di recti onPo6d2y10 The supporti ng structurBshown conprises a rod like a
substrate table pin 3 havi ng a clanp 20 npunted on an end. The pin 3 8
conpris esmat,%lﬁi; Vhigh 1‘??6{5 tq pglap elﬁﬁ’é“é‘éﬁﬂ?ﬁ%ﬂfﬁhwmﬂﬁﬁl chgnp subsale sysjem.

provi di ng not.che t hat
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pin 38 w plobkni.l exibility in a second P-1622.010 - 13- direction
perpendicular to the first direction. Figure 4d shows a cross section of
the pith of Fi duphitiostq ﬁhatmeblémwéwrrlmt@ﬁnwbpdlmntcﬁéhelgmmsﬁomog@ﬁ@m to

bet ter show the, ot 2 hes 3 o
Sormt i ant Tgher Erice GF S b I kR es i S5 5aits soalthe L SEmpld thing e
rod 38 ”aﬁlefbfcﬁ'fcgfﬁyér%? é\%’i’algl f2bfﬁ1?d?$ns§ Emats.laﬁoﬂdfzgﬂllﬁfglé g@\i&moﬁ Ie é’fdzz” her

enbodi nent o eX|b e supporting structure to

el ectrost ad stowel @Migirers. Thamiidiged E,y@‘ 30 mayat providedatorthé clah®, 20 aﬁab@vuaz in
figures 4e and 4f The su ortln tructure shown conprises an outer ring
46, an i nkeewnie@ersongskibedi eNidipg the odbgnp %wltbmeemdlz«rddammomy be

fixed p ot. sho S not 10 sho of the
cent i pariysEh ﬁa}?@@\c&%w“%'ﬂio i O S BrFoR T o sag rsHbrate

e.g., by at W th
t wo Ieaf gljf)drjﬁ'lrt\dg;gj%é QSM}Q(}Q gggrf’r e ggg‘lﬁﬁ% trﬁgh%@fe%{p%gﬁmkzﬂ%g@ If)n%F {aﬁg@ ? E%

degr ees ofubstrged®n). The central part 50 on its turnis fixed to the
interface ring 48 by two | eaf springs 54a, 54b and two rods 56a, 56b. The
| eaf springs 54a, 54b are oriented to block the Rx d.o.f. Thus, together
with the E cLs 15 56a, 56b the arrangenent is such that the interface ring
with resp gibodime central part 50 releases only one rotation, i.e., Ry.
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structure of Fifgures 4e an

Fi QUL e 5 $meén-Rafteck efectendinsliTRRlan) 20 helds thesabdtare W. Thekiedpifherfat Rnp 20
on the

generated by a controller, shown as a series connection of a DC voltage source and an AC
voltage source. As will be appreciated by a person skilled in the art, the controller may be
based on any suitable electronic circuit or may be implemented by a computer.

20 Figure 6b shows a portion of Figure 6a on an enlarged scale. Figure 6b shows that the
Johnson-Raybeck effect type clamp 20 is provided with a conductive part 34 and a electrically
leaky insulator 32. Due to the leaky insulator 32, an electrical current will flow between the
conductor part 34 and the substrate W resulting in trapped charges in the leaky insulator 32.

For clamping the substrate W to the clamp 20, only the DC source is switched on and the

25  AC source is switched off. To de-clamp the substrate W from the clamp 20, one can simply
switch off the DC source. However, due to the trapped charges in the leaky insulator 32, it will
take a while before the attracting force between the clamp 20 and the substrate W is small
enough to remove the substrate W. This is due to the trapped charges in the leaky insulator 32
only leaking away from the leaky insulator 32 very slowly.

