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LI THOGRAPHY SYSTEM AND PRQJECTI ON METHOD TECHNI CAL
FI ELD The present invention relates to a probe
form ng |ithography system for projecting an inage

on to a target surface such as a wafe usi n
W(gg‘%/i#%and "off' witing dtrategy, 5ther eb@CWW‘W/H 065

said pattern over a grid conprising grid cells, in

each of which cells said probe is switched "on" or

"of f'. Such systens having a so called black and

white witing strategy are widely known in the art,

and may e.g. be | aser based, and feature the use of

direct witing means, so called maskl ess systens. By

switching said probe on or of, each grid cell is

either witten or not 10 respectively. Such probes

are characterised by the probe effect in the target

surface, which in turn is often described by a
LITHOGEAPISE SRTEl mb@ﬂ@[ré | BT point spread

function (PSF) general as a Gaussian distribution.

Probe size fromsuch a dlstrlbutlon is generally taken

as the size of the distribution in which 50% of the
TECHNIGXL®IEED d probe is present. One particular kind

of such probe based Iithographic systemis known from

the 15 internatio pat ent publ i catign w0203g0385qg

in Tepr Wéﬂwt%rﬁﬁfe&m Prabroform)® filhagraphy ysiem fer projecting an
imageipatiepl angp yargdt safree getl apamafes luein eman” gah &fitvading straiegy,
therehHidRIchgaId! paGtbrl JVEOATBrid CdrigHRing i M4, tih BakhSoRivhich cells said

1DFQ&%§&§w84mf8r5?fd target, mhlch writing beans are for
PO oSe scanned over said target, said target
&y fpgwg in

bei PH§ ém| vige 2 pRysallprblack agd g RS SURIEEHEE i
the agandi may elg.rtecihsenbased, apdifehtdre trenise ahdirsamwiting nkansgso called

mamemysiaﬁlk n@y mettak@t £ Jr&re @t of PAHCR %ﬁ@ celP ?ssaﬂlea WritteCor not

resif ey, SYH aPeb &b chirfaarih 4155 pbe fiebin b Bt Sligde Which in
turn s joften daseritied gy iarsp-shlied o siresd Taastion. Jibe peinbsnsead funetipre (PSF)
generaBy BRA Grasim. distribution. Wdb sia@froh sachpatidtution s gefeallyraken as

the Ll?et, JS}QFJ ARAYuRY S S §0 Qfef ?zgd E%Pé res Qigbi nat i on

or 0% ey ncE&F?%cﬂ." ?asgcf‘ ¢ bisin By kot hOR e
intemaam@é patest pubkication V@2 8pPhip wy n@@p of emmam anghjnyolves a

mas3ive @nultiplidibpeticharged @kticlybeams geneiatel @xtla a&tgee IpBrtiSlk Ibeisiolumn,
for Wﬁ w?f QJI% gat em oxﬁ% staﬁet ae (’vﬁfch W}%Ing e a‘;ﬁgogre ?or\ﬁlart tp\klfﬁl)se scanned

nown yste are aple ferm ne
°"e s fat'%eh daRgtibeing ga 1°t‘1§r“??é(H‘g|‘ﬁtaé‘“""?5ﬁ’“ Wpsverse fo a Sca‘mmg
diregteiuef, sawfhe@ths iand s3id wpiting beams heing anadrated ffpratdatpperosgnbased in
whidR 8yktenVVp @iteRe Featuf aha@pds@nioied on bad b&rgakﬁﬁxgcar viftedl drid over said

targg Qx‘ﬂiﬂfsﬂug ﬁﬁﬂg 'ﬁﬁéﬁéﬁ idi for E,Sdlﬁétﬂlg n]gé of fﬁéf*o%? bPnisd 1S

erm_ned
t he ngeg s PRUSHR \R)ﬁé’f‘% &Rowh l&@gﬁaa@hf&rem is ghus E the
confbarlatiompoft rekaﬁvean«sxpment df tte thrigitabifive @od afimedh(* <m|’1’ apg “off” sw1tchmg

of lelng %ﬁh“@ éaﬁl B@iﬂ@?j %ﬁcsrﬂ-ﬂoh|51g%mlhg %g S}aﬁaé'ﬂnﬁylsﬁ 8 Uﬁnore in
pantlvﬁl arg{lggf»gal]?& [l)'la{‘tt%:{)ns Camer%hréreeapat tern to be witten on to

ency exists to choose the
gri By & Wlpnaégsep@fs% vistual gridyghe known systems are able to determine
whelliE 4/ @38 2RGY td\be Gined G006l dintoff "t eedaignelyich & the ghadoigular,

exemPBLAIGTHER n%fzmsd\ﬁﬁéttgcﬂ ﬁfe%esre if18'\68 bﬁmi(édrdr lﬂx@l to'HMnkéH Jeﬁpecnvely

The 510|esfﬁ15u|§:11? Hg egrﬁ 1 *hlﬁngftlgé)lani En bodllmepi geterménefl (Py the

queﬁtwna‘&hf&}eaam@ld%p&ah lanuq“ﬁgﬁeg il ot 9 21 sptn thetlikelilnod oF phich is

consitlerablé inoopwatd®a mudth waidald béaangktempasedubd be diytudbing to the pattern to

be \Qﬁt'iéh%ttb i s MY, AabddRfdyexils (VEidobd e gfidad SAAINIQAL P&Sible.
hand it is, particularly in massive nultir witing
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5 beam systens, desired to have the grid as large as
possible so as to limt the anount of data to be
processed and transferred to the witing tool part of
the 1itho system and so as to enable the bl anker
WORREYYSBRi tch for correct witing of a feat SF@’NLZOW%OOO“

Thikitéddendy id e bsa aRefifr of libGtleds 16 BaRIaBNtANTMiKe dtRlcatin deighing a

liné: W%@%&t‘(ﬁdtﬁ ?Etkd%LnﬁlhIng %tpg&ﬁ&mféiﬁﬁghf 1@&@ 1a?t‘é4 \%JIX J,ip acgordance

with RSB Fde i the PEeSeRl F1vERBOP gPE2B e e L OéSﬁil jy fp correcting
praxonityeelfrotsaat ywriting h@o ittegytherthand knigvparticukaiip imp@bsiveamulti writing

bedth %@.{ehﬁl desikedso Afe Gl dridds | &E jetals padsibf seaglﬁi lﬁﬁlt 6 binSunt of data to
be By gessecinanﬁ transcferreé t8 ghm \grwh ng tg?l pglg ¥V[h§ 111t yst Wr gt I g éo enable

Ing a pon Fder
thezpjankey toatmeliiisviteh forccoprpeti writingi ohtaofeaturey I"Vt‘thﬁ?}ltlﬂéq peed fpr highly
cogplexiareiér kedatively gxpensiveZflarkyr ifictgres capale bSswiftlyuwitdfing

S malAls acﬂamﬁ&sﬂ)ew)eeh Qllleaefbe@dets&lHe@ @orf?ﬁtﬁ’)h? antd £ reﬁecgon of the state

sefup a ent bl.a
of OB PHA o BTG OB GO BiD| a0ueg oIy, Soigelpy CHica
dirpgngign ccélﬂftmt:allaw ga4§;| epokhicheae @/@ﬂ@l bif Wéllltgdteﬁ@ﬁ Baving agprobgfsize
of euﬂeypoadlag Yodenb gcjm 12, hBC Whikh are diviled Gtd & ultiPlisi§y of grid cells, e.g.

| isdj%[de«%ll o?!i g‘l-mZIn(]hm ns En rg- ?\/e% g%%nm%)re éﬂ% %5292?119%’ In
su c?s%e{“ipd‘ﬂ a6 et“&"l‘ E apking ofneL b %E‘E’ g og Ve a
minay effect pma deposited doserpf glectamt axg. bﬁ@ésdo 23% hwigetegifeyt isingprastice to
be Yosiaerdd négmglb@bove sai d drawbacks thereof. Apar t from

t he Tﬂé\ﬁre?&? Er{vglﬂ%q n%& c{egl%sv&{llnsthe BI%[){CJ’H h%w t)é ebéh HM‘ a{ccurately

