-1- Lithographi c Apparatus, Device Manufacturing Method, and Device

Manuf actured Thereby. The present invention relates to a |ithographic

proj ection apparatus conprising: a radiation systemfor supplying a

proj ection beam of radiation; a suppori-structure for supporting patterning
means, the patterning nmeans serving to pattern the projection beam

accordi ng to aLfifsgrphiQApparatis, Devica MandhetatiagtMbthodf sid Devide ng a
substrate; a projection systemfor projecting the patterned beamonto a

t arget pMianudactured Reergbpstrate; and F a Lorentz actuator, conprising a
coil arrangenent in thermal contact with at |east one cooling elenent. 10
The term "patterni ng neans” as here enpl oyed should be broadly interpreted
as referring to neans that can be used to endow an inconm ng radi ati on beam
with a patterned cross-section, corresponding to a pattern that is to be
created i n a t&hgptesgndinvieptorrelat¢sdo aditkagsanhigprejectipieannaFas ¢angRIsINga| ve" can

al so be used in this context. Cenperall .he I .ern wll correspond
to a particul af AHHERS #SIFI)%’%VQPR?% aap%g\(/;ﬁ@%b%%ﬁgﬁ@traég ed in the target
portion, _such asufpdri sub@refop Sufpoftfid fatteinin hedns HBY bsteerfiinig ndant QtYing

Exanpl es of such 'patterning neans include: A mask. The concept of a nask
is well topowwer thelprajesigndemy aceprdingtto p dejiigd@otterask 20 types such as

bi nary, alternatin e-shift, an tt enuat ed phase-shift, as well as
vari ols hybrid® %a@%ég.for?ﬂc’ﬁ%ﬂ%s%ﬁ%uch a mask in the radiation beam
causes sel ect hpﬁ)jé&i%ﬂ%ya‘[éﬁlf&rpr jebtild e fASEn&S bend 6rdd & FirstipsidiBstiie OF
reflection (in the case of a reflective mask) of the radiation inpinging

;on the nadkiratecosk ding to the pattern on the mask. In the case of a nask,
t he support structure will generall ures that

| b 25 k,tabl j
the mask™ can b&lREPH U0y I?régb“gp%%qlﬁr?ﬁ‘?gpﬂgﬁ%the%ﬂ?:lgdr%nﬁg \%ngailga i%n beam
and that ojd . fffiigRfnt@yed relative to the beamif so desired.

10

The term “patterning means” as here employed should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a patterned
cross-section, corresponding {o a paitern that is to be created in a target portion of the

15  substrate; the term “light valve” can also be used in this context. Generally, the said pattern
will correspond to a particular functional layer in a device being created in the target
portion, such as an integrated circuit or other device (see below). Examples of such
patterning means include:

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

20 types such as binary, alternating phase-shift, and attenuated phase-shift, as well as

various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the
case of a reflective mask) of the radiation impinging on the mask, according to the

pattern on the mask. In the case of a mask, the support structure will generally be a

25 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 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.




A progranmmable mrror array. One exanple of such a device is a matri x-
addressabl e surface having a viscoelastic control |layer and a reflective
surface. -2- The basic principle behind such an apparatus is that (for
exanpl e) addressed areas of the refleztive surface reflect incident |ight
cas diffracted light, whereas unaddressed areas reflect incident light as
undi ffract ed | TigtasicygimRiplabelippsiehrahapgaraths isttbat (fdrfeeample)l adrdreliséd arasst ed
light can be filtered out of the reflected, bea | eav] only the
fsadighbay

diffracted |i gHitheeafiestve susfagprellopdnrident ighicas 59 er ned

according to the .addressi Rkttt : H%e. An
alternative e%@&%ﬁ?ﬁ ag%aggefger%ﬁé{r%gi%%@iﬁhggﬁ rr orabggﬁ%g{':%ﬁgég ap;ﬂ%?r%t rx
arrangement of fifidrNthe Bhidn@bFra@ad Hglafcanbé Gheredpubef the ciflecttd dklmy, lbainged about
an axis by applying a suitable | ocalized electric field, or by %Yploying

pi ezd®el ect ri ¢ orlpthectiffeactedrighbbehind; Oh Bes manich, the hermPpeagmas pajigned
mat 1l x- add! ess88 G il biftssiRIER e hd ARk aqltdtaielirel, AR 1ncom ng

radi ati on beanfSHF ction to unaddressed mrrors: in this

manner, the reflpekiod hpddnsit BAL bRERRMNATE M BOMgraytemplbys aadstriessi ng
pattern of the matri x-addressabl epm rrors. The requij re%m;atri X addressing

can be perf or nethngsinenf afiny airrerse pashtof aihich s Hedndiyiduplby Hltesk aboyamayis

situations described hereabove, th att | - . |.5e one or
nore progr amwlé)b?pé’?wg ?8'1”?32’?‘? @ﬁ%l}zeg/ﬁt%gﬁﬂcﬁiegé’ %gP ?%%Bgoﬁ& r?ﬁnglg%%wg{r@ays as here
refefged to camhenh&aneOncd HaiS ¥R Mirfis ik aibttilat @dssabRt @ghfaitent s US
5,296,891 and US 5,523,193, and PCT patent applications W 98/38597 and WD

98/ 33096, whi chldressed infrears poll atfiedt dreineomingyadiaiay kegaein 4 differgat diggstiont 5

programable mrror_ arr . 20 the.said s QRt r di ed as
a frame or tabﬁoé{na'leTFSSga}éHHP@: R el i 1] %«Sﬁ??é&e%&%& %rﬁia\ytg%% %Qgcg?dgpe%ui red.
A programabl ey LD, afrE@¥he HeAXAT Maffx-MERsHCANSIEUThe Byuired Gaan in
United States Patent US™S, 229,872, which is incorporated herein by

