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WO 2007/ 044132 PCT/ US2006/ 032916 TI TLE: | MPROVED
WP%%?&%ARG N USI NG DI SCRETE ASSI ST FEATURES FlI ELD OF
Y [0001] The subject invention rel at e¥CT/US2006/032916
TITLEENer al hyPROVESOROEeNIMBREIN OSWCORScRang; AdsRTRARTLE ar,
to a 5 nethod of inproving process nmargin of a

I'ithographic imagi ng process through the use of
di screte assist feat ftdd CIBACKEROIND OF THE | NVENTI ON

[OOOEPOOZ] I"lﬂe stuggct Egéﬁl&qgg% xq)err%lg l?o gx%}cg%bctot B&Ec%tan axfucuiar toa

continuing tren ens]
methad of imp{Rying Frases mregefd Epirehdansingipwsest Herd traveof Bisaec assist
featwrand continue to be, efforts tomard scal i ng down devi ce

10 di nensi ons (e. IQACK(ﬁ%Oﬁ\I’&p' " o ac@éﬁ%S) on

senm conduct or wafers n or i sh such
[600ensi t i ésibe smadridetor inflesty,Unegs ish EBsg therligverdighei d8ce densities. To

achie\fe%ﬁélﬁg% d&hﬁf&@rﬁxtx@rﬂ%rer h@%lﬂeg ethq cc-ﬂym?e tgﬁeneﬂfogg Lyde sc\é\fm% él!;]vm device

acin i nt er connect i ng i nes, spacin
dlmenallméﬁ](@‘? o S“B?“"i{?jﬂ?"&‘é)t‘m Heigraducton &afgr&r n g@g 9 W‘? uchglgmshties, smaller
featmragzes orim@rcyrandfeadgésyes of reqvgni Discah REtddMESL and BRoing of

mtercg-!n%ﬂgsﬁngsn ﬁaa&jg aﬁ@ﬂan@?&g X\fc%%aé H&Q a%mr:{la %&@%ﬁe 13rr, eﬁlsca %s cornars and edges, of

referred to as crit nensi
variougfgatiagh, L he GBERStERt ﬁ‘lj‘ gee Sa@@wlhfew@ﬁn beerpfpreid topas eitical dimensions

(CDs)agklueivd €Iy ahd :@ha{ucxdﬁwxé Bectlad SDb FeSitated @ub@R er device densities.
[OOOSH' gh- reso Lrés an 1 tho raphi c %r ocesses are used to

dchi eve BT PR A ° PIORFSYRATR TS o achiqve 5l feafres In general,
lithognaplfy eefers b@mpﬂsmcﬁasm&sn frmsfeﬁatwear varibus an@d. an hthegrapegam: mtegrated circuit

‘fabncé(@ﬁ 'a@ﬁﬂié\bngﬁ:@ﬂ% Wdl‘ep sz dodt. f@ﬂl w1 Qy adxéﬂ%rﬁgﬁsﬁ&gglmc o d‘storesmt The

atlon a silicon I Cée, I'S coat

tilm *S&%F%%ﬁxww il rdheon e §@|‘1§rrf-'ﬂ» desp e - ¢ h@rough an intervening
masterptrgtiay (@g.i sisk, rebile, ... f fhinting @aﬁﬂ&lﬁ@)ﬁﬂeﬁﬂk Y., R%ER3 edisi Ibdﬂendent upon

coating @9& @x&ahs@@aréa offhe codth fne%alle th'hg tiote otr iess s%{lhble #grf&ngx?)gse aet'gamn a

an |1 nterveni ng
pamc% §qlvent,d€feio§q:reMore soh)blafa@qamrﬁ @maveé Fith r.he gcfvalppcpata[dgaehpmg step, while less

solublc( ®eafremaip at ﬁl@ﬁl&@:dwd’f&&id Bina pa@&ﬂ@%ﬁﬁﬁ T Qﬁtel%gorgegj%%s%nher the
he coat..n er,. nor

- asEX ar.eas of

maze R i R € R BB LR O B ok b v
100043 ol vent Tid eshigvaperof siiiererisal difbRionyie@B e e @BIAS W kifberaphic
systemt %Q‘or@%’ ﬁér&@e%@soiuﬁonaangﬁc\-ﬁ%nge AS ﬁ&a?@mensm?s ot l{e%g’c?)m];hsheg by several

sol ubl e areas remain on Icon wa

approaphics. ¢ (e ARrEPaeiyatolveRghe ridvetiondt verlanatior the gmw&gaeba@mesume fs achieved by
moving fxen mérRgLLIei436 Ae), Pesknerlaskd ($93n8Yakd Mﬁhex ﬂS h@v x&abﬁ ﬁﬁ %9 G, ete, A

secondv\gjé ba%lg mt' ‘8%%?{%% t];; '1‘” ! Ie] ‘{?L‘}f%rﬁ’?hcng?s’]%% &%rﬂlg éeciméqtuf eiug grletrology Such
lmpi‘o"ﬁliﬂ?f’é*ﬁ’é‘feéﬁé tojiRgrepssfl ﬁ’t’(éldwtl Braupleanrivescateut juonriof aptrives. A third approach

involvds ke DGR R LT Grioue :@scﬁt}(ﬁﬁ @iﬁhncgﬁén%@h%qﬁe@ TIR%E&Q}@&ES@: shifiing masks and off-
| ut i.on Ce critjcal dinensions can

axis il} rn%ga ation techmIQues Eaeva e%f Ig%% ée[so ut&yﬁ HF%}& ﬁlgé];(:h%)@lh&%@;@ﬁ@ﬁ constant “k”
Oftheltnwléﬂsv%@i the reduction in wavel ength of the exposur e

[OOOSI adi at |1€ﬂg§%%mg§ys efhs %%1@111%%)&9 qop%n o eltggsgmt%f ‘ﬁg% ﬁrﬁargy W Jrried in

-lin
high Sthfj'lll- ﬁ‘cﬁéqnc;t qgmatgtyntqﬁﬁthe g@s&saﬁ:tng Singpperag these high spoed pmpency components

are not PREAAE the lodM@ads YAS! of Wh@é}i@é’@ﬂ&ﬁ TH ldgmf ke lgh Qﬁ&il 88®ency components

results nalg%esa}‘ﬁ‘gt grlé 1 911 téil\?’;ngoqm go%%s \Bays ﬁgxp gg ggs,ana? glglagegt oa‘ﬁm tnﬂlf,ugaa ﬂﬁh effects
as line ﬁtﬁﬂqnm&rcelageoupﬁnmmémma{ andpreximnily effectAwhdn, fodexappie,daghd 1B width
can vark BAGhNE&S of @@cxﬂétbbtlwb%%ﬁ_jh&ﬂt Ifﬂgs Yxﬂ:[g'e Qfs&%m%%%éﬂ rUsLﬂt P mages that are of

n; n
e A T AN R
the proqety miarghy tharednl inrewok efficierry bhthosygbma reduction in the
| i thographic constant "k" of the imaging system
[0005] In low k imagi ng systens, a significant portion
of the transmtted |light energy is carried in high
spatial frequency conponents of the mask spectrum In
general, these high spatial frequency conponents 35
are not captured by the | ow pass pupil of an inmaging
system The |oss of the high spatial frequency



10

15

20

25

30

35

40

WD 2007/ 044132 PCT/ US2006/ 032916 [0006] Opti cal
. correction (OPC) is one particul ar
wlz ?@og%]l%gy that can be enployed to conpensaPl€lPB006/032916
[000@” own p @E&(ﬁl&?@:{%@%&&%ﬁdﬁ@é?@googe ba?uc@l%e%go%gg Qﬁt can be employad to

r'gp r]{a geonet r }Zﬁ)r/] known
compeSEetP RV Iﬁ‘@eﬂf ﬁﬁwlﬂ'@ SHel i BT DapmsTEso e et for Know ffcts
that cap ey dheing impgiay Gt Lilipgenb fdtPd carnirfvade Eﬂu;ﬁ@becﬂlhﬂe%tm@nfﬁﬁrﬁty allowing for
faster «f,thﬁctrﬁEs aﬁtl 19:95’ o%gatll%§ou@rgg‘fm5n%§ lopVl a‘ilslo enh%nca an xala%n%pmcess window and

C can al so enhance an 1T na

e VR i 5Bt G gRs G i e o ks OP et ol
more dopsidENi igEng ofl v Odsived Dattehe Hadeket, it Bre&ﬁce@ﬁa‘édxs‘ﬁ fealﬁx@@@a&! FR St ih B
formatﬁm%&n&ég@aﬁ)le ?eni@tbésﬁge WCE néﬁgtﬁrﬁkf%xt]p%c s ihe ﬁ;ﬂ ?f a%glggl g;?nc process,

Inhi desired pattern resenc
biting Hie fpratiop giyesisgistigue c@wwﬁ@anﬂf mprpa@ {horicids! adithographic imaging process.

undesirabl e resi st residue, which negatively inpacts
the yield of allti{m%{ ﬂgggﬁi I nhibiting the
formati on of resis sngue—@rg g |}‘1|cantly I mprove
[0007 he yi eTlg fapwiag preseitogsiaplifiet sunagiongje RrAL@SSordekeh prowdeabas:c
underswyo aspI“Eof hl%lﬂg\i‘ thquQlZ:lry ;g Q& axﬁ &kens%@ OUQwa{/ galee mventmn it

e I nv
i not ‘th‘H{‘?‘%édeéufb%?“%maI&F?a’é?f%?félﬁd?"ﬁﬁl%f’f t%éﬂ*reﬂataglp sopsoldfe invhmion. Its
sole purvEintoipesent st Sn@pENRhd/inteRtidhOf a SBpIEX BNSd ¥ BreQNAE We 83k detailed

descnpggn&g;gpwéﬁgﬁgake . It is not intended to identify
key/cri‘tica enments of the invention or to delineate

10008] he scofe sibfecttitventiommeridds o Rysieintasd masiot @r PpFqyOIg Brob@s iagin of a
11thogr@hﬁ$1@e@tng SRR, Gmﬁﬁt 191§3acttsh% ﬂr%&s@ﬁ!ar?ﬁ gf a ljil}xggré z,ns?éter? is reg'erred 10

asprox é'n}faz I9 xp i ﬁ# re%eo tt aenam)re u?t o 2L e €

i pPauE fiedrtery e rarefp g iaHenes Brder th@rﬁ@@m r@monunal
critical plfmﬂl@e§ agesglysfteasinommata et es. fﬁo:ﬂiaﬂgﬂtﬂﬁ)ﬁdhhsﬁge Q{aﬁgle Sﬁa change in an
envxronﬁ@ﬁtgl' cgnd‘ﬂfon & an lsdvhm&gi%hﬁlo mxﬂ%lfl So\f a Frmfnﬁloyo}gct L) Vanatwn in line

. npacts the process mar
width “Ey%?f%‘ﬁ?su adurdep OF fhgngey B pitcks Fﬁracswpﬂm%nylalémff width, th@pmgmewen

adjacengfifee B incre@bdds Pitdhas ﬂdc&efakeﬁt WVerfSiods Iﬂtl’;}i daﬁ ﬁﬁ;]tfueﬁh&foﬁssontdwder of 15%
di. mensi ons

in prmt&ﬂ}{lg u&d{hefsﬁé%%xaﬁgnts 111 1t i ZTR-, man@%’est fn, ngaﬁks thaf&mél%rgﬁa'gas c?ptaﬂliztga{e]atzvely

environ varl a
dense cp@ez@'ﬁt@néﬁggfﬁpsgn@)ﬁeaa cq;ﬁign@ei relptivein spR@e @rpeitrabened fe@tes. In some cases,

a scattefOehh bd HilzeOto haip C(ﬁl&hﬂltﬁmﬁﬁﬁﬁ ?e]%ult\ﬁ-% rhhea»t-xhtg Oanam ﬁﬁmil ? regigi residue

can fon% d&r ?{ﬁ tn} é)&delef f gug*t ofo r? f%sfsyfg%%@%‘gg%?%eqﬁ Cfﬂges \gl%!]gé %alb:f% rfhe
pr eseuc:ﬁ@i}wq},@res;swmdge et mgquvebzh@p@ﬁa@ymgoﬂjeismmn adj acent
[0009]' in eS hSackRGERARE e%scj)ealot[ &0 su Jiect mggnrtlgna{?(ie){gl ggor\:/%rgws %}f su%ggy]utmn

I n Itc can resu I'n vari at’l ons on
assist fermreb%f? Pitied 9 thnse the atvrfﬂmwbqnd (herebyaeduesrveriabions pi pripied Beewidth which

otherwisvauip eghtivel infPRE K Bk oGQRARE h288n ANEARES. oﬁié@bﬂhﬁé}g with one or more
and ar eas

aspects Ei%Leasﬁzﬁjgu?myeuuonel &?‘thl cht] %ei{]ogt teggers]. egkecngﬁ FUgesO oxb?ssmt features placed

Sp ar
near Seﬂflé%iatﬂd éﬁgmf mowmbe@@r@@é mte@gtwa vills Hitht @sobiated @ighrthdremi-isolated feature.

The resdlﬂidgbhﬂt&ﬂm& @iahed lﬂorQ &J%ﬁtéﬁt with@e ﬁ-ﬁnﬁe@ lﬂne%ﬂh 5 @&Utl,dtb’ygg?sl olf BE mask
resi can

comprstl Bl K3 Ben B bR i B R et b peresfipighpsest fsturs
does nofirgsghin agpidifl cgotued! aportidvef @ tgig sndifierdbi @ocS A trb @y DabdesilbR resist
residue LRG0k 1 3G resi st residue can negatively

i mpact the yield of the system [0009] In accordance
{0010} ¢ y olt@ccqslpnse withyie pgvect ifhy swiect invpptut ireess maginghiprovement is
aChlevefgﬁt@ﬁ@ttﬁdp@&ﬁfeﬁlfof&bbbﬂix@e‘d@hﬁi&sbl@ﬁbn a@§§fh§$esf ﬁ%ﬁd&fe@&e Wi this aspect,
dlscretiz%g scatle%)ars are utnghe}ang el ceEI & sxeanl\” ! Onnth a;n etf erte feauc

StTo REEG™ PG REPUFE 15 SATPE Fre fosertion Platsiit tsedue. A

diser efIZPﬁ ngerbpregeaicmwéaryhat ¥ awpristvesetios afrsdrethanohe discreaskatpdirts@iints, In

onto a wafer. In accordance,with one or nore aspects

of the subject invention, light diffracted fromthe

edges of the novel subresolution assist features

pl aced near sem -isolated features provides a

beneficial interaction with |ight associated with the

sem -isol ated feature. The resulting printed |line

width is nore consistent with the printed line width
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WO 2007/ 044132 PCT/ US2006/ 032916 accordance with a

W gﬁ% aspect, dinensions of the discrete scatterbar
g 8 %f%are selected to capitalize on |ine- BAHUBLUI$/032916

acconﬂﬁ&iﬁnth Qre?a‘(e@ 'aQeJt Qﬁnetx&&n@?#ﬂhe%ﬂm@t@ sc[af?élﬂé Eegxﬁgn%s Rl selected to capitalize on

. lﬂé),u ]Z ck, al so cal ['1ne
e o TPk o e e drae rffrd% tar R I TP —

to the Gumtftint pring:=d Gdhpt 0f 4 126 &n 4 Wi istohen tse gt die Eﬁgtﬁ J'f ‘fhe |11hfﬂ% R Anal € ine-end

pull bJEE?Aﬁ be hmle Qeg.ﬂﬁ:@ g1£ﬁaEr'i'bL1 m hen? %Gndﬁ:l% a}nc{)or d smn o dfemefglf 8ﬁhed?sxsi The

fraction, nroun
ends of fhe Hﬁleézmegeqc‘ﬁpttlI[I?éckra@%tpesrtesulti%]@e gnag gto@:fe rqsh@s $hprtpe than the line in the

mask. experl ence pull back and the resulting |ine imged
I s.shorter than the line in the mask.

o1t 0 1 NE Lesdat

T0011] PACTEEEE ah B A H GG HB R Bt P fgeasion o the
discrete ppgieanital wyementsiven iplsdeedent thanid ddbmizasicarsha fvill 1debe printed onto the
resist 1%5 Gﬁd@tu@q Sfodd Eaﬁm bte %%Mﬁ"csgﬂ&:dag mﬁlgzlal?l%ﬂa)d(ilds fgﬁg r%shl?ng wafer,

