2 5 OCT 2004 METHOD OF REMOVI NG ASSI ST FEATURES UTI LI ZED TO | MPROVE PROCESS
LATITUDE 5 The present invention relates to photolithography and nore
particularly to optical proximty correction methods used during the

devel opnment of photolithography nasks for use in Iithogralgh@[%ﬁ par at us
conprising: a radiation systemfor supplying a projection*®be ol radiation;
a support structure for supporting patterning neans, the patterning neans
serving 10 METHOROF REMOMVINE: ASSEST FEARURESH THLIZED T SMRRIONEL t ern; a
substrate table for holding a sUWROGRSS LATATUIE 0] ecti on system for
projecting the patterned beamonto a target portion of the substrate. The
term "patterning neans" as herein enpl oyed should be broadly interpreted as
15 reférring tolmepnesent iratensemrdbae uwguhotaditiermiaph yaandimare pangulaalyitappocal beam
with a patterned cross-section, corresponding to a pattern that is to be

created i nyraxin@tyd&irdRAbh mRthodeusdd \@uriisné ﬂ@ﬁ&éplﬁéiﬁofﬁﬁdfbﬁﬂhbgmﬂf)}]yﬁla!ﬁ' can

al so be used inthis context. Cenerally, the 'said pattern correspond
to a partigul ar. f tignal layer in a.device being created in the target
portion, S@EH&a@ lgﬁggﬁﬁggﬁ%qaé%mif?%ﬂﬁlg%r ot her device (see bel ow). Exanples
of 20 such patterning neans_ include: A mask. The concept of a mask is well
known i n I t hog? BASHapion shgtemtfor supplyivea Praiestiompsam of jrdiatieh; bi nary,

al ternating phase-shift, and attenuated phase- shift, as well as various
hybrid nmask typesuppBhaaactnt foofuppottingpatesiking meahs; the patterting mebesseraagises
sel ective transm ssion (in the case of a transitive mask) or 25 reflection
(in the cagpalémané giéij&‘ﬁtoh\b%arﬁ%&)rdﬁ:% th AQleSifcl it | MPI NGi ng on the WDC99

682711-1. 05507 LO 1
- a substrate table for holding a substrate; and
- a projection system for projecting the patterned beam onto a target portion of the
substrate.
The term “patterning means™ as herein employed should be broadly interpreted as
15  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
20 such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it
includes mask types such as binary, altermating phase-shift, and attenuated phase-
shift, as well as vanious hybrid mask types. Placement of such a mask 1n the

radiation beam causes selective transmission (in the case of a transitive mask) or

25 reflection (in the case of a reflective mask) of the radiation impinging on the
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2 5 OCT 2004 nmask, according to the pattern on the mask. In the case of a
mask, the support structure will generally be a nask table, which ensures
that the mask can be held at a desired position in the Iz%m%radl atlon
beam and that it can be noved relative to the beamif s d. 5 -

programmebl e m Kl a@iokdiig td e %ﬁ@rmn%efnaﬁuqﬂufe @L@é’bﬁ@nﬂﬁk FhéBippbit-
addressabl e surfacé havi n% a vi scoel astic control layer and a reflective

surface. The basi [0 ehi nd ,su ppar at S t xanpl e)
addr essed ar eas"™ ﬁ'“‘? Pﬂ%f??r“’jky %mgﬁ?aﬁ@ewﬂ@ eg‘ﬁlfre? ﬁ’@ g" masf(‘ ca‘% égl?i
diffracted light, whereas unaddressed areas reflect incident light as

undi ffract ed | iajladesiced prgition 1 cheiseewing radiatien beasm, andpkat étan bgaervedr act ed
light can be filtered out of the reflected beam I|eaving only the
diffracted |i ghtldnebtahe beamtihssdesrader, the beam becones patterned
according to the addressing pattern of the matrix-addressable surface. An

al ter ngti ve enbod Mefly GhrafnRbAIHAEFARAS. ok ERimBte! §uﬁmﬂw R

arrangenment of tiny nmrr eac h can | VI dual

an axis 15 by a abl e localjzed ele enploylng
ol ezoel eotric lressati firfibs hevngacteagiafis copia laver s rgﬁsﬂwe stifald

mat ri x- addressabl e, such that addressed mirrors will reflect an incom ng
radi ati on beam The besti frinsipdebehind ewchi aprappamstusnaithat esexemplelragddeessadrareasi s
manner, the reflected beamis patterned according to the addressing pattern
of the matri x- agfihesgRbli¢e Jurface fdlecilineidemdight esidiffrhated]igit, wteeassi ng can be
performed using suitable electronic neans. In both of the situations

described her eify,4hfGsAdasr '&glqzﬁgeg%ms%ﬂmrm@d RER. VsinBPdre

progranmmabl e mrror arrays re tion on mrrof arrays as here
rSefZSgrlgg 1 ;gdcf% be n%teeialn ter, the sald un)c(latlf;% fed hgﬁtocrgn%n fhg:reds éue{ the rehgr%é US

beam, leaving only the diffracted light behind; in this manner, the beam becomes

patterned according to the addressing pattern of the matrix-addressable surface.
An alternative embodiment of a programmable mirror array employs a matnx
arrangement of tiny mirrors, each of which can be individually tilted about an axis
15 . by applying a suitable localized electric field, or by employing piezoelectric
actuation means. Once again, the mirrors are matrix-addressable, such that
addressed mirrors will reflect an incoming radiation beam in a 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
20 addressing can be performed using suitable electronic means. In both of the
situations described herein, the patteming 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
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WDC99 682711-1055071. 0120 25 OCT 2004 5,523,193, and PCT patent
applications WO 98/ 38597 and WD 98/ 33096, which are incorporated herein by
reference. In the case of a programmable mirror array, the58&idllkupport
structure may be enbodied as a frane or table, for exanple, which nay be

fixed or movableses)gLaHs Peq“-pa?er?x Sﬁ?lpéaggﬁ@mbémib@arﬁfW98/’§®0§B<@Jﬁi>&he of

ted States Patent US 5,229,872, which is
i ncorporated herein by reference. _.As abqv t he support structure in this
case by be. entibiEamsHEd RSy reritinito 1 e e e ol h B mBbEH ST AR e

or novabl e as required. For purposes of sinplicity, the rest of this text
may, at cert ai riht sudishpnest smptusp sayfiecmbogiad asacrame autable; forexampices

i nvol ving a mask and mask tabl e; however, the general principles discussed
i n such i nst ancghich iy bt e dseeiovabletReequimdder context of the patterning
means as herein set forth. Lithographic projection apparatus can be used,

for exgnple, in the Ao it 10CD drfd ?ﬂh%&%ﬂaﬁéioff%'éﬁagcéds%&iodi@ h a

case, the patterning nmay generate a circuit pattern corréespondi ng
to an individual | ayer, of fhe | S ttern can i maged. onto a
target portion ‘(‘é.ﬁfﬁ?égc%‘i‘fﬁ F%‘F?\‘g&%ﬁ?ggrg%tr;ro?’gﬁgi'%g’f‘“é’ﬂraé“gﬁ?fg’fqﬁjg’trgfe(%qcﬁ con
wafer) that has been coated with a |ayer of radiation-sensitive materi al
(resist). |n geheatkve, hesuppprestrugairein thig ¢ase grydierenzboging as afsamp pxtable,

adj acent target portions that are successively irradiated via the

proj ecti on systfofex4nyslealhiahmdytbe fixedani®nableppequiteds, enpl oyi ng 20
patterning by a mask on a mask table, a distinction can be made between two

different t ypelsorgiu?egtigm)ﬁﬁmgli@itﬁ e 1e¥PST s tlglttrﬁ':gg LEQMHatn REMER! | ON

apparatus, each t portion 1§ irradiated by "éxposing the entire mask

patt °e Onstpgcitﬁrclgll); &?&?Etsﬂ? trot éx%xr}lp & ig\rrltﬁv%%;a nslgs(i(han%r}nask table; however, the

general principles discussed in such instances should be seen in the broader context of the

such a construction iIs gl ven

patterning means as herein set forth.
Lithographic projection apparatus can be used, for example, in the manufacture of

integrated circuits (ICs). In such a case, the patterning means may generate a circuit

15 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 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

20 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 altemative apparatus —
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apparatus is commonly referred to as a wafer stepper. In an alternative
apparatus 3 WDC99 682711-1.055071. 0120 25 OCT 2004 commonly ref enﬁred to as
a step-and-scan apparatus - each target portion is irradiat écﬁwl !
progressively scanning the nmask pattern under the projection beamin a given

reference coﬂhﬁ&ﬂg'reﬂanéa as S G8N2hNKCantiphSiahisQD) cabh tdr et PHATIH 19 HPAtRAtYd BFaNNi ng
the substrate table parallel or anti-parallel to this direction; since, in
general, the projection.systemw || hav a_magni fihcati.

(gener al | 3}”%@ 51 “tqﬁécw&%'ﬁ?/%?ﬁkmﬁt%ﬂ “Pﬁ%rEtE%Brs"t‘%é‘P% bF%%l“ggigi‘?eﬁts’g%#r}?é% wi l

be a factor Mtinmes that at which the nask table is scanned. Mre

i nf or mat i chregtion (the jenanning” Hirewiiog) wHHE syrrdvenoas!yssanmang:thg substiatitgblean pe

gl eaned, for exanple, fromUS 6,046, 792, incorporated herein by reference.