;e; re;rergcg.r ?Zbilaienmsfein;g Ctzii;be s@qﬁplfned @hg@ﬁﬁ&hl@elbﬁrqu megrss dnwath déhenbodi ed as
requited. For ﬁﬂﬁaﬁ%’gse%es 't?eéﬂ%gqagme\p@%ecqaﬁgr%@grﬁef I )é? % Fé)&lPIg%l&%g n%g? certain
| ocations, spegibiahinic Hif&Chrrays. More information on mirror arrays as here referred
to can be gleaned, for example, from United States Patents US 5,296,891 and US
5,523,193, and PCT patent applications WO 98/38597 'and WO 98/33096, which
are incorporated herein by reference. In the case of a programmable mirror array,
20 the said support structure may be embodied as a frame or table, for example,
which may be fixed or movable as required.
- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above,
the support structure in this case may be embodied as a frame or table, for
25 example, which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.
30 Litho graphic 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
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 2 substrate (silicon wafer) that has been




itself to exanples involving a mask and mask table; however, the general
principles discussed in such instances should be seen in the broader
context of the patterning nmeans as hereabove set forth. 30 Lithographic
proj ection apparatus can be used, for exanpl e, in the manufacture of
integrated circuits (1Cs). In such a case, the patterning nmeans nmay

gener at e caated wdthiat lapatof eadintioneensitpomdierial (resistinIn gesiexal, dusangle swpér voll t he | C,

and this pattern can be d ont t tion.(e.qg. A S
o mor e dpBa bihalcSeBeEk A Etesnt 1ehpuaer it Heeuras st Aty i t

a layer ghobaflnabhien; SRRIaHNE HBletd Abpdfiesichbloyil pARARAEy a haSk D5k ©

waf er wi contarn a ol e networ J acent target portions that are
successi velsk tabl¢, adliaineton can Heheadeyediweni tivonli Eyrsttappesaienaghing. Iniane typen
current apparatus, enploying patterning by a na mask. ta

Bsk le, .
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such an appaaférlteppsr. COMEIRIYative apparaitls tocon@Bomy veftieed otas ppedp-arkdrscam
alternative apparatus -conmmonly referred to as a step-and-scan apparatus -
each t ar BPIpS i 67ch targel patipmisdEradipted by premessialnscauunmhhsdnisk daiegk
pattern _und 2 proj e} ] ' e wdi-rect i .t he

P e canni gt pebitfesh i bFH g ER Rehitatt Aokt 2 MoaBify EREHAN 120
par ahbel spfichdstouslPatainig the eulishbs table parailelrvr agti-paile] tonhig divestidn, sinbe
projection systemw ||l have a magnification factor MME) enerally < 1), the
speed V an gowsrahthe peojenitossydem wilihage § magpidigaiion faptpr éeaerﬁlé)éfdaa e ti nes

that at whi t he, . sk lLe . Ls - nned. . i.nf as1l] 1 Lh: rd to
lit hograﬁﬂ?eg%égwglgg%ssuhgt?%e taggeslgrgl&bng%g‘é’gn%@%gfz{gc&ég\?\e ,es%t%eﬁglﬁrﬁﬁ%? from
US 6, 046 o AR tatlORQERMA M afcRnatidy with régbefodibegraphic devienuk aeteur i ng

| i t hographi c projection agBarat us, a pattern (e.g. in a

process using a S

mask) is dbmgvedl conboglaanedbior exareplenfemilS ¢P40,8%%s inqemaratgd hsreder ed by a

Iayersofée%adiation-sensitive material (resist). Prior to this inmaging
th

step,1 1% rat e may undergo various procedures, such as primng,

resi st coating [@RehaAufeftinb pkesAlsify a BkpOSplie prdjfitiod Apparhms [ Hpagteriny be
subjected to other procedures, such as a post-exposure bake (PEB),

devel opnéng, ina thesk) simegedordo aulbsiratniatis ehlsps pentigy epversby slyelPft eat ur es.
Thi's arr %Xdiz%:gon—sensitive material (resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
20  substrate may be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
25  off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from one another by a
technique such as dicing or sawing, whence the individual devices can be mounted on a
carrier, cormected to pins, etc. Further information regarding such processes can be
30  obtained, for example, from the book "Microchip Fabrication: A Practical Guide to
Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.




procedures is used as a basis to pattern an individual |ayer of a device,
e.g. an IC. Such a patterned |ayer may then undergo vari ous processes such
as etching, ion-inplantation (doping), netallization, oxidation,

chenp- mechani cal polishing, etc., all -fntended to finish 25 off an

I ndi vidual layer. If several |layers are required, then the whol e procedure,
or a variant Firghesdke ofisiniplivity sthe prdjestive pystane thay hereizsadier hevefermside as

Eventual Ly, an. devi 1] be . the substrat fer).
Cvent el o0, SLBECh, S eS| b Beesent o0 i b ale bt e
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carrier, connecte pins, etc. Further information regarding such
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si npl i ci e oj ection systemnay hereinafter be referred to as the