{s retized scatter ars w |
The pfefigent 3G Gprefizg %thﬂfbé#amlrtﬁ?sﬂﬁéﬁaﬁﬁr@pﬂcéémhwwagsa@t@n with respect to
printing of adteniOernoés. TBSiristd drieisd dihensiohads the aﬂjadeiatﬂaaﬁlreyhr@ [hekefoR more
cons1sttsrn &ith &8 %tk&lr&gne%ngg e\::]eg ]f Ilt}xg Pmm‘gec 5‘"51'% eatures o} tpe r{aask nI‘ ug}ilerr&%e the

di scretized scat ecr eas
undesigapje fopraatighefiresisl re%%fa@ﬁ? soioH éseﬁ‘éfcﬁtfﬂlethne e plﬁkhaﬂqméd by diffraction
of lighteal fha e@nbf chadalistrete scattefilResehidnit €d critical di mensi ons of
[Uﬂll\iMhe adj acentd features are therefore nore consi stent

Ch t HBREPPPPCHh iR erbid Ao bOwa P orHessbabaterens s
createdofilizinpd‘fofhigddeniirgsheot atdiifommmeda.of fetlst tdaﬁﬁmﬁzdddn&ﬁches refer to pztchcs that
can resinEl @ Bk grARCS of t% :!s %d% fob ?ﬁth%hpﬁlg g%a%}ﬂg S@0 P& aglcy ition oF assist

f as E resul t of i ne-end used
waucff? ol b g g PR s e praiscon siptienpel Fetsedden redction

or dowsigad e halke s@gueitiow Hba {ie0 42} of giciRE Cﬂfe@&iﬂ@rﬁué&m&é}e the process
win and ta v F3d vah VSN O, 1
dov@lﬁgg H(RRKHWQK%Q&EJ QF HsIIJt]J% salégé E% ‘f 5 8 tr f? 5]1 éh’%‘%’%ﬁ 18}8% nI‘.bese

SC a terbar s eg
pitches pret t Fophidden” do I%Wzéqdep tfxq)llamftqf @ﬁasgﬁd pptgELy @pauqre@gthd wrdesirable reduction in the

processhotidoivaldeficlikieh s chuef @Jow&@r Ql' at:&)hﬁr%e tWhRtn asﬁ:lanpl{ﬁ:%éﬁl df rc]ils&ete
a | thographic

scatterb% sgggenﬁ gt%rlb{agen%&cﬁ;]shcg a@gw ﬁ)ro(g?ss geg\é#téc?fr nnpfr%vgil Enilég difnsnsmn control
for an aglpqe@rfeapﬁe%mé B@aisemtﬁgde&hscvrtaymmﬁ chsigfiresirine. agich epntibyist e a
deleterif\fs @fQEH YISy Sl @GRk &SHdaeb N @ sudden reduction or

0013 downward spi ke in the process wi ndow for a given span
[0013]o i t drfseordatysarith prOgr ayRep b Se whistidnveiion pevsbmwsetR@ate provided
which table Adlemsgh asa lackdopmnastof stk epndichial b & RR |opev¥ﬁ11§)le rllummation source.

In accmlii g%é&%g a%%k Y %%) %lu;?u%gtgnrl (%pgxd oe Es%fe s%cg?}ﬁgt eoreﬁoﬂm%) 818 1magmg
system an &y ampe@ﬁnd&m@ets foe digolpwilltbefess tpe dausauiph it thaedumnmmwuam e axis of

the dipolee dHi€ thls;ﬁﬂty |1rnre§ohlﬂon dﬂﬁ%&%gﬂpﬁéi}qy\{)édg@ifo%gnem FeReS f Albures,
accordance with an asp ect

such as %‘i’a} e§amr‘?§ ‘f"\!ﬁf"“ *’“%‘te% SR Righ PR Ber‘ﬁ%iﬂrf"rs‘“é"’gjﬁf@ﬁts?frﬁfm running perpendicular
to the a?ffwcﬂf Bk dideln wihovrotheseatanr! prigvdside:. Thelag o esssiohpniefdirtdonf

perpendlom@xr tOWE hi Ot 'tlfe'dﬁa@le algalwgﬁapﬁé QBkeefif z[n‘}L s1zefs %rbe %th?gajmggrger in length as
a width 1ea ﬁ{ﬁg‘ﬂa%ﬁtl ! %0 m tll %ate the creation o ITESI St
P8t fRehY &%‘t‘ﬂ B L s e dpeing sP5del et eri ous

[0014]af f ect In@ﬁboidb@e Winedrd a@éot & ﬂ[e%ﬁﬂg‘%ct il tids! @&%%%Ea@gxbﬁ%ﬁems are placed
no ect O he

C O r a nc er S
pevendle S R e B s e 2 B B ot st s
In one awﬁql,élpﬁ disgikie smmag@e o fradnglpicdd a0f pitcieembitkint With a0tline pitch, whick

permits PhdeBBR 8 dRBR @Jﬁgérw&e%ents(au@ﬂy %{fesbnﬂfme o%nt sp a%cordance Wlt%‘l this aspect,
In acc or dance

the mmof% naglon sour ce.
P BPESCPPRIP RS Poireduurud it sdietion P@H’@ﬁﬂtlﬁéﬂfh@t 3ﬁ’é of a dipole

resolution of the inmaging systemin an axis
per pendi cular to the dipole will be less than the
resolution in the direction parallel to the axis of
30 the dipole. This disparity in resolution allows for
a tight pitch to be used for placenent of a series of
features, such as, for exanple, wordlines, while the
same pitch can be used for scatterbar segnents running
perpendicular to the axis of the dipole wthout the
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V\D 2007/ 044132 PCT/ 052006/ 032916 il lum nati on source
/(ths%h that need not be resolved by the imaIg' .
he di nensions of the grating el enenfSIEaH0§E32916

ﬂlummmotrlxait a pibe yhavmled noni&tresbl@ed[b& the irging §ystﬁﬁ5metdxdleﬂsdn§' 6f the grating
elemexfltplgam éutglr}hache i%%l! b%é UE ds 0]{ %%Jl.ﬁt m tﬁw Hn31 ?n oqlz}] {a/égig]t?ffrs ﬁ‘en Ct he

y et anot r as e Su
{00 15j| Z e, shaesordgneamih pflt aotpetcct ofthe axzh@:t thva@asrethesize, spacing and placement
of the 815‘@&(1 s@zftt@@ﬁr s%@ﬂ@ @Jnsbe 8a & tﬁ’r@&gﬁ 51%1‘3@0@1 Ehy ug’fﬁg%?lon 1ﬁteraq5uons of light

passing JppaLh Q0. Jiffraction interactions
%gjé St ]ﬁ'idn ?Iﬁ?'r%ﬁfjd e e dpulagiops c&&%wg%enn% aB PR LplAceseat of discrete
scatterbeg peg @bt ane fod 8trther etermindpga MesOtgidepmih ofpidca P ni_ St m'

i scret tterbar
{00162 Cer mi ’.ﬁa thesa%élom ?slﬁqe%t o?t%gfé}%ﬁcfx?{; 38(? I‘B]f'ltsgﬁlgs F%?Jnflhlétragwf@ﬁt? of the
lnvent’f”ﬁ)m%“ﬂf’%ﬂ ftef?él Taecotspt Whmertlowhs ddveipfioredbe agesahdtawings. These

aspectd #d indiebveenBGver G bl QEfﬂ! Jrhik %@ﬁsa&a&s\ﬁﬁ whSIPREL: ﬁcxﬁlf:s dr tﬁ@ uwentlon can be
1L.on eSCT In connection wt

t re
empio¥eﬁl fsr‘%ri!he presengxéxgeggon lf P\‘F ghn dnc eegflémlf é%éﬂs ;ﬁtii g\%‘r F@g/ale% é)é‘lc@r
advant%fpa@é tlcg/eléfca@mi:smﬁihg avéntien wilh basereapparaf frdptithe alidvﬂﬂg dataildd l’d&cnptmn of

the inv¥Ab WS cd&@iﬁéed iR cMUnGfon tvh@thpﬁrlnﬂﬁésp l'es of the invention
can be 10 enpl resent invention is

i ntended to in “F%ﬁ?(flug{}gﬁogér S ROVINESt hei r

[0017equi valrgnted. is & ibefationshsa Ekfrsagﬁﬁnt%ffﬂth?@\iﬁi wﬁﬁﬁ%slﬂfaf&n 0f formed on a
9 arent fromthe fol | ow ng
1yp1ca1§@§r dup%gﬂld%s%?n}a%lfdl”g ﬁﬁaol?emoiyhce ?R¥Ent i on when consi der ed
0018] n conjFignotaiiom ilistritio betifbiscdon offeyss of Bk B WIESEREHTsENnERgh 2

mask,. THE DRAW NGS [0017] Figure I is an illustration of an

arrangement of bitlines and wordlines that can be
[0619% or med Figwred is apgihsiyabioeedla magkfoemprised df ivgdbneipatietr fertures and a scatterbar.
[6020fTBNUT aglUlg ;Of, 11@03%?’<¥f¥l}e§g%$gﬁ£g%?noll %1%1 c{:pug ﬁztcE gr%mgalortenmg

an illustration of
[0021hhave ofighicdHtusiries s exptiotabip brghecamliverfmsie. s:z[e @ﬂbﬁ]lted-"zmggfbrsﬁe 3nd the
effects bf3in@éhdphil sagk.r ati on of a mask conprised of wordline
0022 pattern features and a scatterbar, [0020] Figure 4 is
(002285 | | figrr 465 % lugFatotns = @pskeemusisit « diofetized eteltabpr daccordance with an
aspcctdfﬂlaaﬂoﬁbtdwpxuioh back or line shortening. 20 [00211

Fi gure strates a rel ati gnship between line

(00231 't PRy 'y aiizies E)Pf%cgm%agfascse fizpd soatigrhr pifea seiisp plickisosgte

scatterbgyfsegmieniein aprcrdpask Mitbmect[dﬂﬁliﬁz]ue&hzgum&l 6 is an

[00241| | l USt E g\%!: g Hlﬁlﬁ%aega qla?émae.% Iﬁm%& rgscregﬁelg gcfatrt%l%alr ?vﬁlba series of discrete
Sca“efb%rlﬁfﬁn’émmla??\?@ﬁltcp G318 af{a@l@ﬂ@mhﬁu@m& @wvéntipl. | ustrates a mask
[{)025]corrpr ' §h1999 ﬁ a%ko?gfra%gdcé§gm§o%aatsg namn ot tglp a series of

di scr Scattérbar segnents ccordance with an

[0026] 55 pect Fie#fe i%ﬂSé“@Fbﬁ] ceetxawive”nluelp@neme{lmaﬁ}crdﬁzeg Wda@erBhr comprised of a
series dibdfﬁltdkﬁ%@:@ﬁ:@ggnﬁmﬁ B&E&E@&% VRISt 0P Ele &b}qét $6LeL 2ed

002 scatterbar with a series of discrete  scatterbar

10027) 5 o g e rigers H innalysaation ef atpesihcomprising p ebseretied schiesrmuitainid serios
discrete boaeedat slegrﬁents[ug&z&]iangd Wikae asgeot &R sphRtinRfiticd, Process

[{]OZSJWI ndo function of pitch. [0026] Figure 10

i | ust %ﬁf Bk Bl pla m5hofqRgy B mwattisg f Pigposymargin of a lithographic

system iglics@daptd iz gdorgmat vidrdamed ofprsugedinahia, 30 series
i n.accor dance with an

100 ]dl SCr e[t %ufre]t a1§ zgnelﬁﬁeatxo{n ok W@ﬁ%ﬂo&ﬁfm F@w‘?f ?rlobeﬁﬁ't@rgfﬂ_oraé“h(’g‘apmc
system naﬁcqrqlamw Foavritayee Whaaamﬂ teontpect isvendpna di screti zed
scatterbar hayirAg s SetReTIoNOSEHEHhE HRERIN er bar
0030 segnents in accordance with an aspect of the subject
(08301 v entlibe Fyepionglnow Pedspobepovith sefesemed b fhg dtawiars, whered lika reference
numerals v us@dOeRf b 1iOElerhdiB RIGMgRGt. ThPEPARSSHIBY BicAbdd fitlreference to
l'ithographic systemin acgordance in accordance with
an aspect of the subject invention. 35 [0029] Figure
13 is an illustration of a nethodology for inproving a
process margin of a lithographic systemin accordance
in accordance with an aspect of the subject invention.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0030] The
invention will now be described with reference to the

D
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WD 2007/ 044132 PCT/ US2006/ 032916 systens and net hods

W%h% 74 i.litate providing a discretized scatterbar
ﬁ% Foves process margin. The discretizedCT/US2006/032916

systexﬁ%ﬁ B}@ﬁ@@ﬁlat@&;@ﬂa‘té}ﬁ@mﬂﬁ% dQ@ E‘L@Ed srca?ttm%fir t?{n%mgg%%cég ﬁgﬁgm The

disorSrditical d IS for sem:|isolat at ur es
<GB HETNeD P B Uh o Grorag s S ipenens A persiisled fatores
withobtghefpraietios bOaekist hegitnet heboddde tridptib@nhaofic Q@B BoneX BB kfaylary aspects

are111@5%@@&@%&1shcﬁfd%otlkleta%éilﬁghﬁlm ﬁkg ShOU| d not be taken in a
limti n%hsense gl'he term conponent can

[003¢kef er t dhederens Pﬂﬂ]’?@qm- P"@ﬂ faﬁ?fé@la enphttryelated dobier citha hativearee g combination

of haxﬂ@d’fb&nﬂ w8, soffard) &r sdﬁﬁ@aﬁ'@m @ﬁ@lﬂﬁx@fﬁoy\@&@ple $ QAo oan O 2 Rrogess
n _execu onent can

runm% on a Brogessgr, a }r)rocf%rs.]sor 6“ o ect anpcﬁggtgbiegg }]nea%(?fﬁﬁggg)ggagfogx amand a computex

By anrb’jf é‘@%ratwa rpole peantiatireunngs binr ead: f the eectdah bigomaonents. A component
can reRiidig 51@"1511)@&151 IRatfof fg}gmu%ne conﬁa\ﬁteﬁﬂ\@yd/ogtanlbk bR bEQ D +PO% Bore

app ion . runnin a server and_the server can
coopeyiid R i S TGP PSP B 17 By e e oum
of the figrowitith end tife@paging bdtween the liges nmepeast)ug anekhor can be

{003% Istr I bjflﬁe%?béegte Etyéigt?oq Iprol\%aeﬁ | Sﬁ Ige(x_)ncagg gﬁtlﬁ()d%oxp %%r%%négrntge process margin of a
hﬂmg’@b*ﬁijﬁlﬁ@ig 5 #lklyrwﬁqsn?@rgneirrmomnteghs @bﬂf‘»‘@ﬂ gircqugh théydacemen of discrete

assist @ftuleied dub Bosoflli RtiBRE nb R EreSRAGHs et ﬂ?&!ﬁ%@l@ Rork: 180 Li‘ r&%?res@cfue which
often rcsulits ipo 1at¥w usgofel%‘t L 1€ Edhi 003 2%: z;l; h%lllesqu ect | \14 ecnt Io o

B T Sl PR O RSP AT PGP ol ied
scattexﬁgp @pnpnsgfg dacret{: cpthedgr mptent cinrelge mgl:rs-y&h:elﬂ)acﬁﬁﬁblﬁﬁe@ O&ES, and/or or
a lack Uﬁ’é@luﬁon' iR QY ﬁé}‘feﬂ&mdla?‘ toaaq'ﬂoﬁz\{lﬁl%ﬂa%n(%&g& &Qﬁieﬂ!‘: ﬁﬁ@{]@}%’tial exposure

SSIS eat ures S|zed nd positioné
ofar eﬁfft I"Iy’fré’“%ﬁ‘gcaﬁbe@ in &8%‘1‘?@?@?8 ERTE "ﬁ?‘é&ﬁé‘iﬁ’ T f or mat i on