I n a manufmeilisl bhgntherdisktoubis diFreatidn; tihogriaghharalp thejpecjection sypear willbavea
pattern 10 (e.g. in a mask) is imaged onto a substrate that is at |east

partialgdy ﬁﬁaxg,siﬁga@aﬁ ﬁc{om[%eaérallggg)éfﬂegﬂeéﬁvsji vk tHBLSsirdte 14818 St ) -

Prior to this®iimagling step, e's rate” may undergo various procedures,
such as primng, resist coatin nd a soft. bake. t.er ex re, the
substrate%?ﬁ@“‘%ewgﬁiﬁ"e wﬁaﬂ%ﬁwabﬁ@dm@ég‘? Hsﬁ(‘sanﬂg“gg\g?r-%exposure bake
(PEB), devel opnent, a hard bake and measurenent/inspection of the imaged
feat ur es. imfirmation asithirSgart tp Hithogmphicsdavices as bergsleseribsd can boglsanedefar an

i ndi vidual |ayer of a device, e.g. an IC. Such a patterned |layer may then

under go vadxiafipite, o6 €556,046,091) imrsdrated hereir byrdfeehant ati on  (dopi ng) ,
nmetal li zation, oxidation, cheno-nechanical polishing, etc., all intended to

finish off an iﬂ,dmagmgmmgﬁocte Jus§g%/§ﬁ%bﬁa§}iﬁ;rpﬁoj%ﬁoﬂ%ﬂfa%@a pkfi@R the

whol e procedure, or a vari ere have to be ‘repeated for each

I ., E N f. 20 devi. UBRN )
Cubst 1 e Eaae presilis@Radl e S B R pan Py BRFEEILYAIatREY o,

t echni que such as dicing or, sawi ng, whence the_ individual devices gan .
radiation-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
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

15  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 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

20  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 Fabnication: A
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be nounted on a carrier, connected to pins, etc. Further information
regardi ng such processes can be obtained, for exanple, friobiftHil book
"M crochip Fabrication: A 4 WDC99 682711-1.055071.0120 25 OCT 2004 Practi cal
Qui de to Sem conductor Processing”, Third Edition, by Peter van Zant,

MG aw Hi I Bkt 681k R0 sicondddr PlosEMng Ot dfEn by PltgaiaAadt,ed herein by
ref erence. or e Ssake o1 siI npll

city, The projection system may hereinafter

be referred to as. the "l ens!: r |saterm shq . adl y
i nterpret é\écﬁéa“éﬁébﬁbg’s‘g?%g&’fa}?9£w3‘)b%7§6€#2%8f j“éccolrﬁ’ot‘g#eg&g%le&r)ns)?i ncl udi ng
refractive optics, reflective optics, and catadioptric systens, for

exanpl e. Thferamaei ati on system may al so i ncl ude conponents operating
according to any of these design types for directing, shaping or controlling

the projection gheReRaRE of Sicito the pRsjecivalsystempnmehirsinafisr kel referizd to ef er r ed
to below, collectively or 10 singularly, as a "lens". Further, the

| i t hogr.aphj o ag#gpg&ﬁ%gﬁgigatgﬁ%%cﬁ? Bg&%aﬁ&\ﬁhﬁﬁr&%@ agl’encd’ﬂg'agsiﬁglpﬁﬁd;@t e tables

(and/or5 t 0 n suc e stage"” devices the

additional tables may be used in parallel, or pr rat ory st he
carried ouypresf psejectm %ﬁe@’t‘%‘l“ggg &ﬂ%chﬂv%ﬂ@'%rreﬁge‘éve&pﬁ%?’ apggﬁtgg%%c bei ng
used for exposures. Dual stage |ithographic apparatus are described, for
exanpl e, isystefs5fo 6fample. TniradiBtios s98EmaTLy1alsq meids CPEPERETHEPRS #1118y
reference. As sem conductor manufacturing technology is quickly pushing

towards thgcbidd an?fommsé aadignh i%gpwr@mhwng, Sleapsiipbeconirotting-the prapeationsses
to date have regqularly produced | with features exhibiting critical

di mensi 0nS, Lo EPeakiahbh Gash Oh foMeh i A8 b RefertRItRIH Roliécdivkly &

"critical a Circul | ned as the smallest width of a 20
feature or -égg i)drnal & éns’?%au?t%eg%ltle\,\ﬁtﬁggrtap 1cfag3§rgt[u§?ﬂayFb%roffaet%éJﬁzﬁrir?f{&c%PS

that atle déagysbyasa’
| more substrate tables (and/or two or more mask tables). In such “multiple stage” devices
the additional tables may be used in parallel, or preparatory steps may be carried out on
one or more tables whi]é one or more other tables are being used for exposures. Dual
stage lithographic apparatus are described, for example, in US 5,969,441 and WO
15 98/40791, incorporated herein by reference.

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

20 feature or the smallest space between two features. For feature pattems 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.
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to be smaller than 2', it has been recogni zed that the optical proximty
effect (OPE) becones nmuch nore severe, and in fact becones intolerable for
| eadi ng edge sub-X production processes. 5 WDC99 682711- 12050740120 25
OCT 2004 Optical proximty effects are a well known characteristic of
optical projectd S 1. BtReLiHal I ects
occur when ver;sj Pgﬁégéﬁgﬁ‘g‘bg%%% %:%F call\ﬁ? e{l patt eérﬂr?gé‘cgérﬁéﬁfio? E@g‘!ragﬁ%cgﬁ‘y
transferred to a resist |layer. op a wafer. gj'{cle | i ght. waves of] t he ¢l osely
spaced ci eXnesurg welsyr More spesfically, Rrpamuief &%F&ﬁ‘ﬁ@el’(h%?ﬂoﬁap’ SBacteﬁansferred
pattern features. In other words, diffraction causes adjacent features to

i nteract wirchit pattdmoiredithographiclyaransfierad ta argsist thyeeopatvaéarn Thepighdent
variations. The nagnitude of the OPE on a given feature depends on the

feature's yphaesrmelcldBlyidpacdBskuitdnives a6t tHeeebytdigortingaiafiel. One of the
primary problens caused by such proximty effects’is an undesirable 10

variation in featur . For.a ' ' ess,

achi ovng RGeS PO drarusey 1 et ER ey R P SR AIpHA! RanREEE:

el enents and interconnects) is typically the prinmar nuf act uri goal ,
since t hi dntgesst withiepeltetheiAnsuch 8 Waxas & Dogrse Eﬁﬁ%ng%‘%ﬂgg’gﬁé’éﬁﬁﬁsnﬁﬂﬁg of the
final product. It has been known that the variations in the CDs of circuit
features anassddbyf (BPOPE 6N a givendeatertdependsyonsbe &anire splacerment anibe magh

techni que involves adjusting the illumnation characteristics of the
exposur e toel resh® fo StRECHhiusal | Y, by carefully selecting the ratio of the
nuneri cal aperture of the illum nation condenser ("NAc") to the nunerical

[0 a5 the par (03 SBREFERCESI I SR b NER briBhS sfRtpd RgRbe ol orred

mani pul ated to sone extent. , ) D
P 10 variation in feature EDS. For any leading edge semiconductor process, achieving tight

control over the CDs of the features (i.e., circuit elements and interconnects) is typically
the primary manufacturing goal, since this has a direct impact on wafer sort yield and

speed-binning of the final product.

It has been known that the variations in the CDs of circuit features caused by OPE
15 can be reduced by several methods. One such technique involves adjusting the
illumination characteristics of the exposure tool. More specifically, by carefully seiecting
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 - o), the degree of OPE can be manipulated to some extent.
20 In addition to using relatively incoherent illumination, such as described above,
OPE can also bé compensated for by “pre-correcting” the mask features. This family of

techniques is generally known as optical proximity correction (OPC) techniques.
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20 In addition to using relatively incoherent illumnation, such as

descri bed above, OPE can al so be conpensated for by "pre-correcting" the
mask features. This fanily of techniques is generally knodd Hd Bt i cal
proximty correction (OPC) techniques. 6 WDC99 682711-1 055071.0120 2 5 O

CT 2004 For expépdxemple)iddSSRatenNoNe, 242,726 2thd 70 0(Habat), WARhghereby, which is
her eby incorporat ed by reference the nmethod of using scattering ars ( SBs)

very ort e O BSAA et be HEARE PRARAALGR; WS‘) f%lr@? %L“? es. behave

as if the features are_dense fea 5 tares. In_so 0| ng of focus
(DOF) for qeseriheslo Thea d 79 patenirdssnanstraiessthai ths SR /@gtho t‘?}‘é‘frélﬁ eéti‘ ficantly

i ncreasing process latitude. Scattering bars (also known as intensity
| evel i ng haodifying dsxidted febtures)soahat thofaatred bebateat ithesfegtiygsiaraténse fea-
non-resol vable by the exposure tool) that are placed next to isolated

featurg edgrs 9f s@domgkhk ee%h%?&"octue (DOIFY$ér tht ROIRLDRauMsED8Isb YmpFadient s of

t he |soI ated edges. Preferably, the adjusted edge intensity 10 gradients of

cdges. tharesy o ﬁ%ﬁ?ﬁk?%e%éig?ée?%ﬁﬁ@&yg%% el Bloor R el

sanme w dth as densely nested features. generally understo d that the
process | develingdanseiissist kags)are pomrstion featwrﬁéﬁtuplé‘@lly pen-bf‘épb'éb ethy4he t hat
associated with isolated structures under conventional illumnation for 15
| ar ge f eatexpesisiczesl) thaoave péaced nextan idojatedrieatira gdges oniavmaskl ih wnderde adinstschenes
such as annular illumnation and nultipole illum nation have been

i npl ement egle 3ag é‘m’f@r’éﬂi gPldientd N AY isOMitdR&IRes!t PRFerabd, the aiistelediemidnisiyes
have not al vvays had the desired effects wth such illum nation schenes.