"l ens"; Roweatscthe lithvigeaphizrappsatatusinshytie diraape havingt teopr eted sestretedaripassi ng
various types of projection system _in¢cluding,refractive apti

refl ecti (Ad@pstve r m&Wéﬁ‘tt&‘éﬁPSpmﬁug}‘ s%ﬁ’é’ﬁ%ﬁtagef #V@%%P&dltl%@%%gﬁi ation
system NGl ' | 1P nfhYtaB1Rf these
desi gn ?@%&?gig?f@ﬁ?§@?¥ﬁggﬁﬁﬂgg#iﬂgﬁﬁ&g%ﬁ?ro |ﬁgq%ﬁgwprojecfion beam of
radi B§ i OWhile afnelosmcRe wdMaiesdrs beiny usddsfor beposwte Mhatistage hogmphicol | ecti vel y

or singularly, as a "lens". Further, the |ithographic par at us ybe of a
type havRPR#TdwHare deseribed. Jomsemple it H§|5e%69a4(4éﬁ&ﬁg¥8t9\%6408§?ﬁ8?%?w&?gat abl es) .
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paral l el ;" 0r preparatory steps nmay be carried out on one or nore tables 10
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| it hographi ¢ apparatus are described, for exanple, in US 5,6 969, 441 and WO
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t hrough ariéiuk ndahybaweange duissiiate or ek ktagt wakihe hdtrenbloclaatnuahiol thear e used
to provide a driving neans between the substrate or mask stage and the
mirror bbwskatcen mepk srmeynded. darssonEer dopsifessie reaupsd it der tAgdde ur r ent

densi ti eguf?ircf?én{l}? uviverr?uq a'n@ cglﬁg%’t aEtBaths(,)whﬂ:ﬁ leads to significant dissipative heating

within the coils. Cooling elements consisting of thermally conductive plates are

20  conventionally provided on the top and bottom of the coils, with water flowing in built-in
water channels acting to remove the heat. However, during operation the efficiency of the
Lorentz actuator is limited by eddy currents induced in the body of the cooling plates by
time-varying external magnetic fields. Materials that are good thermal conductors (i.e.
metals) are also good electrical conductors. Damping forces arising from the generation of

25  eddy currents degrades the dynamical performance of the actuator and the associated
dissipative heating degrades the thermal performance. Materials with lower electrical
conductivity but acceptable thermal conductivity, such as ceramics, suffer less from eddy
current heating than metals but it is found that machining of the cooling channels in these
materials tends to introduée micro-cracks and imperfections that reduce machine reliability

30 by increasing the risk of coolant leakage and mechanical failure. In EUV systems, the heat
sensitivity of critical components is such as to place severe constraints on the amount of

heat that can be allowed to radiate from the coils to the mirror block. In these types of




sufficiently powerful and conpact actuators, which | eads to significant

di ssipative heating wthin the coils. Cooling el enents consisting of
thermal |y conductive plates are 20 conventionally provided on the top and
bottomof the coils, with water flowng in built-in water channels acting
to renove the heat. However, during opgration the efficiency of the
Lorentz actuator is limted by eddy currents induced in the body of the
cooling plates by tine-varying external magnetic fields. Materials that

ar e good sgshersntht piio nd watfgrstiqns ofcoolingyiiat s} netrseffigiestdo elyadtali woteli cal ,
conduct or,s.._ Danpi n orces arising fromthe generation of 25 eddy currents
degradesﬂ:'teﬁ%ml%ff/nuarﬁ‘lgfc% goglg'rfornnnce of the actuator and the associyat ed

di ssi pat iitearhebgetei sighategrezidrsntionéo prhefavalorpiz dctmipnrieredisderial s with | ower
el ect I C@hqy HOOMNRL NI olBlibn A3RSRA BRLfeAE LAY GONQUGTY oo inhEbh 183
ceramics, suffer [ess'fromeddy current” heating than netfals but it is

f ound théthogtanlh¢m01¢gmljfdpnal‘?@m@9@wiﬁ@channel s in these materials tends to

i ntroduce m CL O GHAE KteANr br aa%g {o} 0 UehALS f@dme Machine reliability 30
by increasing {he risk of cool ant | eakage and nmechanical failure. In EU
syst ens, -t he REHPOr ST foy SEPPOHRE RatEmingacatso fisBHRIEE P&€Much as to pl ace
severe constrainhSoQRkidGe %Ebtmn pefm aBRadind Baldes@phemal | oned to radiate
fromthe coils to the mnor block. In these types of it 5 systens, the

prior art confPyuiras PBRsOOIEA PRY2S5l ate are not sufficient to adequately
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invention to provide a Lorentz actuator wth reduced egdx currents in a
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e ; ; . ; ¢ REEO i hg 10 the
invention in &olihg é6agr aplivrdn:pr oj ecti on apparatus conprising; - a radiation

system for providin . projection heamof radiation,. .- t structure
for supporti n@“%‘gﬁog? ﬁ’itﬁﬁre Oz‘ilﬁlg&,n S?‘ﬁéooélg Flgrrn?ﬁth}ém(r%%%irisg aﬁé’iﬁ/’éﬁ% to pattern
t he proj ecti othebrartdoscordicngeddp caradegitised pattern; - a substrate table for

beam ont o a t argacey ReBEOLARLE BY0 T “and -4 Lorents act uator,
conpri sing a cwiihg drnmhgatrented with theshiwdh sesbatmar es wirrtyidae Pluedistofone cool i ng
el ement, wher Seirmei paths arranged to reduce flow impedance, and formed within the cooling element.

‘The slits in the cooling element thus provided act as barriers for the circulating eddy currents,

obliging them to take paths of higher electrical resistance. This has the effect of reducing the size of

the eddy currents, thus reducing damping forces and the levels of dissipative heating.

According to a preferred embodiment, the slits are arranged to be parallel to each

other. This arrangement encourages a uniform eddy current flow, which helps reduce

uneven temperature distributions within the cooling element.

