LI THOGRAPHY SYSTEM METHOD OF HEAT DI SSI PATI ON AND FRAVE The present
invention relates to a |lithography systemfor projecting an inmage pattern
on to a-target surface such as a wafer. Such systens are generally known,
e.g. inthe formof a mask witer or in the formof a 5 |ithography ‘
application as in WD 2004038509. In the exanple presented by the latter
System the target to be patterned is subjected to incidence of photons or
charged particles such as ions and el ectrons. Due to the energy | oad of
such particles or photons, inherent to the manner of extracting or emtting
the sane, the target is at least locally heated Such heating, in accordance
with an i-nsight devel oped as part of the invention, becones 10 problematic
when expansi on of the target under influence by it's processing exceeds a
predefined value. In general it was observed that heating becones
problematic with the ever continuing, contenporary devel opnent towards high
t hr oughput . As LATHRGRAPHNY SYSEEM, METEODYGAHEATIDISSIPATI@RM ANDFRAMEI on it i S .
understood that heat developnent and 15 its renoval fromthe target to be
processed will ﬂ@p@éﬁmvmﬂeﬁts’@ag&&g@ﬁr }stﬁfo#ﬂr&j&&%&ﬁ%epa&gﬁ&my e.g, be
due to ever degreasing 32 a%gwq% nodes dior 10 ti ghter overlay
prescription, and 1's arso pro fematic in contenporary energi ng, vacuum
types of |ithography. Thus, with contenporary devel opnent in denmand of
accuracy and miWhawtiems 2t gensrelly powni g i hofoss of 4 msk griperin dedemgf eh t he
probl em of heatlitiogrehhi epriication es. ig. WEre260d0tiae%e dn teickemply meseniedrityi thin hlter

| i t hography or spseskthbagedo b matriedns dsjesad lid indideaeanpd photoptiathaged Sotdigsel . Such
heat i nducenentsudkay iohsdleléc@ors e Athd dnkrgy Rhd df cH BAridlR BPRORE inRereni 8 f aCt
instability in &xRansiPluifing i Afd saRb!GR @Fer 3 MAda8 ocallyhelebt Such eSPECt it
(s remrked gkl ESREGHLY Gl Tan GATBINGE AL ohd 302 Shichfl, Rohltern on to
a target, puracy. .eiﬁec a?l.e/ i ‘Tt ationto t e,as(gec,‘f 0 eﬁ!c};/er_ay 25 in
waf ers, bectoned EPHEC SR SHRFPERS (o8 FRE8s) U (PP RAY dSH TG PEEETTABH of such
patterns. An i ripded st Ipgenge! it irascabpsrved fhpg heging Preorags RIpPEmYic Bt BS¢YSErning i s
control |ing theottiatifgeonemporarieretopnént pwads highéhrqughpylet duri ng exposure. It is
therefore an i nportant aspect of both conventional or other mask based

l'i t hography, and apg@eékli®s tndbrying @@ paRhynvedion €8 kidésiodt tathehilde@REmaAckagUat e
manner of heat jdieflal@dn M larkdt R BrolREATiI bl RAdbidma i hiner Biiegahs dnis 30 Yet

th [ ' ' : ' ; to heat
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1en AL OQr €SS current. hogr aphy

that will, witHhfAeYS gﬁﬁau(a{ﬁ@%%%m[gﬂ‘gg%‘&ff'f@%? ]i"go €PYshift from present

at nrospheric processing of targets towards vacuum processing thereof, such
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important issue in controlling the accuracy of patterning is controlling the temperature

stability of the target during exposure. It is therefore an important aspect of both

conventional or other mask based lithography, and maskless lithography to realize a swift

and adequate manner of heat dissipation from a wafer that is being processed.

30 -
Yet another circumstance urging lithography to find solutions related to heat removal from
wafers in progress is found at current methods of lithography that will, with increasing
demands in specifications, shift from present atmospheric processing of targets towards
vacuum processing thereof, such as may be expected at EUV processing of targets. Such a

35  transition will imply that currently known methods of heat transfer can no longer be applied,
and that new methods of heat transfer are required. ’



It is remarked however, that apart fromthroughput, also critical dinension
i nflyences the tenperature stability of a target through its relation with
shot noise> the smaller the desired critical dinension, the |arger the
dose. 10Precise positioning of patterns, e.g. within a prescribed range, is
of significant inportance given various stages in which a target is

normal ly treated, possibly by different types of |ithography apparatuses. A
main solution in this respect is to renpve heat fromthe wafer, thereby
limting expansion, at |east controlling the nagnitude of positioning
error. Known practices of renovi-ng heat :Appear however to be insufficient
for renmoving the heat that is 15 devel oped in nowadays and future direct
wite and other lith

i t hogr aphy be ' Fhe! C%csf@ Satsd thﬁd‘ﬂ‘ﬁr‘@&“ﬁﬁ“ §F1tdosa erqn §h€ g?ﬁecl e beans
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case t hr oughput diggnsiphef egyagdicomsiidstangest which wijkbresaly ivysp erer 8k, exgoepre/WRi®Oy ar | ous
manner s of renoweagetheat have been eval uated by the applicant, the major’
probl ens assfciated therewith seemto be both the capacity of heat to be

taken over and §RESMHINRESSw:, tm a}trfanaa@ﬁoﬁq ok RS 8@fcal dimeBsionliRWecEiShed - heat
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isin the art ktﬁln %Aag%?ﬁ Q&P 19[? %ﬁ eWI?ieS?r‘@th‘(? ceﬁr%ﬁ“%%?%&‘fd\?l ty, '
which thus is o%s‘éal FEEPY L“ﬁernt iﬂ"?elm ent in many cases. In such 25

