:e3eLvB6xTw METHOD OF REMOVI NG ASSI ST FEATURES UTI LI ZED TO | MPROVE

. PROCESS LATI TUDE The present invention relates to photoli tmmmmmu‘ﬂmm nor e
particularly to /f imty correction methods used

devel opnent of Wﬂ”/Mphy masks for use in |lithographic apparatus
conprising: a radi atcjo&?z* em for supplying a projection beam of

radi ati on; a support structure for supporting patterning neans, the
patterni ng means serving to pattern the projection beamaccording to a
desired patt : bl r_hol di U I - an

proj ection %ﬁ@#ﬁ%ﬁﬁ&&ﬁéﬁﬁﬁtﬁ% ﬁ@i‘ﬂbﬁﬁéi?fﬁﬁg‘é?%om on
of the substrate. The term " paPROGESYLAIIIUDESs herein enpl oyed shoul d be
broadly interpreted as referring to neans that can be used to endow an

i ncom ng radi ati S t [ -sectjon, .corr nding to a
pattern that ?Itsheg’(?)es gﬂg&égéﬁogéafﬁggo @%?‘gfe{?g%gﬁyi %123 %?ret%agwgt[%@ftgﬁpg?a]t he
term"light .val ve" can al so, be ed in thig context eral]y, the said
pattern &%r@pmétgrcpggﬁm&n?tgo% ‘ES&?PW&&%C‘F ACREH ph%tgg OEWpL\yH@\?IFSce bei ng
created in the target portion, such as an integrated circuit or other

devi ce ( Jerussan oL raphiErAPPaStUSICOBRERINGat t er ni ng nmeans i ncl ude: A mask. The
concept of a mask is well known in |ithography, and it includes nask types
such as Bi nar ya, radibtier syatennfpr piygdging hiprojectaombeatt efiradibteh;phase shift, as
wel | as various hybrid mask types. Placenent of such a mask in the

radi ation bean sppeesnicale € Mppdrtias pAkeTHing Mdahs) thd)ateasify Heardk defdnsi tive
mask) or reflection (in the case of a reflective mask) of the radiation

i mpi ngi ng, B&térﬁ'%epprﬂ}%@t‘fon @&ﬁpgc%%%@at&girp(gﬁtgéhgeon the mask. In the case

of a mask, "the support structure w gener a mask table, which
ensures that t I desi,red position in the incom ng
radi ation bear#%g%%?%(ﬁéf&r}"‘o{)ﬁ@gﬁxgg&eﬁ%@% a%%gl ative to the beamif so
desired. A programmable mrror array. One ex | e of such a device is a
TR T i X addr s SdBPECUR HEER RApIaiE L hererediicem oA § Brest agBionadc
reflective surface. The basic principle behind such an apparatus is that
(for exarpbsfteaddr essed areas of the reflective surface reflect incident
light as diffracted |ight, whereas unaddressed areas reflect incident |ight
as undi f f r act échelterghtpatteliimgmamsé jpp herpin andpoyed shenld Heltwoaty hterpohitddf asact ed
i ght can be filtered out of the reflected

referring to means that can be used to endow an incoming radiation beam with a

patterned cross-section, corresponding to a pattern that is to be created in a target portion
of the substrate; the term “light valve” can also be used in this context. Generally, the
said pattern will correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit or other device (see below). Examples of
such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it
includes mask types such as binary, alternating phase-shift, and attenuated phase-
shift, as well as various hybrid mask types. Placement of such a mask in the
radiation beam causes selective transmission (in the case of a transitive mask) or

reflection (in the case of a reflective mask) of the radiation impinging on the



‘beam leaving only the diffracted |ight behind; in this manner, the beam
becones patterned according to the addressing pattern of the

mat ri x- addressabl e surface. An alternative enbodi mrent of a programmabl e
mirror array enploys a matrix arrangenent of tiny mirrors, each of which
can be individually tilted about an axis by applying a suitable |ocalized
electric field, or by enploying piezoelectric actuation neans. Once again,

the mrrors armatiglatiotdiagds Grgabk, onse hablhdh taddkessLhatht, icofuppuit | |
reflect an incomng radiation beamin a different direction to unaddressed

mrrors; in this AREREN cchdifY 64 4 RELEGLRE M dnSnbabe BLNGE Gk bl the

addressing pattern of the matri x-addressable mrrors. Tge requi regelmatrlx
addressi ng can_be,perforned using suitable.electronic neans, |In both of the
i tuattons dosth dBea Bhsen M MBMA ANy S BS, B tBRER re e or “hror e
programmable mrror arrays. More information on mrror arrays as here
referred to caffl@Eede disrisam if ¢ desisdnl e, from United States Patents US
5,296,891 and US 5,523,193, and PCT patent applications WO 98/ 38597 and
WD 98/ 3309b, whi ch Arrogtanwrabds aireat amay e Oneleyample of euchen davicetine noatide of a
programmable mrror array, the said support structure may be enbodied as a
frame or tabl eaddressalsix sumfdce hawinigahviscaylabiie donxetlager aid\sabllective sudagel red. A
programuabl e LCD array. An exanple of such a construction is given in

Uni ted States fPpéBatic %}ﬁn&pl@ B8ni8d JuchMi fpParatusii HEAT @F6F Slagip1d)AdBieBsedareas

reference. As above, e support structure in this case may be enbodi ed as

2\ BTe of L oLt e YoMk, DL E RN By L 8fha PR T oqul rod

For purposes of sinp y,-at certain

| ocations, specifjcally diregt itself.to exanples jhvolyjng a mask and mask
t abl e; however?nﬂdﬁ °s ?aaflreg?(ith‘l“i“%négglﬁfi%&‘ﬂg‘g}éﬁaﬂﬁ%}ﬁcwsf%ﬁ%nces shoul d
be seen in the broader context of the patterning neans as herein set forth.
Li t hogr aphi ¢ pARRreRate fltam fersatd undatiigctsd lighteeqn bedHtersda45 0E thejraifleqied

manuf acture of integrated circuits (1Cs). In such a case, the patterning
means may genebeans leaviig enly thepdiffrastad light belapdin thigmaonenthe hdamibderrmes ayer
of the IC, and this pattern can be imged onto a target portion (e.qg.

conpri si ng onepsaitern®l & coidasy) toahe aldsesdisigpattern(ofithd mamixviiiess3abldairfabas been
coated with a |layer of radiation-sensitive material (resist). In general, a

singl e wafer wiahlaiteRnRtidé BmBodiRhEofMElrdBialn®dbl ARG tay etpl®s dRRstkkoNs t hat

are successively irradiated via the projection system one at atine. In

curtent e5per gL YR RH 0L 00y ROy R SRk Br
of ithographi g Bralect) QRaGRRG RNt ele G RelhPhaS erRlbying BidzBelectric

actuation means. Once again, the mirrors are matrix-addressable, such that

addressed mirrors will reflect an incoming radiation beam in a different direction

to unaddressed mirrors; in this manner, the reflected beam is patterned according

to the addressing pattern of the matrix-addressable mirrors. The required matrix

addressing can be performed using suitable electronic means. In both of the

situations described herein, the patterning means can comprise one or more

programmable mirror arrays. More information on mirror arrays as here referred

to can be gleaned, for example, from United States Patents US 5,296,891 and US



“irradi ated by exposing the entire mask pattern onto the target portion in
one go; such an apparatus is commonly referred to as a wafer stepper) In an
al ternati ve appar at us commonly referred to as a step-and-scan apparat us
“- each target portion is irradiated by progressively scanning the mask
pattern under the projection beamin a given reference direction (the
"scanni ng" direction) while synchronously scanning the substrate table
paral l el or an$52R&93lahéPClIgpatdnit appslicatieisi WDy 9833 859, antd r'w OeI8¢33006, Whieh
projection systemw ||l have a magnification factor M (generally < 1), the

speed V at whi gBi{iddepctatBs herheoy @RlrndeS 15 RGN brbglighrRat afi26r Malyi Mes
that at which the mask table i s scanned. More information wth regard to

| it hographic i C: i e, fromUs
6. 046,702, " 1 ncdl SaF B EhEnAE 3G pERHERRaRE s MR Bor BRI c e
using a lithogr i C Qrojection paratus, a pattern (e.g, in a mask) is

i mged onto a gfgiggt“i‘aé{hf éﬁ?étorinéo"g&elaééﬁmrﬁ‘érti ally covered by a | ayer of
radi ati on-sensitive material (resist). Prior to this inmaging step, the
substrate nmay under §d@regipmsiagledrle array oAn examme absyshiargongfruatiesiisgivevat i ng
and a soft bake. After exposure, the substrate nmay be subjected to other
procedures, sumUmtddtapesPatextddS 6289 BAR evi{iBER)incatparatedherin by seflrance. bake

and nmeasurenent/inspection of the i maged features. This array of procedures

is used as a bashbovedtheatipsuristaRnire i thistisd mhpyeemsbdiad de¥ fete o tdble,an |1 C.
Such a patterned | ayer may then undergo various processes such as etching,

ion-inplantatigpel rmk,n\gpﬁcgg% tglq,&a_toy ﬁ“’g?‘?éiag?‘fqir‘%ﬁgd- cheno- nechani cal

polishing, etc., a I nten Inis an Ividual layer. |If several

| ayers are required, thep.the whaole pr I or_.a vari.ant. thereof, wll
have to be r epg%{tpélépcf58§ SQ%@RE%&L?Q%E;%&%&@E%? iEd ai/t,celét%mé?c 19n%f devi ces
will be present _on the substrate (wafer). These devic re then separated
from one SA6HIGRHY Eyeca ltﬁégwrﬁm@?eéa%wlﬂeéamSﬁ@n%fnaélaw%fﬁg,%ovoﬁwc@et he

i ndi vi dual devices can be nmounted on a carrier, connected to pins, etc.
Furt her i génsrakrinenles disansedin 9k inspaneescshonlsl heggebin thp bedadercontext ofthanpl e,
fromthe book "Mcrochip Fabrication: A Practical Guide to Sem conductor
Pr ocessi npdtternihg natafslistieoein sétyfolet er van Zant, McGraw Hill Publishing Co.,
1997, 1SBN 0-07-067250-4, incorporated herein by reference. For the sake of

sinplicity, theitRéRhmEE b@y"ecwﬁh@wmycﬁw&ise@fmﬂéxamlé,eﬁ el asnifecas ofhe
"l ens"; however, this termshould be broadly interpreted as enconpassing

various typesaod cPafis$Rtd) 4R SAUP AR, ép@gh&%@g nse?%.hge ﬂggi%\éﬁereﬁtd Gruit! ©f | ective

optics, and catadioptric systens, xanp iat 1 on system may

al so incl i’ﬁ'&%n? %W&Bgmlﬁg Rpeﬁnrigaljvpcﬂlal 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 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. In an alternative apparatus —



rfaccording to any of these design types for directing, shaping or
controlling the projection beamof radiation, and such conponents nay al so
be referred to below, collectively or singularly, as a "lens". Further, the
it hographi ¢ 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 parallel, or preparatory steps nay be

carried otdm@ongirefeted ik §tephid-sohi dpparatie —OleatiDfagzed pbigion iadidmtal g bei ng
used for exposures. Dual stage |ithographic apparatus are described, for

exanpl e, {iold3sivel9@Earthink @O tha\PpARIAUKEL thd HORLAGK Bl il L RER rdireh&f €F ENCeE.