[0033)f r esi Bigut £BiaslN@stralMNi of Bitlh& 20 §QMink QR bdnDe fobNob B8 M8 Gater 100
The di nensi_ons

uuhzeg In tl% n%hul}a%tu% a01r111tt31|n golilns ox?e% é%efenrén?'%é?%on@gr‘ﬁﬁ?]?régf? W&xwﬂual mgrgory cells,
Wordhﬂfisfstt‘}k@f ad §@ﬁ9§t6€m§?&rtﬂ scmgwmc@cmpf thepmey ompbienie Tharehfer 100 is

comprfRéd df a PlaGlky off\n@l:dilhcgd@.ﬁ 104, ishes, 11@511@/3 ‘Bﬁzragtry of lﬁthl}é@q 1(2 Qfoupled to each
Cul ar

|
st P i TSR R Rearmeciofoit Qi it sy ooy sun s,
for examplyorsutrobeircwfy far croggq»llsig theanrgng wlor rediiing finmia @S tibily céllpobili@ed between a
wordhﬁ&ﬁxﬁ@&ﬁz% I@ﬁle ﬁarﬂ' 0GR SPwitl: rﬂ)d ihg thﬁlﬁ& g‘ltwogtﬁlﬁé HH %ext EOQng’a%Js 114

| ustration of nes an

prosens ng# ascadﬁ" o PO ST Pf%*f%ﬂle WHF‘%?"”EEEfEﬂ 142@111&%1} 9 Yroals i 2 pitch
associdiqd viith éhe repatitifegratianr ©rogf filamABHBY §f WORHIRS, nemt104 MBSONOOR Y 10, This break in

pitch c%%%&%?%cu&%m&l&ﬁat l"ega fM)Iqufgt d)rﬂ%?ﬁl{: (%é%l% a mas ﬁuhzed % formatmn of a

I T nes, i nes and contr éont
layerc?r%“’f%'ﬁ%‘f’?‘ﬁﬂesof the menory conponent. The vvafer 100 is

[00'%4!{3 onpr i 3£, ra@luplxﬂéfg ﬁ% fn%%ssotfhe %ﬁh@ df GJ@I%ILI’JCQ 84 ca;II 94 mﬂ%gcgd by printing

n ra tl1nes 112
oot B D gL s e S ot e
light pfseng thritghb patteromingsh ihgmelokatds herdbhd ftdnne s Al bipé Qatad f@ikd on the resist
for wm‘ain{eqw Jaﬁ % g%ﬁépa@dqrﬁvcxpoglﬂé h@%(tmlp?dsen Q%Oru 18%!18[( e% :T%Xaufveo r

caont rol he wit 0o or rea
shotonh § BT R GHE e RSB 4° DEGRSH ) PR ATt smaane eht

diffractk frorb brigesrotiumiailha 61t ddfagenOfiasipitierh fehffs, sich &s, RF O%inplk, tn)éslgfatiem features
COTT! esp%g lté %?dhilig% Opeﬁx)é tl?é. ?n-lot%rg\;e} hr%ml &A}us g&gsie ntof’dhuléé 1@? lsltl-[eﬂagt wordling

ocess W ndow _ resence of
ma Se%?ﬁ“a@él@,es qofl Aberedesghas an qdfpoent Brrdink, viopdlipe 19 toplanly eiwsdei Bikefire, in the

case ofWoidthethE a FoRR@ibh Leig) ema@}et 85 RlofnRAATEGloff al ke $ﬁrolf @&dﬂfe 102 can be

mﬂuem\:Ng 'BQ %Haxl;l eﬁjosuﬁ@g}nrean oye ? opg &%e%ﬁnc%rgt\xiogipxﬁesm? H’\g\ﬁe 3 %&q’ﬂl fdge 118 of
wor dhl’ﬁ r* @ﬁﬁom erp&msmdlﬁmmthadlmamnihlbmcb itz@anation. tAe result, there is no
formation of a layer conprising the wordlines. 30
[0034) In a lithographic imaging process, the printing
of wordline 104 can be influenced by printing of
adj acent wordlines 102 and 106. The i nage of wordline
104 fornmed on a resist layer is the result of exposure
i ght passing through a patterned mask that delineates
wordline features. An inmage that is forned on the
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-5 WD 2007/ 044132 PCT/ US2006/ 032916 interaction on

llayer of light that devel ops edge 118 with
“%ﬂipﬁgg:gon light fromother features in the Pal¥R2006/032916

mterR%x} (ﬁrﬂ%resﬁﬂgye% &%ﬁe C}lat%{felﬂogs Qdﬁe 1'% %&X\? ?L%ctmn 1g}# gom biBier features in the

her ef ore
maslvaaﬁtf‘d*ll Pl P”ﬁ*ﬂ‘og &f thuridian é%@ﬁh@“pfbre pcrlﬁgnedmadwmwe éxfferw dromn wordlines

moreWoh dhe BRhtbOZ: Cadin@X Midd) wordlind l(D%an\Mxﬁﬁsz Hab @t ARy E@Ia%&iom desired

cntxcxfﬂ afi)mengg% wh‘iecﬂ m t& cz%nﬁxgx%rscl? ]grrg)aa%he er%ogfxanehog E’ﬁﬁlﬁtﬂ‘? gt&x{eﬁ anzaory device,
[003&knor y d%gmrcr;?ss axﬁlh[s@@@&}f dRTrgptiorestiRetd 8 a Aght ihvie OSX pa@ts tRBugdfs mask 204,

Fzguxg Qﬁlfugt@a@:g !1 ﬁﬁm@r 1( \Ql%hsex%ur@oi{ a r&m Ia}\é@iﬁ@ ogQ@afgzi%Sc%ﬁ' V\%}.@ﬁﬂ%}f&d as a result

of gur e [ lustrates a nmann
Valé‘%%‘ﬁ’&%*lﬁ“@“ﬁffd ‘Eﬂlr‘@sf?a%lf e %%?Pﬁﬁ% op e gaskae M%@Iﬂr@a Aeplséed, exposure
light gifffebirenffed asmialrvesdihd or bofinevar difed with te&fpaas ﬁ)%hﬁh@@nhnes that have

two n\ﬁ%ﬁ%nﬂ&%ﬁéﬂﬁét rhght%\tf &6£ I 11@1&}%%% 4y 1?%3})8?%{163 g\-ne fugsq %4 .88 mdmated by

reover as epl ct exposure act’i
vertioghapraws Qiened tepai ’H"*él‘ 2%3 CHr ‘Pﬁ%forIS osmprusptmf trergkiceni aﬁefae%oamémo and

opaqGereped12d 14,01 00018 d Bl 84 &iatide Iaﬁ&S)r b @inslﬁ@M@reastcmepxesem a desired pattern
of woﬂff*&lgpﬁfhln&gi gth&}il%cx;pg{ £ fggéaﬁhf Tcs 1112\;/\@ V«E@ ﬂ%g’ébf waye: 202 passes through the

mask 29y {ight ingidengiypon e W@érl?qc@areasawid mth@lﬂghéw wfmlwaximl inpidgk on the opaque
areas 2A1be blbIG:d NBSK pR 84k tlnSu gﬁ QWabi@&Qos@fﬂletrisﬁﬂ%Je}@@ 9&11@&&@@%21 More

208 .2
sl fOy 1 3 0L RORE By R e e i (e a® ik micen
upon yegipiaees 843t light thie Béstee tiropglt trapstypent erka 308 mill He reglerd npol irdsis i an@ £24; and
light 08 B%EH@' RGP0k Bred Y1 %vﬂ@l;e iﬁcﬁﬁhﬁf;on%slsJ a're% QQG Fﬁ?hehxﬂv?c, still ignoring

sses throu
e ot PR GRH PG P SPOCRE 2 G T T TSP el i
from flemmmw awehni 2B 208, G0t anid A%4, demttivap t he opaque ar eas

[003(2]1)( 0ses H?h&%rkmg:ract% e,%ﬁﬁt uezac%g o%f&%ah [Q ua%?a%cil;}e Tegisy] ayeM)?rO ds ipgacted by
d1fﬁac§fr§étghtfﬁog;&ﬁge§,benyegm@¢ F@@uqemree&‘ fnéthe gpagfe agisfof thambdk@f. An examination

of the |11g19 Rbvel202Ls iRASHQ8d Eelatfrﬁé's' eHialad 'Lh'eI Fe?nﬂtlay@rQQ@re%Q@ M it ps?er areas
t hat passes.

on S| st
224 b SR P ROD el Bk g i 110 B e oh cxposue bu
resist kgos prgy 223 roemesXRding ta frahslubentyhdsk srbeelt06 mmesd:ﬂ"mmucgbkme level. This
d1fferetn5cﬁﬂ &1&@&1@:@&@1@{ & to%ﬂeQdc\{\‘fllatla pR& dr ﬁzgihrgtg&tma ?21(%@ h:[s%ﬁalu da, RAfRe i a

rthernmo i gnori ng

Chang‘?fl“fjff?ﬁmni Raffms IOT[ Rehtrerchies GeRPS i¥en opaque are as 2 12,
[06037314, 2 1ﬁes1sﬂﬁb@r 28238 ahd 23*0330&1;5 Kﬁéjto @fﬂaqué zﬁbbll Qéats efd anf £QM

respec{wegy are g C()Dile '?etei}dmar 5 % ut %é ve ap gagypt vasyre Fom tight that is diffracted
pectTvery PBESEP g 5@? ﬁ“ﬁ?é%?$8%’ gk

at edpgsheivekarie tigpbdrent s pditicopsuareast (ofmasleBi Shn bay@itiod 20reiis Jayer area
232 hdvx@ﬂs’fl%\)@&is it rééérﬁefs b aﬁ»‘i&%& ekﬂoglmle\feftf?ﬂ]ﬂ%qg‘%§ {Q%LIY!‘?&?E}GE{E hes and 230 due

uc e opaque, a reas o
to the éff 4 at thﬁp ggﬁﬁgﬁ I“Hl 9, ewac&én exppsurg betygen resist layer area
224 antl pdizcelt ses@rigetree @h&e&ﬂ i)ﬂ&llib deriilly iearaltiduie d’1ﬂéi¢n8d in k@ @ke 28R en resist

layer abel \é?@elzﬁ b E@cenrt {%ﬁkt%cx a(’%?( €40 %1"0‘9&% 3 t?g gIﬁfercnce 1£ Bﬁjoéure dbe%&u resist layer

corresp ond I Ng to tran
area 22?@@%&?%9%* 59515‘ FREE éﬁe%?ffé(“‘ém‘d’q S&?Sfaéfséﬁbsiaﬁfeal tol$hetdifferaaes] in pxposure

betwedn agsr layaf @@ 2224 e adjices p@f@mﬁ@r&mz as &k;i&ﬁ@ @tfec&&@ﬁuﬁﬁse@ the
cntxcalgig'? fug1gn(§ ?oth% §ea@re%s€:£u§c{dqpps resxs ayer arec? 252e ;‘fgus fsﬁéh‘f%e@f t%% fﬁtgiatxog that

erence in exposure |eve
ﬁmﬁs%ﬁ@%hﬁﬁﬁﬂ@@dbﬁﬁﬁéaﬁﬁ”#ﬁ@kaQHQMaé changed resul ting

[0038! na cha ﬂﬂ'ﬁct of‘dl&x’ﬁéﬂfoﬁ Q%ﬂh%lh@%&d%& Qg'fergnask éo%lglﬁitgg @&%‘hovgmg light

resi st Res| st

d‘fﬁamﬂ’é’@am&‘lﬁ Pf B ]5’6%‘&??1 ef‘@’ %ﬁ&&%@rﬁﬁgww@a@ Jocpied giFratlymger opaque
mask are@ 8 peat by/ithhryipatirbe ligto 23 Soiipdied Bdnyedpd 1R% PRSP A[e mﬁbu%reﬁ atsher

recei ve an amount of exposure fromlight that is

diffracted at edges bet weeil” t he transl ucent areas and

t he opaque areas of the mask 204. An exam nation of

resist layer area 30 232 however, reveals that it

receives a different exposure level than the simlar

resist |ayer areas 228 and 230 due to the fact that

the pitch has changed in the mask. Further, the
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40 mask area 214 will be illum nated by I|ight 238
’&ﬁ fracting fromedge 240 of opaque mask area 214. -6
W0 HP044132 PCT/ 02006/ 032916 Fur t her nor ePCT/HE2006/032916
Furihe@dteihe @ﬁt%aare?a 38 Q@esi’éﬁ%’eﬁﬁ cahBY & b@ﬁ\ﬁ:ﬁnﬁ?‘%% ﬁ@p%@% aA: ing i‘;fom edge

244|IIun1n%ﬁ§d ¥ % diffractin rom ed
S BBk 211 e Bhoborts <Rt e doih BB aiog dpted ight fom al
sourcgy, whiclPR@udeslight Cﬁﬁmtﬂomrnhe@ﬂgedmffaﬁjE(&Elta&dﬂor|néaghtopefqﬁ@xﬂasﬁhrlsas Similarly,
centePHENGE §f’resmh)%paréa@§b H;ga?o dlréog%dglogqﬁaggsg Qreaf %}g%l{beeﬂummated by light

248 edges of Jacent r nearb
d “PEaﬁfqnsﬁdge BaAtowrPares “5Ad o Mgy by C&V@rﬂf@a%@i ) layer area

230 whilpipaitietnaghid be Bghk 352 EietingIPacide: 25asiopaiedask 4@ ! Thei®al exposure
recen}eh ln%@ﬂté}l §1te§ gﬂl 6*? Slu‘m%guog ?f tge4c§fﬁgét fdfhrg tarlnra]t furceosmwlﬁg'gncluéqulght diffracted

ue nas Furt
from %‘aadg ol pisprd pndfongrstoy apagis afez&stéﬂwaqk pbtéem | | uni nat ed by

[003D] g ht Z%hgdlifﬁgtft@%t *baﬂgusfe&ggmf%gﬁﬁa rgalélé"paggm %Qa@géﬁ%lsg%Ko the ¢ exposure of
maﬁ% 2L, 11&3 e tgtaJ ex osgre recelv?d In center are

AB % B4 tgﬁﬁﬂ’ﬁ oS patert 1S TPk #or CRPlS. regtaYFREATH) lvcated under
transig(@mméagirea\zﬁﬁ Glar axaraie) daser dréagfhif ofttesfsf In@cired24 fs egiaet Belight 258
diffraQEOR éa%e ﬁgbfao?@cgg @R dePs1 6D ﬁﬁﬁ@?ﬁox@&@ﬁg %re?ﬁ%qssexgctse& 1!131 ht 260

... mask tern ht diffracte var i
diffragjd fB’a #ie? H&%ﬂ?ﬁ%&@f%ﬁﬁa el sandy preiathatdhegapgsrettygesist layer areas is
not ondX{uipstivren! of light hicle Sas® th}o%h&lﬁc tahsRast Attud efthd rhe@k pdttcru corr espondmg to
respecttlg@regéét g?eg gxreasgl%t gl(lé:@aa igﬁ ﬁlf‘i?algtter? Reht %r%né axellﬁ f)urgg) %cﬂud}zl% edges of adjacent
*m&WZGBbY%%%wé%%ﬁﬁW%”m@énter area 256 of resist layer area

[004@24 i's %&%ﬁgk P¥tedn n@htunidr pitéﬂ'vsrltfl LRBLE Gk d 95498 &%gé%osure of a
ma qu216 Furt hernore, center ared

rosis fger QDG By G b e B g T R rosQup e of e

mask pyerquBowBg kwlan tamaskpattchtpitctainvdnied iseen fshat fetatbx@s @Gp&asmeaﬁor the

mask ?aft(eﬁx ?e@tui‘e%é\ﬁ V\(:’EI : og hn?gytg the 368 Ibf’of 9{? Ioﬂ.llnafra%og ;%A ﬁ]le remst layer of the

asses t roug trans
wafer g b‘eﬂh'ée ?f‘a%‘ﬁ pegtof e Frsigtapt %éﬁi@cﬁ@.unfgpqsai TG “Flb’@dééﬁfqm\ﬁélen compared to
correspa€ing éxpbsad/ @K u&lﬁcﬁﬁﬁi ardadhisink 8 st@ld &0 pl&hf H&&-‘rﬁ:h@tﬁ R fwafer/mask combmatlon

280, cg:l d,f tﬂ%%& %ldremsl %g er a:eg 3979,1 1sae|)q|)ose%% 512,91 4 d1fﬁ- e? gk’%%%ﬁg‘g‘%& opaque 1mask

acen
area 21_15’0@21’@? @’Wv@h ‘ﬁlewa§iécilpralllf @Fsh pﬂa@ hag %xgﬁcbremezpqx ¢a@h2 i b1p be exposed by

light 200N frQEED fokd etdgdmb otdjpﬁqwﬁahs@ B%a zttzhﬁmee@a%gﬁ{ Pt Qﬁveﬁng ﬁfoﬁ‘q%hg%tmo must
can

veve 1o B e Sl prk B g0 5L el Pt o g e s
236 ofiigdenipesist leenareatlgheihe differpive in distieccrralb dfeprdbth @t phapé 406 ntcindity of the

light xééé!ﬁﬂgal‘ﬂa B8d- WRL P2 PAk LeL eﬁreftﬁef&ﬁé@ﬁec‘mf céhier %u%a 3h %Ip&%ﬁ’fefegtrthan center area
mask attern feature Correspon Ing t