eval uated cases, often either the heat absorbing capacity is absorbed while
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active cooling of the support 'structure, so as to achieve a solid clanping
of wafer to3%aiknoye F%@Uri@thelmcwn@nkreqnwmmmedfb@em%ﬂﬂalt bysmesps of seftwarger of
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20w th very high throughput in terns of wafers per hour. In patent
publication EP-0484179 of 1992, a substrate hol di ng device including a
chuck .is disclose, having an attracting surface for holding the substrate
and having an inside space conprising a . heat pipe structure. This system
additionally conprises a tenperature- 25 controlling block with a structure
allowing flow of a tenperature controlling nmediumthere through. This bl ock
isthermally related to the attracting surface through said heat pipe
structure. The present invention furthernore seeks to avoid such
conplicated structure in particular to avoid the necessary of such nedi um
| eads in the hol ding device, which may hanper ultra-precise positioning of
t he chuck. 30 mar f. the i-on The present invention prqvides a
Sorution o thd oPRst emigon TR Pups ol e CRrople aR, il N OO0 B
a limted ampurftPapsongfieica, inify sgssrdicdey gamyonefpnvates sick thpreBhetetigly t t r ansf er
of heat, wi thoulpublivgitd gmoysredklioped heatips tohe prfercefors undesired slih hetyeen wifescat ing a
target to be coadactkwictddi N the stage of a direct wite |ithography
machine.. 3% In this respect the invention is characterised in that energy
that is accunuligpegyidlgrhandgl cIQ%{p { BEARLOLE&LE AbuRbly 98k SorlnRER: BT | Mage
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found however, ceaslucntyas e @lamping@ipytiest) Thik Backgawad Bdcarent it haweveraileatrtb al S
providing 10 ShepRfieOst 6P RIativelyhigh indt@nde BRSO isPiay 0ftuMih nB@Htapphrivie rai se of
tenper at ur e20duryif GersMSnBMASLin tdn1F WhibOPbr ndapul d suffer from strongly
limted thermal diffusivity, especially in a layer that had in nean tinme

under gone the phase transitj h fect being that that overall thennal
i Trusivity of RERmpanonEhfily o B CEbenEtRob iloy Wlbol Bblln, | O
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structure. The present invention furthermore seeks to avoid such complicated structure in

particular to avoid the necessary of such medium leads in the holding device, which may
hamper ultra-precise positioning of the chuck.

30 Summary of the Invention

The present invention provides a solution to the problem of heat transfer as described earlier,
i.e. within a limited amount of space, with relatively high capacity and swift transfer of heat,
without unduly complicating the process of loading or locating a target to be cooled within
the stage of a direct write lithography machine.
35
In this respect the invention is characterised in that energy that is accumulated in a target by
the projection of said image or image pattern is removed from said target in such a manner
that expansion by local and overall heating of said target is limited to a relevant pre-defined
value, wherein such heat removal is realised by the use of a phase transition in a heat
40  absorbing material that is brought into thermal contact with said target.



present in the sense that the heat -accunul ated at the target is there in
first instance transported away fromthe surface by a heat pipe structure,
which at its opposite, so-called 20 cool end is thermally connected with a
tenperature controlling block conprising internal leads for flow of nmedi um
taking the heat to an absorption neans, probably a relatively |arge nass,
renove fromsaid hol ding device. In the present Invention, the chuck
mentioned in this prior art docunent is in fact a wafer table. The neasures
as defined in the present claimallow It to absorbs all of the heat _
accunul at ed during processing of the target carried 25 by it, w thout the
conplicated structures as know fromthe prior art The presently cl ai med

device is theref consi.der abl e in desjgn, it

al so all ows for [%tﬁ’ﬁfmdemogcby 43 “P‘H’g?"t HihPH m'ﬁ%lfm n%l “g?f" and
structures as kf?b\i\]?’?"’iblﬁg gﬁbf’%{‘i‘f‘l ithagraphy farget &  ghpte ‘é?é%‘tﬂﬂu‘l"aatlésde‘é’f laresagi ng a
target is sinpl §eabslsrieperaugsf e mategshadmansitonrrgiing @ feait virgall serstaribisor bi ng

mat eri al . Thi s parieswibpl relativelp muchaésy exteny ehbn @nsie sdidphagniasitiod vtith stainkd nd si ght
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the first naterfcgllevehn a solution, nost preferably 1n an enul'sion.

further presently preferred embodi ment, the conbined material is a
honeyconb-1i ke structure, preferably 35 entirely enclosin t he heal :
absor bi ng mat er A% ARt Bivgrehps 128 agRedt uaderiyipg e rinvarsion chat gricrgerPYdiRent i on, t he
two embodi mbft ssusrier apshiliiyiebbiat amHortibut oesheiwiot ¢ yperaitie dirink susbphass. g. be a
nmetal, e.g. in trdgtidnosontd edfferridnabropgly limiel @emandiff@iey, Gipedallg @l altayethat Accor di ng
to yet a furt hetiad asRAE tim@findtri@e the YR 08 onSBd e BaSLind ANSkkil @Bmsihoul d
preferably 40 &%ﬁltﬁ&ﬁ%ﬂnal%&ﬁ%ﬂh&&rt@ sﬁ@ﬁ}‘smwlaw ifi® HeiRreqpPeEr at i onal

emperat ure of fg Ls'gécp‘é’fgmé R on TR el S SR e ATREL Yt Ogaaggc dance with

the inventi Cl an ect S
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enbodi nent such phase tran5| tion is to take place at a terrperature ar ound
room t enper at urtgs reBerkersthatovhere etg. @l shriigfmentiroed EQMB41E9, rme qbisorrtereeftheat ilmccor di ng
to the inventi @resenh@ixaelegaeehat Be dielt raeduinijtedl s€tle &Bged ishibat irafystandmneey
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conducti ng nat eedt adcmlidtéeat hayagleagegs Sy dbeoid) Bibg ¥ pidee tsetbnasa eaheat
absor bi ng nmat erai)s%l”bin.bfmaterial, This principle, entirely novel over the prior art, at hind sight allows for a

' - 30 surprisingly simple constructive design.