As sem conduct or hanufacturing technol ogy i's quickly push?ng towards the

limts of i . L a : 1 Of -art.processes tqg.date have
regul ar | yoPRosis 1R ReaisRuBt BrRpBinelslg bRl SiRRsefRe (- coer)
whi ch are be qm1the exposur e ﬁ@VEIGU th g"~,"). A "critjcal dineni%on" of a
circuit i Barakelionapti-Raraflpido s direconyines, inhgenstalothe priecsionshgemngl he¥e space
between two features. For feature patterns that are designed to be snaller
than ~,, fmagadicheamiacior dftdeneally Ral, thhepesdtY sawhish dhe substyatetablecs ( OPE)
becomes nuch nore severe, and in fact becones intolerable for |eading edge
sub- ~, pr szuctd will pr ofess &4 times Gpit Acwhich tlexmaskt tgblefif watisedaMora wel | known
characteristic of optical projection exposure tools. Mre specifically,

proxi m tyirgbineeios “ﬁﬁﬁ@garﬂ’fﬂ@ﬂtmgfa‘phﬁﬂ RIREY asiae Bekcabéd elintbepatdmea By ar e
i thographically transferred to a resist |layer on a wafer. The |ight waves

of the cl i O B i ereby distorting the
final tra%ga?tllex%{?’eﬂ pgﬁt66359{162?93&%%0?2%#&?%h%@ﬁ?ﬁ%%rﬂ‘sc?' di ffraction causes

adj acent features to 4nteract mﬁth.eaﬁp othq% in.s%ch a _way as ton?roduce
pattern dependéht TRASHTIAR BIOCHHTHSIAEH P ORAPHF PIGECUAREPRITatS A RANT™ eat ur e
depends on the fea{(}ge' s pl acenent on the mask with _respect to_ other

f eat ur es. (Chdn Mmasklls Fragre anto, SHsEAT thatus eldeasy patially sevsxed iy ¢ layet et s i s
an undesirable variation in feature CDs. For any |eadi ng edge sem conductor
process, tadiationisaesitiyagnatenal(resist). Buier tothis impeingfstephihe pekstigteanay indergo
circuit elenents and interconnects) is typically the primary manufacturing
goal , si ngaridusipsodedsres, sdth acprimmgarssisocoanag end 8 soft bykee Adteapxbospeediebi nni ng
of the final product. It has been known that the variations in the CDs of

circuit feasthRmAERYjebied bR Prodedires vedthsposergioshre Mk @dR), One such

techni que i nvol ves adjusting the 1llum nation characteristics of the

exposur e H&@lc?prﬁ\é?ﬁ,ea 1}%&? Eéelie: ﬁ%@'dléésu}é}heﬁﬁ’ﬁagé]ééhbﬁ{ oP&‘x% %&%\% : e’t.;u}ﬁf‘esr Phik Qr@y the

nuneri cal “aperture of iTTumnation ¢ enser (' to the nunerica
aperture of t e, | (RGLAN QUGERLY BakeSSn indABud 1y bFa EHLE iP5 REhen

a patterned layer may then undergo various processes such as etching, ion-implantation

(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to

finish 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 atray 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, connected to pins, etc. Further information regarding such

processes can be obtained, for example, from the book "Microchip Fabrication: A



- as the partial coherence ratio - a), the degree of OPE can be mani pul at ed
to sone extent. In addition to using relatively incoherent illumnation,
such as descri bed above, OPE can al so be conpensated for by
"pre-correcting” the nmask features. This fam |y of techniques is generally
known as optical proximty correction (OPC) techniques. For exanple, in
US Patent 1\To. 5,242,770 (the '770 patent), which is hereby incorporated
by ref erBisgtcal GuiderfeSemacastiugier Prgcesstgl FhirdgEditien, bydReyr BB ZankC i s
described. The " 770 patent denonstrates that the SB nethod is very

ef f ect i vicGoaw Mol Piblishgng Sol, 29 %H ISBN 0086505 0th ancorfreatbe Atrneirelsy behave as i f
the features are dense fea tures. In so doing, the depth of focus (DOF) for
t he i sol gfeehdecat ures is al so i nproved, thereby significantly increasing
process latitude. Scattering bars (also known as intensity |leveling bars or

assi st bars) ?(glﬁhgggn{e%qfs{ﬁ?%licfitg?%e;ﬁﬁe ;o)a@'gft@&l' YRR 8D DEdPFeBYo S8

exposure tool at are place
order to,adjust . the edge intensi radi ents of ,the isol ated edges.

Pr ef er abltS ine by FyS: B el SR s BBy aPisthriine o Greolme B s ges

mat ch the edge intensi t%/ gradi ents of the dense feature edges, _thereby
causi ng DREs Gipraiesiian ygtens dnclpding reftpctiyeptics MHGLIVEORIES, apgheatadipinii dt h as
densely nested features. It is generally understood that the process

| at i t udesystentse faatesampliet Fhelwdigion sysiem maysliosinplude eempongnistdparatiagsoci at ed
with isolated structures under conventional illumnation for |arge feature
Si zes. Hawexdig toranyeithese desigretypgofoe dieatingl sHapingratcontiolliap éregsojutidn as
annular illumnation and nultipole illum nation have been inplenented as a

nmeans Of béa'if%ﬂ‘éhﬁﬂoﬁ,%@'suéﬂ &ﬂn@m@nﬂs MWIQ:& feRERAILE H@l%wb @M&cﬂ@ély@k ways had
the desired effects with such illum nation schenes. Furthernore, when

s Geqr atan ad 58 pcRip T FuFee MR RE Mipyd Mo o E SR IR BRI oy

present when utilizi strong off axis jllum nation, such as dipol.e

L um nalioB oS Fabies; GRler i rm e stk iblerd Th et aaubplesiage HoViERai 1 i n
US Patent Application Serial No. 09/840,305 filed April_ 24, 2001, which is
herei n i WESHPGPARIdabIsyMAR Pe pesdlda parediely prpreparatery steps ppg be sersieg SRt 9t at i on,
it is possible to negate the effects of the forbidden pitch probl em and

i nprove okeeorapteigblpnwhile pregoraneresther ¢ablasrase being psddfopexnpsugadiuadesi gn.
However, the use of such resist features often results in the printing of
unwant edstagslithogaphio apparatwaherdesditbed, foesxdrhpletind/US069 441 hwed WE3 does not

al ways provide a viable solution to the forbidden pitch problem

98/40791, incorporated herein by reference.

ext "'to 1solated“feature edges on a nmask in

As semiconductor manufacturing technology is quickly pushing towards the limits
of optical lithography, the state-of-the-art processes to date have regularly produced ICs
with features exhibiting critical dimensions (“CDs”) which are below the exposure
wavelength (“A”). A “critical dimension” of a circuit is defined as the smallest width of a
feature or the smallest space between two features. For feature patterns that are designed
to be smaller than A, it has been recognized that the optical proximity effect (OPE)
becomes much more severe, and in fact becomes intolerable for leading edge sub-A

production processes.



* SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present

i nvention to provide a nethod which allows for the use of the AFs and which
effectively elimnates the unwanted resi dues of AFs fromthe wafer wthout
degrading the overall process latitude. More specifically, the present
invention relates to a nethod of transferring a |lithographic pattern onto a
substrate by use of a |ithographic apparatus. The nethod includes the steps
of: (1) defid: i : ki2): det erm ni ng
whi ch of the f 51{3 glrégﬁ%g ul 1;6%852%? g{ehf%e’g?a?ggépgn%%b @@g&@&ééjg%ﬁ%cent
thereto in order for,the features to he iinted wi.thin defined resol ution
linmts; (ezg,gosagentgplfgt iM&reaSpﬁggﬁéiLyoRfoé‘iuﬁﬁ?ﬁﬁﬁ%%%o?cé‘ﬁ@?géf e’fyocq‘i’)sgpypsrqaﬁ?cid and t he
assist features; (4) performng a first illumination process so _as to print
the feat GHE&! BHlerHArg E’E@BF@&W@?HY Fransferag toja tesish lavariod afet ekle i@yl ting in
the partial printing of the assist features on the substrate; and (5)
per f or nmi Wpves eltbe alysely spaded airtwhieptuoesastsrast therebydistedingthe fisalanount of t he
assist features printed on the substrate; the second illum nation process

i ncl udes tiahsfestdEpatin fratires. Thghed wudsd diffradtoni dabiseRiadptem featiiel tzi ng a
dedicated reticle (or reticle section). In the preferred enbodi nent, the