PO%%& prtleEn fp uéeaq@satsm‘%ceo«ff 3 subsirate éﬁéleypqttﬁ’iﬁ‘é‘? t'&n% rasreﬁ based
lithographycsystam veithouotethel abiove sad tiraphadks thefeof. IAgpars filost tha pre-rbemtioned

rea@&ls gﬁﬁﬂ&%ﬁﬂ E@Mullﬁ%e&ﬁt\,\trﬁ'hg %ganbyysféhlfsfa%&ﬁ'm: pBiRRGR: of F846des or

ere ed particl
e il 618 R APLepnE B et S P pove o Rt to be
expaset pYheerpatieped bodiffetent nrgbeprsash #sidifferent charged pagticleriepms as in
multipde béaan kystegnst @ad sindiy sueh bwquil plovide -anobéat instfungeint for correctlng
t

oA RS A NP R, by o BIGGIOPA R | o

also is a raster scan. In order to accurately wite
Bagkgroynt t ern on the substrate, the pattern is

r as e bthéregtior GACH wideB @ed mptbd i pLtecnsabReitd @itibednisSalso is a

%—VK Eéah g PR 't@&écﬁi‘gteg’\w‘?te %%&érﬁ tog tﬁeosupﬁraga{hE %5 1s rggenzed

CHitkef Pl e ReHidns i, WHORE IREATSR 0B & SOl hsubatermed.

which ispesitieaetl ¢ma mowr deenistige fat s awted inl agontinnouh way tAtdle same
tirdd0hd B¥am iBYcafina[ih Yidigctio etpbhdidult td the QfapB inbG6h. BY supidying the

wr{%ﬁ? &gxg{elg 6194 l%egfg):zfst élghtg ets ez{ @aét]eﬁl %‘t&? &ta En@ v@{léhddoes not
neqessaly naedsp B 2 GartasiaR grid- (s tnhlpgvraP prjin thisack is that ae%?efafeecan only

be pesitioned yithie tlpohmenswneud] awinglaigrid célk Idiing paticondesign aules does not

sol$¢ theH Iﬁolﬂém,dsnfi:@ Ibkforel e3c§b§uf&g a @ﬁﬁe}@fléﬁlgﬁ%‘éécﬁ Ro bélk&ifecR@ @St several
resQl%{1?n-<§stmg>¥n\éephtermn§en§ lq{% tgeggroxmni% ef egt . egsreecéoeec 1%rrlﬁe¢an shift the
edaeégtﬂ 'iﬁ{‘tP'i?r‘FwaY fompagriddinghenonena, |ike the proxinity

ef f dctnethdheserds dmpreedd awasaayanf vehing deteliuped éigehs pdbr at of multi
beaﬁl?ﬁtﬂégﬁp@/\@éteﬁié quﬁovgf £rfm| U@ePat No 5,163,161 m%hfcﬁvﬁf)ﬂt%m is

wnttreTxF E)% fm o?i;r:xg lfl%l ap?fﬁ passes, ’i‘l?e a%aﬂern SIS ﬁfsg E@ggnée%k ﬁ%{\%mg]stf%zr%tlon the
pixgJs gre sopgratedin a spleptbl elr@ml%er. of \Rmsem Bach phassif piingedqip a separate
raster sdab.€Fhishrysuitstinltieyselectedminibepdfeaspd Scafsto cdisauqp detfeatute. iSince the
pitdH BeBitees pirdISLsieRI8Ped Rtk & HirdcASs €5dh%&khn! cQﬁ‘bJ Jbﬁoﬂﬁeﬁ% §hlgﬁe? speed.

separated i n a Sel ectabl e nunber of "phases

phase is printed in a separate raster scan ThIS

results in the sel ected nunber of raster scans to

construct the feature. Since the pitch between pixels

is enlarged in two directions each scan can be

performed at a hi gher speed. WO
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Anot her known techni que applying a raster, is known as
grey witing, and for instance described in early U S
Pat. No. 5,393,987. In this approach a relatively

b f d [ d. Ho h
WagB a8 oce w thin each ordd oell is vari eHCTBLAa0es
Thils) iD s appfoachrd Yareerrtlis JAABO Wjtenatuyih g @ fidst @ipodtie OTheOdntire grid is
shxft%cl WES Rahd & ?’ %en%[&h@ of Q%ix%ﬁdgrYdoc@lpdn Ghed aageg% ;?a% & t%ﬂgattem is

WIER. 18 S5 BRRRRR Fratesdet FRIthGY beapoe&megémﬁ 3 cpigle a5 Reforp. By
employing eyent mere passes, iaomore faccardte pattarmeplacamettecan de wbtained.yA rather

impdtagctisaddadnhige bf thRQpREAH if BE condldiable Sosp3SHRSaghput implied by the
mull\{gﬁ a;s/s%g f#egﬁﬁ%g%c?ﬁase% levef’é dedcl }P rovide the same

ue an yst em however goes

al ofgothen knayay, teehiqugi @abﬂpgn@ As, ISEkItj’W“ herey| gytinggand for
instaeseclescritied igready &HS.ePathNo. 5393287t Lakhibhppréachp mlativgly small

nuﬁ@é?tof prid {9 istREy. BORORY tRe dppl&E dosEwithifi Bach g%@tcelyﬁ valifi€e.g. to

the, discrete ste
0%, SEHL0%E i Whdedhy, R Aytop pED SRR TSR ab 1o s ae
usedjading theredeag pinfeattiispsol as de losais the @étﬁ qne'qmerl defagen the lines of a
Catt&sanl rhsteri As Birgdultythélipbditichudfta fdgGieqan bé @ccutdisty tuned “without the

neéd' fop %ﬁtﬁﬂp ‘§ S¥'S tl\ﬁépe?@f‘ qﬁsg Qfa{ael? %9&19& g E%vﬁb Gk SOR!Rsult. This

1t1o syst e 1851
kndufl licug ALY HtemviayeVeR eher ot itk SeypiLisitiaees. o B flose
levelo atercndated gitber 9 phrtigl blankinigar by edngrolling ¢he qusa@ttlrmw Int $yeh a set

up,/tB¢ Rqaifdd @ﬁ@&&:\ﬂm diferetdfeps 1848 1d ofbife trlant dx@ei€ly AbduvAd Way.
Es%& aﬁ)e f&r 5%“@1“ dd}ghcigé?nsastu{:k?ﬁ uu%mglﬁl x%gdlt\s( % X\%gml)g&fﬁcult

ree es |1
de%lsﬁlﬁ dorgh ff I@Rgra? Y rSgtiemrand gonirﬁpwnxgbp*agh @&ts ttsqre%é%q@twnalrly the
yiebeafontngsydest maysffer ¢ongideriidy oningle bit egpainale matterepntrol data

hasad"@tati%ly magel‘hasaca&dmgmhmx e G EE s,}s%a BESto e RAVEI Erge
I or

gng 'Zl mensmn ?uolagrggutlt a re?xély%yvl tG8ee 8 rogessesc’iy?i)s%rn}ea‘?lke n}asks or

erre
Waferﬁsfuaﬁe@sla?@eq%do breppirgd, qnaﬁorsemf beepm;% egtreyed. i.e. becoming
irrepaabledi ng to this system in which the dinension of a

gr . d(ef:ﬁ{o'thel' ﬁle&w 3hd ﬁﬁ&iuﬁeode&geédl teémhb sve%ql@@g &e aﬁma@&ls of a

r e C 0
rasEf ey satomn it G cheer il ARSI By FIOT RS diclosed
in Y5 Bzrter 498.0&0. Atcn@rd@é tebissysteradn which therdimensionotpggd cell is
equaligsdhe drt bfthalptobe RAL, aGdps ofbefepifd dah 8 Posifidtied habidyolsktween

tw@%ndl tlmésob)I Qﬁtlﬁkes({dlltfmﬂt 19Jls ELQP bgtgres&nd%pﬁﬁssélecggd ?eature thus