Fur t NeJOT &aaidfiRbrihd 1161aR8 LEA! HARR HlPddgBSndRifly HERERs B e RRse RbRFH 11 Mes

edges, thereby causing the SB-assisted isolated features to have nearly the same width as
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
15 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
20 depth of focus is degraded as a result of a "forbidden pitch". This problem is especially
present when u£ilizing 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
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20 depth of focus is degraded as a result of a "forbidden pitch". This
problemis especially present when utilizing strong off-axis illum nation
such as dipole illum nation. The forbidden pitch problem Pgsg[;bqgm descri bed
in detail in US Patent Application Serial No. 09/840,305 tiled April 24,

2001, whi GR he'308hEpIkatibe qf ig.%_&r)ﬁstiﬁlé tHYedd Be@ffebis oftetoRtil@ISHch pYINIEE
682711- t .05507 1.0120 25 2004 in"the '305 application, it is possible

| nsor 1 ng AOIPBORaRE PRIy eyt Rab et s ELER R mR AR’ BiReMHE. ot

such resist features often results in the printing of unwanted resjdues on
the waf erthe nge of sugh gesgst featureg eléerpreselfein Abes pripitng Hamwanigdyesidies\ondbe a vi abl e
solution to the 5 forbidden pitch problem SUMVARY OF THE | NVENTI ON

Accor di nglwafei.t A s resaltpthie @e¢ obthe tATS duee aendlwapveroviden viablpsauiictetostheret hod
which allows for the use of the AFs and which effectively elimnates the

unwant ed rf%?ﬂiﬁlﬂ’dé?ﬁpiﬂ:fh bifedrs fromthe wafer wthout degrading the overall
process |l atitude.” More specifically, the present invention relates to a

met hod of transferring a |I|ithographic pattern onto a substrate by use of a
| it hographi c apparatus. The nmethod includes the steps of. (1) defining
features to be printed on the substratgaﬂ&Z) determ ning which of the

features require assist feaSUNMARYH BINYENTIQ¥ent thereto in order

for 15 the features to be printed within defined resolution limts; (3)
gener ati ng a neAkcordinghaitis agobjbet dfekd presant irovehBopra proeide andethddbwhehi st
features; (4) performng a first illumnation process so as to print the

features omobSostHRakst 8F e ANCanliViIRtD biftdVeRAdlinRiRatel IRGASANtQATELiADST N the
partial printing of the assist features on the substrate; and (5)

per f or i ngy &, SeCaRd J L LR BORaREG SR Aok hGce the amount of the

assist fe

More specifically, the present invention relates to a method of transferring a
lithographic pattemn onto a substrate by use of a lithographic apparatus. The method
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

15  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

20  printed on the substrate; the second illumination process includes the step of performing a
quadrapole illuﬁination 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
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20 printed on the substrate; the second illum nation process includes the

step of performng a quadrupole illumnnation utilizing a g&c:i Eﬁﬂﬁg reticle
(or reticle section). In the preferred enbodi nent, the pre ! ntion
utilizes a QUASARTM illum nation in the second illum nation process in

order to repm bt inf H5 Nb. IDGR9 068 2ddlor. ABEDE, 719991 24icR5 OCT
2004 is lénom%a%‘gﬁddﬁég@éﬁgmﬂgggc%@gI}ia)cat i oa’olglo. 09/ 287,014 filed on
April 6, 1999, which _is,her i nc : r ef. .

i 11 uni nat iFOPETERY WGOTPOFAIRG H%fq%bﬁﬁn%agj@§$§gﬁgé %?%ég%ﬁ%%glew&é@ﬁ%g@?r apol e
and annul ar illum nation. As described in further detail below the present

i nvent i on ppedugediby agniygtiehvesarquadspalg\ead PagHEar GWBEDAES- prior art. Mst

i mportantly, the present invention provides for a sinple and effective
process for theyy@w¥ensdd affuabsidetaill eddwirthe peséftdiyentivn pravedts sigmficanxanpl e,
to solve the forbidden pitch problem Thus, the present invention prevents a

degr adat i ol fladedouBFhe s B ORERPirhrlahtigant BRscaiQm b pRsiad fat #d i L

the AFS | were not renov substrate. I n addition, by

tilizing th drapol e 10 i Ll upination j " washi,pgn St h
Vert cal RGP £RPRYC rracess for Beandl absbRapt RV ARE) sRLER. (P

exposure. Furthernore, as a result of the nethod of the present invention,
the AFs camaiple, respbvetdefforbidden pitel problampc TiBus, Mhfgrescah i VERROTHRICKEH R At ur es
are not deteriorated during the assist renoval process (i.e. nmain feature
process Wdgadalién mcthe DOEaedProcdssilaitiude tiaewbuid bs assreidtatwith it AFHE washi ng
step has little or no light at the |location of the main features (even for

def ocus vaslugﬁ%)f:%é&g,%igé,d Jgg@gacgggﬁﬁﬁé gﬁt%@akhébm abidlitibhSoyPita Rl the Quadiapsle, the

"mask pattern y mask but may al’so be applied using

anot he]ro ' yiHl(?m(lgr];ati%f;)uirtl &ren'lwr;xghigga&% , both vertical and horizontal assist features can be

removed in a single exposure.

Furthermore, as a result of the method of the present invention, the AFs can be
removed for the entire focus range, and the main features are not deteriorated during the
assist removal process {i.e. main feature process window is not reduced). This is due to

15  the fact that the washing step has little or no light at the Jocation 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

20  convenience but should not be construed as requiring the presence of a mask, unless the
context otherwi.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 explicitly understood
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exanpl es of which are nentioned above. The term "nmask pattern” is used
herein for 20 conveni ence but should not be construed as r%qau{]ﬁn@g t he
presence of a mask, unless the context otherw se requires b

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

accordi ng 9 ﬁé}?aﬂ%b & e Oths infarh X&héf?@ﬂi}ﬂ@hggﬁca@lﬁn&.%r ekdmplo ot bty tbe
explicitly underst d 9 WDC99 6827 1. 0550710120 25 OCT 2004 that such an

apparatus ha ot her ssi hl. | i 0, y be
ol oyed FRAMELTHTrHRrRa Gt e BaRG B enfs by BTG debidiRy 0
detection patterns for magnetic dOITB.I n menori ecf | i qui g ﬁnrﬁtl di sgl ay
panel s, t Ipetterns fanmagnetic demamamemoress liguideeresta] disnianpanelsa Mt R MIBDERG | at e
that, in the context of such alternative 5 applications, any use of the
terns "r etegdseétc. Theflanéd atisirdivell appnedidte shat o thestnniéxd obsuchadigmiatise ed as
bei ng repl aced by the nore general terns "nmask", "substrate" and "target

portiog”, bpidatior %‘éﬁkﬁsc bﬂh’éfﬂéhrf%r"?é&'l‘é“ QLR diet e tHireNBsHouRIbet | o™ and
se

"beam "are ehconpass types of electromagnetic radiation,

i ncl udi ng ul t.ravi ol adl at i " =} # A8, 193,
157 or éowefsﬁas @?ﬁﬁgﬁg tﬁ? F’%&e enehal ?ergngdl a¥?dng’%natg ﬁﬁ%rﬁ%
wavel ength in the range 5-20 nm), as vveII as particle beans, such as ion
beans or @ogtan orespresively. Addi ti onal advantages of the present invention will
becone apparent to those skilled in the art fromthe foll ow ng detail ed
description of Iaxenplessny decimetitybatamst radifionfiengdbeasmnt are neesio| eHROMBAS EF
DESCRI PTI ON OF THE DRAW NGS The invention itself, together with further
obj ects ang (PP ALEDmagAtiRdRAbA Shcluding ultraviolet radiation (e.g. with a
10 wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation,
e.g. having a wavelength in the range 5-20 nm), as well as particie beams, such as ion
beams or electron beams.

Additional advantages of the present invention will become apparent to those

skilled in the art from the following detailed description of exemplary embodiments of

15  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
20  drawings, in which:
Fig. 1 iﬁustrates an exemplary lithographic projection apparatus.