In first embodiment of the latter aspect of the invention the combined material is mixed with
the first material in a solution, most preferably in an emulsion. In a further presently
preferred embodiment, the combined material is a hdneycomb-like structure, preferably

35  entirely enclosing the heat absorbing material. According to yet a further aspect of the
invention, the two embodiments are combined. Such heat conducting material may e.g. be a
metal, .g. in the form of metal pamcles in case of a solution.

According to yet a further aspect of the invention, said phase transition should preferably
40  take place at a temperature corresponding to the operational temperature of the lithography
machine already improved in accordance with the invention, thereby also enhancing
handling and functional aspects related to the overall operation of the machine. In a more



15t hese are used in and around a phase transition condition and if these
are conbiped with a surface enlarging structure enbodied in a very well
heat conducting material. In accordance with yet a further aspect of the
i nvention the heat absorbing material is included in the litho nachine in a
porous structure, typically conposed of the earlier 20 nmentioned heat
conducting material. In such case the structure is brought into thermal
contact with the target, e.g. a wafer. The invention in principle however
also relates to a target such as a wafer of which the backside is provided
porous, e.g. by bore holes, e.g. realisetl using etching techniques. In this
manner, contacting surface is strongly increased w t hout the need of an
i nter medi ate conduct i ter nventlon will be
further el uci daP®d" lﬁr "&% o sué&%’ﬁ%lwé”sit‘ﬂ“ I’1° t%?(?faf‘eo%aﬁ"&p%r%%am% Ate of a
nmask-1 ess |itholf gq §9§f Briee &b plcthosy 2Rowe feprdremenisy BAtTding (pebht F‘X?ﬂ“"“’l n whi ch:
Fi gure 1 schemahdxedatansis urpnyy peehissa beapabbortingogreddhy target, here as a top view
of a wafer, and the effect thereon caused by induced heating; 30Fi gure 2A
and 2B representn a@plhﬁg?ﬁl%dafaﬁtr&mcykbareawuﬁrhwtaﬁssrbm materdl) B8cRust bARSIsE bton of a
material, whi ChgddSphhs@uRdtabily HRfk n'ut@d Hﬂﬁnt oGl Q'?eqmred for absbrbpl ket 3
represents a fifpsi Redlln otOtI' egiotrh aﬁ'ﬁ{t{]'lﬂ % &9}6 system

ogr ap \@%

adapted for favour
g 2 second

Figure 4 is a|.%‘“?e %a m@@ﬁ@%ﬁ?ﬁ@’ éﬁr%ggﬁt CF
35embodi nent of‘FHE“FH%@#FF@ﬁmﬁﬁmﬂﬁPﬁﬁm¢%“WHW§ME&§§WFFWFH heat absor bi ng
material isPncluded in a framed structure that is brought into contact -
Wi th the target The reason fdfithg avflest Sight sighly sigphiengheie foramarerig likehepiegentat i on of
the structure ofo uftingudly ®adkonddkrinde GFMhese WALOUBAIK \braiéka@dcanp af dppdsktts e@ffor show ng
the internal griigbodtmGh BEt®een explained in the re!:: ! fife ifertiSn Bachds RRNBRdIF heat
representation &)ﬁ\du@n gﬂ'fal%xqa] sqﬂg hékadR AR Fa?oq raply becﬂ&f’ Jé a Bt mmé%%nﬁiﬁpl I ed
accor ding t QSt h%ese are Gsed in ia around a

phase transition condition and if these are combined with a

surface enlarging structure embodied in a very well heat conducting material. '

In accordance with yet a further aspect of the invention the heat absorbing material is
included in the litho machine in a porous struc_turé. typically composed of the earlier

20  mentioned heat conducting material. In such case the structure is brought into thermal
contact with the target, e.g. a wafer. The invention in principle however also relates to a
target such as a wafer of which the backside is provided porous, e.g. by bore holes, e.g.
realised using etching techniques. In this manner, contacting surface is strongly increased
without the need of an intermediate conducting material,

25 Drawings

The invention will be further elucidated by way of example- in the following
embodiments of a mask-less lithography system according to the current invention, in which:
Figure 1 schematically illustrates a lithography target, here as a top view of a wafer,
and the effect thereon caused by induced heating;
30 Figure 2A and 2B represent a temperature characteristic of a phase transition of a
material, which is favourably used in the invention; '
Figure 3 represents a first embodiment of a relevant part of a lithography system,
adapted for favourably removing heat from a lithography target.
Figure 4 is alike figure 3, a schematic representation however of a second
35 embodiment of the invention in which in this case fluid heat absorbing material is included
' in a framed structure that is brought into contact with the target.
Figure 5 is a schematic top view representation of the structure of figure 4, with an
exploded view of part thereof, showing the internal grid structure,
Figure 6 is a schematic representation of a wafer and a supported by chuck as may
40  be applied according to the invention;