30 It is known to solve this problem by applying one or more reverse-polarity voltage steps,

opposite of the clamping potential provided by the DC source.



support frame 18 is a Johnson-Raybeck effect type clanp. As known to
persons skilled in the art, a Johnson-Raybeck effect type clanp is
provided with a dielectric nmaterial nade froma very |ow conductive
material. Due to the very | ow conductivity (of electrical resistance) of
the diel eatriocomaterial, electrical clagping charges mgrate through the
dielectric material towards 25 the clanmping surface. In use, contact with
substrate Wi Hopsyer, pnaberaativospdutiamiy feipbe AC s@atovebe ishatanged toypropisies

th i, ! def i ni. ' bet A | I,ng, . f
and Cho 1 OEEYERAS BRVER SR P LR Brtls Rl BPiog o T e e Beore
both th ; ' ; it 11
R S e e R o R S LS

create vethmpaigat thRnpitlubstae® is3Obé de-clathpbd fom-tRaybegk 0c TR atdinsd | |
electrical current is flow n? through the dielectric layer (furthernore in
t hi s ekanpled@seires is switchashnit andghe AGsobreiesnitchied onafchrthatag AGeoltigematt ri c

P-1622. 01Q -14- terial), ich t | ati . |] heat | oad of

he. conbi HERVOR AT Gisow i ioed b 58, Sampr2 el e apther Ghche AFSolaEh it o
comi _ _ A

Bna oriti e fa s g AHRETPR otk b SORRALY of FIAC RN e i felBEY 7Y o

can be a Aptiffltgihe Sapifg fotde@T theocldMpRORY UNngdl) hacihe GibitrateOWadan ©elaafdiyment
of the invention is to provide the upper surface of the clanp 20 a high

el ect ri catemaved Sronnthe cbasep 2hg (for exanple a thin dielectrical |ayer of
sever (1-20) mcrons) such as an oxidi zed | ayer 30 (for exanple Si ),
as sh in Figure 5. This oxidized |layer 30 may be provided to the clanp
20 in anypWiedidhypy to persons skilled in the art. By providing the clanp
20 with tﬁe O)?I"ﬁl zed layer 30, only 10 a very small electrical current wll

flow in the cpiRuAcs stwWeahdeibsaer title WT aith tenshbshige Mbsatirate and into the
substrate Witself, thus having a negligible inpact on the tenperature of

t he subst r at Ehalithpetaphic apparat®s Eprevided witlsan actunber 4 peovadadpyaith pifiy 3fain use,
provided Wi Lhe 12t 20, A%, SLaR 20,1 ;8 atncon, vbeck, f e
0onen B SO PSR e W0 AL GRsEARIBRNICT, RloRa kL e
ski |l ed i suppbeingithe subbats WByirbeidingalie Sibstria et WT vihithSslibs@he ippbR 86, oni ¢
circuit or may be inplenented by a conputer.
the actual surface of contact between the substrate table WT and the substrate W is reduced
while still providing a proper support.
The substrate table WT is provided with a clamp 40, e.g., an electrostatic clamp or
20 vacuum clamp. However, other types of clamps may be used as well, as is known to persons
skilled in the art.
A processor 44 is provided that is connected to both the clamp 40 and the actuator 42, in
order to provide them with suitable control signals.
The robot 8 with its robot arm 10 is shown again, together with its connection to the
25  processor 44, such that the processor 44 can also control the operation of the robot 8.
Sometimes, substrate cycling is part of a substrate table cleaning procedure. After a
chemical and/or mechanical cleaning part of this procedure, typically about 8 substrates are
cycled successively onto the substrate table to remove remaining contaminants from the
substrate support 36 and to reach a substrate rear side contamination specification again.
30  However, there are at least two problems related to this current cleaning procedure:

1. availability and cost of the required number (8) of clean substrates at customer locations




20 Figure 6b shows a portion of Figure 6a on an enlarged scale. Figure 6b
shows that the Johnson-Raybeck effect type clanp 20 is provided with a
conductive part 34 and a electrically Ileaky insulator 32. Due to the |eaky
i nsul ator 32, an electrical current will flow between the conductor part
34 and the-16llest rate Wresulting in trapped charges in the | eaky insul ator
32. For clanping the substrate Wto the clanp 20, only the DC source is

swi tched on afffsubsiratexychggisource is switched off. To de-clanp the
substrate,Wfrom.t he off the DC source.