present YRRt &R eatlhl dth& 88 s@ch@RARTY ProdudBTnafRdrh @Bpddlch\BirR 86N Orhe

illum nation process in order to Tenove the assist features. As is known

ani ch 1 < HE SRS OB £8V LT Ralife 080 000n B RS RR R Wit

illum nati.gn node, prodyced by a m x between quadrapol e and annul ar

i 11 uni natwlﬁ“r{esl’]’&gt @e‘g@?#ﬁ%ﬁref‘n further detail below, the present invention
provi des significant advantages over the prior art. Mst inportantly, the
present i nventQmusPihoRimay oreflems sauspd By sy epxignty qffeciisa gadesable he
renoval of assist features ("AFs") utilized, for exanple, to solve the

f or bi ddervapatiavhingeastwediPs. Thusiny tdadingredge semicondictar pnogess ettt wing tightgr adat i on
in the DOF and process |l atitude that would be associated with the AFs if
such AFs cestiél ovei the @vedhd featirés@e S vibalir elé@entk Bndihtdrtordctsbig tyiditdliyzi ng t he
quadrapole illum nation in the "washing" step, both vertical and horizontal

assi st f%%ﬁrﬁ&y%&hu@fctﬁrﬁ@)g(ﬁﬁ side thi§ hitd Gr&X £ 8n Wt lsBR B §nd @S A
result of the néthod of the present invention, the AFs can be renoved for

the entir eefd%ﬂﬁné%?ﬂl%’ﬁrﬁwr kg main features are not deteriorated during
t he assi st renovaP process (I e. main feature process w ndow i s not

reduced). This, js.due to tﬁg fact .that.tgg shing st has litt] no
[Tght at the NHRRHCBRIRIE et fvrittiss i Be (ovaheirar faapsecesabulel 1t
wi |l be appreciated that in the present invention, the "mask pattern” may
be can be reduced by several methods. One such technique involves adjusting the

illumination characteristics of the exposure tool. More specifically, by carefully selecting

the ratio of the numerical aperture of the illumination condenser (“NAc”) to the

numerical aperture of the imaging objective lens (“NAo”) (this ratio has been referred to

as the partial coherence ratio - ¢), the degree of OPE can be manipulated to some extent.

In addition to using relatively incoherent illumination, such as described above,

OPE can also be compensated for by “pre-correcting” the mask features. This family of

techniques is generally known as optical proximity correction (OPC) techniques.



enbodi ed in a mask but may al so be applied using another type of patterning
nmeans, exanples of which are nentioned above. The term "mask pattern” is
used herein for convenience but should not be construed as requiring the
presence of a mask, unless the context otherw se requires. 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

t

explicitly u r : ) ossi bl e
applications W&?Elggghg]l [té,gl%ltﬁeﬁyrrgg' %glugrrpi {)ﬂ%;ez?? Eﬁ? %f‘%%ﬁsgﬁ% e of
integrated opticgl systens ui dance and detectio tier for magnetic
domai n rﬂé‘ﬁ‘b‘?&é‘g@%a% rﬁ{ﬁr‘ff-cg’rt%?fﬁlth j SN SpatifLing a{sﬂﬁﬁg}{or ﬁﬂ%&‘éneti ¢ heads,
etc. The skilled artisan will appreciate that, in the context of such

al t er nat 4eserikgdp | Thea? T Gprsent genopsiratesithatiibe BBmethod istvery effectiveddrer or " di e”
in this text should be considered as being replaced by the nore general

t er ns " nmsdifying ssolxted faptmlesandhat tlar fgatirgs debaverds if the Sgptwts weldgnsd faat he
present docunent, the terns "radiati on” and "beanm are used to enconpass

al | typesredf IRE€84iML RGO of Frdb ADOP)for itCikslaied Jedthres R iatprévdi at i on
(e.g. with a wavel ength of 365, 248, 193, |57 or 126 nm and EUV (extrene

ultra-vi ﬁ%EFcBY E{égifﬁ:ﬁﬁ@}ninc?eaﬁﬁg EMMa@ggﬁ\é§%a?@gfngg%1? S%Etghﬁcﬁmss igg%gxm , as

wel | as part beans, suc s ion eans. Additional
advant ag f .the pr i.nvention wll Db arent .to thase skilled
" the. arelfe e Cord iRt s s Mo Ry SRR At r G rpoct ment s
of the present invention BRI EF DESCRI PTI ON THE W NGS The jnvention
Ctsel f, TEGUHRONEIAT BIFLRSHS L) Belird iR Aige Srhe Sk loer Begiet
under stood by reference to the follow ng detail ed description and the
acconpaniji gdgaintenpitgeradientsyiiitiehisolated edges; [Arefgrabhyt, & asiusesdesdge antgnsity
| it hographic projection apparatus. Figs. 2a-2c illustrate how the DOF is
degr adedgrddients of theasdlated edglamaich the egfemoamsity gratiients dfithisder8af&lare! | ustr at e
how AFs can be utilized to negate the forbidden pitch phenonena. Figs.
4a- 4d i | ¢dpss, tRdrebyPéhusing GINEPS Bladsigtbd onddderchtifes Ab Bavél ldatl¥ tiGsathewidtoal e

densely nested features.

It is generally understood that the process latitude associated with dense structures

is better than that associated with isolated structures under conventional illumination for

large feature sizes. However, recently, more aggressive illumination schemes such as

annular illumination and multipole illumination have been implemented as a means of

improving resolution and known OPC techniques have not always had the desired effects

with such illumination schemes.

Furthermore, when printing features having semi-dense pitches, often times the
depth of focus is degraded as a result of a "forbidden pitch". This problem is especially
present when utilizing strong off-axis illumination such as dipole illumination. The

forbidden pitch problem has been described in detail in US Patent Application Serial No.

09/840,305 filed April 24, 2001, which is herein incorporated by reference. As disclosed



illumnation. Figs. 5a-5d illustrate the process of elimnating the AFs
utilizing QUASAR illum nation in accordance with the present invention.
Figs. 6a-6d illustrate how a nodification of the mask utilized in the
washi ng process can further optimze the DOF and process | atitude obtained
by the present invention. Fig. 7 iIIustrates the results obtai ned by
utilizing a y-dipole illumnation as the "washing” step to renmove AF

resi due.infh&r308applicuséd, @tt@%oﬁs'ﬂﬂe tdwg@té%@@ﬁfe&mﬁh@ﬁqbidaeﬁ PRcHSHbRAA overal |
process latitude by utilizing the nmethod of the present invention to renove

AF resi dygiy BETAI EBGRRAREEL N E R THELRAMENGS, Pl dosBM SRR 1Y

depicts an e Iary I|thogra I'C prOject appara us s use

with a rem) resent i n ent ar at

Conpr 1 sdze USSP RSB S eoten reRi i B MUER L PO G 3B 1 beam pe
of radiation. In th S artlcul ar case, the radiation system al so conprises
a radi at Ve s Ef‘éu\_ﬁthe usgoffthe étFSé‘B?Se‘&t ajways Prqvidesk vieh élsé ution t ey ded wit h
a mask hol der for holding a mask MA (e.g. a reticle), and connected to
first podsitiddenipighmpeehdemf or accurately positioning the mask with respect to
itemPL; 11 - a second object table (substrate table) WI provided with a
substrate holder for holding a substrate W(e.g. a resist-coated silicon
wafer), and connected to second positioning means for accurately

positioning the substrat espiMIATES RACTHIPINVENTTION - @ proj ection system
("lens™) PL (e.g. a refractive, catoptric or catadioptric optical system

For 1 magi ng. afdr&aghal achuPQlbd: il 05 TBSH M, BB g LRAL L On C

(e.qg. conpr|5|n icted hereln

t he appa Si.V : has ransm ss sk) .
ovevor 3ysgat e dpe St e A5 Mo St et Biubty ehfinated b e BN B RS o L t b
a reflectlve mask). Alternatively, the apparatus may enpl oy anot her ki nd of
pat t er ni s Faaibe a@feéhwﬁ'lo%‘i’%é‘tql%th?@vﬂ%ﬁ precesopti@dimsk: exanpl es i ncl ude a
programuable mrror array or LCD matri x. The source LA (e. g. a nmercury lanp
or exci nmer | aM¥ere) specifidelty sheaproeeatinytnticadiehtdsdo a nidhad dseamsfesriigeal i nt o an
illumnation system (illumnator) IL, either directly or after having

t r aver selthegraphit ipatéri @nfeadibstr&t B ussofa Ihaghaphip appetitubX Thé aiettdanpl e. The

includes the steps of: (1) defining features to be printed on the substrate; (2) determining
which of the features require assist features to be disposed adjacent thereto in order for
the features to be printed within defined resolution limits; (3) generating a mask
containing the features to be printed and the assist features; (4) performing a first
illumination process so as to print the features on the substrate, the first illumination
process resulting in the partial printing of the assist features on the substrate; and (5)
performing a second illumination process so as to reduce the amount of the assist features
printed on the substrate; the second illumination process includes the step of performing a
quadrapole illumination utilizing a dedicated reticle (or reticle section).

In the preferred embodiment, the present invention utilizes a QUASAR™

illumination in the second illumination process in order to remove the assist features. As



illumnator IL may conprise adjusting neans AMfor setting the outer and/or
i nner radial extent (commnly referred to as a-outer and 6-inner,
respectively) of the intensity distribution in the beam In addition, it
will generally conprise various other conponents, such as an integrator IN
and a condenser CO. In this way, the beam PB i npi nging on the nmask MA has a
desired uniformty and intensity distribution in its cross-section. It

shoul d BexRReshdVidsbribedaUSE Rpflictiod Nohgd/28N61 S RIHGCH Aﬁur@yw@ whighi n the
housi ng of the |ithographic projection apparatus (as is offen the case when

the sour i§ ﬁer%@h{né?@o{j%% r%%férm é@fA§Kﬁm lﬁl)ml{xgi&l % Er?hldnll I%E 0 be

renote ftom iC proj&ction apparatu e radratl on peam t hat
it produc nto th tus with the aid of

sui t abl é’r%‘?urcg‘iby %é‘“?ﬁ F*’Wgﬂ“a rﬁ?‘ﬂ la&d@ﬁHV‘f“Bm?s often the case when
the source LA is an exciner |aser %1 based on KrF, ArF or F2 |asing).
The current iAMAsseiksd %M}?ﬁég@@@l@@t ereseHE N CRBRIPYides SigmiBicaiam PB

subsequently intercepts the mask MA, which is held on a nask table M.