Figs. 2a-2¢ illustrate how the DOF is degraded due to the forbidden pitch

phenomena.
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understood by reference to the follow ng detail ed description and the
acconpanying 20 drawings, in which: Fig. 1 illustrates an hﬂ

| it hographi c projection apparatus. Figs. 2a-2c illustrate %gﬁm DOF is
degraded due to the forbidden pitch phenonena. 10 WDC99 682711-1

055071. 0120 25 ﬁgi 208 uktrg8 howas Blcanl deusilizad ® HeguteAls farbiddbepindh | i zed to

negate the forbidden pitch phenonena. Figs. 4a-4d illustrate an attenpt to
ellmnatee&{}ﬁ utiIizingaydipoIe illumnation. 5 Figs. 5a-5d
i1 lustrat e process of elimnating the AFs utilizing QUASAR illum nation

I n accordance WI t h resent inventio .1l ustrate how a
modi fi cati on of Fighe an@siil“ﬁtﬁtF AB afiepRt 1 E‘W}é@%ﬁ??ggﬁsp‘?tg%%a EAPYEr t her
optim ze the DOF and process | atitude obtained by the present invention. 10

Fig. 7 illuismigeates. t he results obtained by utilizing a y-dipole illumnation
as the "washing" step to renove AF residue. Fig. 8 illustrates the

| mpr ovement obt pjgpesh-sdNilfub@atPie FOEksO v Eldhinafi @ ARSEFs Wiz QRUABARItI | | zi ng
t he net hod of the present invention to renmove AF residue. 15 DETAILED

DESCRI PTI G CF, T {DEAW NG5, B 1nd pRSURTRIGABA) ¥ depi cts an exermpl ary

Ilthographl C projec apparatus “suita or use with a AF renoval
rocess of the presen nvent | on a nP]
P g]gsl 6ea- dlelustrate owamoglﬁcgt? (?ft the maskn zesd in the washing

process can further optimize the DOF and process latitude obtained by the present
invention.
10 Fig. 7 illustrates the results obtained by utilizing a y-dipole illumination as the
"washing" step to remove AF residue.
Fig. 8 illustrates the improvement obtained in the DOF and overall process

latitude by utilizing the method of the present invention to remove AF residue.

15 DETAILED DESCRIPTION OF THE DRAWINGS
Fig. 1 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
20 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;

WDIC99 682711-1.055071.G120



- a radi
radiation. In 20 this particular case, the radiation systemalso conprises

a radi at
a mask h

ation systemEx, IL, for supplying a projection beam PB of

ion source LA, - a first object table (mask table) i/@ PY [}B%/I ded with
ol der for holding a nmask MA (e.g. a reticle), c; Enec ed to

first positioni ng sEBaASHQE ta%@&ﬁfﬁ@étﬁﬁ'té’tablé?WT gﬂﬂ/iidb@l vbi'ﬂ?a FEsskraidl Hollder €spect t o

item PL;

]1 V\DC99 682711 1055071. 0120 25 OCT 2004 - a second obj eCt tabl e

(substrat %\Rﬁ Suéwtfazes d%e g'x ar\t/e\%léth(‘éoaa e%i%%on%%aq’e{jofln%e lonhQted R b

substr at
position
item PL;

e I'con wa q"¢onhect 6d 1o second
I ng means for accuratel positioning. the su&@ﬁrate wnth espect to
-p%ltm&@@wﬁogwp&wla pogiHgning the %@S'@ate F1JEsREst fotem B topt ric or

catadioptric 5 optical system) for inmaging an irradi ated portion of the mask

MA onto
substrat

reflectl
apparatu
to the u
matri X.

of radi
IL, eith
beam exp

a target agmojection ysteqre(  Genst)diip (d. giangfracievepcatoprie odic@sdioptiict he
e W As depicted herein, the apparatus is of a transm ssive type

has @ptfcﬁm Sfbf’ fina mﬁ'ﬁgg%ﬂ irrddPMEVSrtion Bf BRMSRIMAI dntdTRYargé13Rnish Of a

ve type, exa wth a Treflective mask). Alternatively, the

S oy anot her [.ni g 10 neans as an alternative
Séhgycggﬁg§ gOBQQHBF%%d$%HﬁBH£““”§?8 anmmabl e nirror array or LCD
The source LA g. a nercury excinmer | aser) produces a beam
ation. #Ridspigts rheresn ftb@apwasusaﬁ Oif P|wrﬁ&§uvswp§¢é€é}?ﬁ@.%ﬂﬁ%ﬁ%or)

er directly or after having traversed conditioning neans, such as a
anglesk)Elowkoer, exgenpial. it g alkb beelolf a mefieative type, fomygxzropier(iveth aadj ust i ng

nmeans AM for setting the outer and/or inner radial extent (comonly

referred
distribu
ot her ﬁP

15

20

L Rnesti Iﬂﬂmrm&ﬂaﬁvem NRE appaPRREEhY ¢RIy MbtHeh Rind¥fagREihg
tion in the beam In addition, it will génerally conprise various

npr%ggnstffé an alternative to the use of a mask; examples include a programmable mirror

array or LCD matrix.

The source LA (e.g. a mercury lamp or excimer laser) produces a beam of
radiation. This beam is fed into an illumination system (illuminator) IL, either directly or
after having traversed conditioning means, such as a beam expander Ex, for example. The
illuminator IL may comprise adjusting means AM for setting the outer and/or inner radial
extent (commonly referred to as 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.

It should be noted with regard to Fig. 1 that the source LA may be within the
housing of the lrithographic 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
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such as an integrator IN and a condenser CO In this way, the beam PB

I mpi nging on the nask MA has a desired uniformty and intensity
distribution in its cross-section. 20 It should be noted wi #5b 0{dgdlid to Fig.
1 that the source LA may be within the housing of the |ithographic

proj ect i onwal plag st w$ sfieeblé diraatibg mitrbes)chsdandracedshie 15oftercthe kdse wisenatherer cur y
| anp, for exanple), but that it may al so be renote fromthe |ithographic

proj ect i ong 3ARRAY At Lat i ah r eShbehrsht! ed into the
appar at usns(e. g. %éy%%ﬁggggéﬁg%O%hgg‘g?%??%ﬂ%r %&gﬂ{; 03: W th tthe ai d of

suitable directi n%gm'rrorsé' tléxis | atter. scenario is often the case when the
source LA P¥enfjonshepmppssesboth of these S¢eRAtOE o K F ArF or F2 lasing). The

current invention enconpasses both of these scenarios. The beam PB
subsequent | y i nTbe begse EBtsubsaguentinaterogntcihe mask M4y, which inkgldong magk| e M.
Having traversed the mask MA, the beam PB passes through the lens PL, which

f ocuses t h@ableadM HBvidgtttaverstdtt@ehaskRVIR the beamPB passedthsdughttioe MAs WLt h t he ai d
of the second positioning neans Pl, P2 (and interferonetric neasuring neans

| F), the sypstalifes Y eEmWB 641 aqgrgﬁ'%‘g%(ﬁqgﬁq(ﬁgﬁ%ﬁ%tmﬁ-\g: Wit 188 afdbfiipsi ti on

different target portions In the eam PB. Simlarly, the
first positioning.nmeans M, e . used to. 10 accur at el L ti1,0 he
ok M w TROTGBRRBRTG meAts Bl 8P T BRmFisaneBiGE Rerna T 1Bt kel
retrieval of the mask MA froma mask library, or during a scan. In _general,
novenent oBblenW Totsipdetmeved assurmiELy, Wi 6 R§ torosition) difergnt ptast pertions  ipthey

| ong-stroke nodule (coarse positioning) and a short-stroke nodule (fine
posi ti oni ngith ofttecieanr BB riitnilady phe dirdtippsideping neing MIFIME2 cdn beHmsedvyer, in t he
case of a wafer stepper (as opposed to a 15 step-and-scan tool) the mask

tabl e I nRYuidigly pasitieR MR EIMMOwRh $EPELt 16 iHeieth 8Lt dkah PB, @lg. BRY be fi xed.
mechanical retrieval of the mask MA from a mask library, or during a scan. In general, )
movement of the object tables MT, WT will be realized with the aid of a long-stroke
module (coarse positioning) and a short-stroke module (fine positioning), which are not
explicitly depicted in Fig. 1. However, in the case of a wafer stepper (as opposed to a
15 step-and-scan tool) the mask table MT may just be 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
20 substrate table WT is then shifted in the x and/or y directions so that a different target
portion C can bé 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

13
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The depicted tool can be used in two different nodes - In step node, the
mask table MI is kept essentially stationary, and an entire_ mask imge is
projected in one go (i.e. a single "flash") onto a target pdOfidic. The 20
substrate table WI is then shifted in the x and/or y directions so that a

di fferent giaegeirectionntheqd-calledrscag direstigh’as 8hby dirgetidig avittPBspeed biscstan
node, essentially the sane scenario applies, except that a given target

portion C b E | ngle. fl R I Ml is
rovabl o i s PRACSIREERREERA B AySel stn o83 ek RREET e bROUITRE shERE 1T, | 2
so-called "sc direction", e.qg. fhe direction) wth a speed v t hat
The. pr of ecEPB VBB NPRBancoushieBied 1 tad sime GerPr ke Sk TeR gbs ST LT Pt y.
the substrate table WI is simultaneously noved in the same or opposite

di rect i on ‘which M petbe magnificatipm of thiilers B (typically, g4 pxk6).dn tlo$ manaer 2ns PL