oy e DEMRE of il Medis BRGLSER ShlR: dadth ibiraes, 55, O S |
take a Wm | e hefes@atdiavit id aptddideftQraR 1&%%@%5%&'1’6@%&9&&%3&&?&

substrate Wis small enough to renpve the substrate W This Is due to the
trapped chastrats ciyelinghediastidally redsuedtoone sidgleanbsyratee Tk thag erddyehye frocessdr Be isl eaky
I nsul at or 32 very slowly. 30 It is known to solve this problem by applying

one or? nofBEanged & extisd ﬂmlﬂpp 4 thag@u%t@@%and Hppebet Ban e folewingarmyi ng
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decaying ACgoltage fromthe tine that de-clanping starts. This is further
explained in"Figure 7. Figure 7 shows that the clanping voltage Vclanp has

a predet es mol@bidgthesubSiraé W ketht isuistiafe talsle 3D b eneadd of theelaimp 40, Bech that
substrate Wis to be de-clanped fromthe clanp 20. Then, at tinme ti, 5 the
DC source isth%wbﬁtrﬁédVGﬂmaatﬁ@Et%SmmblﬁW& 4ta fuglilpedtion; on such that an AC
volta wth eca I|t e.is I ded 't cla 20 until| the
nool Hde® orterdmmgs i BV aom e mbeie e oBF 15 PR 2 S ambitio, o
the frequen ceis aradio frequency. At time t2, the

cl anpi ng foﬁ%’gg%?lroqﬁe %’@%pﬁrzo Is so small that the substrate Wcan be

safely remygdtihg & dditpial and deQlamphgGipedétemiihednimhBeiof tithesqioh thad the
substrate table WI with the substrate Won it. The |ithographic apparatus

i s provided substmtﬁawrﬁwmmecsubsm:_atqotablel\%dematﬁl}pﬁﬁberasa firgt logagion of heother
actuator 42 .is arrg}ag\%clj 1%1'111 | ace the substrate Wfrom and towards the
substrate t apfationy 1 rate table WIF is provided with a substrate
suppo[% 36 (such as pinples) for supporting the substrate W By providing
the substrate table W with the substrate support 36, the actual surface

of contact betyegRr tdbe Sueshitahecdséibé 6théfl Iratorishe @ubstsraitie thY substiael ured
arranged by which contamination will be removed from the substrate support 36, preferably,
the actuator 42 is arranged to displace the substrate W from the substrate support 36 after de-
clamping, to have the robot 8 rotate or shift the substrate W, to displace the substrate W to the
20  substrate support 36 to clamp the substrate W by the clamp 40 again, etc. This may be
repeated, e.g., 8 times.

By programming the processor 44 for this proposed method, the cleaning procedure may
be much faster than in the past. Moreover, only one substrate is necessary for such a cleaning
procedure. Thus, several portions of the rear surface of the substrate W are used to remove

25  contamination on the substrate support 36; thus, saving the number of substrates necessary to
perform the cleaning procedure.

Whilst specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. The description is
not intended to limit the invention. For instance, it will be understood that the number of

30  robots may be more than the single robot 8 shown in the figures. Moreover, there may be more

load locks than the single load lock shown.



while still providing a proper support. The substrate table WI i s provided
with a clanp 40, e.g., an electrostatic clanp or 20 vacuum cl anp, However,
ot her types of clanps may be used as well, as is known to persons skilled
in the art. A processor 44 is provided that is connected to both the clanp
40 and t he-1etow@t or 42, in order to provide themw th suitable contro
signals. The robot 8 with its robot arm 10 is shown again, together with