eat Itioni.n
blafigig g eari 3 mﬁ?gawueﬁ I%Pﬁ’i“ﬁ? RS e e of edee
smpRihgeseef a whdensipaureefluces thmpp@tuomlm QBFPE O ﬁ\etsymamd favourably
mathtfidsatheRgighut thefepf. FRavERd ] th@fsyﬂeﬁn eriERited @GR pahidhlar did@nce of

dlsglog@?r{éﬁf o gdg@ %{l’ﬁl?}' ﬁ?k Ithe A r?sfbn' (ﬂf J \Aﬁ Ks@lﬁé’ﬂ in thlS s stem

rrespon racti
CorFRSPOgH |t<g/ ﬁ@a 2 R Sigi D larpraqﬂcwgﬁ PRl Reags Bl S SH0E of
positgonirignioc@ipng ds dimitedgd e bioglat looution dlaffwayy aapipélx bht, alseit as the
publcaon ifdicatddCth@ Fudhddhiftedled & willN¥d irRdr@fude iNstapds Wobbeing related

to ¥ I@Ht%rﬁ%) %gggsté% lelthIt_’Pgoﬂ'eas'iﬁg E‘E’Qﬁ%‘ 1%1' &r}ﬁﬁlb%lx&bsﬁzeb&ﬁsnlglown

or ar

Sy%ﬁﬂg‘i*ﬁ“?‘?fé%ﬁﬁilwmw a9 ’&é‘n‘set"ﬁ%‘ﬁ wfe@re sgp-pixel leglerpé Rb¥Rooth edges.
sysieanrongiinatien of esctaied Yeoter saan meiting steategly mhdialaster scan strategy

as HiBd1bs8d IneU§2602/QlOﬁ©i70 RheASaRER @& b@@nﬁéﬂl@frﬁteﬁgﬁ%d a group of piXels

is @(} {Eﬁ H’l%ltebg ri’orgnnga 241 C\ﬂlt_{n ?ﬁ a ﬁmte \Mn{ I)il %c%mble pattern

e€r ‘'scan s
Cow%e%rsoﬁméw Eﬁﬂveavglé%bleecpﬁﬁ%at@e IWIYWeSHaEescode The pattern is
subsemitmlyl writtbndoydlashing eaceb celf atpi desikedl 1d€atiog whilarimoving, from position
to 5&@%@ BYa h Qe ROV BRI Positi¥i SfthdledebN Gin € uhePwilttt f25Jebt to the grid
unber of possible pattern configurations is
avallable Each avail able configuration is given a
shape code. The pattern is subsequently witten by
flashing each cell at a desired | ocation, while noving
fromposition to position in a raster scan way. The
p03|t|on of the edges can be tuned with respect to the

VAN NN ™ 1 A AT ANANEINAVT" A R NN\ A NN\ A Y




10

15

20

25

30

35

40

15 control is to be attained, nore in particular even
in arelatively econom ¢ manner, which critical
walzevenesosn control renders a virtually unhanpeP@UNL2007/000065
pl acenent possibility of edges on a target, virtually
of {h@%ﬁéﬁg@ﬁt %}95 pfin@ Rl Hed BhigeleodS) MY Yt @fuld be stated that this
%E%ﬁe‘i%%{l catlonfcfi)scﬁ)‘g%rgfol R %&){ \ig{]thr%qﬂﬁg Ql%rﬁéa%ells Apart from

or ar

the§mmah@}ﬂig? fippited pusnber g rceéﬁ*ﬁ“F";ﬂO%’él ﬁﬁ%{ S gviginghat such
conpepphienaivaed oy the edntrétiutign efvenglé pixtles 1sr®dl§ oNithgin ghexlithography
sys h{tﬁldglfyoggﬂ&pau\ghrt ual infinite sub-pixel positioning of

res an d/ or es t hereof. th
&FEI“‘I REse gwantlow,f%p e ag\belr é%ligﬁ Wlle res?xﬁcttlolﬁ) ﬁiipo%d fqerastermg
mefhad o vesifering epfupeAnO8 A TUBBHALS O3 o PPN gF %m%rﬁieb(g@%e is
dir@ 536 vatueth didpbndentyt fiem stehchaadr o igridfpogitipuing the edgld a feature

at % a&ire otégfegt Nﬂoféclfx %@ﬁﬁuﬁi s li@aihfRa I?@r di"léﬂt@teﬁﬁ&ﬂlyaﬁ%out loss in

ransterre e s -
rpBR o BT VR AEEVERY o Shen el ve ] B ng e
stneyse, evisleasnplayingi & eehveasionglwplagk andi Whitei W@tlrags%éqg&{ ad Virtually

withbt Redb®dnl in @agedsridofi@8ss of a featurh&Vidovtea fdbe dorniisg lithography
sys?e%l %n%ﬁgl% RYr.2 p%\!ffiglflﬂ% HPL ki &Cid 1Y e@nat'lé'@tg@anﬂ?tlﬁﬁ{e@ to the

e SuC

finjig $iKG gf argﬁgi cgl}x@? émsa}ta& o R QN 'é‘dVrS’B% t‘i“g‘ﬁ%lod“aiﬁ““"“
corB®! ssaiochet ateiped, rowe iy partivilart ergh i eirdatively egepemicspametynwhich
cnﬁcﬁfw‘d@@hmn R 36hdbd AGHAANy @fihaghpéted platgndnepotsipiliGDef edges on a

tar%e% V‘ff“g?{’ glgggpreg%n{g}caﬁ #’?ﬁ‘leﬁﬁ%@' ficantly larger than the

t it covers at |east a
multiplicity of grid cells, and in which systemthe
Sumiigey of thaldveatiore to be witten is positioned by the

m:-‘ asl"HE Sregnt m%ib@&ﬂhaﬂceélshe'p@@ﬂﬁhtﬁﬁ ef &?ten@f»ra@t lith&agihy 8ystems
|
((EY;%% %ﬂ? zeﬁ %1@ glcan%ly b a5 l) %?@e MEE vahJEhah ©ven further

IS now

eine giieb siandreEh el e (e g5 BISTIRTA 4 i ﬁaf%rese ek eifees
thelre@¥,abithofit 1p8s @F bdpe moathakss amb where sigplshbls sich ae dymeskleps, massive

muﬁ@tfealﬁiesyﬁ\%lg ShtholcRd d1§efcl$a1§£g@§3%s&:flatéd'1\%tﬂ RAVBAH bRt @Xdremd Size,
ie, 1 \yltlfog{ lflffﬁsﬁ 8# (E]a?aetr?g)e Q)r%fefs#i ?.ncftﬁa%gfel‘réc{ ‘Q]?ljg{é ﬂﬁl stgﬁq S&nﬁ% out a
negdofonferhmiqaly pemnler wd refptivelygxpensivablaking ﬁ%ﬁ?rftswatre%fmc{ E’é swift
swithink Selclated WithRmsllghid gizdsi t hogr aphy syst em of