(typically, M= 1/4 or 1/5). In this manner, a 5 relatively |large target
portion C repsively 1@@@@3& poMi&il Qltlan be ek el OwRBSTRhating €o O6mpRatbdién On.  As
not ed above, Figs. 2a-Zc illustrate how the DOF is degraded due to the
f or bi dden ﬂgg#lﬁgmphenomana. More specifically, Fig. 2a corresponds to an
| magi ng resu of a line:space pattern having a line width of 70nm and a

pitch of 170nm  utili.zjin O illympation setti .0 = 0. 85; exposure
Wavel ength = 198RRPIHERBI 3%%(,533%?1 aigiodt the g s %ﬁ'ﬁ'ﬂ%ﬂ&ﬁsm fifer =0. 52.
It is noted that dipol e35x corresponds to dipole illumnation with the
pol es di sploskidden pited nhieporrera i Moranpeeidisylly, g Aatcorresnipds &f an agingrssdt
subtend at an angle of 35 degrees with the origin point situated at the
m dpoi nt  dfef hveespat dipatieoh ﬁs\;in%@ line ahiiihf, 70aingsma_opitchrofAG0neswilixisg t o t he
outer (meximum) value 15 of the coherency factor a, and sigma-inner
cor r espondgiyhitndfdf seRiigs of N G143) eXjtstfe Wivelength = 193nm; dipole 35x;
sigma_outer = 0.82 and sigma_inner =0.52. It is noted that dipole35x corresponds to
dipole illumination with the poles disposed along the X axis, whereby the outer edge of
each pole subtend at an angle of 35 degrees with the origin point situated at the midpoint
between the poles. In addition, sigma_outer corresponds to the outer (maximum) value
15 of the coherency factor ¢, and sigma_inner corresponds to the inner (minimum) value of
the coherency factor 0. 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¢c shows that DOF is even more
than 700nm).
20 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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t he coherency factor a. As shown in Fig. 2a, the acceptabl e DOF obtai nabl e
by this |I|ine:space pattern is approximtely +/- 350nmin the Z-direction
before the image begins to degrade (the ED (exposure | ati § GETAH) pl ot in
Fig. 2c shows that DOF is even nore than 700nn). 20 Fig. 2b illustrates the

pr obl ens/ deohadaiel LBeptiblaDTEDisabiefialy rédhiced esappsoinatly orib0nden thp Z-ch.
More specifically, Fig. 2b corresponds to the imaging result froma

| i ne: spaceg.pajterq. ' N | " '

i1 31 ng SRESGE R RS folGad il Blon BB RB PP AT,
shown, at this "forbidden pitch" of 14 WDC99 6827114 .055071.0320 25 OCT
2094  340MRNZINgstoRg offraps lechrgusss sughgs; $ipRlsAlYIIREOced t o approxi matel y

+/- 100nmin the Z- direction. It is noted that "forbidden pitch" problens
are particul ar | Kigr2d iewagnaphited nomparijonzllugrasing Sregdegrddation of thedMaF thaes, such
as, dipole illumnation. Fig. 2c is a graphical conparison illustrating the

degr adat i Qfac@fs at R DPiddenditch. AGGHbINAWhlldBelliReRpsdanti®ot Tl 70exiabiosn Wwhi l e
the line:space ratio of 70/170 exhibits an exposure |atitude of

approxi mat el y 249 IJ%?: f 8%0 i |t - L ne: space
lr: ati o of fgpé%? l@é@(}%t Pré)%méég sur/%ta{]gpibtﬁjge o? H’o%ﬁ%ﬁ%‘?"é‘ |nr$gtdé+’y 8%
igs. 3a-3b illustrate_how the use of AFs can | oye t he DOF,at, forbidden
pi t ches adinfispascmE of 10PARR) e tsARRPESH? Tt o n!}bﬁ?é?mma&‘y 8%
corresponds to the 10 inmmging result of line: space pattern having a line
wi dth of 70nm alfigs.Bagitt itlnstofte Bawrihg useutfiAlsxangmprayveshe®OR atfesbirddenon
settings as noted above with Fig. 2a, with the addition of 40nm AFs pl aced

adj acent thighki HeSsAREGH BRAI0NafIRaGIV Gt Pabdvel Fig.Aa cofrespontdntdthg. 3b, the
addition of the assist features to the mask pattern results in a substanti al

is |mr:1)1r F\z;l‘lﬁn?g}rtaﬁgfg d%&r}gte %{ﬁ sgyrﬁtéés %eﬁ?ﬁwiﬁé D8né URGR PHOANMSNER ptcHPB40nmHPr €
utilizing the same illumination settings as noted above with Fig. 2a, with the addition of
40nm AFs placed adjacent the lines contained in the given pattern. As shown in Fig. 3b,
the addition of the assist features to the mask pattern results in a substantial improvement
of the DOF, as the resulting image prints in 2 manner more similar to the dense features
15 of Fig. 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
20 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.

15
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15 of Fig. 2a. However, while the DOF is inproved, there is also sone
unwanted residue of the AF on the printed wafer. In other words, a portion
of the AF is printed, which is wundesirable. Fig. 3b is a graphl il ustrating
the results associated with utilizing various size AFs to Inprove the DOF
at the forbi ddenypitdlighwher ﬁﬁﬁﬂﬁgdip@@ illaniifeioh] aexsfmdeillvaiinationfis idst340 20
nm As shown, as the size (i.e., wdth) of the AF is increased, the DOF at

t he forbl ' t S [ dense
feature of ggnﬂhémﬂdwom The %\r‘x@%gc‘%%?% &%i:é? cnﬁ@rgelr@gﬁlg 1élgi%unwant ed
printing ( | due) of .the AF. 15 V\D099 2711-1.055071. 25 OCT
5004  Typife orsveé it Porizon! frapure 1S Iaﬂwﬁpwgﬁer IRt RVeR %@fiﬂet
illumnation is first performed in order to print the vertical features and
t hen a y- ciupsdquent| y-dd@bﬁdtlnmmaitign ipetlizsdntbd venicpk aspist fenmresare stwhnet fulleat ur es.

It is noted, however, that even when the subsequent y-dipole illum nation
Is utilsi Zadmobbtﬁfrmrtht Saferadssis Firtle? abtedabatdl erdet forl the 9idi d;ﬁcm: eypdsureasoved from
t he waf er. is further noted that in order for the y-di pole exposure to

have a Char[ma% T ¥bAGvihD T P, hdBREREHE Epatfomednﬁmz g Patl b 21 NG

a mask tha ocaly open “at t tions e the AF residues are
| ocated. Th oi n ..l lustrated Ln Fjgs. 4a-4d noted that the
i |l um nat i‘B?PCGﬁHS & gﬂge El‘?ﬁ‘?’?e‘ﬁhetrﬁtk&é?ﬁgfeéf‘iﬁs ?Wéo?%‘b Jgﬁ%‘f‘i’(ﬁ‘/ﬁ?“ﬁstl gs.
4a-4d were the sane as those set forth above with regard to 10 Figs. 2a-2c,
and the as¥igratémtiigedadd It sawtddabet the Wuaminatiin erpditionsiuglizerktoi generster at es

the imge resulting fromthe x-dipole illumnation, which is the sane as
t hat shownthé imiged showain Fig. 4a44d wkteuht sahess those iemﬁgﬂa steselwithnggirdam t he
y-dipole illumnation utilizing a corresponding mask, and Fig. 4c

L R g 8 ST S e AT TSSO T g Mgt on
pondi ng to the

image resulting from the x-dipole illumination, which is the same as that shown in Fig.
3a. Fig. 4b illustrates the image resulting from the y-dipole illumination utilizing a
corresponding mask, and Fig. 4¢ illustrates the image resulting from the combination of
both illuminations. Fig. 4d illustrates the resulting process window corresponding to the

15 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

20 14 that is indicated by the thin white border are the dose and focus combinations that
result in a mainl 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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15 image of Fig. 4c. As shown, when utilizing only the x-dipole and y-dipole
i1lumnations, AF residue still prints on the wafer, and therefore limts
the DOF. Referring to Fig. 4d, the x-axis represents the fodus0&htllk he
y-axis represents the mninmmenergy dose required to renove AF residue.