i ts connecti oMarepvenalthowehy gegls smcesser 44 isshowh Figuted) pthereansaydre mdredkan al so
control the operation of e..r ohot 8. 0 imes, substrate cycling is part
of 5 SubsPrRBRerant B el AEEER omgnents AT His g et BIACHSHS Bethen, cal
cl eani ng i i ca boyt : ycl ed
successi vg y %t%{l (t)é ?llfia su@gt%?g? @@%F@E@éﬁ%ﬁﬁﬁg, }tﬁ@?ﬂ?ﬂ%@%ﬁa@%&ﬂ%ﬁm s from
the substrate support 36 and to reach a substrate rear side contam nation
specification again. 30 However, there are at |least two problens related to
this current cleaning procedure: | . availability and cost of the required
nunber (8) of clean substrates at custoner |ocations P-1622.010 -16- for
substrate cycling; 2. downtinme of the apparatus because of cycling cleaning
substrates. In accordance wth an enbodi nent of the invention, the nunber
of substrates needed for substrate cycling is drastically reduced to one
single substrate. To that end, the processor 44 is 5 arranged to control
the clanp 40, the actuator 42 and the robot 8 in the follow ng way:

i ntroducing the substrate Win the |lithographic projection apparatus by
neans of the robot 8; <clanping the substrate Wto the substrate table W&
by neans of the clanp 40, such that the substrate Wcontacts the substrate
table WI at a first location; 10 de-clanping the substrate Wfromthe
substrate table WI by providing a de-clanping voltage to the clanp 40;
repeating the clanping and de-cl anping a predeterm ned nunber of tines,
such that the substrate contacts the substrate table WI repeatedly, either
at a first location or at other locations than the first location. 15



In order to be sure that successive other |ocations of contacts with the
substrate are arranged by which contam nation will be renoved fromthe
substrate support 36, preferably, the actuator 42 is arranged to di spl ace
the substrate Wfromthe substrate support 36 after de- clanping, to have

t he robotpr8¢not@te or shift the substrat®- W to displace the substrate Wto
the 20 substrate support 36 to clanp the substrate Wby the clanp 40 again,
etc. This nay be repeated, e.g., 8 GIAEMSBy programming the processor 44
for this proposed nethod, the cleaning procedure may be nuch faster than
in the past. Moreover, onIy one substrate is necessary for such a cl eaning
procedure. Thus f W
B e used o T emsy e O e P Lk ohPer Dbl

savi ng t héherupgretingdtrustilis temprésingecianp a'dir}cldrﬂpm@ﬁld osjerttand being providgd with
procedure. Wil st specific enmbodinents of the invention have been described
above, itaepmpligngparppreci ated that the invention maybe practiced otherwi se
t han descri bed. The description is not intended to limt the invention.
For inStance, it will be understood that the number of 30 robots may be

more than the sjn ;ﬁﬁgg

more | oad | ocks tglhg) t e si P\% gé%rduggfohﬂil y\/\}ﬁ%lggﬁigz mgtg1Elslczﬁll\ggeover
al t hough ebst 4 for peeoridts s boy 4aid Solmhmwm“(dﬁbrmﬂ@ Sipport hame( IR Yoriheldingsaidt han
one processor to control different conponents of the apparatus. These
processor@]ﬁﬁy be connected to one another and arranged to co-operate,
e.g., in a master slave arrangenent. P-1622.010 -18 CLAIMS 1. Supporting
structure for hol di ng and noving an object in a lithographic apparatus,

the sypporting st Srﬁ?pb!r‘t‘irgg éﬁ%ﬁ‘ié SlcBifk 16 lcﬁ'im 2f QherEinAIRI B8t 3/t orpiss ro%”d

bei ng provided wt onpl1ant part- Supporting structure according

to cl ai m donnefted & mdsatp@oﬁmwclsp@ﬁdhmsurge;alcscoanplranbpdn @adin f or use with
a robot, said robot armconprising a support frame (18) for holding said
object. 10 3. Supporting structure according to claim2, wherein said robot

arm conprises a4.r§1(1jpporting structure according to claim 2, wherein said support frame (18)
comprises said compliant part (26).
15
5. Supporting structure according to claim 1 or 2, wherein said clamp (20; 22; 24)

comprises said compliant part (28).