236. %ﬁﬁ?ﬂ“‘%ﬁ eyt sl grea, spohygsy O ey fersaeerapask gof e
corresropds 164 ladt srgfer feapfre telge worndiBifeghitlifieQr. . ) 30ge2 70 il nedAOSR lﬂgha E&Rherefore
dxffracQE h%ﬂagﬁiﬂvﬁﬁhtﬁ be ﬁ}&gnt %d@%t@%%gure i ?&@tq%gldare% hes ’lWe dlSd)al%H i exposure

erent when conpare correspondi ng expose

levels {tjﬂlétgié Gem ge differgu d{fgﬁcﬁc@ pattess aBeertles th[t)f_’q{ the FEfopfdfpangions gnd is an
examplelo@winafs efidnnaahed ﬁmﬁb;brﬁbﬁfult)&ﬁ’fect 2 8Qich @6 Ak@Y frod :BRc120Ratf in mask
pattenlgesnst | ayer area 222 is exposed by |ight 264

diffracted from edge 244 of opaque nmask area 214. In
{00414 h| s exaonshiey, effi efees tavapiatoohinprinttd feannasie: jpad SiBtanLdNA Se same set of
mm@ aamg%gnen&&l &l

bt o FRAL 0, 1 S ey
"a“at‘%f oM b relfsipghimcsigpotpiichy Betiantycs noginegiing ridhy the pragiee between
adjacertt figoy &lincfeadet ivaptitcl i0inteaah AIdﬁﬁ;g@ﬁ I@ttéhﬁs a%@gan@fe of £&ia@fe irl eAYiRbmental
conditi&s %?an%@%mm&&&!éag&ﬂ%l 'azggtmn n 1tch cgn reiult lm vana 1onsrontthe fﬁiﬁr of 15% in

center area acent resi’s ayer
printed-figewigihs Pech saristions i paﬂwam@éesw 3 unaﬁcfvﬂvewme@@prhawmea relbtivsle dense

and intensity of the |I|ight _reaching the center area

262, and therefore the expogUre of center area 262

will be different than center area 256. In cases

where a translucent nmask pattern area, such as, for

exanpl e, translucent mask area 206, 30 corresponds to

a last wafer feature (e.g., wordline, bitline, ...),

edge 270 will not diffract light, and therefore
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conditions or an environmental variation. Variations

i can result in variations on the order of 15%
“?620@6’4%:3% nted |ine width, Such variations in H¥ERWYE2916

concefmmtion of Shisk fentiBesBSkiol\d @18 cafiQag raantia ls;ﬁl*s@ Qan@enfrﬁﬂoﬂﬂfééﬁxl"ey Semi-
1solaleq %Aﬁ:ﬁes refez tomsg9?1Z1[e 1?11r éﬂlage% 0(%3 %/mgsz nggél parsc coPcenGéﬁtlg%%f features or 1o the

concentration o ure trans |on
tast, opigitingl Mipskdeatist i isepiet of deppslypaiulated iateem Fpraseinoisplatdd mask features, the

addnufneﬁﬁshiﬁte&mrssed’@ - dise SR REHEE Al U RS0t @8 fend Qoﬂ@cﬁiéatures can alter the

an area, contalning a r.el t|veI
pitch of %%gééxﬁgsr%gt{eg fea IS ereb rﬁsu[tmg ig p mpe u{Hﬁ)ém Pea%)ﬁcn}éa? 1stent w1th mask

feﬁmﬂtsefrqaﬁﬂh@ hlghrfﬁélkf lfee%w uTbe pliegsncg ofsseehi agsist Bhiugemsghayk alters diffraction pattern

fonnatﬁlﬂMr@E Eéﬂr @E Q&3-isolld festBsuch 9 t@tdﬁﬂamgattgrﬁgéayﬁe%e LB consistent
assi ;t featu tized

it B aR b S B s 1% v I e amensons e e
consisfer Atrenek sarimdeaiotsef fobd esBdips tfdhiuafdetshe Wamisudhaglsatta@des are added,

they gén%@ﬁﬂoﬁ@mseta hgs el nﬁrﬁﬁ’c‘rlhtﬁdh B Qon'uﬁbfl B PRER oGR8 MLl Q:?h that the assist

sistent wt mas eatures I n areas
fetur, o G 4GB AT S STHB S PPELEES Wi vS 1t the additon of
assist feagart. | r@st revidua cames kreadd! ettich cghi nbfariabt itopavt pavitie biperformance of the
resumﬁgceqrmt u@&der b AR AL the réﬁse fodoR Bl L%denén;g@wc&%% be

such that he fraction patterns cah

maniplgeiemploxsdh a5 ‘\‘Rﬁa’ﬂqq ”kf’l“f“fﬂr‘ 18] o e gltenhEeutier e t he

[0042f eat ur engL@é' Lille®hRE 4 Mek %048 H58a D%Rtkﬁdﬂnewe}n iéaﬁxrets E@t 304, 306, 308, and
nor e Qnsi st ent

are
s10. G o1 BIRRR DI 1 BEGE TP TS A S EaigH &1 Thomas30
furtherdemmistsy coipationd setertas il $12. § @bkwhigon avie fatepebsitidBdd bdvayn wordline

feature3€1EH @J)rlta\éts 12400 f:uﬁﬁ 3R of &%rﬂngfegcm@@' b OB 308, B%ﬂ mﬁ 310 is comprised of a
a desired feature suc t hie

| Iine width of
fine “”ﬁgg}gspﬁ“s PR ot BEliegasT e By Téwr?%@?fﬁgaftﬂrbaﬂm a
the spasiys126 Augarolts e pindhedth asted i Wredimafcgtire BWWWOVWHIP, R plidAGor wordline
feature%@@ﬂh&t 1s%@ns§€en%th g%an%é f§1I wofrd%get ﬁighgfs 3@4 356s dt StOFi:@%l?Jgﬁhaﬂcpgegeme of

be create n negative .
soattergp it Gheiise & Uﬁrdknﬁé}atteﬁlé@alreﬁ%go%{ heczeppzesxstemrwiﬂma@ps fprgvordline features

304, 308) dut! Bt &VithkeSdstradiCeatt@ift B, xfo@cﬁM&iféﬁm{a QU2 RE feQha common line width

338 WiJg ﬂﬂ%dﬁx{&g ol Jf wor?l %?ﬁmre 2302?0 @’g{&‘j{%ﬁgy an&t&gi,a%g between
Wﬁfdlumécaflw&%yndm@wt@mdm@ ileaym ?Oatc@@e alamksa@@mwwppacs\e@btmn other

adjacenVBHiE bi Agdipath@rn 1f @ﬁ@rlﬂxﬁﬁgaaggdesﬁ%@4691313%11& %?ga»tmzﬂﬁeg can oceur as a
po above a wa

et Bt S AR B T B s ERRCE S DAL oS SoTHes el

[00431300 f Retift @dsideodm fok:s 8 raul S PAHRN Eﬂp@dﬁhfﬁ of 86 &i%f&i&fobﬁfght%@ﬂ:acied at the

edges o&‘)ﬁze &aﬁeﬂna?ﬁ’(ﬁg ??I%!:clfgd ]J @a%m?)mwggaéafeg ulru?t)ar QOSI El&gﬁ 4exp(}§u1e light

et ween wor con
associats{l piranadigeest featieatwornd P aveticfreag ur les wg@.um i3 Qsyies30Bordl BB eing

formed aﬁlﬁjwaﬂxg |) SsucﬁlQﬁGD fhi: &ﬁﬂhn@fmlﬁbd 1ihd WA8th WA o 44; 3 BreRhetl S cBhsistent with the

line wx@ e[%ﬁ: e? glsmor ?1866 V\Bgugaﬁeg glngé:ng n{I ﬂéWO rd k}%ql:\]fueeg%?lggttdt :Uteti ﬁ%m the scatterbar
301 cangabagqsxﬁgn g@gldagggﬁgmtgl efvenrgil & pdrtioni off the registmes hssdotited with the scaiterbar
301, thakdk dﬂc:ktﬁg af &ﬁkﬁ&@@r&.@@@%azdu@ Gﬁﬁ %Qﬁﬁva? Biq}\{é i E 'pﬂetp&gznge%g such a resist

I S consi st en

02 t

residue fl%%@“"v%k F‘HIFﬁFfﬁ ev&k@toaw%fgsugﬁapm@é §afsind 308. Wthout the
[0044]pr esencrRuwe is SERI&MENAR Wb HurideREpoRird £ 2 pRktedBER HaN\Qhibits ine-
end pulfu%(t,kta?tgrr!a fO%UaJ% y 5% 0}% d‘?@ac%gchosgrﬁ Echo n% é/%%gag}der%%g{}x Olﬁltgg (!‘;g gompnse
a mask {5ptere 6076 &:ucms @eatamelp, lBmepa®e fortionmf dingsh patfegdbayreee@ORs arline to be
imaged b:@6 @defst @ey&QfB H Qfﬁlfﬁllt 40? Q)ﬁ%géxﬂosurg’ l@ht%é tpavt:lﬂlg t&%ld?ﬁl@ far404 will be
oo Sl S, R R i B R 59 AR e e 402

feature 302 and adjacent wogdline feature 304 can be

made consi stent with the spaci ng between ot her

adj acent pairs of wordline features. In order to

mtigate undesired resist residue formation that can

occur as a result of utilizing a scatterbar

techni que, line-end pull back can be nmanipul ated, as

described infra. [00431 Resist residue can formas a
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a mask feature 402, such as, for exanple, an opaque
[ f a mask pattern that corresponds to a
\V@%&@Kﬁmw%aged onto a resist layer of a wafer M%MUS”MGM3ﬁ”(

diffrabtt., iD’ﬂi@a@@ﬂﬂ’l@l&U!’%nd hisght veARR thraﬁy Bl bngr ) MRS b g WaleBlose
pomcfx]igf‘l G\QM 4 1 8 Qfe a? ‘%F%l wog@ gge ﬁcgageh Ii_l‘}‘gxg 8;?;39%;@??};‘3’3%3& mask
featurp é%?t @P erea@tzf ¢11§5ract;o8, a\z@n@@@m@mm@smrm @O0B¢r@BRBadeBeh end by an
amouffifktra@tbesby, Di ffracted |ight 412 and 414 can be bent
0045bmards the center of the feature 402 and can expose

rti on§'ewe 8 Rafier lpsiecn Pkt pTagpatioh feetroyiyd Padresponding printed
images thitgiepitt 8 &ldoenship Bawies dlaéi\ﬁamhﬁwa@@sﬂe anckhwrﬁulaﬁmﬁ&%% & cBREKned by =
Ime—eﬁ(ﬂ'ﬂh Ua!cﬁ E&Q&%ﬁnés Fgr e%xg%lile! gs gfeamrg 9 comets rﬂ%lal g%ongsg%lﬂmé ﬁlanted
lmag‘wcoaw smaesap the sifeeiseftiag @ﬁ pﬁiybaqi;zlacon& B0 Gpunidg Mben e length of the
mask febitite b@bm{tsbﬂnﬂ&lnﬁ@h 85 acBorfitntl vﬁhﬂoﬁé/as&fcl d'ﬂ'ﬂi@ ﬁv&@&l € Biffraction effects will
result En%%%#%g g‘em%gaﬁmc L ;e%e \g%’gr (grko resg Jiefécguﬁ b?mg }rxerﬁc’a%;[ng ?ézlétd%ﬁrld %tgx instance,
Figurgy} i lpftraies amﬁﬁ&j@e Eptprs Sebof @ oominal anmleéwb?ucao diffrani@n @tk god df the line
featurbﬁ&lﬂl@ﬁﬁ&&ﬁﬁﬁh@@ﬂﬁ R beSXABPI € nonﬂ§al ﬁnéﬁ?ﬁ)lﬁ ﬂ-faﬁ@feéé rt}%n nomina] length 504.

corres
s O S o it RGP oG BT PP BT 1 b e 12 of
nomingldensird 14Tok eempin@m praegedmagdhdielhiéreind] @ngh ki 8o fgdid) each em $Kthe printed
mageﬁ@s%éﬁrsffort@r%@ %ﬁanﬁﬁmkio %@&m'to éngtha%ga%{pgarg&g }ngéatﬁre%a? is barely

1%%_ Ef |Pvent|on the diffraction e
resoly Pfg%efi |HimgF SoBlepaintrd. Base AR PR THERE AT isHed MeRef keen tippoed by
an amgot 5165 Mtk linebica 83 eillngrabddas bEth dufficBatly@mhlst.g) &)&@ﬂ»res%ﬁ&on size, ...)

such tﬂanﬁiﬁ@?ﬁx@at eacE 'exgilﬁrf ﬁle IL'_?nel \quh *’é%éﬂ%%%xfﬂctg@%lﬁtfc{;ee& or oveitlanggI (F;ll the wafer,

b a nom nal eto raction
w IChéﬁB‘E°66f’es’t‘1h‘éallﬁ°]ﬁ%fapfl’é%@P@ 502, the projected i rrage 506
[GO46M | | b@l@.ﬁd (ﬂﬂl&gat%ta dﬁcr@t@z@ﬂ Ralerbhangtbes égéntagla g%lmle Snd 89 Back to
F? Q Each end of the print eg
it A B R E P FLN g RO LU 1 pEssnee withanspoc
of the @bjmt inagntign. Aversding th the fifie@t disaetipdiZcattfrbar 60 Q@ipride G tskies of discrete
scatter@al éegl\%nllsltSOI eﬁsl“ﬂ L Gb@pa@se%}gﬁ&fé&l@g s&agﬁ&‘? segrri!lgnsgit)ﬁ E)]l‘%mﬁa@és can be

diffrac g t%%)vé %% gain,. each

iffracied & Sy %fa?ltoéﬁléaw%g}e SHICHOACTS £, AA¢ o AGEaption o the edges
608 of g etaveirar exampl 664, lipia skidérit aewdie atatraﬁ‘e@a’sz a h‘eSISib@EJ% Yhe wafer 610 to
genera{egﬁﬂltéﬁqgaggglﬁf 'eégﬂ %%Ehmgme F&)& glai i g%ﬂmd wiih IGSP]eq]lO %e nominal length

agal n, each
of ea"hsf‘ﬁaétf"’%’”é ﬁ‘“éﬂlelwﬂ“ efﬁ ea%@th Bfife scméw q0i2 prs Waten§ G iserRIRd b gliustrate

that difirhdticisdzf adc@dn AGre et di}@ pBal fLiGd (ﬂlﬂs'aléo &Fﬁlﬁbd B 18 edgé's)fof tfe scatterbar
segmerﬁb%a [n%%%lol&’h;d r?&%smrt As a reeul? ?f dl%ilil acP ntat t"fl %ec\gﬁ e6%% glielrs%g?r%aa scgments 604,

res U
light mpqleg}ﬁn thpeafar Py C@rexm;semaaeppia'}:g eggh sdatrebayvafiea 604 whiee eich image 612

is narrchwief WithGePect 18 $d bmibdd wilit] @6den %ﬁe%apge‘lgrﬂén?a)é" RO Ras1, 20
0046] Figure 6 illustrates a discretized scatterbar

[004 7£ hat t AXBLEh Gk atEmdratyy g bespdengiisrin Sepese resalting printed image 612
can be @ dvil glapens b odsiradf TitPen® pulBbadl@Sd Sdmef @Sridih@ errek uRfete scatterbar segments
6G4 arqutﬁ&g 'fu%)&% sﬂet@en%ig g%ar!:izgn O Za&l ?s%g 3 ofe tﬁ sﬁb éct 1n\%8%061r ch%irﬁcéedﬁlght can

an aspec I nven
meet aﬁ@ﬁéo“ﬁﬁlag @Gf @e waleripdihabnd imegs 0§ tampsdsfiatres @Olzbe resoleed pthé seging system

(e.g., nOiinage viLbd RFos@f andlhSEdielcBdne SOREL ISR SESOBRE S, )@Qé&pm% with regard
di screte scatter bar segment's

toﬁmn%ﬁﬁgy?ﬁﬂaﬁgaﬁﬁg%ﬁ%¥@ﬂﬂs% di ffracted at edges 608 of
[0048Jeach Of)1st:1htﬂzed130&®fb&ttfe2 seatiredddas scHeGNBRkde s@@térhar@zsguﬁats 624, each of
which i{ &&lﬂ% ﬁx lé?néih q.{aix IhE Q%&én?s&(}?gf s[t,art\grﬁ %Qf As%sht §968 asssl\sg?( ELF dlé(‘i%e scatierbar

scatterbar se I NC
scgments 4o, e PS04 qgféfsqf%itai §dge5 &78 ‘tfﬁfwll ﬁ%thw@re S@ @b gpgments 624. As a result

generate a printed i mage 612 of each scatterbar

segnent 604 that is shortened with respect to the

nom nal length of each scatterbar segnment 604. An end

view 614 of the scatterbar 602 and wafer 610 is

provided to illustrate that diffraction can occur in

nore than one plane. Light 606 is also diffracted from

the edges of the scatterbar segnents 604 in a second
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to the relatively snaller discretized scatterbar 622
wbO9dl4fhscreti zed scatterbar 622 is conprised of
ser?@i of discrete scatterbar segnents 624, eg€W35%WGMEWIG
of diffiitiomatit® cGa0625 ef thd dﬁox’tee&@tieh)ai sfé@ﬁbnls e, %%foﬁdﬂggt 1@%111?;@1 wafer 630 can
r r
oot SERE! Pakealdf, ol B0 b0 P RES Ry st e SPosed 5 no s
residygineqd by fragd. at edges 628 of each of the discrete

[004sTat t er baf.,$8 Rov o erbar
s f) / 044132 chﬁm% 20‘%%/ B3 ?i‘y%ﬁ"%f”fsf%c\@o&ﬁz Aerpip e 626 s
G B 50 S GG ORI S s L Eigmene SABEHl of diffacton s

the edgpsfoff tha edategbal degrhudnts ISPV lighe mitid@NonRd veifer @@Qa&@ﬁnall%ﬁbse(&ﬁ Image 632 of
each &M@f blalangmeﬁoQﬁan?Jﬁnlaé/e’zs Aol denﬁiguea nommalomdtgs hc‘fhégge}l%ft&t bIEQ 1 the mask.