The white area {f3rd §ReERANYIhé Bhiral orEh i anoupbed Wetha lined4 dogesponds tohi ch
the AF residues are expected to print. The area 20 14 that is indicated by
the thin white border. ar , - PR I RNSHBARL dodeBBAtlIle TN @
mai n feat w%p‘}%ggse‘glgﬂdgg‘ ﬁtsltngﬁcf‘ F@z}?aet%p g&@%@"?ﬁgﬁg%et. Ag such? It can be
seen that the DOF is limted to approxi mately +/-150nm .1t is noted that
the cone- a8 thisgregeshwydop will ﬂaﬁrf’@mcé%#ﬁg %Fh%f ée m"afﬂaa%f‘w& Y

|l atitude. 16 WDC99 682711-1.055071.0120 2 5 OCT 2004 More specifically, the
central arazaepthisie GI3 rages aervdédn by/+ H% lof teega)t Idealhe spederabls toheveitgcess
window. It indicates that all conbinations of focus and exposure dose that
lie wist h'ﬂ}oé&b%ﬂd&?%&r%ﬂ qssivie, binvé @atwanldageenhahheplooesfis tirg mai n
feature (typically acceptable CD ranges are within a +/- 10% of target).
ldeal l'y, it is.desirable have t h9C ' StifRossi bl e,
si nce thatmmftﬂleﬁggﬁset?{a‘%)g?%egrop?‘o?%sgre?slg\?}gﬁb\e{:nﬁg)gar?si 'id\@hgﬁa ose or focus
errors. The area 12 in the bottomof Fig. 4d indicates the. foc d dose
combi nat i 0i9§ug #ngt dege cpmbiatipps that WHLfeﬁ'ﬂl?H’t the grigng ﬂéﬁﬁﬂ%- it ‘Siﬂgy%&f’l@d t hat
Fig. 4d was based on aerial image calculations. In an actual syste t he
propert i esFigf 4d tvas baszdtanregrial imagalicalenlatibis larasactual systome ke properiss abthe a

I mge cal cul ations are useful for 10 predicting the behavior, as well as
vari ati onsediuige WAl GReNGasarkd 12| Howehat sueh asfhidmmge calRahions angusefalifor t o Fi g.
4d, there are ?wo main factors that limt the DOF. The first is that the
procesg, wi 08 1 viRR s Q1 aENafiadi tb Snddies [ARLrhRfontsBReriispol e-y
exposufoe (@g&*gﬁi&a}]&ﬁé‘g}“gﬁ aﬁ%uha-aggatﬁﬁ%&psgiggerty t ?at at the location of the

mein feature Referring again to Fig. 4d, there are two main factors that limit the DOF. The

first is that the process window is quite narrow. This is due to the fact that the dipole-y
exposure (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

15 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

20  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.

WDC99 682711-1.055071.0120
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(i.e., x=O0in the figure) for out of focus situations, sone bright areas
exist. These bright 15 areas will deteriorate the defocus nai rsé@ﬁu@re

i mge, thereby reducing DOF. The second, |ess inportant, DC]Z ' [
that some AFs will print for some conbinations that lie within the

mai n-feature pr&&%%cﬁng\l‘y”ﬁ)%wﬁm}& fBPc'@%ﬁ]gE 938 bEQCHI TR th&QHR bPhaPNS

"fail", and therefore I'imts process latTtude, in this case It is noted

h h f th have d d
oo one . RRhi S e RO ot o b e SR T e Rhaldig 20

effectively renove the AFs include unsatisfactory DOF of washing exposure
and unsat i&@ﬁ@@@?@h’r%ﬁb@@f@ﬁed PRE main featarat dp ethsowpidsote pptimabpaturg 17
WDC99 682711-1.055071.0120 25 OCT 2004 Accordingly, in view of the

f or egoi ngcohditibas ateakosedeiich: AN ecbuithmextrdme drkhemlat ihesidin feataradbrt thens ar e
those which result in extreme darkness at the main feature and a DOF

conpar gbl %nﬁ%l folfs Faﬂgg?ntﬁ ichdhe V\ﬁ%g[}fe&?ﬁié*ﬁﬁs (t'ﬂg 19&@1@&3&"9{6}8& Adigo opt i mal

washing conditions are those resu extrene darkness at the

(This o Semeruntem S‘Etrﬁﬁﬁﬁagé"aﬁa3@2ﬁ?\’&%{%“?ﬁ%ﬁﬂ&”ﬁ@ﬁlﬂ%ﬁ%" Kimge. and

(B) have sufficient_washing "brightness" renmpve the AF residue image for
al | focus rempyethehl residae imags &J@lléW@tV§lue$m]’§fec*ﬁF resiqdug exisih Thes gateddpl i shed
utilizing a quadrapole illum nation as a washing step after performng the

first andcasbendceanpliched aslinhg & lheadwapae iliuminbtzomas 4 Wwaeshmmglitgmaierand y- di pol e

10 illum nation, respectively. In the preferred embodi nent of the present

i nvention, eH’Gﬁmrﬁ%ﬁ@ﬁ?ﬂ@%@séchh&'ﬂmme@'&f el WAfZ LGl AnAth@WAGHREMnd YL aipbrat i on.
Mor e speci f ically, in accordance with the process of the present i nvent I on,

aft er per ]{l I{nrp]a?g rpe)én}i«lhlg O}.nethlelplrcﬂgc%ﬁ'nggdlme}lpofttﬁg p%sétﬁtlﬁ&én‘ﬁoﬁ‘ﬂﬂet he

y-di po qmehar

quadrapole illumination utilized is a QUASAR™ illumination.

More specifically, in accordance with the process of the present invention, after
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

15  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 substantiaily all AF residue that remains subsequent to

20  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.

WDC99 682711-1 055071.0120




the Hreticle, a third illumnation is perforned utilizing a QUASARTM

illumnation with 15 yet another reticle. (It is noted that it is sonetines
possible for the three reticles to be conbined on one reticl?é 06T e chip
is small enough so that three separate imges fit on one mask. In such an
i nst ance, anot Rafespmgtto Figsofa-SHeFigpSkrepsesentp dradsidsnpippareabtdinedby separ at e

reticle). As expl ai ned bel ow, the QJASARTm illumnation is a "washi ng"
exposur e tgbiafheCHpYR! B £ liplhia@dd seingdsGal dbGat (iiRlreE €MBI NS
subsequent tomgoa t heilpf orlelgljf(i)ll ng gl pg#m umﬁlnalt Fonss ngs result, r)?

perform'n , ssiple to,prov

D ant 11 cas SPIFEPE AHeA it roeE e n%mlbtﬁpno?%fﬁ awﬁ%f'eg%* Sbgwele,g@so%ﬁ Hnabl e
with the given illumnation settings. 18 WDC99 682711-1.055071.0120 2 5 OCT
2004 Ref ép thengjvemembediment thpgsany yydipsle iHeminasion s detaded ekayenn aepjnnign
obtained by utilizing an x-dipole illumnation with the sane illum nation
settings awith Bgsilsis peefomeds as described above with regard to Fig. 4a. It
is noted that while not shown in Figs. 5a-5d, in the given enbodinent, the

sane y-dipol e i | HdAhkAIh ﬁeﬂﬁtn%'th p‘?ﬂ%g l'hgn éﬂé"(%' Q%I‘xﬁf 2 Fig. 4b

|s perforrred I't is notedt at whet printfng ations

(i.e., e and ol are necess depends on. the ven
Sppl | cat 1 CHPOTFPoE Bisetiand ABRRoS OB i SSFBHIEFTT RoSrF TRRETS SV AR be
utilized, along with the washing illum nation. Thus, if the nmin features
of the desnir@ﬁngeléfunmén%mv@eemngmtb ajqng withdeiwashingibemingion.- Fhyseifdha o
illumnation will also be utilized. However-, the second dipole illumnation
IS not utirhaiadehturepnf thzslsiigy reduireatolnble digole Hlluneivietion, thenithe y-dipgiel e
illumnation is used to exposure sone horizontal nmain features, the reticle

that 1§ USBEmMidAbAil AXBDWiidiz¥d. |HovrS efl ahksbnd Hi%olc' iNG AN 0N 9f néthﬁ‘ﬁé&ﬁ of
t he ot her di pol e exposure.

for washing. In other words, even if the y-dipole illumination is used to exposure some
horizontal main features, the reticle that is used in that exposure will be dark at the
location of the AFs of the other dipole exposure.
Furthermore, it is also noted that the order of the exposures does not have any
15  impact at ail, 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
20  the AF residue and the corresponding resulting image. As shown, the QUASAR™
illumination se;tings 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

19
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Furthernore, it is also noted that the order of the exposures does not have
any 15 inpact at all, and therefore may be vari ed. Accordin?E% @@ﬁsible
illum nation schenmes include: dipole-x + dipole-y + quasar; igél -X +
guasar + dipole-y; quasar + dipole-y + dipole-x; quasar + dipole-x +

di pol e-y; idiagebeFig. Fc.ditpoheted thag trsaptimah iithntinpddresetyngs fothasashing diepol e- x.
Fig. 5b illustrates exenplary QUASARTm il lum nation settings utilized to
renove 2 | ; I Ltk AR : shown,
tho. QUASARPRT O e e YR e 6L RS AR i REGesidle "o
illustrates the.imge resultj fromthe conbination of ,the three

11 umi nat | ons (Foraxampleqitidl 60 R of BE pisSes aRemplRSasmieSted ised o B
illustrates the resulting process w ndow corresponding to the 19 WDC99
682711- 1. CBBoTILi@Mhet the a9@0 4t § piddiethatrbest guts slke dipelejmodeotTdds mhens thate
optimal illum nation settings for the washing step depend on the exact

| ayout sof thB@aF dittadeqnanigchidtngahis hitin feaRiré) RS aypitch tiZ@ s twicd the sah@Resyn. For
exanple, the 0.60 NA of the present exanple was sel ected based on the
assunpti on,; F : ; ' | | pol e node.
Thi s nean 1%@3%”“@ﬁgﬁgm%@agﬁg%%g%gé(g%%ﬁgﬁ%lu fﬁgﬁpﬂgﬂigﬁﬂ{?ggﬁhge) has a
pitch that is tw ce the snal]|es lL.tch that will. be.yseq with the dipole. In
b der 1o PRI M RELETES! SEHP O s Ay Sl SheatieR S4HEHTWTsteh oleR 4B ng
DOF, the physical |ocation of the illumnnation poles with respect to the x
axi s shoulrgspset tedh¢ x gkisishaulddre haHofdhas of the dreedp When ptilizige M i nstead
of dipole at the sane NA the poles nove in x direction by a factor of

sqrt(2). lasttnbotdipsle at the samdNA tiee plésamotdim xpdiresion bgatthstondf dami(2). t he
di stance fromthe y axis, the NA nust also shrink with a factor sqrt(2). O

?32:} ts ?lgalt he{eRefofe irfbraer Rff18de thbpoRs BXR1IGANRAIN BHel BREndeTRIm e ¥ adil &h&Nan
must also shrink with a factor sqrt(2).