Havi ng tadwamgagee dvertbe paskarivAMosthspbeamtlyPBepassasinvhmtoangrovides foeas PL, whi ch
focuses the beam PB onto a target portion C of the substrate W Wth the

ai d of tshfpleasdbiicqbipidi fof theaamovallof ak¥ist fedtarel AT RitdRE fof NMeasuri ng
nmeans | F), the substrate table WI can be noved accurately, e.g. so as to

posi ti Oréx%gfeefo%ivettﬁé erbidaey I\El'té?{%‘oﬁefnn THYS, BEpFeset 1ﬁ¢ﬁtx@§?f@v€§s aSimlarly,
the first positioning means

can be used to accurate position the

ot Z@ﬁ“‘g*aPa‘{;% TR RO A Bae Bk g BT Syesrifreq té:fé%fﬁ"h 5‘ Sf:lneral,
ong. <t rBREARS ik %&%a%»geéfg%%% S BRI e apele( ' ne

positioning), which are not explicitly depicted in Fig. 1. However, in the
case of 1HugiEREen ¥t the Hwashing: S@ﬁﬁpb@@deﬁwaha@tlwuaml %&ﬁfqaww)cambé mask tabl e
MI may just be connected to a short stroke actuator, or may be fixed. The
depi ct edemowdd iparsingde ergwdutien two di fferent nodes: - In step node, the nmask
table MI is kept essentially stationary, and an entire mask inmage is

proj ect ed i n Fufthe@ioré) ase redulSofMed Rettold a3 khe) presenoindefittdng te APBY ¢anz C. The
substrate table WI is then shifted in the x and/or y directions so that a

di f f er entmb Rt tRUntitCR s GAfe, B8d e Rath F KekeDYreldde dDRARRR duting TS can

node, essentially the sane scenari o applies, except that a givenh target

portion ag:sﬁtsrex%g{lal%&%?se&e! Bafh RO Focdsh Ao It | fdfleed) il RSB0l € M 1S

movabl e TN
the fact that the washing step has little or no light at the location of the main features

(even for defocus values).

It will be appreciated that in the present invention, the "mask pattern" may be
embodied in a mask but may also be applied using another type of patterning means,
examples of which are mentioned above. The term "mask pattern" is used herein for
convenience but should not be construed as requiring the presence of a mask, unless the
context otherwise requires.

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



given direction (the so-called "scan direction", e.g. the y direction) with
a speed v, so that the projection beam PB is caused to scan over a nask

i mge; concurrently, the substrate table WI i s sinultaneously noved in the
sanme or opposite direction at a speed V= M/, in which Mis the

magni fication of the lens PL (typically, M= 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, w thout having to

CONPr OMitEA sB¢h ALAakihistHas nfihy DR PosMY Spplfcalisns. Bor Sanipld, Yshipbe how the
DOF i s degraded due to the forbidden pitch phenonena. re specifically,

Fig. 2a j ' : [ 0 rn having a
i he o SRR Aty B B0 0ol Buchns eDRRBFELRICRER 21 hge o
NA = 0.85; exposure wavel ength :.1913nm di pol.e 35%; sig uter = 0.82 and
Si g | RRUFTSEPrmREnele fampguemenics, Nghiibsristl dieply Haadsne- i oegerte
illumnation with the poles disposed along the X axis, whereby the outer
edge of hsadshetsollee shilladeartisan widlapnrrgiate hiet, I5thgegrisasoisueh altgrBatyie gi n poi nt
situated at the m dpoint between the poles. In addition, signa outer

cor r espappkcations, vy osk efith¢ temaks fretipleVdiwaderbor tdie" inchstextchofldbeor a, and
sigma inner corresponds to the inner (mninmm value of the coherency
factor zondgersthaybeih@replaged Bathd hereqaeamnl rhhe "hidk" oktibdtiagdy aad byardddi s

| i neapace pattern is approximately +/- 350nmin the Z-direction before the
i mge begiiish't RssiRav@gde (the ED (exposure latitude-DOF) plot in Fig. 2c
shows that DOF is eveh nore than 700nn). Fig. 2b illustrates the

pr obl ems/ dengﬁlquetyﬂrQ%ng aocg]grfe?lpttﬂeb{egnn gd{ag&%” %%%%Em%re%&&’ Fc{jérg:?gl%a%i tch.

More specifica cGrrespo he I magi ng resu

| i neapac attern having a |i.ne wi.dth.of 70nm and.a. pitch of 340nm

LTI T o1 ) RS QL SIRSPRPERRIS 79 EP AR RV RIS GRS E BaP TR oF . 2. As
shown, at this "forbidden pitch" of 14 340nm the acceptable DOF is

si gni fi ceavelepgihafddad’4ds l%gﬁr%)@if A2 emy and EUMGREemA ultieviplegradiationon. 1t i s
noted that "forbidden pitch" problens are particularly rel evant when
utilizi reee.davingg vofveleagihan tlectangg$d8 nyuastwelb as phirpde bedrhd, snenastioon. Fig. 2c
is a graphical conparison illustrating the degradation of the DOF that
occurs &eatber Electordiskamspi tch. As shown, while the |ineapace ratio of

70/ 170 exhibits an exposure |latitude of approximtely 24% at a DOF of

200nm the { ok Riiedanadlablied be dhe ordsbeRRREN WAl beeche RO B3 bi ts an
exposure latitude of only approximately 8% Figs. 3a-3b illustrate how the

use of ARfi1eda e RYS tﬁpﬁ)ll%nf‘aetgi%rdtﬁegé}ﬁﬁon of exemplary embodiments of

the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention itself, together with further objects and advantages, can be better
understood by reference to the following detailed description and the accompanying
drawings, in which:
Fig. 1 illustrates an exemplary lithographic projection apparatus.
Figs. 2a-2c illustrate how the DOF is degraded due to the forbidden pitch

phenomena.
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pitches as disclosed in the '305 application noted above. Fig. 3a
corresponds to the imaging result of |ineapace pattern having a line width
of 70nm and a pitch of 340nm wutilizing the sanme illum nation settings as
noted above with Fig. 2a, with the addition of 40nm AFs pl aced adj acent the
| ines contained in the given pattern. As shown in Fig. 3b, the addition of
the assist features to the mask pattern results in a substanti al

i mprovement @figd Be 3DRustiate HOWCAFS S Bd WidiZedBofegatd the Sorbiiden pRENEr nore
simlar to the dense features of Fig. 2a. However, while the DOF is
inprove%heﬁgﬁ&ﬁ_is al so some unwanted residue of the AF on the printed
wafer. Fn other words, a portion of the AF is printed, which is

undesirabl e. Fig. A4S . a graph il]ustr.ati e results associated with
i1 2 ng varin e 3 Rt not iRk SR ARTuiEEE BTN b o
correspondi n%,to the line: space ratio of 70:340 nm As shown, as the size
(i.e, w¥RYIHENt he AF is increased, the DOF at the forbidden pitch
increases toward the DOF corresponding to the dense feature of Fig. 2a.
However, for Fegscha-dfl illustrampbe ptqft@ﬂS@fiegmma@Dg thendhs etdlizing QUARAR . e.
residue) of the AF. 15 Typically, when utilizing dipole illumnation, an
x- di pol élluhinatiomat acoordascef witls theppeesenrimeshtion, order to print the verti cal

features and then a y-dipole illumnation is performed to print the
hori zontal feaidiegsd illistrafe HH £hodTRABYESS the ARkk BMBRMN R Whgisubsequent
y-dipole illumnation is utilized, the vertical assist features are still

not full oJegm\ﬁqqﬂfx%r ihﬁ?e 2 'DOF arlcf Og?ljoéesg Wtﬁlrtgerotbﬁégﬁﬁgbj H}%&mj:s@nto rder for the

y-di pol € exposure ave a chance renovin e exposure must
be perforned utilizing a mask that is locally open at the | ocations where
the AF r8ETY8%s are Iocated. The foregoing is illustrated in Figs. 4a-4d.
It is noted that_the illum nation conditigons utilized to generate the

i mages shown Fig 7mﬁlg§trateﬁaﬁﬁaaesu}éfr ebtpined By Hidlizing ﬁwdgaole SHURBAEPN 21/8%e wit h
regard to Figs. 2a-2c, and the assist features utilized have a wi dth of
40nm Fi"gashing'| steputstreamous Aftresifiwmge resulting fromthe x-dipole
illumnation, which is the sane as that shown in Fig. 3a. Fig. 4b

il lustrates tHig § illageatésethelirhprogerhémobtaivedyin dheplOOF anl loweatigtrocess utili zi ng a
correspondi ng mask, and Fig. 4c illustrates the inage resulting fromthe
combi natjiid®by B9liZing thewndthed bORS preké invedtibh o @hiodt AF defigug.esul ting
process w ndow correspondi ng to tﬁe i mge of Fig. 4c. As shown, when
utilizing only the x-dipole and y-dipole illum nations, AF residue stil
prints on the wafer, and therefore limts the DOF. Referring to Fig. 4d,

the x-axis represen "hﬁ“ém Qgﬁ, = ax I s the m ni num
energy dose requir egit"[t) e IS?\f?elt% éltsll ug).]iai‘rﬁei Qﬁi&t‘gﬁg@% 12 represents the
conbi nati ons FQf focus and dose for whi fh {,he AF, resi dues are expected to
print. The aré& I schematically depicts an exemplary lithographic projection apparatus
suitable for use with a AF removal process of the present invention. The apparatus
comprises:
- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In
this particular case, the radiation system also comprises a radiation source 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 for accurately

positioning the mask with respect to item PL;
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14 that is indicated by the thin white border are the dose and focus
conbinations that result in a main feature whose size is sufficiently good
to target. As such, it can be seen that the DOF is limted to approxi mately
+/-150nm It is noted that the cone-shape portion of Fig. 4d represents the
avail abl e process latitude. 16 More specifically, the central area that
is surrounded by the line 14 corresponds to the process w ndow. It

i ndi cates thaty s%éancp&j]@dtmﬁm f%ﬁﬁstfhfte tfagl%ylePﬂw%a%m@s&Ba&@tethBﬁier kdre Wi thin
this process window will yield an acceptable CD of the main feature