According to a further preferred embodiment, the slits are arranged to be perpendicular to the

direction of the induced electric field. This arrangement is particularly effective in increasing the

resistance of eddy current paths and reducing thereby the level of damping and heating.

According to a still further preferred embodiment, the slits are arranged to be substantially parallel or

at a substantially oblique angle to the direction of the induced electric field. This arrangement can be

more efficiently integrated with certain device arrangements and remains effective in increasing the

resistance of eddy current paths and reducing thereby the level of damping and heating.

According to still further preferred embodiments, it is possible to optimise the

integration of cooling channels with the slits of the cooling element. In particular, the

lengths of the slits can be limited so as not to extend across the entire length of the cooling

element to allow more room for cooling channels to be arranged in an efficient way. As an




- one or nore slits are provided in said cooling elenent , arranged so as
to increase the electrical resistance of eddy current paths, characterized
by further conprising: cooling channels integrated with the slits in such a
way as to provide a plurality of parallel paths arranged to reduce flow

i npedance, and fornmed within the cooligg element. The slits in the cooling
el ement thus provided act as barriers for the circulating eddy currents,
obliging themto take paths of higher electrical resistance. This has the
ef f ect oéxampldrclianent tliemsy benrfiged thextead dymeppostadides of thesootiegluci ng danpi ng

forces atg%nénp%ddﬁ %ge{llz 19 s gﬁ!fé??t!l@t@l&t dlYe co[;'@]?chﬂlgel ‘Iffggggn%&p% & l%v referred
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further erre odi I'ts are arranged to be perpendi cular to
the di r@btev@rfordhe same praselcd Herence diurthermprieed wore Tymmmetrgal egfekent i s

particul aply f(ﬁfafn%% év\é@cdv@rag@&ﬂ%blﬂ% eletnt tﬁt%%h%%ﬁﬂgﬁe ahitcedyorcur rent paths
and reducing thereby t | evel of danping and heating. According to a still

further @F@?@ﬁ%@‘w@énbodl ment, the slits are arranged to be substantially

par al | elA&rordll@to@stauﬂaatléal_riﬁaf@}ehxm&tzilméalu%easngInea bonlifigods fecti on of the
i nduced electric f hi s arrangenent can % nore efficiently
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| evel of da and ating rding to still fur r rred
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channel Sto\&hﬂi'chlnﬂihgh@l :i;ehﬁu@fcomb@leﬁt@@lmmgth@hﬁrmhtock land ypauckd axtlag® , t he | engths
of the slits m SP.AS hat to e >%tend a%rossttdhetgntlre | engt h of
t he cool 'fig?" ‘foéur%e ancf eé]i“ﬂmof\:/ve?:nl)vreeco?1(1)l B T or Coor T g EHannel 'S t o be arranged
i n an ef A¢corddrtto whytherAspeanofhe ieveangl tegre aq&ytmclem dsfidet s may be arranged to

ext end frQ‘{T}fa}%g‘f)g?}iﬁ‘%tEOdséo%%?‘S‘%ﬁg he Geoling element. Additionally, it is

prefer abl’ e Coo Mel's are arranged so as to have nultiple
par al | el - pat hsowieg @spéistrmémﬁbalt éeast Phitiglirageredty adfyeecftradiftionsesidivngatertas {1 ow

i npedance t hraighng j%@tmn'b@zgn 6haNRARh ulRS YREHior JYsm 2l | owi ng | arger flow
rates to be ‘achieved for the same pressure différence. Furthernore, a nore

symet rical rismgortiernieg neRs tofcalovatbapoicliapdrae yilke Ao it HessEedicting el ement
thus i nprovi ngoitdiag taiph@d#8ato¥an®@bs radiation onto a target portion of the layer of

radiation-sensitive material; and

- operating a Lorentz actuator, comprising a coil arrangement in thermal contact with at least
one cooling element, wherein
one or more slits are provided in said cooling element, arranged so as to increase the
electrical resistance of eddy current paths, characterized in that cooling channels are
integrated with the slits in such a way as to provide a plurality of parallel paths arrémged to
reduce flow impedance and are formed within the cooling element.

Although specific reference may be made in this text to the use of the apparatus

according to the invention in the manufacture of ICs, it should be explicitly understood that

such an apparatus has many other possible applications. For example, it may be employed

in the manufacture of integrated optical systems, guidance and detection patterns for magnetic

domain memories, liquid-crystal display panels, thin-film magnetic heads, etc.

The skilled artisan will appreciate that, in the context of such alternative applications, any

[LI |

use of the terms "reticle", "wafer" or "die" in this text should be considered as being

replaced by the more general terms "mask", "substrate" and "target portion"”, respectively.




the cooling power. According to a still further preferred enbodi nent, the
slits may be filled so as to protect fromoutgassing fromthe coils. The
above enbodi nents describe inprovenents to the Lorentz actuator that result
in inproved danpi ng behavi our, reduced7hotspot tenperatures and overal

radi ation levels to surrounding heat sensitive conponents such as the

m nor bl ock, abdthepesertdiczameumt the ternss sadinithnV ahdi fiseasi rc@udckieo amroepetd ect i ve
cooling allows for increased current g,ensi ties. According .to a further
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covered by a yer ot ‘radiati on-sensitive nat al; providing a

proj ect i GavihgamatlengtliintieatngesI-D@nm),r8 ciedlt ds@artiysheans, suchab g lpatiser ni ng
means to endow the projection beamwth a pattern in its cross-section;