. neﬁ} need not be exposed and no
°Weﬁeéela I REC W{llé’ewysems agprilt of teelinG 0 pit kol iel @ Sirstdimension, as

illustrathd Mfraﬁpu@rﬂxfﬁﬁcteﬂ beoardighfat sp@tdser bar 622, wherein
diffracted _fromthe edges of the

i ght
[0052]0 atter % gure d éﬂélﬁ{gﬁf Weexample of adiscretized scaiicahapcomipTiteh 8f agprics pigliscrete
scatterharyseagaghts ingfcotfipdcf witlodniasmactat the fubject @slges, of F €7, a dxscretxzed scatterbar

701 caﬁlqlﬂﬁffeﬁfnbl@rfmﬁl@tga%f‘ate s)%neg éﬁ:“roar!ﬁinlgsfn%wﬂeﬁ% éagt ta@ls | s OI?JG formede adjacent to a

e A G AL A
of patigmfiafres 202, WKk 70, 7H}ammce<eiga®n¢1azﬁa4rﬂe Ehaikh’@o H§§s|ﬁtoned above a wafer
compri's'@d/\@‘!ﬂﬁfnes 419 ﬁgﬂpéoﬁm&?ﬁg AR cl} 'ﬁg e war Ime I?attc?r?g(? otg{%ﬁ%qisqo&g% 708,

1 ne-end
7101s S%mPfﬁS‘r |°6%1P}ﬁéi‘tldéia7 16@%@@?%&5@ 'Prgwe@r fiheatradinex Bro®is peangement,
wordlihé¢ fgdvtre A1 al;j;@aeﬁtttcScoﬁt&?s 7143.%&[11@@5(9111110’1:1'11%1@61 714 \lnhnl!&tbraﬁﬁc% §f the wordling
featurdd A&, 9(3{5 ’ﬁO oEfurL% érg’ He %t | Z e g@%eéﬁ%ﬁ? ! Cong’](rpé g’i?d(fgﬁﬁeét wordline

series discrete 'sca
f‘“’”‘“"“\/\?ioi1 i r%ﬂeéétﬁé*ﬁen%‘fn @Wétee&mjhé@tspapm@mepmher hdfeckrit s f Wardline

featured THeSIREEMD AREkr s&@hﬁee 32) afscretﬁ&]sca‘&é‘ﬂar ki‘@ i iz Rthelh & trtepo%r 701 comprises a
i nes wherein a F

r e
first S@Il(% @’Figcrﬂege slca(?ter%aar s%{glex%ts @%gasﬂga(fdéigtécmf abf)*&e ﬂée b1t§x@als 7Je’7$an6ﬁ:urﬂ1er positioned
adj acexg ,tq ¢ walkctf Bétbetvess thesorddetsd$q anfl @prdnednmbesn2. bikddiBe scatterbar 701

further@OIrRAG $echli4ser1eE biQiikE:Lte Loatidrbal! k181884 &&%%gt%%xgeen afiéaéent lﬁ[jdes 712

np attern _features 702,
MMlngn &d?ﬁﬁemgwﬁg AEF%PF 81%: The mask 700 is positioned

[0051hbove arhwaif@dte rihﬁre@@ﬂi@ ﬁlhfﬁﬁ@jsc&ferb@ stegjrrleﬁ‘@lﬁzmn%f (ﬁSCl’thzed scatterbar
| ne attern

I
7061 1m&%g:k glg Iéozm%%%cf a% i 1%&7!896&121 1en ass/oilétv\? \gﬂtadﬁlﬁﬂgpgzé gFatE baa The
placemprt and dijpegeiops Pty %P—‘@’s,zeé\wgm@r wgne'n@ 022ret WEem @dplatdBich that images
associatb® kith cR@bars 1R 1B vall SR PGSR bnto R, ln#rm%n{ I%gﬁe%mre }Nﬁ] Tiot result

ontacts 714 retains a co
in the ﬁ%f{%ﬁm OF rﬁsmit ﬁ:mg ea\ivluc oan 181':1131 3(114%0{%?3@ H}gﬁ’@’lfﬁl f"@]ﬁpﬂw@gai ?@cz;ete segments
722 and/ (38 cenp@ Gesie P itk Flgrgthewwow@h shiibenapa Gnlail’lge«&ﬂ@ulbﬁic}l\@ﬁﬂmg from light
passmg\w jee) |ei1drb$ eJcEéittEérd%chtQ gca@é?l%r ?egﬂn&?s%% an%ff-ldcan mamlpﬁlatfcﬁsgeh that images

I mensi on consi sten

of the “édb"édélf*lﬁ&mﬁ‘é*% a B w&lrmh‘zﬂf%feléwtby Paiaging fysyr Blcipirecr®t of the series
of discrfte ghtteriessegifdng 72Pnei 7A@ vide thd ke &QH@Jbb@@ﬁl p‘it@lﬁo the optlcal system with
respect Q,l v§o?cﬂ1§tt fe;ﬁﬁg’?(}%% stcﬁtrexkﬁgir’m?&%h 1111z|x?|dhe gl uﬁm% (ﬁl tac}i fg%ﬂue 702 w1l:{'resu1t in

rISGS a first series o

o wordIge sk oy Smepsist v ﬁléiéedo‘fﬂﬁlé‘@twycabpbweons leénobitdrbrinmesrdlines.

Furtherd &2, in @erokdahds itith &1 asfoSdf the QRRY: mv@ﬂicﬁl%rﬁﬁdegﬁbl% %éﬁ&ﬂ gﬁ&s‘is?res:due is

iti aie S 4 re (5] u ac aug
i i SELBERADG 80 13 T at dprdl g FERLUS

Scretrzed
m“““@%ﬁ%%ﬂ”@@ﬂ“@@7%*m@W§crete scatterbar segments 724

{0052] P OS I ti ﬂBﬁEjS ﬁ@sttr%ﬂotgbqje% %Qtof "pdlscs{e{xzegﬁzitzer in ?n d géﬂ?e Lf’hga% aspect of

the subs di screte scatterbar segnen
e J%‘ff %%ﬂne AfReek A0 cpperipa é’o’(ﬂ’il’é‘@?@ﬂefe@éﬁﬁﬂfe BHaB06SA98 Rt Bhe mask 800

722 and 724 of discretized;gcatterbar 701 mtigates
the formation of a resist residue that is often
associated wth a contiguous scatterbar. The
pl acement and di nensi ons of the discretized scatterbar
segnents 722 and 724 can be sel ected such that inmages
associated with scatterbars 722 and 724 will not be
printed onto the resist layer, and furthernore wl|l
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Furthernore, in accordance with an aspect of the

nvention, the undesirable formati on of resist
Wéggdl?g’gielslbs mtigated as a result of the |inet®eHHSH/§32916

is posiherck atoearsverder bympabeli of taititds 612 a0d cohfaas d1sgRthicats 14 Jsrale&reaﬁiiﬁndlﬁatmes
802, 8@@@@5 %U‘S §IB% cmﬁﬂﬂ%&i ?% m?ewdﬁ?ﬁ%ghﬂ Qn%n&sﬁggg?ngeg ?ﬁ]ﬂcent W?rglme features.

es an
n ‘1“361’%%9&1 %@anaé RS fte S b Gl Sl IEAIEAYIRGIPRNE tWidHF 818 with

the baldbe biths iBtHEBiGA] wordlb@Ttatubsd 304A805RSK, B6 OruandiRsk, IR Spacing 820 between

wordh}{pi%g\hrk g@ agﬂf%gv%v%tg%%#éﬁrﬁﬁ i%gg f[_e’ 80{'%51838% CG%%%TGNI%%? Spacmg

betw"‘iﬁ‘@@i""t"’i Brrareird werdinepeiess: conpri sed of bitlines 812 and
{0053g0Nt act B hék 806\fughetr GJ}nfﬁgeg a Qigcrétxge% SXE{‘&E gl ]236]16 J:s%x%{:z%rﬁ &%‘wﬁm 801 is

IS conpri se
Compnéefé)'f%?ﬁtssergas g 8liefﬁ écagezlﬁir ﬁ’é‘f‘%égéﬁgﬁlﬂ]“%é H}fccw?ﬂe |t}|§é1t1mes 812, between
the corftagtt 8 U a8 fermibah wiridiits fanredNg) edisatt o thefoffdiad 14 WOmEideRBthe contacts

closcstft@lﬂé HSr@Ig@ %1n§%ﬁ%ﬁ¥et1£e Eﬁ!{a@%ﬁs B & o%lbﬁseg Sta secg%EDseTes of discrete

ance o e non-
st P2 AL O BB S BOB U7 Bt s Hew it b s contcs

814 onglpatie piyhB2Qadachrvee fob thwabdlidcBantemt ur e 802 and

dj ace rdline feature 804 is retained at spacin
[0054i an Si S?fé‘ﬁ V\P?Mmﬂl‘ artdﬁignegﬁ% Imﬁtge ‘ﬂgfi?f’ éctz}tteé]{ahggmeéx&ﬁg?c@ﬁﬁ 4 are selected
such thatahorseatigbarepmdits widl nhida primadsnto fLO 053] layth ehinteis kinB@O mitigate formation of
resist résieﬁﬁet e Ean(h@ém%lysa%ct @aigll p?&@&% S/felg e‘flhesp%gr&eﬁ{ 8k ?eggs]b%f d:sarete scatterbar

cepme B?? tgl% Qiﬂcatter ar. 801 1 onprise

amenl AT B 841 PrOYICR e beldvof e desrepsgen @@b }?éffwgtwslzzsteﬁb@mrﬁsewte@ wordline
feature @07 aad bdatjertab @ ssudhhiezt i jﬁr[nltlmﬁ" a §ddjindaei-apatling b RErdGRTHa6d 82 will be
more c%ﬂter@mh Eh@ﬁfmn%f th%fé! fJe fvﬁtﬂ%«%ﬁrﬁ to ggda &d ai%nesnéic tA%%on{] % o one

contacts 814 on the si con cl 0s
sspeet qHAHE SyRFLRYCHenS té"acilﬁﬁie@ 3090 pRESEIER? i eatit PsanredBL oy arc o
resolvedl gie fnmaghfhestes Oﬂmmﬁﬂﬁ adfevat tHeR0 nek-&e Enltlﬁ;‘écl@ fruies Gla6doRlance with this

aspect, Exg al{ldﬁ&%g@for a?QI{TEf %Zdé om%t% Eitle nedeg iogggznée %}? Jplﬁ'locba%]quused by
diffractiop At thicliedt at thy ﬂldb?f cechelissielisatstbat hEnamoHe antie4 { ar t hest

[oossfro m t lmeaGMJaQéel“ﬂﬁ arto%:t alé)gegt B 912 subje dt%své]lt OE he dgcrate ?Cgtﬁnjdli segments

222 @g I I'TEHSI ons of di screti ze

andgyh AR Qe P DigRed Mt %‘@f lé%gff@amgwweﬁ&ﬂ P%rwedl%aatqae Pt a dipole
illumingiegsernt. S Fuickdmpl ot difel ihmditietotd dan b @lizee Sich §1a1|tlﬁ:¥@5]ut1on of the
;magmgvgét&agﬁ éig ?ﬁégbggxgé%&ﬁgb Ihl: @51? W]fll%][", E:tf%a%\}r}\g?gés?lut%é? ggagdzl'lggign parallel to the
axis of 1&;? Sipde é‘slﬁj"lnﬁ'é’é’ﬁ@ 101bq110*fv 1 aglégpf nateh tobe wiedlor dcament of a series of

featuresSoalt ds ab:’aaaa‘mr&e gémlﬁieﬁ wiidAhede §21 ch %QN%F@@S%&E}%MQ%@:&E ;u§n1ng
tot I ca ste

e A o S T e
the diregdige: PP‘RBH%WUIat féhepri pltthatipobfallevsioridistateba Griuespenebeng tHeeane order
in lengtmrtlw WiliBoff 18 afdert @GR BneWel dtinl l@@unré!@i(&[ by 4 ‘ﬁhag;n? Wste}ﬂ‘ tﬁépebgr Fk%mmg

eatures with re O critica
the crea éon 0? rrnéeﬁ gea}uré:ta&som%\%icva{h &scr?aer}faé se@ﬁ%nt “ngc ggtperéqmgtatﬁsefonnauon ofa

resist regiqgyo; ect i nvention, the discrete scatterbar segnents
[005 6] 822 an?}g%?sﬁai% i§ re%ahﬁ%g can%{: Sasi& “‘f;hﬁn aél éhﬂblét[%&%ﬁl}l(gﬁ\})éodldes different

fﬁsomt“’tnﬁ’r“éilf@f?ml 4“PFé’91€§n BOY Wlavcebé@%neﬁﬁjﬂﬁhev seatierbasemnd AN & discrete

scatterbe\t\llsdlghleﬁt B2 Sbetv@EPREline fohiere YRS bo‘h@% @14f &n@ﬁ&t&i@ﬂ] o) oy %&1 Skgi4
r esul i ne-end tﬁ

and dlre%tg OKer glglﬁgs i d Enﬁg}sug fl"?tfcfltéca qa 18 3181]1 re?”lllrémqusgcﬂta wafdhrtaq,géneéaﬁe&gza terminal
feature §§¢ inglagoiipindtly stnomtas 8¢ uilitbe pdtisfied spwemdatiB22 vatadraB2 dsist residue

associatddO@ Bl sdaflerfi GRLHANCE Wi th anot her aspect of the
subj ect invention, the discrete scatterbar segnments
822 and 824 can be positioned with their length
running in a direction perpendicular to an axis of a
di pole 25 illum nation source. For exanple, a dipole
i1lum nation source can be utilized such that the
resolution of the imaging systemin an axis
perpendi cular to the dipole will be less than the
resolution in a direction parallel to the axis of the
di pole. This disparity in resolution allows for a
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, of discrete scatterbar segnments such
“85&252{%% scatterbar segment 822 between \/\ordTQTﬁ'ész"{m’%”]"