CONLGORRL R ¥ehab %Iﬁev'éﬁ thyaf %@feﬁi fb@'pYOJefcﬁth QIV\MI’H&e“&ttem on to a
targ% eslgifa(cggl?? :ﬂg nstafﬁ&dx? Wk’l%g ?’ﬁg yes t% tea{terfl ?e%tu?és arggt;sﬂfoﬁg’d on
saifl target wiing a yituak gidaiicwhigh SXSF?%% Bpiat SPf%fithPCE%‘r gk ¢ \Wélf”g‘/g beam
prébah lsaig tdrght BRASLTseRNifRACWalzhohin the siegofi 7 grivberdl inthat it covers
at Q&Q% atfwyﬁ%ﬂso Bad 1nwvlﬁ8}(sy§t@ﬁi1 tWhideg o¥\h fetahﬂQtOtBéG)l/ntten is

f
i by P ot BeS) B 1 §F B QBB Rpfispst drbid el

wiftnist BEU\ W BB EECBIPE N3 00y TODBHES Fosiben fatues and/or
edbds tRAGF #B ¥in SiBEcedBnhadtiével of mécdgoroand smosthbdsoof duble pdgos. 1t may

be%vf?igxﬁ Gilaf | {hg g £ bﬁ;@ a/EIRﬁ)n RkEr&Nb vérbel? Eltn!iso(ﬁ‘ rhﬁertbgéﬁi llltﬂooraphy

ena refin asi t1.oni a
sygfi g SR AR ST AT LOdh APy AR T € e hrer
thdnghay ef the brachcellhe applied grid size. The latter is

accowh B@htaOlitRélraphs isgddém ol cdhetipondaid @aduyei g dctredingly following

spécli]fYc%Hcﬁﬂs %hl§i g&h}%ﬁﬂ?atta{ung &f §etatupers QJ ﬁ{afn%&j Wfltﬁ&lt Q{?ec[{e@@ £dr Aehltiple

pagiFh - oW meenancs of DARYRpL, N f?%e%fr il ght Masures, and
withovtemteigremeniou tcharging & ewheritiond] blaghpidewhiteywiginggtool. A Paftl‘c‘ﬂa'I
adPdn@d3k offle BRisire® hechbRitheSy SeaiNengaris frtne®@opitblitg tb ¢antrol features
undue renote limts. For instance, at a typical
contenporary |ithography system |eaving out an entire
line oriented in a mechanical or stage novenent
direction Mnrather than in a scanning direction Sd,
woul d now require that the bl anker can 10 be swi tched
on and off with a 1 pixel frequency and thus woul d
reqw re a rlse/fall Ilrre that Wi II |n practlce not be

. o L 1 oy o .
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15 conbi nation of two neasures according to the

i nvention, in such a way that an individual blanker of
wa bm73¢398%€m does not have to switch faster thaPCBENLIN07/000065

limting frequency. These neasures, which may al so be

of a‘.\?\fifﬁ% e&ysiﬁ)lé(‘%fiﬂscﬁﬂ Yo sitda®N®sitioh ?Edrélﬁ.efxfbgédiﬁd Paritodf the present
. . eyon 0] 6

i 5 5 G RUFAEL B G Pl
fungtiontthat 18 Fenifeasilederesd thiguhe apRfied g fize pHietlafeh s #6pring to an
insigﬁ@&ﬁlﬁ@ﬂm&rlyﬂng thednvintiodnhdasirak pidedst méfetrbbfopdesgasing sensitivity to
inaclgmé@ﬂ?‘fn' 108 ”@%‘Y‘?ﬁm v %@hﬁe@& al dose nodification may

e perfor In the range, of several fe .
to REP’Q%M{)EF prosef nyvention, Cﬁ%is gxtde.te%hg%cele%oanpiegu git %Jlglgtﬁuﬁéopart of
the gystancagee netrbeduihed il @éueme@g@dtnnﬁr %ggimﬁta{nye, af o typigal contemporary
lithb@hphyafyttemBavhd butanledtigdindidritme® ic & niethahiealt errsgage movement

direggélflgltx%?am& H)i i ?h?cgl]lﬂiﬁg &iﬁec{i)&lsﬁi, Rlog1at s re&uixfeftﬁit @fdtblanker can

sal ttern do not s e a nmon . .
be biipbrph kol fbr | B CRataan e g Todg OB Lt e
wilkiposticenbt pardatizad dnp d aspasiatasinosts and/stiueEral peaplexify 1of p blanker

- comi{fYifs QPARR tequiBdmehP My, RigpAiRsefrér dUlntited Othoupatesamimic operating

freciuglgclyogis a%lmegl({egiferdeﬂfth RALLR! 3 S Sddubion' i cosCRR AARGural
or 'dense parts of the pattern, a mmn?fgev I op nt
complexdty jthe PRIEFEN dp bgr BEPISSIFdt MY ifﬁYPé‘ﬁ"’g’ Yolk® ‘}Ste?h% Cg’%}l& to a
conitiitibh ofi itwg mehsutes ecdoading) rethe diryestianh inssugh gevayolia it indiidual
blaiél%r eXe3s e {j’i@tnglJeb n¥fr }%atv& [\ S\Oirtcth| R g outh 1phied Sreqlendyh@hese
es_or avin . J i . t s P
oGS w361 S ep 9 Rief SRR, P BRI lon R AL s
beyiond BRIty PadigEx edgs anrd JeRung QUG AP HRAY EHIRE dHt5y I, such border,
withiatther feojesttr] hndesesf thd palttaast one of a set of neasures
]:)(r)r Id gk‘gaﬁgﬁc{é%% Dkur®Bl {dpbdd @f REpBREI fb@RioR hoRees ﬂsoblrﬁlocal
er eo, QNRLI Sing. . -
dosﬁir??gfr%gta“ APy %eﬁfgﬂemegfwa leg e of %r%jeéa%ﬂ{égﬁ%{ed lglgggarts of
the fcarplgiedatigrp, spas iR AYFETOMS 20 OHG WS RECSEH A RS %fgeﬁ%ec utive
on/ 86 paptbree béth hetrge differachindedtot fdessity wathin BEn itl ie gedsiblp that
difgg!ﬁt pécﬁs%éfgiﬂ@tp?t’f%l% Hé; 2& sﬁ%ﬁﬁ &l c%n%{ongﬁbélé dnt R98, RERA nichs that
in Q e
PGP AP R PR ) T Ay e (R Spincs B Gt dose
mofationdistaer roioas Wit ditfersnbratign deputy. iy lenbloseir denig Pty the
pat@fn, th@oinge | devanmenpassieds tys ardagdt by ehe inveltiodi Ror theeexact
pos@tﬂn}r% AHGEB YD 8iPIRE BHLASRAYEortBHRIICrifH writhh@-or leaving out
JRR 8 2 Gonb At L o, OF LW, Oy Al Lyl L he t hree
PIXGIS ALIBYPIRGS e ifledy! compiete MnpR By EnfionSTmy al so be
t ypilif fastitheinyentien dlgo eandpi deaated as a lithossphy pystephef the dpsgribed
corerioddty Gatate] wiick dedbi loast odiedofa spr aftthesurehiat the puipdsenditshifting
the[}BYRoP B TR0k KEMh B BbdoDYomBRielCl | N des) gner s L ha
'a"%gt:;u}l%%giiﬁgg‘%( p%g ﬁﬁggm 8$gsélpq? gjgaﬁ;}vé% %&h%}@%si@eugg) aefre‘atx%re, itnlarlr'gas;’nner
200ins 1OBOBIPCTELMRONTY 00065l beivrertash gRINEFUIIRY known
- 1Bavikpoudite, ndte@itng @kelsior bitie lin@Xdend thy edfe ofl said Faattraiwighin the

t M} 1 may shift the edge of a feature by
a‘gr)qtlJll ?arn\g%{hg%{lg@t nces,. Thus, a. hi

B s T
alty 1t evriving wert| opy s ipixels ieaconipagsed by a [feagise. igqlydingthe gells adjoining
| el ploRode Blgelthas@an actual |y applied grid.

- applying a combination of two or all of the three preceding measures;

The invention may also be typified in that it provides a solution, in particular a high
guality solution, to a problem that could not have been solved solely by instructing designers
that features may only be designed within a number of times a grid size. Because of proximity



10

15

20

25

30

35

40

5In the preceding respect, an insight underlying the

present invention provides that the probe size of a
whemmio3osw particul ar an el ectron beam is nuchP@¢ENGBEIN7/000065

than the grid size generalléy applied in contenporary
effdctst RRGHIBIMG wh S HRMR, fehfikts in W @RoxphXebSa frRubdlded written may
sh'u!t {Hg%gl agf%l f?at&]rg %g rtbﬁrearfg&%cgi Tﬁusf, §ﬁi?ﬂ f8ed Risfto Bnomically and

ACCOr di ng to pr ferehce™w th .an.i.nterr utptl on _of t.V\é) or
faverspRlY et Rdggs pha fealurest prorviier PSSk At lgast Yighlly independent
fromeh hanally applipgetidess of the edge thus 10 created, w |

at %r%@ f)reéidt'iﬂgqt@flﬁk&, ﬁﬁhsiﬁ-h? iRy &e ﬂ%}J Reseht ihR@tidd ﬁ}ai'igiefs that the

eature. Yet, .the .edge 0 r S ad.