(typica r [ ). ldeally,
it is déé%@%ﬁﬁ%@h gp ¢ haglla%igg%ogdge? s\f\ﬁclog ‘{ﬂaf&g 4nd C%Macggdp%gé&b%e, since that
woul d nean .t hat the process |s verﬁ itive 'it]i‘g' dose ar f19 us errors.
The ar eROYSORRE M {BF AeRFaFly BogiioNge hRTDSTHE WRGTRSELS T Hos e
conbinations that will result in the printing of the AFs. |t is noted that
Fig. 4d was basraicshomgstea (lepsdelle (4.8 @ 8IPAIS: catoptep oneatadprtegst em t he

properties of the coating will alter this area 12. However, such aerial
i mge cabtedl aystamsioammagisg hulrrddptedpaton bf thg nidsk Mps loatd a)targeagomi@hlc as
variations due to changes in illumnation schemes. Referring again to Fig.

4d, t he{egajopristhgromenr hteé ofes) dfid sdvstrate Whe DOF. The first is that the
process WlndOWIS quite narrow. This is due to the fact that the dipole-y

exposure (as A&fmgﬁtédrheﬁlﬂ, thé@%pa%s f‘srl')? anaﬁBﬁfsEMe W})@t(z 8thal Berah@hRLilvon of the

mai n feature flgure for out focus situations, sone
bright ar xi St. . These b ea de er| rate th focus mai n
Featur o TRBLEONRE: & enrefea&déwﬁ e 33, ey B%Jpe B s e

limter, dsthat o Eﬁﬁlm forso |ﬁ¥ tio sthatlle W t hin
the mai e %HY%P’@S% E‘?é‘“\’/ﬁ YdBUAPPRFATYS %&8’?? aat ‘6 ind o BaerRBEDbI nat i ons
"fail", and therefore imts process latitude, in this case DOF. It is

not ed t Mmgens acansalisrnasiyg tasthefuse pka magls enempley deludsrs nragremaRabls MItFEd t hat t he
reasons that the second exposure utilizing the opposite dipole does not

ef f ect i wehy or B@bumatrine AFs i ncl ude unsati sfactory DOF of washing exposure

and unsati sfactory darkness at the main feature position for defocus. 17

Accor di ngly, The syirewLaf (elghe n{e@mﬂwmm excihadafeeeptodedes b bemadft hat t he
opti mal washing conditions are those which result in extrenme darkness at

the mai pdiafinuTRisdedmas RdinGRALAR 8ok SyddiR (1RhGEkES I].,in:tglﬁfaﬂﬁ’ecftl?%tf ure. In

ot her words, the optimal washing conditions are thosé wh result in

extreme aﬂalr }ll(av%?g trglterseg %O%{IQHILE gt %s s&c%r as ahaeam 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 c-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.

It should be noted with regard to Fig. 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 that it produces being led into the apparatus (e.g.

12



-entire focus range in which the main feature exists (this is required in
order not to deteriorate the main feature inmage, and (B) have sufficient
washi ng "brightness” to renove the AF residue image for all focus val ues
" where AF residue exists. This criteria can be acconplished utilizing a
gquadrapol e illum nation as a washing step after performng the first and
second exposures of the wafer utilizing the x-dipole and y-di pole

second_exp | | |
| nvent | on L e D T o B2 SR e P B na 1 on.
Mo ifically, in. d i th [t t i tion,
ai' or - porP PR TR e R BEPAC il ba B RIS et e PUF®ang the

y-dipole . illumnation with the Hreticle, a third illumnation is perforned
uti | i zi ndn¥EnERAENaRMMasies bt Rfthess SGEeHOY et another reticle. (It is noted
that it is sonetines possible for the three reticles to be conbi ned on one
reticle if thdhefepmiPB siba¢duenthp ingércepss thikanask Macwhiehay latléohmagpsk fit on
one mask. In such an instance, another portion of the mask is exposed as
opposed ttsblaMsk Huvirigatravetsed le) masksMax tecbeamdP D phsawy thidugh QuASARTN]
illumnation is a "washi ng" exposure that effectively renoves substantially

all AF reglightifochdedithd &R PS oﬁ%ﬁ%é?ﬁénibﬁd&ﬁhé QReXeY, WilhQh€aid of the .
illumnations. As a result, by pertformng the QUASARTM il lum nation, it is

b ocess. IErrPERKERRE AT el P7ahg WIBERERR iR AWy The R
Ref [ 1gs., 5a-5d, Fi 5 .th | ti I, . i ned
by at 111 3191 a5 o Byt s . SR oG b e e ibrtiR: FEBeL | mos

and assist features as descrijbed above with regard to Fig. 4a. It is noted
that whi IP8thftthehean PBnSimilpsly, the st popitioping nggape le Myben sed{he same
y-dipole illumnation as detailed above in conjunction with Fig. 4b is

per f or medecuratelyspasisiondhe mask MWiewithrespectrio theqmtthofthe hedm @B, klguafterat i ons
(i.e., x-dipole and y dipole) are necessary depends on the given

appl i cat imethanitalsemievalngtieenaesk MAl fyorapangskilibrarpgor dukingiasasn. Gm gemyalbe
utilized, along with the washing illum nation. Thus, if the main features

of the dQﬁéx&Hlehﬁéthlé Sbéeitabies MOV e willlbeRtdigbd @ath thd518 of Bong-¢idre! €

illumnation w al so be utilized. However, the second dipole illumnation

is not utjl;j 1:no. € 1 £t he ye di

il lum natdlléodﬁﬂ f@oé@éa&tﬁ(ﬁ)&%ﬁ%oag hj %esms)gﬁegmﬁ%@g%%ggﬁ@%%l th&{ﬂ@t vdgfé:g Qll‘ete Oé reticle
ocation of the AFs of

that i i t hat ill .be dark at t
Lhat ot herefiily denia Sy PR Yo Phusr B fus Bt o wafE steRSia Prrbed % oF der of

t he exposures does nqot have any inpact at all, and therefore may be vari ed.
Accor di ngj’FeP,'anﬁo%’gli‘ o tppm?ﬁlg@gi/ql}g g ilgthe connected to a short stroke actuator,

or may be fixed.

The depicted tool can be used in two different modes:

- In step mode, the mask table MT is kept essentially stationary, and an entire
mask image is projected in one go (i.e. a single “flash™) onto a target portion C. The
substrate table WT is then shifted in the x and/or y directions so that a different target
portion C can be irradiated by the beam PB;

- 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
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i ncl ude: dipole-x + dipole-y + quasar; dipole-x + quasar + dipole-y; quasar
+ di pole-y + dipole-x; quasar + dipole-x + dipole-y; dipole-y + dipole-x
+quasar; and dipole- y + quasar + dipole-x. Fig. 5b illustrates exenplary
QUASARTM i | l umi nation settings utilized to renove the AF residue and the
correspondi ng resulting i mage. As shown, the QUASARTM il |l um nation settings
include a NA equal to 0.60. Fig. 5c illustrates the image resulting from

t he conbj; 100 ] ol j 7 [ NNl - di and
QUASART g Bl (hEoicM e sbar AR, B ey oot Spec s Pt
corresponding to the . image of Fig. 5Bc.lt is noted that. the optinal

11 i hel g et Hii crige o Sty e Bt kst Ao R N BB L o
the reticle and the assist featuyres utilized in the design. For exanple,
the 0. 602RNE& W1 1t HEupROusly reqvedip diesaBie 98 PRRISHE dyaetion B sperd BsdMpki on
that the AF was set at a pitch that best suits the dipole node. This neans
t hat t hewhichd{ stthanegiifisatiame] thelleng PLtypieally, Meat/doe)l/Nak thisphanakr, ehat i s
twice the smallest pitch that will be used with the dipole. In order to
print thetatitelylihrge parpetporisit ogn Bx@aeed withbbt Hevidy to@otmpashisapa DOF, t he
physical |ocation of the illumnation poles with respect to the x axis
shoul d bgshadién.of that of the dipole. Wien utilizing QUASARTM i nst ead of

di pole at the sane NA the poles nove in x direction by a factor of sqrt(2).

Therefore, in t he. ixst ance from
the y axis, tﬁ%ﬁﬁﬁ&%&e’?gﬁgg% rﬁllﬁ%a\?mépﬁégﬁ#ﬂg?g g% d‘g%%{le(d[z@tgﬁecour se, there
are al so_at.her ignma conbinations.that will vyield an identical. result.
deod.  Ebifin et sPEPTRn More ape ol ofls. 14 corpsibtidied Be B ERbl “angl -
under which the light hits the reticle remains the sane. In_other words,
NA=0. 60, °fs3 ‘ifppespaes Rastegphavangypding yidth 9§7Qr§n pba piteef Vinmaubligpg and si gna

out =0. 82*0. 6/ 0. 62=0. 79 and sigma i n=0.52*0.6/0.62=0.5. Referring to Fig. 5d
i n conparlusyratiop seitiges aldNAi= 0-%§; exposwie wauglengile =pi93nmi; dipotsf 33F resi due is
significantly reduced by performng the "washing” illumnation utilizing

t he quadsiginel @iterGUASABIdAighauittherat(. 5. It Asnaed thsudipoled 5k b@rdspoiyad ng process
of the present invention, the resulting process window is significantly

W der asqipal @R8N Wit ThSp AN dsSPMoRE HVSR Bx k] \gﬁereWthera)dteéléd%e( dthi s
results fromthe fact that in the inmage of Fig. 5b the "light-blobs" at x=0

for some,dgt8RUSHAR B0 SEIEbs BadeRRY vl th ol PofRIRuALd F o ntBoint20

between the poles. In addition, sigma_outer corresponds to the outer (maximum) value
of the coherency factor o, and sigma_inner corresponds to the inner (minimum) value of
the coherency factor 6. As shown in Fig. 2a, the acceptable DOF obtainable by this
line:space pattern is approximately +/- 350nm in the Z-direction before the image begins
to degrade (the ED (exposure latitude-DOF) plot in Fig. 2¢ shows that DOF is even more
than 700nm).