[0 0§7§3 ature I&Qrgovgxn glsc?é%%d @&Ee?tfag :l'lAVmg for, ? 1%&516:9’ gclu?f: 24 Eo avmd resolution
cont aCt15 direct y over e|1 %ﬁ.
A/ Faggimg p Sf-’i“&fﬁi’f fﬁﬁfuﬁe AEiFRacR aﬁﬁ‘»'srseweﬁ{esFerrbrldea bl afeipieies that rsul i

a deggp@iion efttechrack @ whirgbwrion ﬂhthogfaﬁ}ﬂrt 1%@1@8@3@1}!1 nl‘liehﬁilﬁbh 6f a8t ¥ar@fs o alter
the aﬁﬂﬁﬁt@%@ %1& éxtt‘Wa 4cerh) t&?%ﬁﬁsft ggtem CANn I su¥ mcarst% e”f xﬁtgjctmn or downward

undesi rabl e resi st SoCl at e
spikean.the PR ANV TS §itven spanpi pigies. TG pitdhaalugavbere the process window has a

downRG T AhilS200 6110329 1:Gresh QOB alVRIRON Blas foblliGies ﬁfcheg &@6etatied mﬁa with
rcgar§{c%§gt.1 ghbars having forbidden pitches can be utilized

avoi d resolution and/or imaging of scatterbar
[005319 at ur edigand i oploat  Res indesisstunceaiodpien E.anhhddiezﬁe process
wmdcﬁ?lr :ts e hE8SnAf Badibi \91%%}1)&“95&05 egiyl, 1vénr11§|ho ?]ﬁcgﬂn%%%}ﬂr&&ts Qhere is a

. progess w ndow for a lit
‘“'Shﬁﬁ"a Hdi £9%0R" Bt PI%@%u“’&@O"ﬁé%"f’W@ SP@GS&M igpging %ebeaﬁbmdembelow
whicldigefs¢tivy inapitlg plf fe-dies s xigiged Thypbhe vﬁﬁd@]w&ﬁlts IbE16k GY BEe@IRNIGAR “t” for a

first S[Jeﬁ%%lkhés 604%6%@:@%“& ?elg’ua%i fugﬂbr 901 a ge%o lean of }EHG%p b(g%%ﬁ:tﬁrgen ¢ and *d*,

rocess w nd Iven Sp
Featuygs srekd b tiesesier rckera E)‘?%’d’é‘é}’geﬂwﬁ 0 rabersen oGl 7ot be

succeSill k @scdwrd bf &l insgilRelstm. Aortthd @EROLE iMBkL HRstAli®, h @Jﬂ%ﬁ S8 associated
with s%é}l 9@:?38@(3%&9 Egﬁd,gpmgggdq? S §’]‘ad% dpetglal led infra with

ure re9|saplot of a
[005%k ocess Twisnpiohesas “Grbfddad tor oa uaflayputtochmas%attehﬂ tbI5dutiRde @8 transfer a

desireli B o Db Q%ﬁ?’beoé%m Ql\é/nét& r@du&gﬁ]inlﬂfé% cest WAGHL Qe n,g]icnesg Features placed

For aglven ograpni c |1
¥l

| .
at sucéggngdélgszitciteﬁ Bt syver Gy hprdsnoramasl Gvior will 190 ekgped on the
resist fajee dping the Ssaging poloas. Haborealthhigh kuch piGEQSs enipmltd'l@n&aﬂtfﬁesmd

wordl@@paqtgrﬁé dnzﬁngﬂfe? rl%s%@t 204 g(ca\%}hzg‘ Ianiﬁ c%?cfretees%etlt!e\{agr si,\%n[%g{s Flgceg%t f%Widen

features i s €xh rocess W n
pitcheg ¢38 bg ﬁgléegﬁcbwgq;@pr@@mdtwsmf r@q& ugy which paytotlspydss hot a gélttiaivesifect on the

vield @04 rdﬁﬁiu\llgﬁ;&ﬁess@ sm@g,@ ehhilelsill pré\ﬂﬁlngf thHﬂeﬁE@iEs o Qﬁpr@c&%ﬁ&pﬂm%@pcom o),
[OOG@f pi tcglg g 13 bet ween "c" "d" Feat ures spaced

uch th 5 P#rﬁtﬁdnbﬁxma%fe@ thF Blrrermentofiefisardpssetierbagcomprised of 2
series giivighcrédp $canarbep etpnveesin doedrdaadedvith ey ach{ df tHaQbbiRREinvention. A d1$cret1zed
scatterBH G601 sﬁj‘uﬂ eldy?a t'fl@i%x%ag&qmﬂ‘ péénf% Qf fcmgé %Ix%h z?sy i%f %(%nm}i}g%[)rd mes whel ein a

reason and his 111 ust rati on,
terming) soplipe;ip @a“edfélamtﬁa st Al Yo%) ferferes ﬁ‘ahasg@'ﬁexarmée bidline pantagls present

in an vh&erlgisg Wifer hiiddedsupid tlﬁihx&&ug'h \)Ec@cﬁiﬁ&]al eﬂb@ﬁﬁtlﬂ'lﬁu@tﬁﬁ& ﬁlﬁ ﬁtuat;on applies
for any é&fxt@agg}%&g iéaglrl es ufsu%h Iﬂ%uglﬁ%fpnc cont?ft& aﬁgxg%}( P gus éi Wu&, 11 is

undersioag Gif &l S@fﬂtwwplw@@élc exigeperal Ponfedine thiténipmigs eish whadieiwith the
series ﬁ&ep&ﬁﬁhfe&hﬂé@ BRS as, kEakiliE Sordl alﬁ@ Q%urealt{) 1%@4‘&5'% QL& lg(ﬁ)%gmpn ed of
wmdh?eht%a? e%o&f dOrl,qgé]fi ?O%% é&@xb\écglgak H{Es{i]lﬁjée% a{;:lgg ?gffgq%%lg{sgnga l?xﬂmes 1012
and cogfgpfs 1ﬁb4 t“h@tch R § pribe yrdicesauresHioNe V91, 106d, 1 S1OUGH) istvafrised of a line

width 1§ ﬂm%p@fng 145%%&%@83 la&}%@ﬂd w&@h&%}%&@t B Lﬂ?&aﬁ%ﬁeﬁ%q wordline image
di screti zed scat ?3

rormed {3 S bt Pl Do rn s W%ﬁﬁ%’ﬂi}’smiﬂ SR EIRSE el
1magesp“q3rtn€¢i833awnfciﬂ$e&ﬂt004 10ed 0a8010Nd. tﬂugﬁi'xﬁmbl,ﬁﬁlﬁﬁdcﬁ@ W20 8&W&h wordlines

foxmedrb_’?%aq}ﬂgl ooﬁ‘&]}dgﬁga&ﬁ& ogﬁuma%g lYﬁwSl%Ob&X Be I%Tax%gcl gt slx‘nlcnos%ﬁ \cl\(j?mft%l?wxﬂl the

resulting processe
Spacm%ltef"{an %6%%?%&“? Frfe?V"B@ﬁ%ﬂ ts of inproved cri t| cal
[0061Pi MensI@PLERNbEQ: gene{aﬁr%&lldhﬁé 191%r£e§th;oq%ﬂ1 b g&ﬁﬂn@fe%regfbﬁz 1004,

e pl acene | zed scat
to06, 1356 TR Gy ot s oo Dol d O b= smiont s
in accordance W th an aspect of the subject invention.
A discretized 25 scatterbar;,1001 is utilized in the
formati on of a series of features such as, for
exanpl e, wordlines, wherein a tern1na| mordllne IS
formed adjacent to a series of critical features, such
as, for exanple, bitline contacts present in an
underlying wafer, It is understood that although
wordlines are used in this illustration, the situation
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35 images fornmed by pattern features 1004, 1006, 1008;
thernnre t he spaci ng 1020 between wordl i nes
‘Vég&gméf feature 1002 and adj acent wordl i ne H(aba0en/032916

corant{QzQ A1 LBfs Qﬁilsrcx%tc@éaﬂ@rgar @ng@nt@ﬂ%%h%d &%ht%selmﬁl Wbl the contacts
un4mﬁ% Cﬂﬁ' P%B_Z%ﬁeen ot her adjacent pairs of

refi 1 §) The mask 1000 for generating
[UOG\M) rdl i nénicoag@ms: wilikobgh tfie sWaﬂHeﬂtﬁm ftﬁcﬁdxﬂé’n@&ns 1P8discrete scatterbar
ekl 80 o At P BT 5E  vc
segmet) §22 ogn coprisp@ fppidden oirh 1BV DU IS 2008 HOBRPLE the resist layer, thus
mmgﬂﬁgffmﬁhﬁ&dof sisBreSRE, v@Eh 0 lﬁiﬂzt%féfd%h G %ﬁ&ﬁg@?{a@@ rTh§ BB aRire of

r. co
diser e:llge% gcaRcr ar Ed](_)g R.’rzf 1bltsgflac fﬁllllap ion og'ar re%séxe]sxglgtﬂg:}; lém%@@*fom[tedd@éf contiguous
Scafferlﬁf a{\d@eh Wahefdhagistrate antialp eemensl 02 vemsrisky] teyale starumt §00 Bk, selected

such thil e PitdNB OB 1RNG A 2 HHEr DiNEELTiBneS fo@hﬁa %a@ﬁé systerh, gl t1115:'d above with
the aci tween the discréte scatt

1egardl 10 %lﬁé FS %;aéu e Spgféﬁ‘ggﬂ{f%) gxaxergﬁlésr?f {hﬁ g:tscrthattg@%rtst:g@:}ebté}ow gill within a
forbu@@g#éﬂﬁlgeimu@iaimﬂet@ Rptdrgescgndnerbi2ode fot pé eolhvediydbasinkding system

or pmtltaﬁﬁ §xfe§3§t fay&%t thp@afé}r F\Eﬁh@l@rxof&nﬁOQesﬁsmsﬂu@% HSJB v\%ﬁ&ﬁﬁ the ¥e§1§{§ayer of the

f % ormalg I‘eSISt resid
wafer | Iﬁzlp Cfiﬂe@tl tthFn[:srPé lrwégmciat‘eﬁgr SCETCRE iOZ%B@v@qsél-@,b@p@s of a decrease in
pitch pdtewpt@alefstemdiigicespdcl @ e ts0@dl tverdbar feahBOLOPI0 e laisdr&izddutterbar 1001,
such tfle@ﬁ Q&Bl‘m@ st&ﬁate@ Wit tc'éﬁrﬁﬁmi E‘egt%}cqb'@ cgrhe%ubft & ta'l%)%.ll ‘:81%1211810][15;8 t?zh are cga(sjistent with

" g cont i guous _scatterbar.
e by ot i %“@E‘ﬁ?t&e%‘i”’é“ei‘rvmé’é@%ﬁil%wirélzﬁ f@@ﬁeprwé@mm updygirable formation
of resisic@tdbesls DaldedH@ testiBofpRERChEHscre® Yulterbd) Sdprbibient PlotthdaerlRefor the
il wi thin a span of forbidden pitches for the
imagi g s?s?em
nmagi ng system as detailed above with 10 regard to
{006iﬁl gur e Bgur@Hdagrstustdton sprachen discamceddiares innb@rdatee trhliean aspect of

the su?éoﬁﬁaﬁcﬁﬁc% ﬁl%@ﬁﬁaegﬁ"ﬁﬁé can %Q&E:@J ﬁrp%%c%idr oMb e %n a m%k The pitch

; or bi dden ch range, 1ndividual discrete sca
of the g%c:éeﬁeefpﬁugesf I?ISW fhe g:ﬁBrtg iHge §a@§§§|thpé>ghwzt§q§éch|t%@¢ cﬁ@rete grating
elemegy®t Bmliged diprilytbed thetodackse ab@iding &ylﬁcf ﬁgﬂfe 4 Rk vab @cfmpnsmg wordline
featurJ: LI'fd2 hl%m’fo% }1553 1f1%§u!1dslt1 1{ ced§ Be%ﬁztmx en{( above a bit menflq% ﬂlg comacts 1116 ona

resi st

aye
wafer. g (&m gt dH’i‘esfﬁar“’é‘%Sé 1%26 Hot.d i‘%a’rl 0% QW@W% 54 15&@2@139 tho ving@stical
dimentidreinbeidefii 1ss Tod n wiBICT I8 ASA tlleBpacipd t Ile bett\%eﬁ he: dﬁ@?éa&ék 1108 and 1110

rebu}ls%aé%ﬁmlw fl?ti I‘E §Js%ngz?0té1 ts acmt plg{(): ta?etrtsrg:pg viobcglfe feihgesslﬁ(gﬁﬁnf H&f 1104
and 1146, W5 amdi 'R &0, angid &t aad éldfl V\HQ‘W"‘F dharprvak | FBatwre whOIDR feames 1106 and

1108 r@¥iRinbd gitcig Fart*] 1984, a6l :0BAS R DSchlabadiat @ Bin Qﬁﬂ &%ﬁt%!xu% R wdiha features.
he bal ance of the wordlines gener at ed
10064} 0r,- £ erYRPFALY: bR P et sie AReltiver sipten e imaging of wordiins

via wordiigteisiueaa b1 08 ahdorinmt H&ﬁbveroiﬁ adcBi8inSd willRS ia6he® of (B sBYQ H&LHASmask

1100 ﬁﬁihgr%w %@%f dg BeQrgtﬁ xlglf?n k%g{tselt 198 ]fosaff‘ ttn}eg r]&g?ﬁagTvggggl]\der}ymg
contacigi fy @orfacts 1116 s fhapp s gkrahion: e tHenn e e gratieglelements
1128. Sieatd@tddthe Igﬂ’flﬁ@%ﬁ:&iéﬁi@ﬂ@@ aliMqttﬁé pﬁcﬂi a@%ﬁ?@an%agm@ Qgstteliﬁ Gith respeot 10

R R g G IR RT R S P—
minic ﬁ}fﬁa@i@n thafwopldecali $wpdiie ffabet wirgsesen apdestion gbowhtEe @hiadtd M gs ata

constardt §xtctl Nehe %ﬂﬂ&h(ﬁﬁn‘t&r@&m@ rshit iﬂ%’of?ﬂ]ﬂec[ tﬁuﬁ&q kﬂOthIHdr’q i g ?ng lpfmte:ci to form

wordli cretﬁ gra g F ements can
mﬁ%%?%* tHé ‘EE}%WF’H § gL criRgal gipensioe inaﬂav FPéh@rlng*l}?*%dt W@Plfiﬁs)kta@ed if an
additioe) @ordlpafraiusiveg indetghesanebetfeaatadlias fedil@2] 104404708 3A6, “p~.