6. Supporting structure according to any one of claims 2 to 5, wherein said support

20  frameis in aplane defined by a x-axis, a y-axis, and a z-axis being perpendicular to said x-axis
and said y-axis, said compliant part providing a compliance in at least one of a first rotation

(Rx) about said x-axis, a second rotation (Ry) about said y-axis, and a z-direction parallel to

said z-axis.

25 7. Supporting structure according to claim 3, wherein said compliant part is arranged

such that said support frame is allowed to rotate about a predetermined center of rotation (19).

8. Johnson-Raybeck effect type clamp, having an upper surface for clamping an
object in a lithographic projection apparatus, the upper surface being provided with an

30  oxidized layer (30).



connected to said support frame (18) and conprising said conpliant part
(14). 4. Supporting structure according to claim?2, wherein said support
frame (18) conprises said conpliant part (26). 15 5. Supporting structure
according to claiml or 2, wherein said clanp (20; 22; 24) conprises said
conpl i ant Ppea2t01§ 28) . 6. Supporting strutQure according to any one of clains
2 to 5 wherein said support 20 franme is in a plane defined by a x-axis, a
y-axis, and a z-axis being perpendicular to said x-axis and said y-axis,

id | i ant t i di Ny ' | f fi.
otation (R0 ooty o MRS binEbrish i FHGaGen b ona <
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according to claim ereln said conpliant part a such t
sai d supp(dC, ACpromntcedid saitEldhhsenrRdybek effsottypecigng (36 enddrradedte pteeideaf
rotation (19). 8. Johnson- Raybeck effect type clanp, having an upp

Surfach. T empingAsing-cempiopbageitn sedolsomRanbich cBieet pe ¢ lomp AFPanhrain ¢ he
f i ; ided with ; 0 i di | 30). P-1622.010 -
PG Supias Eomip P R gttt it ool e S EeastV ik Lo ing ACBRG U aph ¢

projection apparatus, conprising at |east one Johnson- Raybeck effect type
clanp (20) and a controller (DC, AC) connected to said Johnson- Raybeck

effect type clanp (20Medod oﬁbreaﬂiggdsﬁiﬁtlﬁfe(wlbldﬁl alithoglaphipiphgje@ivdl agparatugnpi ng
vol tage to said Johnson- Raybeck effect type clanp (20), wherein said
cont r ol | ethei subsirate tgdel (WOl geomeprising & slampl éorctlamping vwdistralge(Wa tthe aneghadlayi ng
AC-prlc:)({i le. 10. Method of cleaning a substrate table in a |ithographic
proj ecti ofPB 8 at us, the substrate table (W) conprising a clanmp for

cl anpi ng @ Sua%a%iﬁ%sw?sﬁ%%gmﬁgﬁ lithSrERHIP bloRlcign appdhigauCi nd a

substrate (W 1 n sal C proj ection appar at ¢l anpi ng said

substrates(W clh@gﬁ'@i SAiduidstrataiw)ttabia s(d¥atestdble (WBtsuslailat sail sibisaare ()
contacts said substrate table (W) at a first |location; de-clanping said

subst r at ecgniycts sapdsubsiretedatie t WdD ot a ftst boce¥amy,; 15 repeating sai d cl anpi ng
and de-cl grrpi geqc am?:lljnngbs%d sOJbsttrgtg?%)%%%]szhg g&bs?rgtie(%abig %\%tl'r);at €
15 e  repeating said clamping and de-clamping a number of times such that said substrate
contacts said substrate table (WT) repeatedly at said first location and/or at a location other

than said first location.

11. Supporting structure according to any one of claims 1 to 7, and 9, arranged to

20 hold a substrate {(W).

12. Supporting structure according to any one of claims 1 to 7, 9 and 11, wherein

said supporting structure comprises a rod (38) provided with said compliant part.

25 13. Supporting structure according to any one of claims 1-7, 9, 11 and 12,

wherein said compliant portion comprises a metal flexure.