Fig. 2b illustrates the problems/degradation in acceptable DOF that occurs at a
forbidden pitch. More specifically, Fig. 2b corresponds to the imaging result from a
line:space pattern having a line width of 70nm and a pitch of 340nm, utilizing the same

illumination settings as noted above with Fig. 2a. As shown, at this "forbidden pitch" of
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It is noted that when selecting the quadrapole illum nation settings to be
utilized in the "washing" step, the "wash-space" size is first tuned to the
| owest val ue that renoves AF residues fromthe process wi ndow. The

" washi ng-space (also referred to as a washing-slit) is the open portion of

the reticle that is used for the washi ng exposure. The washing slit is
|l ocated at the same position where the AF was located in the printing
exposur e34(aet, ehié Ad8ptable DS is s?%iﬁ%tl?becﬁi&@d t ROl RNS+0T 00M8R if eyr-es
adj acent the dipole, the area 16 neans open (i.e. |ight goes through), and
t he areayl8..npa 1 g&z#g d ] I sh- space
shoul d b%ll‘?cgr%gé@%g%ﬁﬁ}agn%g@ges hclhl 9Fdrstlae'rrntl')stlE%arlai3 ﬁ@ﬁi@gygg@’ Jltég’% “but not
| arger than.that so _as .to avoid possibl.e negative effects (e.g., impact on
the mai nURLARE gt s fepfigsss Syed oy et A¥BEAHON  he graphs set forth in
Fig. 8. Referri ng to Filgré 8, when the wash-space is only 70 or 80 nmthe AF
resi dues sti | Figpg¢ ista graphiead sgmppmigon;iHgsteatiag eglegmslatipmeiothe D@FWdger . with a
90 nm wash-space, the AF residues are substantially elimnated and, as a
resul t, odversatitiee orlgddst@Eirchi dls shopnpwhibetht ling:spdve ratboxo 0 Hr odidss ani ndow.
I ncreasi ng the wash-space beyond 90 nm does not result in a further
i mpr ovenetyosure lithteddé uppaskimhtelod4 Y, &i SBOFGEF-200nin| théSbibaddeniphteh (igsul t s of
the "washing” exposure when the wash-space size is set to 110hm All ot her
L1 1 um nagihOfscs Eltlol 198/ 340 B bk Hh Bﬁr@?atihﬂﬁtof'oh%#bﬁ)h%ﬁgte putilized in
conjunction wth Figs. 5a-5d. Referifing to Fig. 6d, it 1s shown that for
the given exagpl e, by Lini sh- ce sl ze i.1.4:S.possible to
significantl y%g’uacée/b %@%@g%ﬁz}%\%eﬁf?% cgﬁél%%%)gggherllégg{% ,fér\bllﬁiggrlller i nprove
the DOF (the DCF. gain.is achieved by the larger. AE that are equal in size
with thegwgleﬁa% %‘é‘gf}?ﬁ‘g)mé*?f‘dg& glicatiqnpqied hov 0%‘%3@%‘%???8%‘?5 80 1 | uni nati on
conditions. The foregoing is clear froma 21  conparison of Fig. 5d and
Fig. 6d.immgngesileotiinrempee pajtermbavinge Hnewidthef 7@wn god s pieleof 30aL r enoved,
the residues may be large. This allows for the use |large AFs (e.g., scatter
bars). | nulesog thelsemAidursiantidreseitings ais geted eboveewitinFig. Reavith the aHdwevef, it is
noted that when utilizing | arge AFs, the wash exposure needs to be boosted
(i.e., endah@imgplided atjasdnt eAGRs cont@imee in the gbleaattetn. Aeshales)Fighdt,ch gi ves
the 1 | Oimwash space for this case. It is noted that the mask (i.e.,
reticle) mdlidhies bf Mefsieefehiafddhd thelifik pARSHRIrBGhits G R OPBbEAt il i c}irg\l'é?xg:nQJASARTM
illumnation is sinply a biased negative of all AFs contai ned on the
V-reticl retd c il | - di pol. he y

St AEDOF "5 e g%lﬁ%iﬂ;@%ﬁ}r% lh%gfpéergx%{ ﬁlggé ARG tRe detlst tf%aglﬂe

di pol e exposure,’ Tesp I's' no as 1I's known, -reticle
I's aret Io? #i%. 2a. However, while the DOF is improved, there is also some unwanted residue of

the AF on the printed wafer. In other words, a portion of the AF is printed, which is

undesirable.

Fig. 3b is a graph illustrating the results associated with utilizing various size AFs

to improve the DOF at the forbidden pitch corresponding to the line:space ratio of 70:340

nm. As shown, as the size (i.e., width) of the AF is increased, the DOF at the forbidden

pitch increases toward the DOF corresponding to the dense feature of Fig. 2a. However,

for each of the AFs, there is also unwanted printing (i.e., residue) of the AF.
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containing mainly vertical features, and the Hreticle is areticle
containing mainly horizontal features. The charts set forth in Figs. 7 and
8 sumari ze the inprovenent in the DOF and overall process latitude that is
obtainable utilizing the nethod of the present invention. Mre
specifically, Fig. 7 illustrates the DOF obtai ned when the y-dipole
illTumnation is utilized as the AF "washi ng" exposure. It is noted that

Fig. 7 correspondsiy! @héh miﬁ%&lgmyilﬁ}ﬁm@ﬂéﬂ,% L BpSRIEn natibPisHrst/ 0 340 and

whi ch utilizes 40nm AF, and ichis illumnated utilizing the sanme

il lum [ ey - I it . 1 g. 2a. Further,
| U R R P O AR DR bl 22 Tyt
i ed bet 50, .7 d. 90 Fig. .8 illustrat h | ti DOF wh
oL oS SRR T BRI AT, R e S LSRet HT, T

in accordance with the present invention. The results are provided for
"was h- s pabtequeit yedipele ithgningtion poutilizad thanverticd assist featwrnens stilaehfudly t he
results obtained utilizing the QUASARTMillum nation as a third "washi ng"
22 expemuvel fremuhd wafen E isfugthef natedhthat mpordercfoetie yadipclergaposte too t he
results obtained utilizing y-dipole illum nation as a washing step as

i |1 ust r 3a@d aicharfce @f removAg HRICH, BRExBEAYEMUbHR JeRfohaed afiliZiRea R26R eHat

i nvention provides significant advantages over the prior art. Most

i npor t ang i&allibﬁerpit?ﬁ%fcatid?)\é%}eoﬂﬁe RIFOMEiERSs drOTocated] TRE Yor@%&h%isf ective
process for the renoval of AFs utilized, for exanple, to solve the

f or bi dde %ﬁ%#eﬁgg%g@hg% ﬁ@gé&% R %ﬁp{é%ﬁ}%f@%gg ei{% tdtﬁlgecii{'b é]e'}ﬁgelé)eo: and

process at  wou € assSocCl a S | Suc S were not

renoved.  Moreover, by utiljzjng the ASARTM i | | umj nati on, both he verti cal
AFs and PHENESS ?Méﬂﬁvséac@n‘ggs%fe%\?@at SFISthfB% aﬁo‘éq\ﬁﬁlp geafgohi ng"

exposure. Al though certain specific enbodinents of the present invention
have bedfigti2edcoatslthe pasist feanperefilized havha witth 08 AINM N Vit distralgs B enbodi ed
in other fornms without departing fromthe spirit or essenti al

char act aémiage ressltihgdroanthe xFhipoler BemiratiemiwidchriBrihs samiscast thatrshbwn it Bighe
considered in all respects as illustrative and not restrictive, the scope

of the i3veaig.ioillharatg theothaatrediitng fhia tappafdediliohandidn viilidingkl changes
that come within the neaning and range of equival ency of the clains are

ther ef or@rl.BiRaARdnisk, BR EELICHRGr{Betheifaged3sulting from the combination of
both illuminations. Fig. 4d illustrates the resulting process window corresponding to the
image of Fig. 4c. As shown, when utilizing only the x-dipole and y-dipole illuminations,
AF residue still prints on the wafer, and therefore limits the DOF.