Prop e 1 AT SRR Bl i, iy STt Efp ol ki
geneedly Lavelissl) in copipmeoray HihestFINDVERE. ps t Wienppixels gre added
imidédidtele dedd yhetddge ofadihtne, ag. awhdcotdingue prefiuerive witb fan piteraipgion of

twd & ASE8Rnk BRI AR BERRES edch phit Bﬁ%dheci &li8Xd @Rstagksh Bf Wk B4R thus

el b o P e fEI e, TG i e
hast beam shified arc theafinab gefterpfovaris the pedidpof thealfenfie By ¢ [valyg of the
nuidbdr dadvlieriBemn@vilariat igeimaduhgrat thich swhinamber+ pidels istadilesl. For

G Tl el oo a o op
ot B3l BT TEHEY 21 PGy (bR VR ARG o ARpYepy ealtft wil
actpalygeedores docaitd taherid florationyny3. di frererhekad (has aditipnel pixels may
easilo W8 I&Jated i ab a@i‘ﬂd&iiﬁ@i&@ ans%pﬁﬁglgi tb iafh_aﬁdi halfl el am/ lagplied probe size,
witbale &) ﬁ'lc;m? %ﬂ’&{t %Pra%%éd%f@ of € glgél i Qcpfegtfuregs‘hhﬂ, £6%Lv3r, in this
e.g.g_By,_a actor. . may .be attalined. ln thi. 1 b
mapied paigpinicat SabYTien Eiim ooy wEbA the dimepghqt e sis o by a
facvar iof 1@map Be hitaieed. Inghis respechaut ged sizelof 2-2Dmal angd wigh Ripceritten
lin&Qbtk witﬁ()l?tﬂlbadﬁit‘ifdnﬁlily‘)@?@écn d&he aslgrisiefdf fid dgndddhitdn 220.22 nm
. rimis in o i i |
S Sy Rl Sy LRk ROB,890 b
thag gn AlterastivaapRiécalpp P afsch Al s PresFRtaBeases: (R ST GUEHVIth the
inveBtRm iset®, inéreasa dicocalawciéh ofi the appledirasiensd anto jeduqeghe required
ardol} o8 g§&rént|ilﬁm§rﬁbﬂy a}é\’iiﬁ%ejﬂerﬁfly inblﬁde;ipﬁi'ai Refhagtier sGByadn. This
uce the require Q C) . .
efpd oéﬁﬁ@feg?:gg‘feﬁ%?%fa%yde-%ﬁgﬁﬁﬁ%ﬁl?éfﬁdr@% hlcflife {5 kg Fhosive
muftifjegm Jithepraplst SYSEME.15e8- mtbé%(?o VA HErBhoT B e. g. in
par tA eatbad, dbeconentiontd sastidnnagcatling do gbd noehtipns sidy/part thereof
rel T o 1RERAN, 18991 BRI SUSERIBinsiBe §featthd, lle. M2itRAQructure. It is in

wr | ting. be or . nor e. . A se 0 '
st G S CBPT S endving 08 R InsenBROKEn SR EBEA the
poingspaad $unciion efzpfrehy inpch larger thanghe adsiregp i apd that Ragifiyg we can
beinfagé ofthia coRiddnr B, paiticelar the itvertion stairucthel idea ald mgasure g leave out
poﬂl?sciﬁ{i&jeatﬂg Strtbtdrd £ Ble JurSobdI&H shiffsy @B bagenfdsitiby bingdfehtiR, since the

. present 1 nvention ackpow edged,..that. th o)

1nfgﬁ]1c§a a grud-poinf neat anaec%F%Y‘bogve?% W&I}] alf‘zaaﬁlbrg rsg'r??]dg ﬁlup F?esuc'h edge.
Sugltl i slistage¢ dependrdon byt fas Gepy fipm yEdevaniepue fdde sti¢ points are
delehidSi.€ Qi ivirit@en. Thenefpmt bf aulekredt gl poimentthamt chakdgs it hesally

effed iR tq&gerg'?xgﬁwe%n& fhub Q@ffﬁh@éﬂgg EQdit’IHnSof hish#e the

strucgture tor_the pur e.of. i fti I.he ed e

posi e dpetgd gf ieé‘éﬂlg rog?ﬂ@f?ﬁrbagmf’ﬁee s ﬂ?l%ltg%% émo%l %ap 4 & Sld? a
fegpareraltemetitiel yadenetdd eruchisiinia copidapgervith @&Wraépegfp‘?fg%ﬁdgvenﬁon
alddlised & 28 Wkha estgRtionIUe Proginiifyteffdits bpdee cdepriondt Brreldwly easy
to fg@élel;?g?ycgﬁgeﬁmf?ecﬁ@bﬁé%ts e,{;ﬁ)@ﬁry 6 SHAS, Wi Ind?QibBhigakiBetures

, . €. witten The effect,of a d t
haie g ogRsted Spsabtttvath b Sl usd of greef?%;ieisyI\te‘%'%-eaﬁ%“fbﬁﬁfﬂ’ a
halfowtica ditensipo squaan das Hifsgrishpdmts, sorpifeaiingly HOsgey divelsplug the
frde@cth Y Boose which ghd@oiiBtwidde &ft un@aiséng out il um nati on,

i.e. not witing on grid points inside a feature,

alternatively denoted structure, is in accordance with

a further aspect of the invention also used as an

extra correction for proximty effects by dose

correction. It is relatively easy 40 to cal cul ate

because it effectively | eaves exposure dose away,

wher e nei ghbouring structures have al ready deposited

o —~—r r a1 * - S o
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In the sub-pixel placement of the features and/or
edges thereof, the maxi mum nunber 5 of possible steps

WO sooaaesosdi ng to further insight underlying thBCT/NL2007/000065
invention limted, not only due to the limted range

of ‘Ala@orcﬁﬁé’b@ aStudBor dPdct JF IR hRscAt Rlvaical e@NpdsitRNAE, can be

o e e R FELRL G FOSRAELELIN A8 7 LB
an gl ecphpsilingipirelsios by lepying pitels HRaYhEh sk PERT S

di r @cthé aub-pixel placeneasef the featurea sidéorsdge etk thesmptipum number
%:gd)l% %{ebsqg ﬁ&%ﬁl msgj tB fvﬂ-ﬁﬁk nSigkt unﬂ@ﬁfﬁig\’cﬁé Yvéhdioh i8R Mot only due

O oAb bl RCCBHS A, 1L s
maintaip péospmigallyadcliieyahiegblanlting gisteyns jof teshietly I\Péil?eid(f@@“ﬂei?‘ﬁé orhis
coi¥fraint ROBE0seC @0 ehe Bkt Reanwitetficnin thoweseerf,a rastersvani ducings the
defgpfctigr[]%c% 0 n:?a!slag% m:liﬂ%%lr\]@lggl? Gqf sty@m'h? qfhls' ﬂeahbﬁla%frfeature edges

1on 1nNsi l.evant

B NI R R RN
on,carigtsrgppesbf “rIgped edigsi @asbé whitidny heleveie peiriyritingrod pakyiaesingle line
or f)Qf th&‘églﬁﬁ ihe@lamb Af&dtion ins@fe tRbatgef tieptlyvantfepmed willdnipregtice

no elhe eas};blcy duego sﬂd %ﬂﬁlaeolcyaﬁs anF l;![‘hg{efoge?é‘i@gw g@ilere]xg’m%\/ (& %r sub-

m nan I e
pinsL IHion(pF st PR 0 DOy s A 0, BRe<Gpt P2
mdverhéno graa fiinydgep paderinaytlyi orieted inian elepieonid ssprhingedivspon.