proj eét i glgctrerebesams er ned beam of radiation onto a target portion of the

| ayer of radiation-sensitive material; and - operating a Lorentz actuator,
conprising a coil arrangenent in thermal contact with at | east one cooling
el ement, wherein one or nore slits are provided in said cooling el enent,
arranged so as to increase the electrical resistance of eddy current

paths, characterized in that cooling channels are integrated with the

Ceduce 11 ow i npuaHuios o BF NPTl FTbh bosefbe Bl el B RRIR o] FOTG,

Speciifi C widfreffiiee 1oy a_b@mﬁ@@lﬁn’ﬁ@cﬁéﬁia%ictdeamng@intm(;mse_ of the apparatus
according to the invention in the manufacture of ICs, it should be

explicitly undEimrobdenipae lithageaphinprajspaemenparadiessacaedingde e embedianasf e
applicatigps“ For. exanple, it may be enployed in the manufacture of
i nt egr at SHTSIPYEEPTsyst ens, gui dance and detection patterns for magnetic

domai n Menori egjgukd Bdkkcs aYRicdticv bS Rk MagRamedsSemblpifer £ L droniaagnedr ¢ heads,
etc. The skilled artisan will appreciate that, in the context of such
al t er nat shawiap ghe evaltwitnsttached/cooling elementse terns "reticle", "wafer" or "die"

(0,06, Lot Shoh e GRS A9 3 R fSP PR A P
eddy current flow;
Figure 4 depicts a top view of a Lorentz actuator with cooling element showing
portion susceptible to eddy currents;
Figure 5 depicts a top view of a Lorentz actuator with a slitted cooling element
20  according to a preferred embodiment of the present invention;
Figure 6 depicts a top view of a Lorentz actuator with a slitted cooling element
according to a further preferred embodiment of the present invention;
Figure 7 depicts a top view of a Lotentz actuator with a slitted cooling element
according to a still further preferred embodiment of the present invention showing the
25  complimentary arrangement of cooling channels with the slits.

In the Figures, corresponding reference symbols indicate corresponding parts.

30  Embodiment 1

Figure 1 schematically depicts a lithographic projection apparatus according to a

particular embodiment of the invention. The apparatus comprises:




In the present docunent, the terns "radiation" and "beant are used to
enconpass all types of electromagnetic radiation, including ultraviolet
radiation (e.g. with a wavelength of 365, 248, 193, 157 or 126 nm) and EW
(extreme ultra-violet radiation, e.g. -8having a wavel ength in the range
5-20 nm), as well as particle beans, such as ion beans or 5 electron
beanms. Enbodi nerdadsatioh sysiemibxy Entfoosuppiying syonjcbéonbeann PBed radigtiondy.gof

exanpl e , .10 wth reference to the [ hematic, d i i
BRI AR CRGR I T N S e L
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assenmbly for a Lorentz actuator s g the coil wth attached cooling

e: ement smaﬁ&\ﬂ\ (. e ratidep end sormettop tovfistpamitiomingomeatsZonacuataly wi t h cool i ng
el ements showi.ng eddy current flow Figure 4 depicts a top view of a
Lorent z B%%lﬁ%%%ﬂ\ﬁnﬂ%}éé’ﬁ Iieﬂ{:?“‘b’ioéFPé‘h?f’shovm ng portion susceptible to eddy

current s, Fl U1 CechpdRicEl it (48R B R phAEA GRS URIG Hilddh 1 S 1 Lt ed

cooling el emen ( to a preferred enbodi nent of the present
i nvent i oRsldiiggirubsitatel®p{cd. 2 rasistapated @ilicof wafdrpnadtanmectedat sscomd th a slitted

cooling elenment according to a further preferred enbodi nent of the present
i nvent i oROsimHE MemsdappreEately pogitionipghssubstiaty Wik 7espeqt (ttep P&m';t h a g litted

cool i el ’ ' St || _f . . i
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channg! s pwtioh of i BAskiMA dnito & kegdtipgitions; (e romppsingiong or mber diex) of thenbol s
i ndi cate corresponding parts. 30 Enbodinment 1 Figure 1 schematically
depi cts aubsiret§dr aphi ¢ proj ecti on apparatus according to a particular

enbodi ment_.of the. in ' ' t Al
erboch oo, o YR s I AR OSSP AIEr
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A mask). Alternatively, the apparatus may employ another kind of patterning means, such as
15 aprogrammable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma 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

20  inner radial extent (commonly referred to as c-outer and o-inner, respectively) of the
intensity distribution in the beam. In addition, it will generally 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 its
cross-section.

25 1t should be noted with regard to Figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is
a mercury lamp, for example), but that it may also be remote from the lithographic
projection apparatus, the radiation beam which it produces being led into the apparatus
(e.g. with the aid of suitable directing mirrors); this latter scenario is often the case when

30  the source LA is an excimer laser. The current invention and Claims encompass both of
these scenarios.