Referring to Fig. 4d, the x-axis represents the focus and the y-axis represents the
minimum energy dose required to remove AF residue. The white area 12 represents the
combinations of focus and dose for which the AF residues are expected to print. The area
14 that is indicated by the thin white border are the dose and focus combinations that
result in a main feature whose size is sufficiently good to target. As such, it can be seen
that the DOF is limited to approximately +/-150nm. It is noted that the cone-shape

portion of Fig. 4d represents the available process latitude.
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LAIM 1. A nmethod of transferring a |ithographic pattern onto a substrate by
use of a lithographic apparatus, said nethod conprising the steps of:
defining features to be printed on said substrate; determ ning which of
said features require assist features to be di sposed adjacent thereto in
order for said features to be printed within defined resolution limts;
generating a nmask containing said features to be printed and sai d assi st
features; perf{Ridigegifeally, (B cdnraldfedtat RRURLAERADYIRe Afe I Pchdspbn@abd
features on said substrate, said first illum nation process resulting in
the par t fhglprcpcrekmlng wOfIt i?lﬁlcgtteg?rﬁalt 3l c&rﬁglﬁl%&ﬁ o‘%’%gaﬁ'aﬂg %gﬁc%h{]ea&o%e 1 fle .
perform ng a second I [l'umnation process so as to redu the anount of said
assist features printed on said substrate,; i d second. illum nation process
Conpr si RAnTHER oPacs Pl Bt e 4 SirRla, G Pt S TR R BHE P e bt hod
of transferring a lithographic pattern onto a substrate according to the
met hod ofccepaply (D ragges & within o +5dOGnef ractinildealyol ipdesiakls tebasihees a
QUASARTM i | lum nation. 3. The nmethod of transferring a |ithographic pattern
ont o a sprostssatiedaw eoladierry possiblessimetthatdvaifld olean that theydrecess i3 iehye sequence
in which said first illumnation process and said second illum nation
process mkénsitBielte doRcorifScustn@Es: MEHrgeab] Zin the bdthen BEFR0dd addiddt@ntéerring a

| it hographic pattern onto a substrate according to the nethod of claima1,
wherein i i i 1 pat g 'S 11 - hpol B :d iHaat i on of
said s ubgjt%?g%r{ed. &0%1 Cbllngi.fm'll'ﬁgs tpre&trhr]llg dr@éc:)u?tslfl rﬂléér:@:‘l%{g%forf ghé;APiQ't ﬁéégé(ggﬂ@apat tern

Onto a suhshy ahenAes 8Ly kol BAC RN Ph, Sl Al der IR SLD A ofd TSt

i1 lum nati®on process es©p ormng a Xposur sai d Substrate

utilizing a x-djpole.illunm ion, and a second exposure of said substrate
RERRRAR o e e e R AR AT N A B P

l'i t hographic pattern onto a substrate according to the nethod of claim1,
wher ei n BgAgtiBg terhehavipy as el iap Hariptioas due erghangesdn dhpigrtiotessheges pattern
formed therein, which is a biased negative of a pattern defined by the

assi st f eat ur Bsfecorg aganewm Hig. &latletrawas kwo thainfastomethatlimafthe POFs fler i ng a

| it hographic pattern onto a substrate according to the nethod of claiml1,
wher ei n b &ttamtth@plogesdlwinddw faquiteaafrb®t Thigdd duerd the faot Bt 1B dgRlelysubstrate

as aresult of said first illumnation process are renoved from said

subst r at gxdd¥ure (as shown in Fig. 4b) has the property that at the location of the main feature
(i.e., x=0 in the figure) for out of focus situations, some bright areas exist. These bright
areas will deteriorate the defocus main feature image, thereby reducing DOF. The
second, less important, DOF limiter, is that some AFs will print for some combinations
that lie within the main-feature process window. This makes these focus/dose
combinations "fail", and therefore limits process latitude, in this case DOF.

It is noted that the applicants of the present invention have determined that the

reasons that the second exposure utilizing the opposite dipole does not effectively remove

the AFs include unsatisfactory DOF of washing exposure and unsatisfactory darkness at

the main feature position for defocus.
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said second illum nation process. 8 The nethod of transferring a
~lithographic pattern onto a substrate according to the nethod of claiml,
wherein said assist features include assist features aligned in a first
direction and assist features aligned in a second direction, said first
direction and said second direction being orthogonal to one another. 9. The
met hod of transferring a |lithographic pattern onto a substrate according to

the method of A9$&h§g§/, iMABH I ISR EhodRs s béén%&ef}lﬂ%éggh@ﬁﬁggﬁn?li ot

Zubstantially r eno both said assist features a
[ ti id. ' f . l. i d id d di ion. 10. A
o oo o S Bt PP PR BB e PO BRGELETs0a

that is at | east rtially coyered by a |layer of radjation sepsitive

mat er i al DOFscompgy mtﬁataagfa?%ﬁ Feneih T 0f ohsEIar seweegtlmgp WashiRg at i on
system using patterning neans to endow the projection beamwth a pattern
in its ceusklianserd hase which: (@atresaltringytremea darkness latihe sndin Aature fortthe be pri nt ed
on said substrate and assist features di sposed adjacent at |east one of

sai d f eatntirefodue rdvge i ivhichdhe sairdfeansd adistf @hisus eguiped incordemet apt i cal
proximty correction; projecting the patterned beamof radiation onto a
target pagtbii@atethe Mt fe@Me infige! Al (BY havt: SEAGEM WRKIR'8FibRthedsMed udi ng a
first illumnation process so as to print said features on said substrate,

sai d firgh,iJelidhpabdi@n: iRla 8?&%11&%&&&'%&%9 wildrd R rBald &istPFinil dfigiLf said

assi st features on sald substrate; an erformng a second i um nati on

process so ,as to reduge. .t.he anount of .said assist features printed on said
Bubstr ot oo ESachbubigitd Beliefedmitoncts AR AR AcH refitle il oBEep o

perform ng _a quadragpole illumnation. 11. The devi ce manufacturing nethod
of cl ai nparé?rrw&?he?fﬁstsaaﬂde@@é&ﬁaosurqswa‘aw%hut&ﬂ% X GRpieiasd y-HPBRASARTM
illumnation. 12. The devi ce manufacturing nethod of claim 10, wherein the
sequenceilluminttiashrespéativelyr du thel frefeimad einbadipreotefsthe aredenganengen.chel

illum nation process are perfornmed is interchangeable. 13. The device

manuf act guddagpobeiilnadnaionatitived G, QUASAR™ iHamthation.st il um nation process
includes a dipole illumnation of said substrate. 14. The device

manuf act ur i ngMBé bedifthllg] iaiabick@anceRaihathe parkd dfithspreddnk IHVeR@dr, @ftedr OCESS
i ncludes performng a first exposure of said substrate utilizing a x-dipole
performing the x-dipole illumination with the V-reticle and the y-dipole illumination with
the H-reticle, a third illumination is performed utilizing a QUASAR™ illumination with
yet another reticle. (It is noted that it is sometimes possible for the three reticles to be
combined on one reticle if the chip is small enough so that three separate images fit on
one mask. In such an instance, another portion of the mask is exposed as opposed to a
separate reticle). As explained below, the QUASAR™ illumination is a "washing"
exposure that effectively removes substantially all AF residue that remains subsequent to
the foregoing dipole illuminations. As a result, by performing the QUASAR™

illumination, it is possible to provide a significant improvement in the minimum DOF

and process latitude obtainable with the given illumination settings.
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illumnation, and a second exposure of said substrate utilizing a y-dipole
illum nation. 26 15. The devi ce manufacturing nmethod of claim 10, wherein
said second illum nation process utilizes a mask having a pattern forned
therein, which is a biased negative of a pattern defined by the assi st
features contained in said mask. 16. The devi ce manufacturing met hod of
claim 10, wherein substantially all of said assist features printed on said

substrate as Reehyhd ek Sasd an rﬁtrc}%leéehi@tﬂé‘ﬁés%ngrh‘ﬁﬁgééblsﬂié@%[égmved from

said substrate econd i Tl'umnati on proces ice

manuf act | r| ng et ho clal.m sai d assi.st feature ncl ude

assi st fOaPHBS % ‘Pglﬁegu?‘H‘a % ?Vll%ltt df% PEYPalen Seiingg ¢n %gélfhég%lreél i gned in
a second djre t|o first direction and s secaond dlrectlon bei ng
or t hogorfal“¢t%¥'%6 Q%m o‘t"lﬁ‘éFegarﬂam Figdagdiis B%tegrgiﬂﬁﬁv £8Pt HYWERITaeE 688 ai m 17,
wherei n said _second i Ilum nation j)r ocess substantially renpves both said
assi st flaghagisen eimbefimgny, thesamg yrdipele illimiaationas detailed abaveiggiogfuneiéent ur es

aligned in said second direction. 27 .A3r.A3Y .A3Y . A3Y . AL; E . A% A9u
. ARaYY .vAYRYFigAUh isASerfdkméd.
| . A9l . ALNY. AY. ALaF. A" al . Al . ALa. A9uF. AaY. A3. A&aF. A&uY. A&aF. AYJ r}z/?2" F

2} xsni d_Z] calre alfedddhomdrd- 02 he AR bl fal el sabaaticalcabsrlanalcal cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] c<al o

Eaﬁ)a] giﬁ.%a%)}& HE%S % %%jca ca]gcai C;%%ﬁ@*@g! @%@E@L@wﬁﬂf&kcal cal cal cal
}xsnid_ r1 g f’i § ﬁl X 51:1 hc%]“ﬁ% é %;i}ldncall a].%%]eca] caj ca]
Cared ERTCAFERY LHI A 2PUS ﬁ’#‘%
b 3&?&?‘% At
., ,J---E..
(R b e b bl e 0
calca d apealle a ¥ 5€ 1 B5S €cq| 7768889
9995X <<$¢ezwa&}ng>.:}n>5ﬂfé?}v>osdm eved]if thp gadipalk chijmmhbtia] sakedicaposire adraa) cal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?@a@@

AbA~AA+ WWWE%EWW ¥gpusdrell TRl 8 ] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
P SHHHHL R Aded HWWMT. [\tie W%PP} xsni d_Z] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caFca] calcalca cajca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca
JcalP Furthermore, it is also noted that the order of the exposures does not have any
impact at all, and therefore may be varied. Accordingly, possible illumination schemes
include: dipole-x + dipole-y + quasar; dipole-x + quasar + dipole-y; quasar + dipole-y +
dipole-x; quasar + dipole-x + dipole-y; dipole-y + dipole-x +quasar; and dipole- y +
quasar + dipole-x.