Of course, there are also other NA, sigma combinations that will yield an identical
result. Indeed, as long as the product of NA*sigma is constant, the physical angle under
which the light hits the reticle remains the same. In other words, NA=0.60,

15 sigma_out=0.82, sigma_in=0.52 is identical to NA=0.62 and
sigma_out=0.82*0.6/0.62=0.79 and sigma_in=0.52*0.6/0.62=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

20  invention, the resulting process window is significantly wider as can be seen from a
comparison bet;ween 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).

20
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result. Indeed, as long as the product of NA*sigma is constant, the physi cal
angl e under which the light hits the reticle remains the sane. In other

wor ds, NA=0.60, 15 signma_out=0.82, sigma_in=0.52 is identicallﬁ:!iﬂe =0. 62 and
si gma_out =0. 82*0. 6/ 0. 62=0. 79 and si gna_i n=0. 52*0. 6/ 0. 62=0. 5. ng to

Fig. 5d in conpald §o?ed that whéh sedebting ithd Guaifpole filadindton springs tdlge elliAF
residue is significantly reduced by perform ng the "washing” illum nation

utilizing. " apple gil%{]; Ly ' t he
foregoinglégﬁﬁg§§ﬁo Eﬁ%’%?ggéﬁf i%%%%Fp%ﬁ?8?%3A§%gﬂ%%?ﬁgh%g%éess Wi ndow
Is significantly w der as can be seen.from conpari son hetween Figs. 5d
and 4d. ( TRMEVFeAhresidyes drAm Hi Fraesss W nThehwasiyngsepase (%@re g toria 2
"light-blobs" at x=0 for sone defocus do not exist as they do in the inmage
of Fig. 4dshin@eslinDEaBe 6p2iotitidn 0650 Tedticddd et BSis@CTor 20w ashing éxposareethe hat
when sel ecting the quadrapole illumnation settings to be utilized in the

"washi BY" wisBihg it es [ovmed abBasane podfion Shbilerthé AFURadotAed haht prBthg val ue
that renoves AF residues fromthe process wi ndow. The washi ng-space (al so

referred t 1l nNg-sl 1t e ' f et that is
used for REOTMERRIEFIER ek sk drd shUGATRINARENS ot Rewlcd R Pl ASablE,
position where the AF was |located in the printin exposure, Referring to

Fi gs. Ga dR¢ats8 1gdacans @PpRite JBlt goes fha%ughggw%é%e giﬁaal?émanﬁ RRIOFIPHI Pt he
area 16 neans open (i.e. light goes through), and the area 18 neans chrom um
on nask, mlaskkdarkt is noted that the wash-space should be | arge enough to
successfully renove the 10 AF residues, but not |arger than that so as to

avoi d possi bl e Ilfl@gﬁitédlﬂ]aeﬂfe@@dsﬁ-s&@ce@houﬂdlﬁbaﬁﬁge eAbugie sieéessfulinteteveothe
flare). This is illustrated by the graphs set forth in Fig. 8.

10 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 resuit, there is a substantial improvement in

15 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

20  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

WDC99 682711-1.055075.0120




Referring to Fig. 8, when the wash-space is only 70 or 80 nm the AF
residues still print, thereby limting the process w ndow. é—g\(@%m@u wth a
90 nm wash-space, the AF residues are substantially elimna ) as a
result, there is a substantial inprovement in 15 the maxi num process w ndow.

| ncr easi N@ohdpariveHOF 5 g aseardenigst. IPheasttoRscéntis thasbdcause the fesfdues lreno

i nprovenent in the process window. Figs. 6a-6d illustrate the results of the
“washi ng" pnhe < a3 ' udt her
1T nat Pt EESYE HROESA AR P 1R This SIoER thPUE e [ee RO g et e 1

conjunctiqQn wth, Figs. -5d, Referring to.FiLg. 6 it is sho at. for the
20 given g’ﬁ?&ﬁ}pﬁ-@eﬁ?qﬁﬁﬁ%géa? hea -%gﬁg%g‘aé‘] égmf%q{lol"fﬁﬁ' ’W‘F“PE\,‘\{Hﬁﬁgé’fhﬁpe to
significantly reduce AF residue printing and, as a result, further inprove
the DOF ( tutdizid@HargaiAFs; the veashieapetiirbyeedh & babepstedARe priergingthe aish-spasesi ze
with the main feature) and process latitude for a given set of illum nation

condi t isonsp ofdt® td AeSVQH R@iduss); Whath dg‘iﬁ&rfhalﬂinn\/\ﬂ@%s;ﬁa%?dﬂthisk%éml. 0120 25
OCT 2004 conparison of Fig. 5d and Fig. 6d. The basic concept is that

because the resy %%Fq%e@ﬂﬁt tkgg]a?g(ige?,%i{ag)[ut‘il%d%ﬂﬁg;}yféﬂﬁﬂﬁé af?@%ba%'h + Thi's

allows for the 'use large ., scatter Dbar the AFs can be

as large as the majn f u ver, it is noted that whe tilizing
| ar ge AFs,C*PABIGHYE 13&ngﬁﬁ&nlp@%mE%glyéldn?sieaéxp,gatgmog'aawg% t he

wash-space 5 in order to clean up residues), which g_i ves the 11 Onm wash
space for cohtasnedamehe M-reticlerpadditretivlg utilived daskg the sedipojesgxpeswsy and theiyzed when
perform ng the "washing" exposure utilizing QUASARTMillum nation is sinply

a bi ased nigat iexposafe, ddspedivaly. dofiirmiteiifiainds is kSowh, k¢ Veledclarida rttickt i cl e
utilized during the x-dipole exposure and the y- dipole exposure,

respeg| Vedo}ﬂtaiﬁif)§ hﬁilﬂ?ﬁrggi&%ﬁm@s, i 6B BMbticle S a Yeti@é E&dtBining aihBL i cl e 10

contai ning nmain ver a atures, and the Hreticle is areticCle
contai ni nqlorxtl%iorrlltla}/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
15  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. 2#. Further, as shown in Fig. 7, the slit in the washing layer (i.e., wash-space) is
varied between 50, 70 and 90nm.
20 Fig. 8 illustrates the resulting DOF when the third "washing" exposure is
performed utili'iing 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"

22
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hori zontal features. The charts set forth in Figs. 7 and 8 sumarize the
i nprovenent in the DOF and overall process latitude that is obtainable
utilizing the nethod of the present invention. More specifiQd®@gy0fig.- 7
illustrates the DOF obtai ned when the y-dipole illumnation is 15 utilized

as the AF &uRsiveResulte xPosighHicaht impFoviaief al bahpdredto the eavulteshaneg to a
pattern having a line to space ratio of 70:340 and which utilizes 40nm AF,

and which [,5:.. 1 Utk gz i L nat i conditions as
doscri bed SEisihe Yot hhithicd &40 SR MAdRIRIER SPIOL 15 TP
slit in the washing | ayer (i.e., sh-space) is varied hetween.50, 70 and
90nm 20 Fig. sAﬁﬂgiESP‘iP'é%V%H@még?f{’] of ﬁ@p MAEUORPTOHAFSHIBUASHI ng”
exposure is perfornmed utilizing QUASART' illum nation in accordance with

t he presenddviantages o\@n the prfe arte Sdbstsmaorarplypthedeesehbmventasiprepideeforai zes of
70, 80, 90, 110 and 130nm As shown, each of the results obtained utilizing

the QUASARY yoédﬂéﬂh%tiwﬁro%éssafoi theremoWa DTIATS utidized 60k ahiple] 1d solde (25071

0120 25 OCT 4 exposure results. in a significant inprovenent as conpared

to the resylit.g.0bt.ain t il izl -di pal e 1. 4 ' ing step
as il 1lust rfé’{ égd\?nnlg %hd)_%iglg H'Agheéegpc‘% F%eé%ng%od\%}éad% ‘SeH @[’%?@Iﬁ%%@@%@ esent

i nvention provides significant advant agFes_ ovgr é‘ghe prior art. ggst

i npor t ant | tituydg ghay be assoeiated rththg YigaEsuchrALs weiginphremayise: Mareever e
process for the renoval of AFs utilized, for exanple, to solve the

f or bi dden lpy utelizipg tisl QUA SARIMabymnatior boibrihe aericgl Absnendthe horizémalOFs and
process latitude that would be associated with the AFs if such AFs were not
renoved. MungRvemoveditilidihg b 2indl: tRShigh Med. | lum nati on both the vertical

AFs and the horizontal AFs can be renoved utilizing a single "washing"