108, 112 c ove, a bitlines
10065537 O uRed S e BT R B P ol pnens ot i
1132 beggeniibe indivitesheraing slemagoare sngotet the 106z clhBS pitcl: iskieGarand the bitline

1112 conprise the sane critj,cal 25 dinension |ine

wi dth 1118. The line width f118 and the spacing 1120
bet ween wordline features 1108 and 1110 results in a
pitch, "P', 1124. A conmm on spacing 1120 exists

bet ween wordline features 1102 and 1104, 1104 and
1106, 1108 and 1110, and 1110 and 1112. However, the
spacing 1 122 between wordline features 1106 and 1108
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35 mmc diffraction that would occur if wordline

W W.§syere present at a location above the contacts
%?%7 at g/e constant pitch. The diffraction PLT/USN%"Q?’”](

pitchl IN3L Hﬁ&fsdr&hﬂc& Wi Sﬁé' aEpeit Bf POGbedt RRerieR i Ex@esant]- gpQQngaﬂ' the %r]aﬁ)@ clements

matcp %I @&m xtc tw191 the sx <) (9 rtIF: ﬁays%re?eéﬁe%?}eéqg 8%3%‘%\4 ?ﬁ“ﬁ’g{% elf%eu[s Hvél not be
fesmi”@é’bj F‘iesmatgﬁaﬁysm d‘l‘edo theelEos of linednd piil baok. Tad@p:ﬁamﬂﬂﬂﬂa another aspect of the
pmséﬁﬂﬁ&hdxdﬂethdc Iﬁ@t df Eh% gx\é@:fg%lehl@nti ﬁ&&he%ﬁﬁﬁﬂé pi R ke FA%M% gérﬁeﬁﬁntch falls

i F P B s el 1 g™ T e uPa R oy g sy, I
'C‘CCOItd#ﬂee gnfaxet mofhe kerrerits pesdt Spatimnge #0h B rdues sieents taghes the bitline
pxtchlaﬂijt'hé/ & QH@B&Q&%&MD@I{&:@L@%@ Sf a%cﬁ oﬁ%ﬁtx&ﬂﬁlg d&e@tgang 0r 10 an axis

itch is sane as the pit
ofa %8‘5? o %?O‘ﬁ@f?%éfb%%&fei@é gegertsril e b@ff@hfed Pifbe fmaging system
It is vadegrod dneeexihtth poneitiepeh tehithheiduh] @atedifi R Balit tlements. In
anotﬂéh%pf%ﬁngx@au@p the §1@:@9f tﬂﬁggxﬂrfng El en&rsatﬁ eg%i & n‘i‘tﬁ'%rk i pi pxtéBaﬁuq Be size and

tline pitch, wt si ze
spec G ST ESETIR 17 P Pl Pgleditbieg eTeesitst G g gstem il
not rdsgve th@s@*h&tﬁhgrzbiyg ddvents. RGN BhSYSHRMeiens! e iR Qndbhiag bsthe grating

elem&lfts ate sagcte? @91[13'29 ldJeJr wﬁ%&%‘e relsglve%%g %r gne}irg]?ng sgméem e1tﬁer glfeq? {%ne end pull back,

aspect esent I nven
beoauge ol 1454 OlasseHenEren Rt ksprsdche olsh v ofe dml@ Elmingtiod squtve or because the
grating leRinkithre o8B anP kb & aifadbibRden piMht h xs&'urﬁﬁﬂ[ﬂldé?gtocid @fahhéjs@,@ Bnd spacing

of theDgratt%{' &5 %{; (c:ah} b%] Qe?ecteg Sblgl tgat 1te|% ?vgl o bie ﬁesaggé)%ﬁ g]haéxgg Wsttnﬁ as a result of
any lenaa?fmf h%ﬁ*enésltﬂée@ 1@1~ﬂ< Of ﬁ@hplp!e@@mms newentfchlarte at 41 opd diite

ilhm@btiok Etﬁrcg,rnaﬁrhtﬂlg el@rh&&%%t&n&%@ B8&d b Qoideh | Wi, AEH&d&Ely%P 641 of these
?r atin akes advantage of a | ack

smlatltogs th 6rf'1t1n§ ﬁgmtﬁms éare &Ot rgsp {chng ﬂfl)@é?]ﬁgé%d?'s&ﬂ g}d e&fcgmarealjﬂt %rmtes fn the resist
layer af thﬁ Wrdsir.evhich knuvr pratniiigmate Sowetoe obaredist tekidte 01’.1 me wgleat i ng

{006@1t € :'nse nhﬁl }émrs%acm gr;d p?acenl: tso(f the %hcr%kw scattéﬁ: I ﬁ%gna {gfgaéls% a%tg%nﬁgqqtmough

simulgtion. ‘Bietdjfiasdongpterectons aﬂlgﬂj@aeﬁ@é dhrdogh & mwé ang ceptriergrnd simulations can aid in

deierxﬁlnﬁffﬁﬂﬁ)ﬁmal l)lﬁcemarﬁ) o0 8fatidrb LRI, &t éc@d?dan&e@%th?h&ﬂﬁhas&fct of the
e | I ne

subJectt mve gna%xln{lllgtto 113 u%r%?igc}ec%teﬂsnedal %%Lg &gug hixa%glagdxfgaﬁrsﬁ%employed in
COBJW@Iﬁ@rf‘élﬁtashsapfewéicat@bﬁloﬂb| dden pitch in the b| thi ne

IQOGﬂI r ect | Qﬁlﬁg&ﬁ $ 38% anﬁr?'g Ln@tgodi%}ége ngt can be mgfeiment?d in accordance

e 1 n | V|
with “E"—Wé@ %ci PYFﬁP‘é‘ﬁﬁﬁ’f"é*ﬁ*eén &’hﬂ% ﬁ@p@}a%@s oéﬁ@plyﬁa@ﬁengan@ﬁoxutwenethodologm
are sh@WrBdnt B@cnbed L editsSof Bloks, S8k KoL @ﬂlcﬁieocialﬂéﬁp LeBayd s |tﬂc sub¥k1 invention is

not hﬁ? fd E}etﬁg %Xe: o{ Fey%ocpsgaslsga cgolocgs csax St acggrii ﬁtgijhelslgyéc(g %‘feint?ﬁ oceur In

ecause 0
differ qnhoréﬁ# %ﬂwsmyérqaém@t@dwwlowgmtllaxhwm@fxd dscibqidibrein. Moreover, not all
iHustrdtéd YE SR %Qﬂqtfn@d% Gfplenf2ht tﬁ@ﬁ%ﬁﬁogttég & alQrdhRLR gxe subj ect invention,

Iements are positioned and spaced at a forbid
{“06% tch. Fiews & i grifysitionsfgarcdodingy {404 for FWO‘S%Z@TOQﬁEImargm ofa

lithogiaaCiy$igh in @fcotiiies @Eh&h ldpet eft@dmlsjéo‘s mG@amb Rs %@Et%& 8k n%%ﬁblogy takes

into cotngﬁ'etrat&nb %X.\ia%tenstflcs qu}'te :mg%lﬁflsge lgeﬁ Q% rm}nlmﬁ Iéhe é ngﬁf %/emBIg g&dmcrete
Scaﬂcmaaé%m@fts e @é@ﬂduqntdewf iipe-cord pdkbask ip énpen ma@weaame toonagion aistiost

undesi@ft radistGbpRd Brmatibd UM nati on source, or grating elenents
ositioned and spaced at a forbidden pitch.

[0065Ac cor di H@I“}?tho‘il"ll?ghiqoo Being h’é§%2 wharg %a‘tﬂiwéﬁéom foremgk ttbe pigized in a
lithogredh@ ey, pakc@s Pohe hashbine df Nymich@uddragidagd ﬁ)é&hﬂmce aﬁndan

approptnE\g [ée(? Bf%%sef‘gnas V\% cglﬁﬂ‘teﬁultg F_b% g%p%catugy 1?31‘ tqlee Sive%t as%(O { ?%g tlbefpzogess continues

St i on

with az "é‘éﬁ“’é‘?tm’ﬂ @’%ﬂled eraltipginash i dpjesrite ar %W@@]a f@Fuzeeﬁﬂn Bytratidlin Gecompaprocess

pl acenent of the discrete sgatterbar segnents can be

determi ned through simulation. The diffraction

interactions of |ight passing through a mask are

conplex, and sinmulations can aid in determ ning an

opti mal placenment of discrete scatterbar segnments. In

accordance with another aspect of the subject

invention, simulation is used to determ ne a depth of
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into consideration characteristics of the imagi ng
w&YShHR en determ ning the size and pl acenent
di scre] 35 scatterbar segnents to take advaﬂt(aTé%SZS‘fﬁ’m”}“

winddv Iﬂﬁiteﬁﬁi%e@bﬂexllcc baske zth@rahcﬁ%‘f oy ﬁxaél&aétﬁ:ﬁ ab %Mﬁeebﬁct ok BB LA to, for
I es formati on

1. SI
exam\ﬂlylﬁ ) breulf ]H 8 alt(i gocm%% Ovétﬁ éeaet tive se{ fd afﬁﬁzsuclm é?x gxagiq[ a}ﬁe?r%s 81’ wordline
patterp &9@{9@ tofop ptiligednmibk fonmtlbxeofmordlmez &ch rhemowny cotpaind gk brpdkiicthe pitch can be

a resdit@ﬁ@d: ﬁl’%eﬂ:@ Qﬁﬁgéxrécbﬁrcn&(gﬁem%%ts lf&r%xa@fpieaexﬁﬁﬂyc&ﬁ’&g Wed or
nce vv|t an opri ate set of

sy R 158 MDY G BUCRT T ot FE A - BRYSFPpPOpe s of s
for weyflline frrnsiok is utl indiEOdkamplh IipWéUEQIﬁ e hqtwesogd 0200 chrbeapplied to any
series@XBMABAL AR Rngdih Eitch QSdirkd. %ﬂﬁ@ﬁ&e Elﬁmgﬁlt&% Hﬁc&%&a%&%ﬁ}sﬂawd in this

eature can potenti econe process -

meﬂ“@@ﬂgzwmméﬁ BT ﬁﬁ%tl%‘%m‘-’e Cunf G i geanee n e

pitch.t he absence of sorre alteratl on of the mask. Such areas

ncl ude,
[007{)]{1 a pi tAC #6& & S?%}%:Glho oé n ol g W!{OHﬂage 1?05%08 :tp acegmgg{) ‘f Sglg{l ? é%ltterbar can be
made, Sﬂ@ﬁelg@d Ifeggion taxititod acharge Gxdhd cogroghenimpich wondbine fpad featnre, or other

featurf BALIMESsubIOL D Be !éftdh lnd s%&ﬁoy'tlﬁ: 1&1%3 sﬁ[eﬂiae;ﬂ! ﬂﬁna@%tcfégg F]Oq Lénﬁl%% mask

he
Rty PO e TR BUBREIE" Aot BB ko boadocti o e
suspedt éﬂamlwraetée sameiote setstantfely sieika niph essooded Sdth aegnueo nkukdtagirdsNABL 208, an

overa@le f@t@ QQ&QJZEH sc%@rfbﬁrcam%@te%le@ hIn qh@ ﬁlugm%lf ez@fﬂ}t.zkt: %erbvérgll length of

e transferred repeating pattern o
the s @At LE * NP oI PHb FEATHRLAT B e Ba Rt bl s
[067HX arrpl e At 1210, la Snald AGHE Ei8d 1BOEdibiAL dlgcfa:@ RS SR H Qe ard 8 QBte rmined, such

a a €S
that segyﬁgus will mﬁ Be refog\ﬁctl ?y tgedéxg%l?gesasten# l\}f?ztch%ap ﬁ%#aj% mtg%ﬁgxa]awnq lﬂlgwledge of
an W@?“Pdtarrewt Offleatﬂ@me% bick fogs giratfenthrd siketelri § mapigiinododao gya @nagon of

numex&ﬁ@:lcﬁ)%hﬁoludhlh HuﬁnoHﬂlqt%ﬁ &t QMIBﬁMf th@ Eip()éuﬁaqgghtf @@atnlzg lﬁ@ve&ﬂﬂe mask and
o vl DYl ERE UL S LIRL, T Ul e 2 the ch.
SRt P st B gt s g et o, For cnample,

monofolpcdipdle puafopoleiracd e aitis, off axds, et spriet, size ehdpbadntctioDtiE lefidd) mirrors,
and oiﬂ:?cmﬁi@&ﬁts ofl;tl?eeop&%l @&Erﬁq’mj ocation facilitates a change

envi ronnent near a wordline pattern feature, or
Once i Igapion, pYeigfl {pahiehe TErEIEn 619,07 Siditrelorepfiorbs epepbndies begn detenmined,
then aiSle B digretidee sdatteRtGt dag bSaesift i chehted@uth tRat &icﬁ &Qﬁﬁﬂ $fQle discretized
scatterfsd? %THH: n%? T tﬁzrnq%tnl(’a& ?ﬁlm( ?ze giermf%ﬂeg%%{) efh{: reb?l uggnscattcr?gdl will e;a ‘ovide the

urre pi
bﬁﬂﬂﬁ%glf%“%jff%éﬁwwddv pllow thegpragect werdiae(ra foaretshie qealme wjh critical

dimen@onS tHISAr @d’ﬁuh‘xéhlslbﬁ/b o&!eﬂ?ed BAlleRbraht RS Qﬁ@kaﬁﬁghﬂ! J{lban&@ﬁlm[lﬁb effects of
line~ engﬁsll(bafclfe %1th?{§11€£§ dlsctnite sc%gag)arcsg%megts ngto{ ]i’e rzﬁs?]l eg‘l aq/i)lﬁm% ﬁlg}ormauon of resist
residug, phigiseap altimeiels Rantple impapiaherpgrrmbdce 40d pigl for gk sentidpaductor water in
questichC %rﬁl@[a@@rth&%mﬁﬂx &e If& B Qdaler @d@ z'néﬁ &H be éMatlQ ﬁéﬂ } ﬁ&gﬁ)ﬁ $BF at which

nt wor f eat ur
e AR eiton (i e D ROPETE Pt eibipgnon om ocour
mitigals gagivperidse wemalbEheghatese mnrbecbpeaedl Gbm stéph 8104 slegre 12t 8 fonkdditional areas
contanﬁ‘z%tfeaiaﬁes tl%ts(% Mﬂgte}?tyal ]BIB(%SSI 15%91‘3 ngll ﬁyﬁga l?gb %@ﬂ C%Hszocef%g !ggal]y, at 1214,

facilitated % 9 an expect
smmlaté%ﬁfﬁthe &P o § hﬁ@suétﬁlg mﬁ Ipe %H%Rf tlredilxscram@q s\ygﬁrbﬁré @tdatle@ngalﬂze@verall
procesewmd(m/hnmwpthmﬂfdmﬁ if ee@@rrmbe a function of 20 nunerous
actors_i ncl.ud wavel engt h of
10072] 1" 07 “Belif 1 prfhisestigh e st e oS aFo
lithograghic eystemporcaniineshin dchwdqpert withran aspect bfchelyebjdet iavestonr Aeilipstrated, the
methodoio%%@?ce@ atd c@ﬁkxd%ﬁ%@ﬁar&%h&gs Ml u'n%%@ sys&*ﬁ%exﬁﬁ:ten&ﬁﬁg the size and

nonopol e, , annual

piacemﬁ% gyscfﬁ"'fs"ag%}”’é seggpis 10 *agﬁ%ﬂ"?we of, “foil'edde"a REY - acene nt of

the lenses, mrrors, and other conponents of the

optical system etc. Once the l|ocation, overall

| engt h, and maxi num si ze of the discrete scatterbar

segnments has been determned, 25 their at 1212 a

di screti zed scatterbar can be designed and created

such that each segnment of the discretized scatterbar

will be no larger than the maxi num size identified at
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mtigate resist residue accrual. The process can be
wbepealad; from steps 1204 through 1212 for addf’é’*/ﬂ%bﬁmswl(
areas containing features that can be potentia

[0073; I 0CeS STHeinkBtHo@d1 Sy Yebkds bt 1842 W@Fe%ﬁ%ntﬂﬂ\éﬁogb@%lﬁfgﬁ%% %ﬁl&&% 2
e run on

kthogrape}uc d)fcicgsﬁgo ¥l‘]rlﬁ %ﬂﬁ%ﬁ%fﬁj’& 7 éncgr%u%tcﬁ & o&atgg i élf‘ioidél&e with an appropriate set of
designg@ieptepisisigairgth thy apidicasiomiontae titre meske pal 304, tprroses sontiiueddiv an
examn@ﬂ@h 4 Q:q@g«iat;lg’{g x%a@l@t‘d%et@r@fne Lbe wﬁéf§£ z%gﬂirg %):ngz%%nc beg!r:%seml:ld%wlhﬁnter in
u | | \Y)
Lt R R A A e B
the pitphrpssaadgoidadinaepciiv ket Srues pelcts, fof extriyde, s stlmpsemmdmeemd 0.
manufA¥Surd Jf b Hé&tg@t:(ﬁlq:vonénh & orélk H‘%ML}P&X bctrﬁgs%ﬁ of tné IQesence of cxétmal features to

tion characteristics of e I magl ng ¥
be a"OWﬁ‘g Ffw}a‘ést ¥ tﬁ;fﬂmﬂﬁgxzftﬂ% cogfait%m gﬁdcnngpedlmog&'@ﬁrélﬁ@n ych the mask pattern is to
be tranelrsgr Slti@ugicadsk Enias aseeignbnitisvotdintsakasdadyhint:agpleaf is understood that

the me%t:&ﬁ ga%%g 7 g%%ﬁ Ebea%I se&% §W¥ﬁgs%yeg%ﬂli§e2m ;11 1 1s df,s1red Fturthennore

altboughegacts groaiped inifis flkipiiapion it s yydstiood b e kiR TP @ b st wafe
featurch that@equird 4 dharge &p]libl pciiboepeteshofathBan BAkiact ure of a
ccordance with an

em con s created in |
mﬂ%ip prop r‘%ﬁ? 1% g“éi” ORFS COREE FHP ?"ﬁF‘é’g OB ARTITEF toctfior i bppplacement of a
diser etapbpqttgxmn O stlovtodtlbretiog ifapdinteraeiknge At theledGidonme:h BcaPhODSE Lature in
questioh ARk h;@Hﬁépn\M 3¢ lﬂm%tureed%( ?c';:rﬂ lg}aaiﬁ lmQaEmQ gysttellﬂ Goitl 1%§uli{|n¥ d rﬁage mjﬁx critical

eterm ne_areas where feature can becone
S8 Gy ol T FEYCGTP D £ B2 4GSR EhbfoouihEn ofon b adacen o
the magd feaprait ij@ption fe. 4. hdeaneesh. whsl ehalialeé figh nsraieslntmie ) td gHfierate a pitch that is
substar@i%lm&p to QHItch§ S§CIJ‘lléatW1tll 'Lhm egt%gthg %ask e? fe@ nﬁsk ig I?xges pemo%l}rom a
assocl at ed a repetitive set Uch a
oriticalpager %%‘éfﬁ'ﬁ‘r‘“é as ecoee% es of wordli nes used t he