Fig. 5b illustrates exemplary QUASAR™ illumination settings utilized to remove
the AF residue and the corresponding resulting image. As shown, the QUASAR™
illumination settings include a NA equal to 0.60. Fig. 5c illustrates the image resulting

from the combination of the three illuminations (i.e., x-dipole, y-dipole and

QUASAR™), and Fig. 5d illustrates the resulting process window corresponding to the
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i B} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] Ca] Ca] 1.0 . . . . T .
Ong- ) wong st S contsast nd DOE, the phsigal Igeatipn of the lluminationboles with o1 o ¢

a) cal ff] ?e%%‘%glcf@ %%&%h%@d%%g@go%@a% 3 R Bpcke. When utilizing QUASAR™
ST ey N Pl S (0N Q85200 - s10% O
109& () - &Pps! 109%&' ()-!:109%& ()-s10%& ()-?/01dE:/ 10

10s| 7109&h¢rpfosetin onipRtq Hlag3ho pales pxascty @vialf theldistonzg fiom theQoais, YheI$A F

xY:/ 101090& ()-109G& ()- s109a& ()-,10%& ()- L10%T& ()-3@0% & ()- 10
232E}/ 100L60A& dhyink WaMTRFaclor ¥ygO@T.& () - 10907&' () - Y&L09& () -, 1099& ()-
KdE:

10+s109& () - P LA thore Brefaldd’GtBer(N A YHBARYT Smbinati rkCiESii)yié1@hA Yektital- - #$Y&d
YNC 10 10T 10T

10T610% s&% %é%iéﬁ@'a@ﬁé&%ﬁ&t&ﬂ@?@& is konstl A& physi i afifzd Mrael O

:10% u&'

ML0% u& ()-10% W& () 10%. u& () --3MLO% U& () =" ZX~dEYNG 1
10% ug (%;%8@%; ﬁéﬁé‘%@ ﬁaeor&‘i@g-r%%@lg%’w%@%‘sﬁ*_%*eefo&%rﬁ%ﬂ%tl‘?@%% u& () -~ ~7dEYN
C 10 +ml0% u& ()-) . . o
10% u& (§1g(;nau1‘6€/9-§%e' {EMEIFTIE 4k idgnticaltodd 47063 and 0op ug' () - 7@BCIYNC 10 10-u
10-u 10-us610% u& ()-F4 10% u& ()-2'!10% u& ()-

! lsjisgma_ogt—go.fig 0.6/0.62=0(..)7g anc(i)sigma_in=0(..)5uZ*O.( /0.62=0.5.

Referring to Fig. 5d in comparison to Fig. 4d, it is shown that the printing of AF
residue is significantly reduced by performing the "washing" illumination utilizing the
quadrapole, QUASAR™ illumination. As a result of the foregoing process of the present
invention, the resulting process window is significantly wider as can be seen from a
comparison between Figs. 5d and 4d. (This results from the fact that in the image of Fig.
5b the "light-blobs" at x=0 for some defocus do not exist as they do in the image of Fig.

4b).
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washing slit is located at the same position where the AF was located in the printing

exposure. Referring to Figs. 5a and 5b and the portions of the figures adjacent the dipole,
the area 16 means open (i.e. light goes through), and the area 18 means chromium on
mask, dark.

It is noted that the wash-space should be large enough to successfully remove the
AF residues, but not larger than that so as to avoid possible negative effects (e.g., impact
on the main feature or flare). This is illustrated by the graphs set forth in Fig. 8.
Referring to Fig. 8, when the wash-space is only 70 or 80 nm, the AF residues still print,
thereby limiting the process window. However, with a 90 nm wash-space, the AF
residues are substantially eliminated and, as a result, there is a substantial improvement in
the maximum process window. Increasing the wash-space beyond 90 nm does not result
in a further improvement in the process window.

Figs. 6a-6d illustrate the results of the "washing" exposure when the wash-space
size is set to 110nm. All other illuminations settings remain the same as that illustrated
and utilized in conjunction with Figs. 5a-5d. Referring to Fig. 6d, it is shown that for the
given example by tuning the wash-space size to 110nm, it is possible to significantly
reduce AF residue printing and, as a result, further improve the DOF (the DOF gain is
achieved by the larger AF that are equal in size with the main feature) and process

latitude for a given set of illumination conditions. The foregoing is clear from a
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containing mainly vertical features, and the H-reticle is a reticle containing mainly
horizontal features.

The charts set forth in Figs. 7 and 8 summarize the improvement in the DOF and
overall process latitude that is obtainable utilizing the method of the present invention.
More specifically, Fig. 7 illustrates the DOF obtained when the y-dipole illumination is
utilized as the AF "washing" exposure. It is noted that Fig. 7 corresponds to a pattern
having a line to space ratio of 70:340 and which utilizes 40nm AF, and which is
illuminated utilizing the same illumination conditions as described above with regard to
Fig. 2a. Further, as shown in Fig, 7, the slit in the washing layer (i.e., wash-space) is
varied between 50, 70 and 90nm.

Fig. 8 illustrates the resulting DOF when the third "washing" exposure is
performed utilizing QUASAR™ illumination in accordance with the present invention.
The results are provided for "wash-space” sizes of 70, 80, 90, 110 and 130nm. As shown,

each of the results obtained utilizing the QUASAR™ illumination as a third "washing"
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by utilizing the QUASAR™ illumination both the vertical AFs and the horizontal AFs
can be removed utilizing a single "washing" exposure.

Although certain specific embodiments of the present invention have been
disclosed, it is noted that the present invention may be embodied in other forms without
departing from the spirit or essential characteristics thereof. The present embodiments
are therefor to be considered in all respects as illustrative and not restrictive, the scope of
the invention being indicated by the appended claims, and all changes that come within

the meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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substrate, said first illumination process resulting in the partial printing of said assist
features on said substrate; and

performing a second illumination process so as to reduce the amount of said assist
features printed on said substrate; said second illumination process comprising the step of
performing a quadrapole illumination.

2. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 1, wherein said second illumination process comprises a
QUASAR™ jjlumination.

3. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 1, wherein the sequence in which said first illumination process and
said second illumination process are performed is interchangeable.

4. The method of transferring a lithographic pattern onto a substrate according to

the method of claim 1, wherein said first illumination process includes a dipole

illumination of said substrate.

24



109& ()- s! 109& ()-° 109 ()- & S109%& ()-z{S{{| Al | dEYNC 10H

9109& ()-" 109& ()-" 109& ()- ! 109%& ()- 109%& ()- S 10%& ()-|| F}}} R-~dEYNC 10H
s+3109%& ()-s)y 109& ()-s'y 109& ()- %@

109& ()- SHL! 109& ()- & ! 109%& () - ~~HdYNC 10H 10 10

10Y: 109& () - S4MLOY% () - sS2S 109& () - s9010%& ()-s.s! 109%& () - 6FadEYNC 10H
9T1096& ()-1096& ()-& ! 1096& ()- & 1096& ()- 109B& ()-| GLOYBE& () - fdEYNC 10H

o e e SRk ot 41 /%‘a@i%%h(c)paltteﬁpgﬁé"a@lbégéte]&%@ﬁiﬂé o @XIEYNC

1096& () 1 105 FOUBE ()0

Tovme () SPRIRGRE sl doustaibad fi é@w&%@re? Pidgayte p fist
105L910% ( & ()-L | 109 ()- &riov L109%& () Lz 109 ()- 105WdE:/
105L& 109 %L)re e%% @bftrats Mlé@mé @y-dip g?é%une%m/&n gy Sechnémowe af g /

105L" +y 109&' ()-9) 109 ()- ' 109’ 0 000 ()- S# 10%& ()- 9! 9! 10%& ()-M
dE: / 10 shbstsate piizing a yshnde@lyn)inaup

100& () - sf 291 10%& () - SOOMLOY& () -s. | 10%& () - gxY:/ 109! 10%& () - 910%& ()- 9
11098 () - 9! 10 YBh nethed OFAr(sferf&d @ Vil dgraphiOpatterrdéntd a substrate according to

1099: 1 109 () - 910% () - 9M 10%' () - S10%' () - 9YGLOY%' () - 9@ 0% () - &XdE: /
109L+  the method of claim 1, wherein said second 111um1nat10n rocess utilizes a mask havin

108 ()-) 910%& ()-Ls' : 10% ()- 9Y%! 109%&! () -9, #! 10%! () - 9! L0%&! 0- F et ghdE: /

1,043 5 bR e R T
10968 (g ded WBiftabea T S0 Rat ) - &Y' 1096& () -

7. The method of transferring a lithographic pattern onto a substrate according to
the method of claim [, wherein substantially all of said assist features printed on said
substrate as a result of said first illumination process are removed from said substrate by
said second illumination process.

8. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 1, wherein said assist features include assist features aligned in a first
direction and assist features aligned in a second direction, said first direction and said
second direction being orthogonal to one another.

9. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 8, wherein said second illumination process substantially removes
both said assist features aligned in said first direction and said assist features aligned in
said second direction.

10. A device manufacturing method comprising the steps of:

providing a substrate that is at least partially covered by a layer of radiation

sensitive material;
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features on said substrate, said first illumination process resulting in the partial printing of
said assist features on said substrate; and
performing a second illumination process so as to reduce the amount of said assist
features printed on said substrate; said second illumination process comprising the step of
performing a quadrapole illumination.
11. The device manufacturing method of claim 10, wherein said second
illumination process comprises a QUASAR™ illumination.
12. The device manufacturing method of claim 10, wherein the sequence in
which said first illumination process and said second illumination process are performed
is interchangeable.
13. The device manufacturing method of claim 10, wherein said first illumination
process includes a dipole illumination of said substrate.
14. The device manufacturing method of claim 10, wherein said first illumination

process includes performing a first exposure of said substrate utilizing a x-dipole

illumination, and a second exposure of said substrate utilizing a y-dipole illumination.
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are removed from said substrate by said second illumination process.

17. The device manufacturing method of claim 10, wherein said assist features
include assist features aligned in a first direction and assist features aligned in a second
direction, said first direction and said second direction being orthogonal to one another.

18. The device manufacturing method of claim 17, wherein said second
illumination process substantially removes both said assist features aligned in said first

direction and said assist features aligned in said second direction.
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