6 Figure 7 schematically illustrates a workout of the principle illustrated
along figures 4 and 5; In the figures, correspondi ng structural
features, i..e. at least functionally corresponding, are referred to by

i dentical reference nunbers. Figure 1 shows a target, here in the formof a
wafer 1, which noves relative to e.g. a charged particle beam colum of a
litho apparatus, or other kind of beam source for lithography, according to
path 4, here indicating the centre of a |lens assenbly or slit 2, passing
over several fields 6 of the wafer. Due to induced heat to the mafer by
the incidence of said charged particle kgans - the wafer will expand. This
expansion results in a difference betmeen the expected position and

di mrension of a die % q %he %g ﬁ 03|t|on &nd,di ESIOQ of die 7. This
difference WII resof8™i \SRRIGHEHY 85rar‘6‘1’k°8‘f° fEMERS S TIPE ﬂgﬂgt &% on the
wafer. In accori#ce now with the present invention, heat renoval from said
wafer is realized byn tthe figges, gbrrespopdizes etnicugh Staturesn i¢- natalepsht fonctietall: here

al so denot ed ascquapeing lae fderednabeidentital refetefi@bumbtersbr ought i nto t her mal

contact withssaid target 1, e.g. as illustrated by any of the enbodinents

of Tigure 4. Zof%nﬂrﬂil:'{h@ws%urée'l gl&&(? ﬁqt@%g&nrgto{%w %%cpbngveglfegﬂ%km ﬁgﬁl@edans Com
a oathlo_ erfkmo caé%cert a

solid state SoI tate Sition '
fromliquid st a?°§°“f_i' tgt"?)‘h QB pflicalnghe CeE%s"?aI]"r‘?ngé‘f“Pi’ yf‘irdﬁ[rzegasfl%wferrper at ure
T of the absor bf¥g fE%sef Pswafst out (in degrees Kel vin) against the heat H
(in Joul es) Pnduced by an 25 inpinging charged particle beam It can be
seen that duri nDudthiaddcsdenns iottheonafef, bptit Bcdene ophaiisBarged pridpbeahs - e whferom | i qui d

to gas,. the tenpmrapdd.ernik dfson Bsuld e bitkighod BdtweeRME dxphcid péilioe @naionl y at a
rather I ow rat egimlides GBI ¢Mnl the LOG] &@ﬁ&l o), dlﬂlgRHE]Bf Plic NGRS dl'ffLrenoe wilThe above
described eff eCFesu'lt?naﬂ%&eH%%}op&tlge%x osu{e.patpvenhh% avor abl y used | nt he

practice for.transport a accumi atiron eat fromatarget to the

absor bi ng neans, A superior, 30coefficient of heat transport is desired

bet ween target RrifFoREks o reRresenMis N s Temay & Ty m R ey &tz Bat er i al
havi ng pr ef er abth§uspefiaphase franpidan inondidrialci hem elsqdendtrd at Phase ghpngeanaterial n thatg

transiti on phasie treagpenathems resact eithnsaidmrmml ad.g. taemmxstrmﬁmyeanwfoftﬂlme t arget
in said |ithograpbymappafigteus i s applied. Mst preferably is a phase
transition pgnperature near room temperature. 35Further requi.renents to the

heat absorber aﬁ& f‘ﬁﬁ’s[r%és é)ﬁ'xgmg}lzb& sdcgé \%ht}agﬂmfl qx?‘ﬁ Feeﬁ\ td@%aﬁlﬁ’xlan oftaOXI ness
?]

d ability t , CMOS
compat bl | Yy B 1"??'*" K8 SrogL sl paee Spl (@ Mg 8&‘%;%85;%%% ﬁ%@%m al s

if any, provide “\"ﬂ‘é"“ BREAPG O ‘8£“F°§%ﬁ“ﬁer%a§ Tgpdh
appl i cation in ¥sArting mepns is s/t doerees Kelviay wriest e 83508 68 J°&§S)&’d§‘iﬁﬂ)ﬁy #0 and
preferred m@# erimaingifgrhargad phriicietetnn it cansbe seeh thattdurips the triysition fom selfd phast on
conpri si ng par t kquides frovh tiquidao e dattémperhtyre MidgHs ingpaiadifld rof, endtin wictiealy attar ansport
such as metal oOfath&ildw i€ hcredl Gih idcréiBlopirhcaht of iatie| at i vel y easily adhered to
the bottom si derfabie hiddriB&t eff isHRRI: YEmE Rlenfon RRDE GRY In"tRSyrRiNeYord
' transport and accumulation of heat from a target to the absorbing means. A superior
30 coefficient of heat transport is desired between target and heat absorber.
Complementary to the above, a material having preferably both a large coefficient of heat
transport and a transition phase temperature near environmental temperature of the target in
said lithography apparatus is applied. Most preferably is a phase transition temperature near
room temperature.
35  Faurther requirements to the heat absorber are according to the invention features like non-
toxiness and ability to withstand the vacuum in which it is to operate, and CMOS
compatibility.
In the above respects it was found that not many materials if any, provide the combination of
features desired in the present application in full. The invention therefore proposes as a good
40 - and preferred material for application as a heat absorber, an emulsion comprising particles
~ with a relatively high coefficient of heat transport such as metal or silicon. Such a material is
relatively easily adhered to the bottom side of a target by adhesive force, and requires only a