[0075ranuf acd: usm -9 Eve?allﬁ@?me b CRRPRE RbttertAr R @@(K:tehﬂ]netdhﬁl the illusirated
result of the presence of critica

itch n he
cxampP i D o i e oo LA A SR o dsedgh o st mask
feature éX iwbich pigh elentiact desirad. t he sem conduct or wafer upon

[{3076m| Eh f teg_ %Ji'ragazzan €9 (1:1|eh§% %rescmltn%f e(},dtaifr l?axﬁfz ; Ee%ﬁ%@&gﬁgﬂl ngl}m
direction|ef &e sesigivpicattertiat segreniy pradaleismand Beyaiton 10 s¢tlBlotyEtitnptdkogyitch for

the dzs@&fhc@t@rbﬁ@@é:ﬂeﬁt@@in%e El@seﬂ Eﬁéh ﬁa@ﬁl&c%teﬁf cr ga@@%%ﬁl@%n%ﬁ%?&%ﬁ@ar segments
a u

e iy et TP el o8 STt et oot e s wincow ot e
111138“%1?3’@?@?! sthe odultipaticlt ihefuaatipt ¢fclmllenttt af tr leéwdlalhsab&nalagd the spacing

behwee@é%@ﬂﬁwé"@&ﬁ&ﬂs ﬁ%l@ﬂi@@% PMP&Icm{ l%%ﬂc{x ct!)rF mEI 1 , but not

Eﬁt for any series of features |nt e mas

fiwited Wi"gleeth e eﬁ%o%%@ét ERFET hetreen G Pk ) ot ﬁpoaﬁvhlalh
to be tralpfpre(dpﬂmraheeloﬂx Qbdie vedd, havas tfhexa]aipapzﬁdlﬁﬁtﬁe, @iolé) quadrapole, annual, on axis,
off axis A;§ Q;[]ﬁtl}l égedanﬁ %gslt;]etm%ﬁt%%e lens mi?r%;sea%ﬁ gigerlcor&%:\én%%tf ﬁe optical fe'stem elc,

facilitates a ange 1 n & envi ronnmen
Onge the g)aa(tlarla avargil lqngihcﬂjségsfelsgﬁmegt@@h andppreing hawesh theispfte {cm@rbar segments

has beef G, ﬁ&l £ €8N, Ayscidfived s!m@fbﬂlg:aﬁ%ﬁifeﬁgﬁh&\éuh lerekt@SMdntihat ﬁc}aﬁ;egmeut of
the dxsc{.ga%eg scl?.{{' ﬁ']ba (r;r@te% ra !g}tclh(t‘hal alls Wlt e § an of(i%%bédg?wtglager{ﬁlaeémaglng system,

which i egen %%htetamsmfne @nt tbesc%@quwnfﬁ o ndt hisgerbgthefwe &t durieg dpplication
of an exﬁtﬂsﬁz& ﬁdcl@ﬁhu( €11l *resu‘lﬁng fs@ALbdr Ganl p%d@’ﬂén@[ﬂxa@&fﬁ%l:ttog E@ééts Riad a8l i imaging

o e R TE T YO SPOPEpT ER ST R et s bavig
oorreSpM!élsz mepk fatees fimiske ooabient eyitthealigation.nEelovke Bdcris eBSrbldénmlies are
pitches thEtan@‘t resgfvﬁbtle! lfé;ﬁl)e K‘Qﬁ&ﬁ’a‘i mﬁa@fﬂ& H*Et@m M‘?{% tl%g x% eﬁ@% ﬁq}‘ie’individuai

an_over al
dlscrewa‘fag%‘eaéfwéﬂs it él?tlb%?”ﬁ’é"r"d CAKh BEliiet witiedting Eprmapipp qfrgist residue that can

illustrated exanple, the gyerall length of the
scatterbar can be a length consistent with the |length
of the adjacent mask feature for which pitch
alteration is desired. [0076] At 1310, a range of
pitches representing forbidden pitches of the imging
systemin the direction of the series of scatterbar
segnents can determ ned. Based on the set of forbidden

he pattern is
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Once the location, overall |ength, discrete segnent
WS hdkS spaci ng between the discrete scatterb
(zegﬁgﬁﬁgphas been deternined, then at 1312, EFCT“BZMMKBZMG
ultimatdly S@atRtl) B9t 86 pbdRhHas ant fiEld hﬁ the &ﬁhc@aﬁﬁxﬁko T CT&@EO@QS can be

h ds
xepcatec%fﬂ&rpstéé)g %04 @l@c% ]ﬁ‘?ﬁﬁ% %{f’ aédttloilal areas f:ch a%n?ri%rﬁg ges glﬁi cay 1% potentlafe‘pmcess

limiterspugkilis}l efens ﬁavis ibeeaisensidered. tHinally, P#ééﬁ‘*n@m@yetw@m begsn apthetruliipg mask

inclusivie Wf the G@Rtifcaedahdiboadte d@ﬁﬁiﬂé i@ iR ceds RBASH @Idtd@;{ﬁb@frfocus for the system.
egmen I ma on the wafer durin

100777 B9 N A g E e 2L g

appl i cATER mHFodgReiBbYitrEesiuEpion qlrsliscrpined pratishiet P fe advantage
of line-gd atlt leeihard nedndgiep v itdeddenefimiial ofdidkireaet saprbefifanaiises
forbidd&ﬂrﬁgh_eé kt Iis%érgi@)g k1{30he t% n&tﬂ@doiﬁ@gsdcliﬂ Inaecoxggzned?oagrﬁagc%td%gr?tye(} src],atterbar

critical dimensions that are consi st
ComPrISS I IPPITES Ot thpreediofe ees i s ore- OB T eSS BRI Gudres for example, lack of
resolutiraia bk $erbd’ilai:ulﬂ ft€a dipdle iQubThaB6E sofr@: dah §16hbe abrki@érdd ih Bd-of or in
con uncb@g \ﬁﬁl\étﬁl{elr‘ xéls a5 l}%r(igcfr%gtmn B{ t?leg SB &S laac%n?ent IQI‘,}_(]i onen?a%i)n 0%%& rqiscrcte
scaterbiipEEIsnty hey are enployed the i ndi vi dual 40 dlscrete

[0078]5 catt emﬁrhaﬁﬁ%%ﬁed\%exje inPRdes Q@m{ylgs%@ Iy %Ject%veﬁgn It is, of course,
cilitates nltl gtl o formation of resjst resid

not posse\iil atf’ de&g € EVeRYCORLP 1213%‘ CERPPRUS IO BEIwSogsdor purposes of
describigy the sygjbce Inyenneg adtiowedf prdinap adl intteert parrécogna lﬂﬁ&na’zwl ehri}dr €dnfbinations

and penLlQa{noﬂsh)?thé Qﬂ]c&qu%ﬁ)h A §¥)¥9{)1§ rAch Eﬁglg éh%%ﬁ? St 18\%% n?s mtendfd to

repeated fromste hr ou or additiona
cnbrace f Gt oegrE i Ba e ThRe @la"i*iﬂlﬁ’éhﬁﬁelﬂewﬁ sagpe of the appended
claims. PrrOC@BE:, tolttieRkt@ Fiat k] “imadubics ik %&mhﬁﬂéﬁthb&%ﬁled descnpnon or the
claims, s%%xjhnq§{1%9deflf b@%lcluywﬁ(mam n%%rﬂégnil\slreto ?t 120%12;*)@52112’&5 %oér@nsmg is
mwmm%%ﬁ@*é@ﬁ@ﬁéa%%mﬁ%W@ﬂﬁﬁﬁbneﬁm@veraII process w ndow and
depth of focus for the system 5 [00771 Although
nmet hodol ogy 1200 addresses formation of a discretized
scatterbar to take advantage of line-end pull back,
and met hodol ogy 1300 addresses formation of a
di scretized scatterbar that utilizes forhbidden
pitches, it is understood that the two met hodol ogi es
can be conbined to create a discretized scatterbar
conprising the benefits of both nethodol ogi es.
Furt hernore, other considerations, such as, for
exanpl e, lack of resolution in an axis perpendi cul ar
to a dipole illumnation source can al so be consi dered
inlieu of or in 10 conjunction with either
nmet hodol ogy in the determ nation of the size,
pl acenent, and orientation of the discrete scatterbar
segnents. [0078] What has been descri bed above
i ncl udes exanpl es of the subject invention. It is, of
course, not possible to describe every conceivable
combi nati on of conmponents or nethodol ogi es for
pur poses of describing the subject invention, but one
of ordinary skill in the art can recognize that many
further conbinations 15 and pernutations of the
subj ect invention are possible. Accordingly, the
subject invention is intended to enbrace all such
alterations, nodifications and variations that fal
within the spirit and scope of the appended cl ains.
Furthernore, to the extent that the term"includes" is
used in either the detail ed description or the
claims, such termis intended to be inclusive in a
manner simlar to the terns "conprising" as
“conprising” is interpreted when enployed as a
transitional word in a claim -17 What is clained is:
1. A nethod of inproving a process nmargin of a
I'ithographic imagi ng system conprising: identifying
a sem -isolated pattern feature on a mask as a
potential limting factor to a process margin for a
l'i thographic imaging technique; determ ning a



illum nation source, and within a range of pitches
that can be resolved parallel to the axis of the
di pole illum nation source, and orienting the discrete
scatterbar perpendicular to the axis to mtigate
di screte scatterbar segnents resolution by the imaging
system 2. The nethod of claim1, further conprising
constructing the nore than one discrete scatterbar
Wheegneinegist 0 be about the maxi mum threshold size in
only one di nension transverse to incident
1. A inbthed slamprovin@anproteay igepintohahthb i@ hivexi ginprayithn, esh@bisthg:
idewditying 4 gergrissBed pdtety faniev en s enadkias e pbtkoial lindtinghgornes bmd:ss
margfn fel adithngiaphic veagate técbmigte; dnemsdrg a-iebliat bakslwhishr the imaging
teclfrécaie; uﬁc@m@amﬁ mediguE stze thudshelll fof diatrete ecattdrbpr seegients Bscedoft least
in pa ek e deferningd respiuiio thiomtmdgiittbhimading Sihiemmed hiogwo mednaiim-
endgpull g thageasinp al the reeiugiee eshgpdiasdwitigatiag kespatetiéreryy placing a
dis%%%%catﬁeébﬂr EIARRE IMAE then opp figddthabasdlutitrescy rbiress giofnt nas tee
seip-gsgiafee @usiclsthye Coussruging dreinese Hn mwlptaﬁqaéqrrbm s wiha
pitch BFfS’F‘?T%&jH g &F Pikhagsits canfoe yaselvtd newsndiciar Pre appelrotbods
‘”‘“&;I“a Fy580rcq, Rl Wigyimg jage of migghay Bl sonlisrrseled peraaldk the @it eltee
dipgleylupipg gi”ﬁ urge: gig qriepnsdheliscepfescafigrbpigsnsndisais o theatsur es
m‘“é%lﬁﬁ‘ls‘fl ca C‘E%F%E@?‘ltﬁﬁ"é%“f"é‘é’y (ed Qs syitstgi ng a series
2T {n tl he met hod of claim 2, further
B 1? ‘fr? i uanﬁ ﬁ oL W%WH“%? mgye dhap P ArciegEtigrbar
qeg1 Lll abo 11"1 l? VAV H)g yﬁé(l’: 6181]86’1fl lléiiISé?lﬁ:l lill]CIdcnl
1”‘-“%““2“%‘1% “Pd e a IBWEMFB??&@& PRSI B ER distraon
3. Iﬂcl: mgtﬂg&&cgn ‘it e a dstone ;solat i ¢ Le orz ms)ere 1 h[‘ ture
o SOIREY Al OL o1 By e, B PR kA R Pl
Jone or nore sem-lsol ated mask
4,1 B@@l&d’f&ﬁﬁ 'cl 9{]9 ll?cﬂ@m&% al [@3&1% cogbl’?s [ el !'18 (T ztltltn% fm una,g,mg:, a
wm@lg@aﬁé oy ep qasl@ cat 1%9§(¥mp91r5](§ a‘g C?SIGP m§ Q gal% n ea u: es for tmaging a
scué%m‘dﬁ eatures,
di screti zed scatter bar conpri ses m)re t han one
5. THE SER&E S BHD3 RSO RBuRCHbREDRA sk $EANERL WKL £bifine and
the Ra6Hbrafasit iﬁﬁulwoﬁlpt han s&n%ngslksf@{i@@s%nsﬂﬁbgﬁ ?sgll ééf’ 'i @1@11]08
scatterbar segnents is constructed
6. TR @eledd o7 @ﬁmﬂ@)ﬁ‘mmém&ﬁagﬁﬁ@&mlﬁhg@?mﬁlﬁﬁﬁﬁh&l d%étﬂ on'EléLbé f(g e
imagif@dysiv@rse direction to incident illum nation and
based on a determ ned |ine-end pull, bel ow which the
7. Thavaghdig! syt BMrdee®patingenanatg B mdrbBgConcldBrete scatterbar
segnalin®oviitonZ @dn@€ pitdhey o abSsiad heiddan Rich&br OF B g Rendr
nore sem -isolated mask features and mtigate
8. Aphatoisesbstrisigsiduwemafctsani-iaeXpos aerdehi ogt.or horcThe
discrrazed s@fterbbrapavitBpedrearaeicnst ke[ tdoae biiddie @MeisaihSe medkeatures,
the @@ be nes dlsuttinhs@tabd eslyatcoagaBni snc dGORRRISEs@Ulion scatterbar
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expose phot oresi st through the mask. 11. The mask of
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comyprise R fqrigdegmise (B Yl wedvahle by fstimpmaasyrteni n a series of
uniformy sized and spaced features. 12. The mask of
claim 11, the nmask features forma pattern through
whi ch an exposure source ddn illumnate a phot or esi st
on a wafer to generate an inage of a pattern of word
lines thereon. 13, A systemthat facilitates inproving
waf er yield after a photoresist exposure technique,
conprising: neans for identifying a potenti al
yield-limting pattern feature on a photomask; neans
for determning a maxi num si ze threshold for discrete
scatterbar segnents based at least in part on a
resolution limt perpendicular to an axis of a dipole
illumnator, which is poorer than a resolution limt
parallel to the dipole illumnator axis; and nmeans for



t he perpendicular resolution Iimt, and are not

sub-resol ution size relative the parallel resolution

limt, and orienting the discrete scatterbar segnents

perpendicular to the axis of the dipole illum nator
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15. The method of claiml1l, mtigating the
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pezp d’ﬁ got {:!1 1 ll in ;t 1 I.c THEhR (s (,an be
resol HS LIQ%Q-E JC @&pé}gl il la u1c!3 Nd orf¥n E;‘lﬁ wttcxbaa
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Syg[&HC that the discrete scatterbar w

resol ved by the imagi ng system -19
[4. The system of claim 13, further comprising: means for positioning the plurality of scatterbar
segments adjacent to the identified pattern feature and adjusting the pitch of the identified pattern
feature; and means for exposing the resist layer on the wafer through the photomask.
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15. The method of ¢laim 1, mitigating the resist residue comprises placing the discrete scatterbar
perpendicular to a wordline.

16. The method of claim 1, mitigating the resist residue comprises placing the discrete scatterbar
at a pitch consistent with a bitline pitch.

17. The method of claim 1, further comprising placing discrete scatterbar segments directly above
bitlines,

18. The method of claim 1, further comprising placing discrete scatterbar segments between
adjacent bitlines,

19. The method of ¢laim 1, determining the maximum size threshold comprises selecting a line
width narrower than a nominal line width of the semi-isolated feature such that the discrete

scatterbar will not be resolved by the imaging system.
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