EXPOSU{E- 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

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

embraced therein.
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10 Al though certain specific enbodi nents of the present invention have been
disclosed, it is noted that the present invention nmay be enbodi ed in other
forms without departing fromthe spirit or essential characteristics
thereof . The present enbodinments are therefor to be considegred.in al
respects as illustrative and not restrictive, the scope of eHE Tillent i on
bei ng i ndicated by the appended clains, and all changes that conme within 15
t he neani ng and range of equivalency of the clains are therefore intended to
be enbraced therein. 23 WDC99 682711-1, 035071.0120 2 5 OCT 2004 CLAIMsS: 1.
A et hodeAMSinsferring a Iithographic pattern onto a substrate by use of a

| i t hographi ¢ apparatus, said nethod conpyising.the, steps X oY
features to be print edﬁometbadﬁfgﬁm%Lﬁ'aﬁl’ﬁglpﬁ??ﬁﬂo&ﬂiagﬁb%?ggﬁdgkPgatures
require assist features to be disposed adjacent thereto in order for said

f eat ur eguﬁlggaﬁhj[arabﬁmsy!ﬂﬁ&hd@édmﬂiﬁgahottmsiufn limts; generating a mask
containing Safd features to be printed and said assist features; performng
a first illummnation br . ; it said features on said substrate,
said first %ﬁ&?ﬁﬁéﬁe ﬁggggggfégg?gégfﬂsng in the partial printing of said
assist features on said substrate, said first ||l ymnati incl udi ng
a di pol e i | detemuivingrwhaeh efsai fsaipees requue a%%ﬁ&%ea‘d‘é“rsf%g}’ﬁmﬁﬁﬁgga&dé@é@g&g‘gﬁ‘e‘%
illum nation process so as to reduce the anount of said assist features

pri nt edj0dtdefos s&d fsitiras ©;begaintbdsethimdefined mesohition Smitsr ocess conpri sing the
step of performng a quadrapole illumnation. 2. The nethod of transferring

a |ithographi ; @t fes A6 BOPp Mt arldsaid A3sistfedthres, of cl aim 1,
b ity Wl fo e oD mases

wherein said nat 1 oh process conprises a

performing a first illumination process 5o as to print said features on said substrate, said
first illumination process resulting in the partial printing of said assist features on said substrate,
said Srst illurnination process inciuding a dipole illumination of said substrate; and
performing 2 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 Hlumination.
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™ illumination.
3. The method of transfemﬁg 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.



QUASARTM i | lum nation. 3. The nethod of transferring a |ithographic pattern
onto a substrate according to the nmethod of claim1l, wherein the sequence
in which said first illumnation process and said second illum nation
process are perforned is interchangeable. 24 25 OCT 2004 4. 5Tigr et hod of
transferring a |lithographic pattern onto a substrate according to the nethod
of claim1, wherein said dipole illumnation includes performng a first
exposure of said substrate utilizing a x-dipole illum nation, and a second

exposure of gaid subst1at gethold lof #add€ringa Hibipglaghit phttsyh bRbiacnbstiate The net hod
of transferring a lithographic pattern onto a, substrate according to the

met hod of ¢l aim,1, erein_sai ond. il um Welal cess Llizes a mask
havi ng aﬁwra’é’ﬁttglﬂﬂz ‘P‘éﬁ’ﬂ‘i& @ﬁlg} L%F}fe?%isagg. i s@ogﬁg{é@%dﬁ%%ati ve{Hg;ddgzpat tern
defined by the assist features contained in said mask. .6. The nethod of
transf ervrru)éngms 3 fishexpeasn PEsahsubsirate BRIZNG2 X @pols lrmingtien, 288 #§°408d ¢ he

nmet hod of claim1, wherein substantially all of said assist features printed
on sai texp&sile bf adidsstrate idlzing s gfdimde dlubiinsioni | | um nati on process are
rermvedxpr om said substrate by said second illumnation process. 7. The

method of transferhligy B LA 2R oPAiepRoR bR SWhede alcdraiagas di ng 0

the nmethod o aim erein said assist features include assist features
aligned in a first, .direction and assi,st _featur | i i d

di rect i & metkod oficjadp ld?”&‘éiet‘r? Baﬁgléﬁi‘? né&f‘ﬁnlnggé%%@%%ﬁ@ru ltelg??sganéngse@ﬁéﬁgg?hogonal
to one another. 8. The nethod of transferring a li ho%rggt\j&fc gattern onto a
subst r apetteradormechthetedn, whiegh mﬁwdéﬁg@l%i%ﬂ&atm d 8%thf &&8bnd

illum nation process substantially renoves both said assist features

al i gned fidtueacOnthinedtin ghid epkkon and said assist features aligned in

6. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 1, wherein substantially all of said assist features pninted on said
substrate as a result of said first illumination process are removed from said substrate by
said second illumination process.

7. The method of transferring a lithographic pattern onto a substrate according to
the method of claim 1, wherein said assist features include assist fcatu;es aligned 1n a first
direction and assist features aligned in a second direction, said first direction and satd

~ second direction being orthogonal to one another.

8. The method of transferring a lithographic pattem 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.

9. A dévice manufacturing method comprising the steps of:

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

sensitive matenal;
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said second direction. 9. A device manufacturing nmethod conprising the steps
of : providing a substrate that is at |east partially covered by a | ayer of
radiation sensitive material; 25 25 OCT 2004 providing a ?ﬁgjcircz@p on beam of
radi ati on using a radiation systen using patterning neans éw t he
projection beamw th a pattern in its cross-section, said patterning neans
i ncl udes f eabHERE aifRojeetdricained ratiativaiuding abadizteme yeA®: assi st feat ures

di sposed adj acent at |east one of said features to be printed, said assist

features perform.ng. Optj hobioYecEion b&et With a phiterh ércitd ergsstdeetignat t er ned
beam of raﬂ%@(e%mgﬁg@géaﬁo poﬂ}i n of the |ayer of radiation- sensitive

material including a first illumnation ,procgs .0 el aid features
on sajsid satesingmeansgaelydesfpatyre; jo Woﬁa@%%%@gaa?lgsag#i%%% the parti al

printing of said assist features on said substrate, said first illumnation
pr ocesKsponed adjacegt & letisperieafishitl deaturas todve nointedasaid asstskieptires PSHABBE! for ming a
second illum nation process so as to reduce the anount of said assi st
ﬁii?rﬁtﬂi%n‘%é’ﬁdil;SUbSt rate; said second illum nation process

f eat urgsi-prd
corrprio‘ilﬁﬁg Ijtr e step of perform ng a quadrapole illumnation. 10. The device

manuf act uring. net hod of claim 10, erej ' : I | ' jaQ8n-Pr ocess
conpri ses d’réﬁg\%ﬁf%‘e 'palitWﬁﬂ?eﬂﬁ'ﬁ(}aﬂﬂ%}fn dFﬂer %ke'galt @@ﬁﬁﬂagﬁygé%}l&ﬂ)ﬂ%mnet od of
claim 10, wherein the sequence in which said first illumnati Oﬁ process and
sai d swnsitivie inateuial waludtng afirsicBumingtion proeess serasto prigt sad ERaFesfeail e 12. The
devi ce nmanufacturing method of claim 10, wherein said dipole
substrate, said first i]lumination process resulting in the partial printing of said assist features on
said substrate, said first ilhumination process including a dipole illumination of 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.
10. The device manufacturing method of claim 10, wherein said second
illumination process comprises a QUASAR™ illumination.
11. 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.

12. " The device manufacturing method of claim 10, wherein said dipole
illurnination includes performing a first exposure of said substrate utilizing a x-dipole

illurnination, and a second exposure of said substrate utilizing a y-dipole illummation.



illumnation includes performng a first exposure. of said substrate
utilizing a x-dipole illumnation, and a second exposure of said substrate
utilizing a'y-dipole illumnnation. 26 .25 OCT 2004 13. Thedﬂgﬁhf?

manuf acturing nethod of claim 10, wherein said second ill Wk process
utilizes a mask having a pattern fornmed therein, which is a biased negative
of a pattern defined by the assist features contained in said mask. 14. The
devi ce manufacturing nethod of claim 10, wherein substantially all of said
assi st f eat Uigs gt [pLied an. ARkt suRsldAlIAR B WiRuiA A0 so@id 17t

i |lum nation Procéss ~aré renoved ron1sa| substrate by sai d second

illum nation process. 15. The device nanufa tur| 10,

wher ei niBENiGaGRISPIOFess SE{IEFTMAskBAViREe? %@E&I‘% 3?18 &0, gﬁi%‘ﬁ%ﬁ first
direction and assist features aligned in a second direction, sald first

di r ect i apgaive of aipditsraciefidediby értassist fbaireg containsd amsdid tsskne anot her.  16.

The devi ce manufacturing nmethod of claim 17, wherein said second

iIlum nation Prgﬁée &L&%ﬁlﬁﬂémﬁﬁé MhefHORRY eRit A0S ddeth assiaatiallyesl of es al i gned
in said flrs ectlon and said assist features aligned in said second

directi gg‘xd a§s715t features printed on said substrate as a result of said first illumination process

are removed from said substrate by said second illumination process.

15. The device manufacturing méthod of claim 10, wherein said assist featurgs
include assist features aligned in a first direction and assist features aligned in 2 second
direction, said first direction and said second direction being orthogonal to one another.

16. The device manufacturing method of claim 17, wherein said second
tllumination process substantially removes Eoth said assist features aligned in said first

direction and said assist features aligned in said second direction.
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