7 limted anmount of space. In this respeet a | ayer-of- several meronmeters— -
suffices. A preferred enmulsion material is hexadecane. However, also

gl ycerol may be applied, in particular in enclosed formas will be
illustrated hereafter. The invention addresses a finding that wth a phase
transition the heat transfer capacity of the heat absorbing naterial
decreases to a 5 mninmumvalue. Such inplies than only very thin [ayers of
t he phase change or heat absorbing material can be used. To overcone this
probl em t he sane heat absorbing material is still used, however in ‘
conbination with a surface increasing neasure. Figure 3 illustrates a first
enbodi nent according to the invention, denonstrating a straight 10 forward
manner of puttiﬂgl the invented principle into practi ce.gjn the _figure
reference 1 is 4Ef BEWNRE RGN i rosped Pyt Seyir HECPYFhGiceaAREFEF while 10
denot es an enul ¥Tubien dugterid fighiewagecpnseHopestsal @ elyraid dnay fe eRpbYdr BaEelain h t he

i nvention. Fi ¢palosed fprm by will be Bingretedinetiiee IThenirodhin rddmsses & fudivgnigpt withyor ous
carrier for  sai phatearagsiton @eched hamfer yiphxgly toh @e e bbsarbis® mbrertal detrebdesopor es. I n
this manner 8 | AhGRMCARE.AGhNBPIRE @An BRAY WEEMid 8fs SDBOPHAQS chafel of Aaget |s
creat ed by rrean&sc%ingstﬂteqa]'cml‘ﬁﬁl-m.fji'o%%e?coﬁ)@thsli)?oglem’&ltcQin%fh@zft %&ﬁipf)ﬂt&{als for a

porous type of carrier., e.qd. as.in fiLgur on the basis of an 1dea that
the coeffici entls%}nu %al{owfvre%ﬁ%oﬁ%lr“?'of‘(‘ﬁnr %Sr'%gaecﬁ{?fr%ﬁﬂ%m?a%ms't rongly reduced once
it is turned from 20 solid state into fluid state. By neans of a porous
carrier, which Hgie bidluwpesadirstiepbodimeptpeordinzsethe inyntion. deapasHaiing 2 ftrighe as i n
figure 4, hd@t foppasmes ofipetitg thhisenhbeprinciplnato preatce.fTh the gwendfeiencetl s upper
zones thereof, &bsscipoaf ataigeai BOfomdofiaRafet aaild 0ldénaRsSinemulsibn igdfingate any
instant within #b8 dmeGe sRor@hcei@aR idvénantsition. In fact it may be stated
that the carrier has an inproved thermal conductance relative to a
fluidised part ﬁiurg Qellurs:'t?a ets ot Selolémeog}IﬂentV\gh%Qina Slblrio;[lsabalmeer I?eraé id Q%glalr%tl ng 25
material su E as- et ]I O STl con g SRl dr cnater al ?"‘ hgeneous
heating of the GRVTE e featafuarog i fis bopes i ITHERET & L0EF FOP DR A1k SVRIES her eby
assuring that t3¥verhseand teeggidtnagichby mearsef saidinigraedids sttt ed adequatel y over a
hi ghly enl arged surface area. The square holes or bores may be achi eved by
et chi ng, and ar & prefereiida exispr feembusaeypa tfphréiernd.g. & igfiguerRsinote basfs obéh itey that) gm or
smal ler, with vat toeffibied bIR&IRASHEH foPan'bihulibn §RBInbIE Feducdonck it LtiBedTropl OVi des
?ﬁgt | ng" S;/gngss_oﬁé st R0 ik imté wmgggﬁsg%uv{c&ﬁm@cﬁ maf Mﬁﬁxeéﬁ @k et_l?aég igure 4.
structure, whil %Qt& Flpgm?%ihf “21“3‘%"? F;}“&?‘ eb.y' %SF‘*?WT"%"G"% erg%lt{l agsh .a us({ésg.é‘tqp as could
be appl i cabl o {BPFREGGRT 4 argncetos g incret e of TSR s de o
26 by 33 mm t hePPTiHERNS fransiions Frdfach i mabe fistef! thaythr famigrhay amproved il | 35
(50+5p. rn) *2 = PaBctguerelatysdo aflyidisedrrt phike hegt ghyprbank With 2 juptehiedhisa gondysingys abl e
area of the2PCMnatgtieicashds mefaltopsildenti.on' vefer muterzf, a bowvdesedup bratingQE(k tnfite] ) *  dT,
the required t efigoemétidp@ctidé dafily bemhieved, thekeby dssudfSip Mk hat bovteny nerpaist of heat
Q over a di st anfracld adegeheBaSerWihighly eRlfrEed dialttired Uhé e Mdles BYboRth Gy ®8g hol es
12A in the bottgm.ef v E{Qxi%é@;rﬁrare if? the Wreseddt SaifPbh HmersiBf o520 0 | SHEF ace per
area WVis Incrsgigﬁc?q/itfl%al[]ﬂu@n\éysgs(&%#S hoer shown geonetry. Corresponding 40
cal cul ati ong al'so adpply to a preferre rame with at | east predom nantly
rect angul ar %or es as taken in cross section. Such is enbodjed wth the sort
side of such sHAHE R5idetisriaral Ve par pastibly pexigedra ramR A/ lysHued iy eve & t he
wal | s shapi ng sBi#ftside figureonatt isran overall vicw oke.g. p welfrdike pugture,gvhile the right side

figure part illustrates a section as could be applicable to the size of a die in a wafer. In this

example, in a die of 26 by 33 mm the number of square bores would thus be (26 * 33 mm) /

35 (50+5pum)*2 = 283,640. The goal of the frame is to increase the usable area of the PCM.