ap p%&ﬁ‘f)ra&tﬁﬁltusé Bea ﬁtﬁggf HYTEB P Sus § &tha@ﬂﬁ tite fik@& b@Omg arpphrent that

the rlgﬂlil{eglg?ts &t I%Ielnasclie(s) e @118 or (lf%lp% é%%g doﬂ ctoﬁtr{/ont?on to the critical
dirprpeigB Ll (DO PRBCY. A g Pl o Soned

rageedygrivd nechge thieis botly pbisible wittasd tranpasgh bf e wid kit | ess
thang @ ret,r&ﬂlgéa okt b Q@coﬁfah& WikiZ e scopl ahd ain of @BBEERELn] Aétonly

edg,?a 109 B ?ﬂa{yxre:agegg%ﬁ/t\%%md at fsgba?lxaeeve?&dac@ra{% Ol;ut Tag@ %tﬂé{ ?egtttﬂeg Ran be

ure are
Locatgt.difloceted Potepledin Sis GEPERISL- 1BETRCHICSES BYtEA mosy it i
acliard hefab@aay patermhigs wbhtimagecmongsa pther inaudes thet a new manner of
! I I @et t9 efBANBetlvBil fellBfeS to be located on a

Pré%%em qﬁﬁgl\%ﬁgthlegmgc%%et\k;gg&é?l ?avor ably patterning, V\,hl ch
fargttage amongst ot hers includes that a new nanner

pr evida inivarjion ffgrthenpngpmpasps Gp ddea gl wensiye 9% imiting ﬂe@f%fé%l gnergy
doltefoy\Reiinake af her esjedied, bechl that aliceaboondeacrfot] anipete. of placing features

and F@%eﬁ MYehtit %cteﬁ%lﬁ?fs a@&?cﬁﬁ@@sﬂ%elﬁve%ﬁoﬂ HA8Rea B?I nOBARHHE Part of

tin, e OVG Qr —an
el iz e O PR e B STRrGaE DA PopaRgaryp o tens
dirp¢tlicidiagent emedge o6 éaaalr@ Repderably bytent nqgssaly Sethegt wipssof cells
is bé‘rfcﬁlﬁlé&frﬁa ﬁ]@d(ﬁrﬁlniﬂﬁl@ regl@riatten withad ihe edudiariesodf avfdaturaadn this

me{ﬂﬁ& fe&ﬁreg Q]?t%ﬁl@lehges tﬁérlaéfr}ga})’\ﬁét h)lnﬂl lgé"ﬁ)czgéﬂ"&d@lﬁﬁlﬁ‘&d Oiﬁuttaﬁﬁ the

I nccbj.lﬁl t eix}? ésb 1 ulat
dna?r\SJ@etq -8 Wiy %t“%naé{&@%"r g%? CRYERen eﬁ?‘%‘?% ,but _
not Albobgwathick yneasuoes Arseritiegi ini thy 2brfve case |agcor<§nqoé} fbé ifgegtion
ap [bdalnpﬁﬁﬂﬂﬁﬂtlﬁﬂnﬁd%v&emb adlsdp dt tplicdWndividualijneOne often-applied
9' flk?ﬁe rﬁéas@re @&dﬁﬁ%ﬁwn&%hniem SRS o fa&ﬂr&%nﬁrhdfeature

A S N AL A L A —
usécetat posionig onmewpelating fegutehes desaribpd hlwne.l5ke eRtiEt T90scfagssible
cof¥oinadns bh@e thidlcefaERaSH g fasdid. bed in the above are
according to the invention 35 applied in conbination,
however may al so be applied individually. One
Drgiings- appl i ed conbination is the neasure of addi ng
wr i tTreningetibs veillj eec nthenmlugidated banwtay of sixaepla ihethe (fplowing
enfRdinteh8 o BASI16ss NigHogbhy $yBEmGetdréinad) iRE@ventafveRtge in which:
inside a feature. In the conputer prograns used for
positioning or mani pul ating features as descri bed
above, the entire range of possible conbinations of
the three neasures is nmade avail able. 40 Draw ngs
The invention will be further elucidated by way of
exanple in the foll owi ng enbodi nrents of a mask-1ess
I|thography systen1accord|ng to the current invention,

NN ™ ] A PN NN AN SNANT ] R AN N™ ] NN\
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FIGS. 2A and B illustrate the alignment problem of
known |ithographic systens with a Cartesian grid;
5FIG 3 illustrates the concept of pattern deposi tion

usi ng a Gaussi an beam FIG 4 illustrates the
W85 18P3%eam principle frof a top view, todiTA8E20{7/90q065

a t hFIGdl PR RatR reRE e RARR o Q%tﬂrﬁga@ﬁﬁbﬁﬁ]ﬂ)y system from which

h .|IIusératesaresuIt of a lithograp
t%Wﬁff& TRAEOREPB?i ng to the present invention; 10FIG

6 i | FIGSt 2nedB dluswase e xbgnmentiroblen of lmm@dnbagmhw FEsteTRsovith
a@ﬁf@gﬁﬁgﬁg to the invention, utilising the "ragged

edg eI’f“:'IG gﬁ#@tpaq?s the coPcelpll: éi?atte?n %léploidﬁ{n{ &En%sa (Mﬁ?:l ifﬁrﬁeﬁﬁl pI €

measure” Q th
a f dCuf dlusptes ‘H%%‘ﬂfﬁ‘ﬁ'b?‘“e“%?“’&ml"r ir?lﬁg %ws‘agtsgeﬂr-er #ithg third
emmblcgfarmdeslopﬁmglpamegrest al | owabl e nodul ati on step size

f or HGNGl Mudthake a' feddO6Ha lﬁlﬁ)gﬁiégff embbdlﬁentCHCSd}hiﬂ%Qmm present
mf)nu?nfeature edge by witing additional cells eyond a

array of cells to be witten near the edge o

cel | FIG &y lstatesap $yibriipedj lingwvidth ymedudatign j ipethod geqordd £ 10 the
ineantibrs uplisingthe tragped edpestenathaln. In the figures,

cor rﬁ@P? r‘lﬂis&ﬁes%é Bﬁﬁc‘x{fl@{neefsﬁétdf hESwritingSmn etirel IRBSE cells within a
feftﬁﬁg %i?ﬁaﬁ‘%re ernred to by identical reference

# ggents an overal |l side view of

one lﬂﬁr §r111¥§ﬂﬂte$ ﬂFH%rg%angab&?sm@ﬁaﬂﬁlaﬁtez sige e singlsrlingepgged
edigy’, i.hadiplacemdit of Aa@niré edpe bynvritihng adgisiedat pelistteyend a last array of
cefl€ &8l PRifkn B8ardhe &gg@ Pk BellVMRSsEveldD Gridd Ex%ésee’il{areés@d/ BNunfRr of cells

ﬁ%t gd%_t?lpled Ilght emtter, or nodul ation means
PEE YL S¥M i ght carrier Fb, in case embodied

opt i ladhe figumsy epriegponding) sructyesd faatugesaie aplesst é@@fémaldm are referred
tompdiéh@damefe%nb@mn%rsu& ng an optical system