The beam PB subsequently intercepts the mask MA, which is held on a mask table
MT. Having been selectively reflected by the mask MA, the beam PB passes through the




a first object table (mask table) MI provided with a mask hol der for
holding a mask MA (e.g. a reticle), and connected to first positioning
means for accurately 5 positioning the mask with respect to itemPL; a
second object table (substrate table) - provided with a substrate hol der
for holding a substrate W(e.g. a resist-coated silicon wafer), and
connect efén§ PLs®ERAdocupestit beah P omaa sarfad podivalll of the yulptreiet WoW ifhgthe he
substrate with respect to itemPL; a projection s s.temel({l'r'\lﬁ:ns" PL (e.g. a
mrror grid@hthersseonduagsitingingmeans &mddpgéfef%%’f@? ngmeppplillf MA onto a
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mask) . HOWBWIRS path bfithe ®8&h B, Sirhilary tie! first gesitiohing rheaansan issised t¢ ype, for
exanmple (e.g. with a transmssive maskz. Alternatively, the apparatus may
enpl 6y asesurisely ppsitionthegnaskdMAiwigh respastto thepah g€ thedheam iR, ¢y le mirror

array of a type.as.referred t - I - pr oduced
or di schHeGumIgA,EHRCY Lai@g)maﬁggfdgéﬁeégn aé%qg(eg%d%&}%@}%ei %ﬁﬁﬁlﬁi@@&%’eam is fed
into an jovRbmairitaiolys tRsVirl W will By ealided véit herid eflarleng-byolar af ter

havi ng traversed conditioni ng means, such as a beam expander Ex, for
exanpl e. nibdelei(boursd prsitioming) andg shartrpiroksenedyledinemgsianing). Aishare 8et ti ng t he

outer and/qr .20 inner. radi al. extent I I t = er and
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addi {4 onged tanMistdn GPRAEAY theé CARRIHIS BITVAEY RldsbOidMatcted RPDdEuSke sUuCh as an
I ntegrator IN and a condenser CO. In this way, the beam PB i npinging on

t he maskadathgor magdsifxed unifornmity and intensity distribution inits
cross-section. 25 1t should be noted with regar igure 1 that the
source LA may Eﬁe fFRIFHFS, 2pRRLAt i eﬁﬁe‘mn Wﬁe‘ﬁﬁigte %o%?%eghi c projection

appar at ug (as st tele, themaas@bham id ket s@uitealylstitiofary fandeinCiatiye thaskp, f or
exanple), but that it may also be renpte fromthe I|i t_hog;rja hic projection
appar at usmagehie progetitat incme igo 4ie. wisingle fflash? eatecewrgsé porgion &d Thasebsimie
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current bLoyeRtibARd teh@IFE enconpass both of these scenari os.

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

20  the projection beam PB is caused to scan over a mask image; concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed V= My, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
resolution.

25 Figure 2 depicts a side view of the magnetic assembly for a Lorentz actuator. In a
typical application, the coil unit, which consists of a coil 3 and cooling elements 1 is
connected to the long stroke of the substrate or mask stage (WT or MT), while the magnets
4 with back irons 2 are connected to the short stroke of the mirror block, on which the
substrate W or mask MA is mounted. In operation, changing magnetic fields linked by the

30  conductive material of the cooling elements 1 cause eddy currents 5 to flow in the cooling
elements 1. The sense of these eddy currents 5 is shown in Figure 3, for an increasing field
directed into the page. The creation of eddy currents 5 provides a drag or damping force

that opposes the actuator and reduces its performance. In addition, heat dissipated by the




The beam PB subsequently intercepts the mask MA, which is held on a mask
table MI. Having been selectively reflected by the mask MA, the . beam PB
passes through the -9- lens PL, which focuses the beam PB onto a target
portion C of the substrate W Wth thel0aid of the second positioning neans
(and interferonetric neasuring neans |IF), the substrate table WI' can be

nmoved acgutaaghycurfents redced shel effepiisdrick0dt the Edoding Blentent YEThiptattet efftt cdd i n
the path of the beam PB. Sinilarl %/ the first_ positioni ngg nmeans can be used
to 5 accbeaegioplasysiamagingimEUrasicioms wharta pugperal compeRgithaeRigiy t he beam
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real i zed pahl) the aid of a long-stroke nodule (course positioning) and a
short-stroke nodul e (fine posjtioni nlg), which are not explicitly depicted
in Fifure 1. HIhewrsa 6 ofrihe prolingplatest I daliamerticylagly peonc(ta sddppurats, tul g 10
st ep- and- scan. appar.at.us) t.h sk tabhle | . a short
st roke ﬁ?ﬁh{tbﬁgo tretffréﬁéveﬁg??ﬁg%ela?mfﬁ% C%IY%-}?l g& aé[dé %%%té?jgtl %@Q@g%ﬁg@ﬁ sed in

two differeplurd®fRSiratds hdw e8dyeRUrFIREES mbiBe bRIoleabt@rdifig iSthsppdsemssent i al |y
stationary, and an entire mask image is projected in one go (i.e. a single

"fl ash") iwventiomby mtypducipgslits Grinhe Floding glssreral- S1n® thapisistapfe perotsHbh shi ft ed
in the x or directions so that di.f ferent target rti-on can be
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“flash". InsTead, the mask tabl'e MI is novable in a given direction (the
so- cal | edesigame of itresidiy omtent @atps. Theedigsiphiteddisiat varles wh the squarpeéthacurrse t hat

20 the projection beam PB is caused to. scan over a nmask inage;

concurreﬁphﬁﬁlfﬁgorgﬁggf?&gfafét%?‘%gwp’in%%%rfﬁul taneously moved in the sane

or opposite di fgel@Rdients e Wc%]%goﬂdlﬁto MhirGhr MeftrelRenbFaERid bf@ki on of
or