According to Newton's law of conduction, Q= (k * A /1) * dT, the required temperature

difference dT to transport a given amount of heat Q over a distance 1, reduces with increasing

surface A. By etching holes 12A in the bottom of the wafer 12, with a depth h, the usable

surface per area W*W is increased to h*4*W for the shown geometry. Corresponding

40  calculations also apply to a preferred frame with at least predominantly rectangular bores as
taken in cross section. Such is embodied with the sort side of such shape considerably

smaller in width than the width of the walls shaping said rectangular structure, preferably



with aratio wthin the range of 5 to 15, preferably around 10, thus e.g.
bores or ,openings of a size of 50 by 5 mcroneter, wthout these exanpl es
limting the principle of increasing surface area by nmeans of relatively

| ong stretched openings. The degree of possible filling said structure with
heat absorbing nmeans is thereby increased, and preferably set to a val ue
5within the range of 60%to 90% surface area, e.g. around 75% Figure 6
provi des a schematic representation of a wafer and a wafer chuck as may for
exanpl e be.applied in accordance with the invention. To reduce the _

i nfluence of backside particle contam nagion on the wafer, the wafer is
placed on burls 13. By applying burls 13, 10 the chance that a particle

will be present hetween the wa bur i msed. 0 m nim ze
focus errors bectaaqusr t‘°6‘1‘"h'%g‘fgéaf’g°lfﬁgtf’lj[§ géaglyartoﬁng léﬁl?"é?g °"r's°r?;ﬁe?lf’g§8 “d on a
very flat tabl eS#eftid0 Suf mifromezs. dvithent (these cApmAlas digytng e prpeiple PLRGasss s

appl i ed in thi ssurfacspet by, mfapsyas urlasikaly lonsestretrhed) opehingsy e Weame b pasiinle Blinof a
stage. O her knsidntr@urendiy heay pieorbifig méaadip heratmy)incraasefrahdorefirhidy ieetoapghd ed as

wel I howevers awidsAdilgof@h% Who%suirse REQYE deshaismt he fol lowing. - 15 Typi cal
values for applied attractive force are around 0.1 Bar or |ower, depending

on the appl i ed é]ggro%ries ts‘i:lfe%gt CI Or}%scn?augn ath%&t r%g VBF %El@ blaé% the

mat eri al bet ween V\@ i?ﬁ %ﬁve force
bet ween waf er aRd™Rf % P“’ Heto PR Q’FI‘“(‘SWHW & 8 mited by

t he breakt hr ougP?"k?’GlW%@‘a‘&ﬁd’“ﬂF%fe@éﬁ@ﬁ@@S oarefran Byl Bamlymﬁarﬁsaét ur| ng
process. OF 18outheehanse thesra partidierieill e misens betwrit theywafery! apd storl @ isapiniseddTo
Wi t hout di m ni shiniugzetféves giog vedaise aheafer @h-fthees, pie e@afent isianve@sdt dnarvery \fat h t he
presently proposeémimoner sadfbudsl & éirdbiic dip 14 5rppiRd inQRé et dvoibly a fluid
coul d be provi d@sén;gew%ﬁhnt &ﬁdmrdfq%g@m{er RN P Gevt BpI6H o Q\Aﬁ & strongly
differing Lrom &l?&%a ﬁ‘é}%?(vgi {;‘cﬁleﬂ?taﬁ J(agng{e og%céﬂ ?m‘é@d%ru% t' 0” of
| pr ovi ng ??[ 'gy%n (a:ltl 8] (gtr ive 1? Hﬁ Li rdﬁ nt?g
transition-woul ¢dPFOr R ﬂ%‘? prirags tf%“"’n fP4p d%g? ey BN %
recogni sed t hat apﬁ‘?ﬁtmaﬂ“ﬁ"y“l Afiragtige The fielagic %?P&@?sl‘géhedﬁfe“éd’ﬁﬁ’ﬁ??twafeérmdi n x and y
direction, so t¥Ep deheningubrreticvefle funcls free ketesi Wi atyl ganonEheepaxmme onpar ed
to present conmalowgdlealinp edtage Toinitsdbylds: beeplehrprgl faagriahd/alsp Kepeinds edmaérgini f i cant | y
snmal | er than convenhifeialy fbes! OO&URE bifer Ghaai¥Ri TG 1abpibg Say AbSE appltg, t ot al
area of the2pudsinost dFREMing ke WghitiaRR ok the hddeRlShvedddR With3Re GG Blopdaal , i . €.
With a functi onginfeGh é%%n@goﬁhﬁ@@oﬁnrﬂﬁfu@ﬁ alnfid Sbuld (RO QM J;n S pdded
function of cony u?ﬁn rEtar et h wey rsl!ronglt fenn tﬁe heat a%sotb ug n a tl ng

2nd DTy it Y g’h ot

surface bet weend ﬁl g % Of the t ot al
target surface, CHFFEFERP mﬁﬁ”&%‘&f”f@/“d“ﬁ‘i’i‘é" ‘Lsé?Spe ‘n‘Be ?cﬁ‘?é“'i‘cﬁé’ BR%E nunber
of burls inpli e&ansifenivayld foptismaerisbredighlyurdesiield ri sk of parti cl es trapped in
bet ween hurB% and wafer, distorting the flatness of the latter. 35 Figure 7
schematically ik msstcpmseﬁsthanhat POSS thb bere pxaide ne ndndaf fat ine apd y dicktphe
ilTustrated al oswghaf hQnbmber 4f @Al bonsilietabliictehed omphenbd pr@ﬁﬁtdbtﬁ?xhdnﬁ@ctfcéaﬁe is
constituted by 'ﬁ)e%fl@ﬁre hatvhBy AudlREhinShELsraRer WA GhvehtfonSlefei@fatc0 t he
effect that burdahpBual oy r%tts ahdlo gﬂéubuﬁpeg aena%&{cy o} ‘Q]F‘? @4 hi gh
burls. The g‘gp %n\;eﬁ.lon 1e w1 ncu ga j Iose eas than wthouts a%%gl that
bores are f!ré 0 a\& 8‘§ lt“h ﬁ«g%tfﬂ 'ébsor mgrg‘r’rxaltée e bot t om