[ CPTABERIatksb hERRER alew%@gﬁ& ah'lgrmgmﬁ%ﬁ?f%e thdt QU be

tica ecte

mg’&wg Pr e %lrrewémenu?n n this t?ﬁ‘Fms etk descryeed i ez ¢ where the
pressutuingengen ofay $eiagplieddar ligho emiter, 2y nifinlation peartsiendd 2rof a light

cafitfl ¥b O chdtCenibolied $ 6&1@ b PY, Q@Bte&a{ﬂ@ 8taReprojected o fiodulator
B s B el L9 @,}ml%.%%@reseﬁga % 1e%s£%3 MRlutb 15 1BRULERD S trom

cal lcal i, P GEHeC 8 oRiarighbseatifyfatierprRpt gyskl%mna&twe part of a
modudatarfof said mgdylator @ray 2d 2l paitiedaclends dfithe fibers &b amyprojected on the

mbduSdtdrasrhy. @ﬁ@h fighf bdafird nozdsraq;aa oflds Eﬁtéﬁx am.ecda&omag 8ne or more
mé%ﬁagov\}i tﬁ% mogu(iaqlon l_t%reoi fcefxmnegr ag sxﬁna%n% s¥stem P e nggr gzgt%m data

ates
based mmlaf%agawgﬁﬁst@sé?r rglizing r’id‘ﬁS‘{?é mge@g@ilfe taaa!?t sptace &7C. 1
al®yshbesm bEam igenecasr 50awhieh gederads Ddivérgial chargddepurticienbeam 51, in
th3 %ﬁdﬂlpielad SectBRB&eh. UBHL a@oﬁﬁﬁl@%t&h 59 er‘ﬁ"Eﬁsu 10 8edh 3ptic@l system,

R B BT i Fhiel 313 Bl B e Pardied poits 51 Fpest BRpocBuf place
53dresulingin & pjuishirof subsisntiallyrpasaliclwvritingbesmn?d. dispsjedde mndatation

arlaly 2AKalterrativedy denoked hianker i@ t Wsirgy mnoduldoars irpdie ndidilation array 24,
coﬂ{ phi¥g efctrosBRc ?lQﬂ'Qe{ok SleREns! Giide0R BE h§ JAehdrREGES Ewa from the

eans, .2/, are cte
ool s ot Hborsyelaim nd PGS W%ﬂfasaﬁﬁ ?fqﬁ%wﬂsﬁwdg'gsmg
a peagsstom arrayb 2l | the deflectad dviting beaseb. 27Usrte stpppedo dhenviitiog beams 28
pagdinigeyfopirrayt 25€arél @dfleCed @ldemettb gy 36anT fidst waitRig Hiro@pAdand the

ch s?c%ﬁ derﬂ&l Qegﬁ)ﬁi 182r§d1f39(§l§sll @%&Bﬂ %EC?XS 2l§urﬁlr %vrmr;g the target

cte r
?t“?odﬁs W‘é‘hﬁsﬁeﬁ H’Fé‘é‘é Oé‘ PrER ipt Seéa‘b‘{ww%‘é‘&rd‘fsf“
r ed ul‘:l@dhtb@m@\y pyss¢ra duithermére eompri®s 2 @uirplngnitnp@ compyising data
stdrh@ 6125 @l ohOenif 626/ d%& doRveR®r 88, liftlidfpPLed-called bt ®@imer.

h@& u?ﬁf%eig]ldcgte@ Ergmvﬁlé Hspgf t‘ﬂér ?etlﬁ, QB 1nstance ouEEnlg the

ogr aphy system urt r nmor e conprl es 'a contr
unlt 60 conprising data storage 61, a read out unlt 62
and data converter 63, including a so-called pattern
streamer. The control unit 60 is |located renote from
the rest of the system for instance outside the
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WO 2007/ 1059399PCT/ NL2007/ 000065 i nner part of a clean
room Using optical fibers Fb, nodulated |ight beans 8
hol ding pattern data are transmtted to a projector 54

j jects the ends of jhe fibers on to L 0065
W%Qﬁpg&gn array 24. The subject of the pre P&'Fﬁq 2007/00

innempagtrifiacoteah yoomh iUsingeoptical fibersiBbvaodulated light bﬂamhéglp@pigwaﬁem

dat® Yadd eraasknsuedmr@\f) cmrl 44 wcmprasctd kHeUsids @ @k ifiBers on to the
es, er which the’invention wll be

mog'i?lgtéo 1€08Y “Fror e |n detail. FIGS. 2A and 2B illustrate a

f eaflhe subikss iof fhedpreserioinyentign by visie-gots ehoxe king ofnlithegraphy
sysfegais limhprodkeiswidjriast benhamed mogehanldiys, afier wisictdehs inventidoywill be
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gerﬂfdtéa a€ ficidencd of % 3R hfPBgr@pﬂyelﬁrg&tls mrlartgé'ﬁh&ﬁﬂé &l d?fflensmns
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t he exposur
desiL patisincia bn drays is pliown ip beld (ies &) dhe top|edggefiths featuee does not
alignowith ythee grid dipek, oft the sraftarizad pettean. GTlwabldd line Eel drrwe through the
mogiilate€ toplray @5 celdBhd¥ thexaSiBridet Pafterk @nd0d6RE eHeteof thedis BeFctively

wrlltt«'=:1i< By avggnfe rL@conﬂ { o% mgé%lueBc}f tl%]h%&%h%g\ac%agr% r’Iglg I?l'ésuieﬁ edges

thagidid H%‘c?hgﬁ’ With therggid fiaes A é,valt% él@Yfraera&aeﬁéh@P JASIG 4 B@ probe Ss
effeceaddoy stwriting dehm ibhepreseried witlif a squate rastar omios bf aisizel concursng to
thestﬂﬁé’éﬂ] width fok g;'cnt%ﬁl dlﬁeﬁ:sﬁorf‘(lﬁ %PWmﬂ dihdeShe ﬁf)lgeeﬂe SRfof AR wntlng

beafplels B aseBynie i SREOGH pbe £O0 et ey it et Stz
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ragpdieedge irdtht rasesizalf pattbra effacivelyishidd thpadvemtal feaflre edpel oiitwards to
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the AP UHE P a(?nlmgkheﬁo HHe tﬂ%gmgat%g S5t gy creful
selwéawn@ccelracy oElepy thare M0 phihe atid eqll dimprsiage &5 ¢hiained ggesssolution
fort hubtpixhl dmodillatish i §Ntomubd rhgped Oddigek. | Thee Sutapixslr plateh@nt of the
have a ragged shape. In FIG 4A, the probe Ss 35
effected by a witing beamis represented within a
square raster portion of a size concurring to the
typical width for a critical dinmension CD of 45 nm
Since the probe size Ss of the witing beaml et is nuch
| ar ger than the si ze of a SI ngle grld ceII Ps
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10 conplexity. This constraint is however only set in

the direction of the deflection scan. In FIG 6B such

i mpossi bl e nodul ati ons are indicated by surroundi ng

[ p. This can be overcone by al so | eguj
Wg?i"ﬂlﬁéﬁ‘ﬁsi de the feature, T@ g. as in FIG gﬁ‘/ﬁﬂztﬁ'ﬂoooms
feafukd@dg® isi dchienget by hedingsoheqineth oneang soree affi dhitkih fiecduten pixal line of

the fbdn0 HoRBRYpRY B SIMARGIRE Wlltﬁ\% es%lt@qu dnus LIYes oNBREUREedge in the

t he. t , d |
resi, 6. he abeh S P it g ol e 23 20 I Sigfene e
coreriatie Bn/off thhedge 1of dhgeleaturs hpolfectivaly pleeddraerh et Byam ap gpplied
pixblesizerPs bf €8),2.25inh. Bebdute thd probésivsSs dfehecdivaindisimuetsiagget tharithe
gri a&ét, %ga&agﬁggegb bE%E R mpp ti,ﬁJém@ L ﬁgﬁ paftén FBR i xEmum

ns . aptatjon. o dges of the pat.tern, .
nupi? OF P 58 OO RRCGUERR Op e e RS RUnE o hsght
undgflying thetienfiealinited, notenk to @rabd sizd het alsordve 4¢ 2 dlanker constraint,

i.e. FHIRREView to inAih@in bndititly GElliévable ibla@king Bystdn® ol @dchii€dlly Fifnited
con'ﬁél&‘?tg. 'ﬂ[igﬁ?o%gl} 0 ;¢ ln)%velv&%%nwds t‘;h %%gl'irgaioi of e dEt?ecIi&lr schal) % FIG.
urpose of positioning the edge of . a Teature
6B ueh dmpeseiblegiaduiations g indisated by cugeunding; ¢iecles Jip- eFhiy gap be
ovepairicdby a]so mading biitgpixelsvigdide thehfiedttns, d has mdge. @f. t he
f eakid. & iil¥aledd s@dnd B¥astie ah kRt b Oithd g kghtbnPaccording to a
furf%g ortnha%lrlre%gor}gi% tto.thsehlrgst ntlj?n\e' n 1919 eba(s)efd c% feg\%}lgu [)1?1 Y%.%t writing
i Stb- pi-xel Fesor Ut iont |.§ tt.o Tedve out, 1.e.enot To )
Pixgls ngas adasgrpdedee) Fife 3B i s tosrert wgye thej desiredpattera to be written,
while BIGur5A shbiwis sheviiaptad @astegizéd pattsinrtataekieventhé-ktact placement of the