14. Supporting structure according to claim 9, wherein said predetermined
decaying AC-profile is a RF AC profile.

30
15. Robot for use in a lithographic projection apparatus, the robot being provided



contacts said substrate table (W) repeatedly at said first |ocation and/or
at a location other than said first |ocation. 11. Supporting structure
according to any one of claims | to 7, and 9, arranged to 20 hold a
substrate (W. 12. Supporting structure according to any one of clains Ito
7, 9 and fdg22wierein  said supporting s2ucture conprises a rod (38)
provided with said conpliant part. 25 13. Supporting structure according to
any one ofvit@lagupporting strecturg peegidingo anméroépﬁl@salﬂ, gl lilakt portion
conprises a netal flexure. 14. Supporting structure according to claim?9,
wherein said predeterm ned decaying ACprofile is a RF AC profile. 30 15.
Robot for use ifga li I : Ok i :4s.. the robot being

provi ded P- 1622%10 -%gﬁgmééﬁﬂégg%%g%%@%@?%@?%&éccordi ng to anyone of
clainms 1-7, 9, angrdiatibh.sydtém fér prok vy aplojcetipn befe (PRyofapdiatiad; us
conprising: - a radiation systemfor providing a projection beam (PB) of
radi at¥on; 5 - a sewportstechue (Ml fgrappparting pattqgyomgimeans 4MiAer themgttemings

(FB) o nenBAMEE) BhiolRe B bAe sl PR bl B pofrir o
substrate (W; -6‘”951?0595@“&@%EW{%"@E@E%E%‘J&W(("% %th ing the patterned

beam onto a target portion strate O characterized in

that the |ithogr appiofechibRiRtdnh (FL)dR26j8éting tiicliatte@BPbéanesnisa SR PSRibAC)
structure as claimed in any one of clains 1-7, 9, and 11-14. 17. A device

manuf act uef the swlesttated Vebonpri sing: 15 - providing a substrate that is at
| east 1][ﬁ)arti ally covered | ayer of radiation- sensitive material; -
provi Y ng a pr oftArafiSHZ B) of radiation - using patterning nmeans (M)

to endow the pfﬁg(ﬁﬁ{dg%hiﬁﬁl}}e&?@ apWahJs?I)oc%Hp‘Hstaiﬁpb&ﬁin%rsf?ﬁaﬁl%%%liaﬂx%d and

in any one of claims 1-7, 9, and 11-14,

17. A device manufacturing method comprising:
15 - providing a substrate that is at least partially covered by a layer of radiation-
sensitive material,;
- providing a projection beam (PB) of radiation
- using patterning means (MA) to endow the projection beam (PB) with a pattern in
its cross-section; and
20 - projecting the patterned beam of radiation onto a target portion (C) of the layer of
radiation-sensitive material,
characterized by
providing said substrate {W) by using a supporting structure as claimed in any oneof

the claims 1-7, 9, and 11-14.

25
18. A lithographic projection apparatus comprising:
- aradiation system for providing a projection beam (PB) of radiation;
- a support structure (MT) for supporting patterning means (MA), the patterning
means (MA) serving to pattern the projection beam {(PB) according to a desired pattern;
30 - asubstrate table (WT) holding a substrate (W); and

- aprojection system (PL) for projecting the patterned beam onto a target portion (C)



20 - projecting the patterned beam of radiation onto a target portion (C
of the layer of radiation-sensitive material, characterized by providing
said substrate (W by using a supporting structure as clained in any oneof
the clains 1-7, 9, and 11-14. 25 18. A |lithographic projection apparatus
conpri si nB:1622.080 r adi ati on system for prdViding a projection beam (PB) of
radi ation; .- a support structure (M) for supporting patterning neans (M),
t he patteP%ﬁhﬁé“bﬁ%&@X’l\/A) serving to pattern the projection beam (PB)

according to a degsi rn. 30 - [ t abl \\), _hal dj a
substrate (v anacenid BPHEpMHe ARk PR SRV Gr et TR g BRI s nea
beam onto a targpirab@fize®fh far P- 1622. 010 -21 - of the substrate (W, - a
clanp for clanping said substrate (W and/or said patterning neans (M);
characteri zed ithechaip shdohhsnRaybeck effsoniypeclrapbsclkimed ectélamnype cl anp as
claimed in claim8. 5 19. A device manufacturing nmethod conprising: -
providfrng a substrate that is at |east partially covered by a | ayer of