| ayer 16 repres8HiEF FH “Fﬁ"’ GF 2t el thisTpsResifit (tel FoRiactppsIniAch bet tf“é‘i’ attached
to the bottom dir et ‘F"s‘?ﬂgF aete S%raf tedoty dargst %’ﬁ%cﬁ‘eé&ﬁabbwf‘&“%%o'ﬁ‘v wafer. In
this manner t hdatiseand thbmortsidnupmiret of roudl imipkies shiisredsed tfonghnactepied viskcofum in - 9
which it is as paficiesitape®in derPded burld &idywafef, tiebrtibgxhd flatheds bfake lakhe top | ayer 17
present on ghe frane represented in figure 8, is a thernally conducting,

electrically i rﬁéﬁl’eaﬁsjcﬂggatlcﬁ?fleﬂq tra%'&ﬂ drpk»s@%l@'émfmﬁm@ Q)l“ {hggnncﬁlegtustg%d 2 tteri ng,

onto the surfa g’fp‘% mcron um ni um
an L C

S
nitride (AN) rm % %?r cnnﬁFramexT c(ﬁmstxlu?ed gya\gﬁ r hav, an1[1111;]>e
i nventi on B theie ?ff @%b&iﬁs ksgé’f?)c’eai "E ﬁ"is%a%?ﬁ‘ﬁ‘é‘?yfl gure 8
il lustrates r’%‘F%’t‘i‘ “95 AbRPRPASIEGEIS U3A pfthreafer Bfetcprdtte thimgffeptiilat pargs Aesi pI e
il lustrat ed4QaI orrgied fopplding aheiheat ebsprbingmiterial. ThErbettar layst Hgepnisented imMBusdr ves t o
keep the phase reframmge framé dosinglayer Ritattiedto ete bévah of thefinst layprasdieeembodiedgassi ng i n
a vacuum envi rQiarareaabnduprepwwjeﬁanﬁ&Ehengtd&s&tﬂngtnkh&na‘asrsh;sladdrf@maradacsﬁﬁ ¥es as a
flat reference plane.




10 Apart fromthe concepts and all pertaining details as described in the
preceding, the invention relates to all features as defined in the
following set of claims as well as to all details as may directly and
unanbi guously be derived fromthe attached figures by one skilled in the
art. In the follow ng set of clains, rather than fixating the neaning of a
15 preceding term any reference nunbers corresponding to structures in the
figures are, for reason of support at reading the claim included solely
for indicating an exenplary neaning of a preceding termand are for that
reason included between brackets. 10 CLAIMS 1. A lithography system for
projecting an image or an image pattern on to a target such as a wafer,

wher ei n ener gy Hﬂéhtn 1'ts 19%%%8%%%(#{?11 LE) ITJUIICT.IO C}q? EOP B}é/ th%resQr(t%{l]glg%rLrggngf t he

i mage or 5 image er r that .
expansi on by | o€HFUHd? ’ecﬁ/lﬁraﬁle‘lm%[q“ﬁ@‘gﬁi‘“%%p’ﬂ‘ g fngdaver; ck “’Wt'sed to a
rel evant pre- defPP¥rdce-8,BY tpatiering @nigiie susfags byticinclyging surf b cpss Xmigoy sed by
the use of a phalminjumzitgdet(ABY) mannalshwtbua@s?mowwgacm@pwah tht agntions  br ought
into thernal Scontacy. b Beylid OxitiQ(BROS..In s mdbifi GPOrOGCsGIAG tedtitlyai m 1,

wherei n sai d maim®intagdoud Bandd? RF pRsh Tgluﬁ doiRd Mk trdur 4 144 predibemndmat eri al

having a rel atiygly EﬁHQ@Ee‘n@{ IOQ(ch il pﬁist;e&tamg}na@l%ﬂn the e‘?cﬂélgﬂ&t revgl‘lts owyStem
according to cl a1 (i

n emnul SI on
conprising a mater FEal A REYT o “ﬁ?)e?r?vé(f% f:“e%“rﬂ? 1°¢ i‘eesrtlrt"m%? a'ﬁ esta? Aier. 4.
Syst em accor di n§EEe LY pr ecedl ng claim wherein said emul sion conpri ses at
| east one ofi®si i con and netal particles. 155. System according to claim1l,
wherein sai d madparifedm the contbpey @d dllopenaitingt depity badmeribéd inhibe pavedieg. the 6. System
accordi ng to clavemich rsifagrie uinfebthies 4 @eRndCini dtfolfowirgaaef chimt Bewgih@seall r ansi ti on
material is Subgtaanis idyl diredtiR a8 inainh §du &%ﬁ@@%&%&&@é@ﬁ@&s edogf said

target. 7. Sysigh ACHORHINGDeBiokdd oo o eerﬁérQaﬁQfomg‘?r{;Q% il §r3 Set into
he %%

said therrn c sur e en System
accor di ng tggt hegLE ctelg’i r‘[fmme m\%bers C?msPon % B Ghusdt 0 ; arﬁ’gf 'y porous:

body. yeason o support ar reading the claim, included solely for indi atmg an exemplary meaning
ofa precedlm7 term and are for that reason included between brackets.