the lens PL (typically, M= . In this manner, a relatively
| ar ge t angentipomhewn Bechis 7Towe pagabislgd eacki atheyuThis arrnggment sdgpeianidlse on
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of a coi ly 3508 &P ehd RAuSlIEABMRitddd, The slits are also arranged to be largely
perpendicular to the eddy current flow depicted in Figure 3. This arrangement is desirable
because it is particularly effective in increasing the resistance of eddy current paths.
Alternatively, it may be more desirable to arrange the slits to be parallel or at an oblique
20  angle to the induced field in order to more efficiently coordinate with surrounding device
components and to reduce manufacturing costs. These alternative arrangements can also
achieve satisfactory increases in the resistance of eddy current paths.
Figures 6 and 7 depict an arrangement of slits 7 according to a further preferred
embodiment of the present invention. Here, the slits 7 are reduced in length in order to
25  accommodate cooling channels in a more efficient manner. Although it is not essential for
the slits 7 to cut completely through the cooling element 5, it is preferable that the shts
penetrate through a major part of the cross-section. For cooling channels & of reasonable
cross-sectional area, therefore, it is necessary that they avoid the slits 7. Additionally, for
optimal cooling and reliability, it is necessary to achieve a rapid and maximally uniform
30 flow of coolant through the cooling element 1. An example arrangement for achieving this
is depicted in Figure 7. For a given pressure gradient driving the flow of coolant, the flow
rate depends on the flow impedance of the cooling channel network. The flow impedance

of the network depicted in Figure 7 is kept low by using short sections of cooling channel] 8




connected to the long stroke of the substrate or mask stage (W or M),
while the magnets 4 with back irons 2 are connected to the short stroke of
the mrror block, on which the substrate Wor mask MA is nmounted. In
operation, changing magnetic fields |+hked by the 30 conductive material of
the cooling elenents 1 cause eddy currents 5 to flowin the cooling

el ement s cdnnedied togettee iropartlied sécmdtlys tuthe énplenBniation froguestion, Fiegupoling, for an
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reduces the effectiveness of the cooling elenment 1. This latter effect can
be parti behppregiatdd i thrgnientibbvhayyhetpeavticehethervasathab ey destrilpgnibboent s ar e

hi ghl sensitive to therma| expansion, which can be induced by radiation
fr om har deerplighis ot intendgd g, limef they@veRtion 6 of the cooling plates 1 that is
particularly prone to eddy currents, and in which it is nost effective to
| ocate neans to control eddy currents 5, is indicated in Figure 4. Figure
5 illustrates how eddy currents 5 nay be controlled according to the
present invention by introducing slits 7 in the cooling elenent 1. Since
the resistance across the slits 7 is extrenely high, currents are forced
to circulate around | onger paths of snmaller 10 average cross-sectional
area. Eddy currents 5 are therefore reduced due to the increased

resi stance of the eddy current paths. The dissipated heat varies as the
square of the current and is therefore also reduced, as is the danping
force. The arrangenent in Figure 5 corresponds to a further preferred
enbodi nent of the invention wherein the slits 7 are parallel to each
other. This arrangenent is beneficial 15 because it favours a nore uniform
eddy current flow, so that induced tenperature increases are spread out
and reduced in magnitude. The slits are also arranged to be largely

per pendi cular to the eddy current flow depicted in Figure 3. This
arrangenment is desirable F because it is particularly effective in

i ncreasing the resistance of eddy current paths. Alternatively, it nmay be
nore desirable to arrange the slits to be parallel or at an oblique 20
angle to the induced field in order to nore efficiently coordinate with
surroundi ng device conponents and to reduce manufacturing costs. These
alternative arrangenents can al so




achi eve satisfactory increases in the resistance of eddy current paths.
Figures 6 and 7 depict an arrangenent of slits 7 according to a further
preferred enbodinment of the present invention. Here, the slits 7 are
reduced in length in order to 25 accommodate cooling channels in a nore
efficient manner. Although it is not essential for the slits 7 to cut
conpletely through the cooling elenent 3, it is preferable that the slits
penetrate through a najor part of the cross-section. For cooling channels 8
of reasogg@%&; cross-sectional area, therefore, it is necessary that they
avoid the slits 7. Additionally, for optimal cooling and reliability, it
i's neces§ary‘Agﬂ@ggwgyﬁqﬁmﬁ@thﬁﬁﬁgmgﬁﬁhgalIy uni form 30 fl ow of cool ant
through the cooling el enen An exanpl € arrangenment for achieving this

i s depicted m@m@m%stem fwmrovai@wwefﬁmé@mﬁ @j&*ﬁkﬂpent driving the flow of
cool ant, _the Jdugy»snsﬁﬁét@re@&@,ﬁ‘mﬁlngaatk%gfdﬁm  hdseaR gnseﬁnst he cooling

channel network. The fl ow i npedance  of the network depicted in Figure 7 is
kept IowSWn%u‘é’iH%@en%H’Grpfol%"g?ftl?eé?isacﬁ?rdl%wl"idr‘f@reélﬂéﬁtﬁ%l 8 -11- connected

together-in maguagtﬂagltablebx@&@mdmgg sitRirdthe 1 npl ementation in question, the
cooling channels 8 maig ave a sub tanti aﬂLbé circul ar or aOE bstantl al |
t
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have been dessbebﬁda@Jmmtﬁqomphsmgdéoﬂ abengappitae ietred céhat withe 1damvent i on may
be practiced ot he1 sg Lhan. as described. The 5 description is not intended
to limt the PHVEATESH me‘fzw ECAI MS: 1. A lithographic projection apparatus
conprising; -o& drardreashtsone pipsitlehm ko4 cqmmg/eletnm arapgd]se a4 fodvrdageathe déctrical

radi atio ort struct fterning nmeans , the
pat t er ni Easm&%g%f;‘é?iﬁ RV aHj% C%rg‘it% eﬁ%éuiﬁe proj ec{)%on beam according to a

desired patt egonlingchanngly bsttegraméWtﬂathb elitf oy sublod wng taprovids platabty of parglel paths
proj ecti s?r 3% FeHﬁcfe‘?fogF?ﬁlBéd‘E&cte' g s Rkl ﬁlr Qg&ng%l%ﬂelﬁm 0 a target portion

of the su e ; Lorentz act uat or nprising a coil arrangenent
in thermal contact with at | east one cooling elenment, wherein: - one or

nore slijs arg li{%?r ﬁlﬁ@ﬁo}e&mﬁ b ra8RAbdoRGh b BB wherSih E}ﬁ@gfédaré 0 asto
i ncrease the elec
arranged to be substantlally parallel to each other.