radi ati on- sensjdive erial: = providi a _projection beam (PB) of
radi ation; 10 -1%si ngﬂﬁd‘sficsm&cﬁwgﬁé?“(‘%cﬁ w the projection beam
(PB) with a patlepRyiding hlsab&faRS Braf RCAt 1054 ﬁﬂfﬁll? cBUAEE By Byl Rablisf-ned
beam of radiation onto a target portion (C)p of the layef of
radi at i onseneitive maverialat eri al , characterized by 15 using a Johnson Raybeck
effect type clanp as clainmed in claim8. 20. A lithographic projection
appar at us conpri sprieyiding aiprojestian beam EBR) efrediatiorsr ovi di ng a proj ection beam
(PB) PJ radiatio nl’lsing patterning means (MA) to endow the projection beam (PB) with a pattern in
its cross-section; and
- projecting the patterned beam of radiation onto a target portion (C) of the layer of
radiation-sensitive material,
characterized by

15 using a Johnson Raybeck effect type clamp as claimed in claim 8.

20. A lithographic projection apparatus comprising:
- aradiation system for providing a projection beam (PB) of radiation;
- a support structure {MT) for supporting patterning means (MA), the patterning
20  means (MA) serving to pattern the projection beam (PB}) according to a desired pattern;
- asubstrate table (WT) holding a substrate (W); and
- aprojection system (PL) for projecting the patterned beam onto a target portion (C)
of the substrate (W),
characterized in that
25 . said lithographic projection apparatus comprises a robot for holding and moveing a
substrate (W) in said lithographic projection apparatus;
. said lithographic projection apparatus comprises a clamp (40) for clamping said substrate
(W) to said substrate table (WT) such that said substrate (W) contacts said substrate table
(WT) at a first location, and a processor to instruct repeated clamping and de-clamping of said
30  substrate , by said clamp, such that said substrate contacts said substrate table repeatedly at

said first location and/or locations other than said first location in order to clean said substrate



- a support structure (MI) for supporting patterning nmeans (MA), the
patterning 20 neans (MA) serving to pattern the projection beam ( PB)
according to a desired pattern; - a substrate table (W) holding a
substrate (W; and - a projection system (PL) for projecting the patterned
beam ont opaskarget portion (C) of the-ZXubstrate (W, characterized in that
25 said lithographic projection apparatus conprises a robot for hol ding
and novei WgledWEubstrate (W in said |ithographic projection apparatus;
said |ithographic projection apparatus conprises a clanp (40) for clanping
said substrate (W to said substrate table (W) such that said substrate
(W contacts sajd subgt “(“w i .l ocation, and a
processor to inisgructﬁrdgg%gtn{e%gtal%gnp ngetlgéldd&)éﬁeérgzs?{a%' ing of said 30
substrate , by sap@dvilighp subdtele thatis stadtabt punially 2beered bl aclgersefl ddiatipst r at e
table repeatedly at said first |ocation and/or |ocations other than said
first 3 oceansidiveimatestaler to cl ean said substrate P-1622.010 -22 table (WI).
21. A device manuf acturin tho?%ﬁo ri.si.ng: - providing a substrate that
is at |east pBI¥ H@P%‘%@Pﬁeﬁg} ) ehrathagens adi ation- 5 sensitive material
- providing ' I Latl-on: [ t IR0 MRans
(V) 1o endonTHEPEREHIR mRERFEPlo Bigob e kB ion el (PR ! FfdcRHin TR
Cr 0Ss- seCthofdisecfibl) andpr oj ecting the patterned beam of radiation onto a
target portion (C of the layer of 10 radiation-sensitive material,
characterized by projastjng the paticimedibesm ef rafiatiaonto atdrgetportion (S0 bEthe daver efabl e
(V) . 10  radiation-sensitive material,
characterized by

using the method of claim 10 to clean the substrate table (WT).