9. System according to the preceding claimwherein said body is encl osed.
10. System according to claiml, wherein said material has a phase
transition at a 25tenperature corresponding to that of the operational
tenperature of said |ithography systemg 11. System according to the
preceding claim wherein said operational tenperature corresponds to room
tenperature. 12. System according to claim7, wherein said body is

provi ded WiCIL)AIMS | s for supporting a target to be processed. 3013. System
according to the preceding claim wherein the burls are integrated with at
| east part of said body. 14. System according to the preceding claimin
which for pr ocegslfth‘bg”p?ﬁy pyenyfop rolch‘ﬁra@‘é?laﬂecPrg% 1rgags b H‘th‘%Ftcf“ rls, a
phase r et apnd wafef, wheminemengp diatis ascuplated de the ragenby the pedjettibuief the imag&or Syst em
accordi 519 fBaglpaitdih Is reMBRIIGTIIn Said BBt HEsuBth B hdhhdr Yha@ ExfaHdibiSby BeaRRY/bEd f Or

35supporti | .. Pir e | e i l.ai m
wherern sabgr Rt iranl ueet § LSt AGHR R e SabdSub i ACRH Dl T
accor di ng feén‘tvhlelsﬂFaé’é%Eh&‘ec‘Psai%a Rhaes BRnsitiopdn @) heplephsarbingangteriakthst & 13
Syst em acc brodghngnto thetnimé connast Wish sgid egedi ng cl aim wherein the el enents are
of sacrificging nature. 19. System according to . the _one but. preceding
claim whefein PHeeRpesRidifedo glaum b wherdn said mafgrigl iy appliedig combiaptign Withcor di ng

t o cl aldn 16yrthetreateniiah hivire qelateht agerickodffiders of icacteansposta as t aken in top
view, that is made up of burls is within the range of at |east around 1%to
at | east aPoundSE¥gm pecardineaty|claimtl, whersin saiddpaierial gy incorporated in an emulsion

comprising a material having a superior coefficient of heat transfer.

4. System according to the preceding claim, wherein said emulsion comprises at least
one of silicon and metal particles.

15 5. System according to claim 1, wherein said material is adhered to a bottom face of
the target.
6. System according to claim 1 wherein the contacting surface of the phase transition

material is substantially larger than a surface to be processed of said target.

1. System according to claim 1, wherein said material is set into said thermal contact
20 by means of a surface enlarging body.

8. System according to the preceding claim wherein said body is an internally porous
body.

9. System according to the preceding claim wherein said body is enclosed.

10. System according to claim 1, wherein said material has a phase transition at a

25  temperature corresponding to that of the operational temperature of said lithography system.

11. System according to the preceding claim, wherein said operational temperature
corresponds to room temperature.

12. System according to claim 7, wherein said body is provided with burls for
supporting a target to be processed.

30 13 System according to the preceding claim, wherein the burls are integrated with at
least part of said body.
14. System according to the preceding claim in which for processing purposes of a target

to be supported by said burls, a phase retaining fluid or paste is provided between said burls.

15. System according to claim 1, wherein a massive plurality of burls is applied for
35  supporting said target.

16. System according to the preceding claim, wherein said burls are provided as hair like
elements.



21. Systemaccording to claim1l, wherein heat conducting nmaterial is
applied as a neans 10for creating electrostatic clanping force, in
particular in the formof burls as used for supporting said target. 22.
System according to claim 1, characteriged in that a target to be processed
is attracted to a heat absorbing material carrying body, by neans of an

el ectrostatic clanp included at the franme face opposite to a burls carrying
face associlat edSystdnnacaidihglb@thy pret&aidi. diiaeheddin tha klemenm treifiegible. conpri si ng
two interconnected wafer-1ike elenents, at |east one of which is provided
with bor es1&ompfrsimngeerdiegmto HsyephunPraceding clim. vVheseipthie plemprthaist ofc| osi ng
of f sai d bedaceficingdatbreane according to the previous claim provided with a
characterizing feature as defined in any of the preceding systemcl|ains.
2025. Fr ame 1%ccofrtgmyaqcerdingyo B ophaut presedsng ghajms Wharein gheglements aFse glastict he
upper, 5. enattmerl s containing face of the frame is provided wwth a thermally
conducting, electrically insulating layer, in particular such as X mcron
Al um num N29-r i d8ysamiacserdparty tlpiny . Gkpgia theomrqoplagoef thy susfpepsresjasitakgn i t ar get

t enper at ur epivieva that ishiagde ap biybusly s wifhin thy rangerof/dt g sthreduind 1% to af lesnurblnd t ar get

using a phg%e%liefepalgg,iattieggaiogmplo}‘b.urther material that is brought into thernal
target.

25contact W th sal
21. System according to claim 1, wherein heat conducting material is applied as a means
10  for creating electrostatic clamping force, in particular in the form of burls as used for
supporting said target.
22. System according to claim 1, characterized in that a target to be processed is

attracted to a heat absorbing material carrying body, by means of an electrostatic clamp
included at the frame face opposite to a burls carrying face associated with said body.

15 23 Frame of wafer material, comprising two interconnected wafer-like elements, at least
one of which is provided with bores comprising a heat absorbing material, the other element
closing off said bores.

24. Frame according to the previous claim, provided with a characterizing feature as
defined in any of the preceding system claims.

20 25. Frame according to any of the preceding frame claims, wherein the upper, i.e. burls
containing face of the frame is provided with a thermally conducting, electrically insulating
layer, in particular such as X micron Aluminum Nitride and as Beryllium Oxide.

26. Method of stabilizing a target temperature in a lithography system, by removing heat
from the target using a phase transition in a further material that is brought into thermal
25  contact with said target.