3. A lithographic projection apparatus according to any one of the preceding claims,
wherein the slits are arranged to be substantially perpendicular to the direction of the

induced electric field.

4, A lithographic projection apparatus according to any one of the preceding claims,
wherein the slits are arranged to be substantially parallel, or at a substantially oblique angle,

to the direction of the induced electric field.

5. A lithographic projection apparatus according to any one of the preceding claims
wherein the slit lengths are limited so as not to extend across the entire length of the

cooling element .

6. A lithographic projection apparatus according to any one of the preceding claims

wherein adjacent slits extend from opposite sides of the cooling element .




resi stance of eddy current paths, characterized by further conprising:
cooling channels integrated with the slits in such a way as to provide a
plurality of parallel paths arranged to reduce flow i npedance, and forned
within the cooling elenent. 2. A |lithographic projection apparatus
according to claim1, wherein the slits_are arranged to be substantially
parallel to each other. 3. A lithogr aphpc proj ection apparatus according to
any one of the preceding clains, wherein the slits are arranged to be
subst ant4 al |- ndi el ' ' B ed electric
field. 47. A%@‘%@ﬁ’@gghﬁ%@ %’j&’%g%?%ﬁgjg% g(%da? 3g9§£§&§%cieégﬂg%i%ﬁgny one of the
pr ecedi nyhestimiqpling chapnelseirp anrdngedsinjatsebsigpidal iy syrameed] powerk tapipstant i al |y

par al | el yniffy adveReSHRR Bl dnénObl i que angle, to the direction of the

i nduced electric %i eld. 5. "A lithographic projection apparatus according to
any one of the preceding clains wherein the slit lengths are limted so as

not to @xtendimeFpsie pldiRi& ikt £RGHMe &f ank/REe ofGRYréd@neligRBNt . 6. A
| i t hographi c. projectign apparatus according to any one of the preceding

claims WHEFSIhE shij ae Bld ' profest fegim eerstirokiBPp6el t e si des of the cooling
elenment . 13 7 A lithographic projection apparatus according to any one of
the preceding, clainms_ wherein cool i.n.g hannel s are arranged in a

subst anti al p&pewwuch@é‘flg HETRoF K" H'd %ﬁ'ﬁﬁeﬁe‘f‘ uni f orm coverage of the

cool i ng €l enepbvidinga substtate thagk albdsCpaptially edikied By apparcadtadati@scor ding to any
one of the preceding.clains wherein the slits are filled to protect from
out gassi ng frsoeﬁﬁl?‘ﬁé'%éeé’iaﬁ 9 A device manufacturing nmethod conprising the

st eps of+ provdddings propubstbeat of mdiatoni wingta rhiddaisn syp@nt;i al | y covered by a

! ayer .Of— r ad!l%}niggafenggntﬁéa%g Y&en! ﬁ{eip%jéctigl‘[ Qe\é}jn . {19, tt@rrncﬂl ﬁgérbs%p beam of
radi ati on using radi-ation system; using patterning neans to endow t he
projection besntisith a pattern in its cross- section; projecting the

patterned beamofinf Adl,AtdnRA bOH 8 Aaili¥h o PRI BRicR ks b Bybayer of
radiation-sensitive material; and
- operating a Lorentz actuator, which comprises a coil arrangement in thermal
contact with at least one cooling element , wherein:
- one or more slits are provided in said cooling element , arranged so as to increase the electrical
resistance of eddy current paths, characterized in that cooling channels are integrated with the slits in
such a way as to provide a plurality of parallel paths arranged to reduce flow impedance, and are formed

within the cooling element.




radi ati on-sensitive material; and operating a Lorentz actuator, which
conprises a coil arrangenent in thermal contact with at |east one cooling
el enent , wherein: one or nore slits are provided in said cooling el enent ,
arranged so as to increase the electrirthl resistance of eddy current

pat hs, characterized in that cooling channels are integrated with the slits
in such a way as to provide a plurality of parallel paths arranged to
reduce flow i ce,..and are formed wthin the cooling el ement. ABSTRACT
Li t hogr aphi c ggggﬁﬁgﬁér Devi ce Manufacturing Method, and Device
Manuf act ured Thereby. Lorentz actuators generate heat due to electrical
dissipation in the field coils. As the field through the coils changes,
eddy currents hithogruphicdpparatos; DevipedNlameatturingddetipd; and Dedieei r abl e
danping forces and heating. The present invention provides an inproved

desi gn t MhanufaetdeekTher¢bYcurrent s by incorporating slits in the cooling
element. Slits are preferably perpendicular to the induced electric field
and parallel to each other, and reduce the magnitude of the eddy currents
by forci hgrenbestdatort grerpahba dot tdelgitacal dissipriorcal the fiekl wilangethe Field. 7

through the coils changes, eddy currents are induced in cooling elements leading to
undesirable damping forces and heating. The present invention provides an improved
design that reduces eddy currents by incorporating slits in the cooling element. Slits are

. preferably perpendicular to the induced electric field and parallel to each other, and reduce
the magnitude of the eddy currents by forcing them to take paths of higher electrical

resistance.

Fig. 7