TeaiR URE LR flfion SPHE By UGS ey o pmBodific RTLopientof
el PR TR R Tt 57Oyt P m e i el
in the deflectiondlingp preeadingdbr lagh\deflectine lingd drefor theiparpossi oftposipieringithe
edgelone fdatuife RHormed adptent R fféanseledys it (he rdsRfikddpaitdrdmnd Bfectively
shiRJ thE I@ﬁges QhE fe(«?l{uré ﬂ%a@glg?ﬂa Be CHEY olnl']tﬂé ﬁgﬁg.r ﬁﬁcﬁﬂ% %ne&ln)ﬁ to
hiégf?a%t 8 gtwrl til ns% ! ea{n on a .ltt0 ovt arﬁg t. {Ato t he omplete
s Caad)] Aue gyith subwixg! rgaqluion dhtodpave OpG {& mot fogttde comp
lings neardusheedgm dhsidh the fedtiré.tThistrheasuseliyallystsated indflG. TThe

di sBaiAG® thY Point¥ptead filnBfonSrlIEofiaSwistith fpk @ SH @PANSIa8r A \the

addfré%g, F{{I&,Qﬁg 1}n1ﬁl?enged%ed fepﬁ ﬁir%ls %; gag‘ ti:"lgre(ﬁi iﬁ(s%e 4 Sil'lll?tgl%aShl% dsad?lg over
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thejefiges. Tii BOHE Shreadfuprtion PSTisvhereelsfingdhats vy cliznaag agleiod fhe slope
of thh &hussiantchye slad mpraseptdihe dopacoof Saritingvbsaer on abithb darget. At the
edge & Wiféaturé, Radh deRkBioR bARLly RwelsBe bdst AR BMUS §HS th@Bddeosition.
Thé Wst%ﬁcflgeoq'ero&lhi@ﬁ] Eileoefdf e 1 sinq&e& B e)1(1$ l 0 f fno%? B e 31%:] %déeht'ﬁ? deleted
. wou reqwreaveg A8t rISel T al iI'me of typrcally
Pixgli isHpqtadeidnen te elcdsleted pigpischeaying| oyt gn finkget lineein the
meciphicdangvemént Mid ditertion catles $has irathe stasuisg direatich $t hayevery wbuld
reqGiadTRAtaNd bInkef ofdhe3hd SRRk Ean B0 Sk S 4l SHEMFHth 1 pixel frequency

uir nt. Yet r .. pl e.al so. edges oriented in
and B oyl uisn 2 Spinamt e/l e, o BReRly wim e gt maogeconds,
whigh il j5y praetice mptrlg, reqlized duerfgrasspeipted mestpandestryctrglgomplexity of a
blattltetl témpslfing reesuoli requientsat. [Yet, &S priirkiplé dlstsddged aribniay ifHBe difection
- n . . .
of ‘%%hg‘i‘@%%ﬂﬁ%@gﬁ% ?,ﬁ%fgi‘j;’e-jé'é? QYA S MO VRREDIRGL vek @ vt
° ‘?P@é’gm% e_ﬁse??é? WA OBt i’s favourably also used in a
conli pragticeracerrdingi¢o 4@ imsgngion, b patterny to bes expogede with netdonly, be
adjbsted usthA.eadinméd3gre RepaRKE1Y) Bub isratoagylyassousedin cdibination of the
said Motbgg.lular? esEnR&Liﬁ' é.?@\.%ﬁg%%ﬁngﬁuﬁ%

0 e {)é/ shi, quﬁi-[f‘gl'ngqt I? |&ﬁ@g}g Egs .g? %alt?ﬂ}lhheth?ra.piy
toofs; 4, PXRegTR At carther 1j,€qnfglied Bys .Iheyeiting hramlet at the right
mompatrimtiing ysing &hlaekes Wheh the ¢plesatikg frequendyiofiia tbladkenihlimited, which
oftedf i Mebifedd@shr 0vivw t 1o FedutiBlV dodts " BAU Giri@urgIo Shidplakity of the

structural conplexity of the WD

2007/ 10593911PCT/ NL2007/ 000065 bl anker, the pattern is
adj usted according to a suitable conbination of said
two neasures in such a way that each individual

bl anker does not have to switch faster than said
limting frequency. In a further particul ar enbodi nent

P - — 1l gt e o N -
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20 deflection scan Sd. Encircled positions Np
indicate "of f' nodul ati ons that, depending a specific
| ay-out of the system in particular the available
bl anker sw tching, could be inpossi
WOL@W%"S&? The hatched area Bl indicate the ﬂgz\u%gowooows
blankere die Ghiattedn iscadjused lasgording tockaduitable\borhigindtion Of suid &8 fnkmures in
sucliaﬁ% Qﬂattegal ﬁ@ﬁ/idﬁﬁdblgrﬁ(@t 4deS noF hde tg sRYcHRfabRY ﬁﬁ@%ﬁﬁﬁﬁtmg

eat re or
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s, B et BBt o TS AN pa e (1 s
edg‘teb% plagkaddor the pusprsovef shifting the pesition saifrfeatig edge.according to
t hen m\eemhplémuudtﬁed BPFIGS. 6lndf, th&lﬁnm@,gmtegf fok Weiting a pattern

on t% 'vJa?e?gkl d xﬁﬁg%ﬁls %B&% ? Ot 2.2 el?’ltl A g@%ﬁﬁ& fgluééectm ﬁ-ld size

I ne
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required ncen®-callid fattérh streaagyat) sestope PSSpafsumasklassdithograplyy dmparatus,
whlélhﬁlaj' @iﬁﬁi‘ﬁta\ﬂ? redic thets &f thla %ﬁp%rz{tlﬁa A148ahd pﬁeﬁ AR Re. Ottxe (e at

whil] Bk St afiPhis 6, by RE Bty Hafn A RIS Aaqhlede 3t she
presgptoiayentipm, theppforp j adgt regidest inj igcrpasing| grid sirpewhils snaptaining design
freel@n Ibyl Cliecdss &f thecabgve ekpldined rpgeed ediRdmoduldtioe FIGOG éllustrates that

beca%?@ eélc—)lﬂ q’ﬁﬁ@ﬁsﬁ?&eﬁt% N coﬁslt‘l‘iﬁt rtﬁed#G&Sm&Jﬁ?auBH gpgf(en

IXG S. an esse

unc
in thedibpOR O et Batioah pigverpon M ot & BES GUinE BRESIRE P Grset (o be
prodepsedhds Mﬂv rdaffer¢nt fiomQhe 8ypet df anodukation spnbf:d @nathe ulirggtiopref the
defledtioR rRtaf $d. CRxEhtIBd pbeiichs Ny irdlicaleE hodvitibRgged deptgding a

spemcéf;% @Bt‘ og Mhd @st@{%m Igaﬁg:ufap {he %9 gfﬂt@lratg f glar?ﬂe? F\ﬁltch]ﬁ)% could be
8 |P

impegs e haehpd wrgn Bhingisai Byt ageprding e pout data
whiledr dawtes thedwsaaf thodesibéframieze as a result for a range
of MOBCNbPE halchel 4Ra L0 lluGdARs ReafRES g lajduWhlIe thi gt drea

RE(ZFE‘?I&:&? the ?ﬁ{qﬁﬁ%% fe&tﬁl}e Ilﬁér qxgosu.{ ﬁmho%g Ry vx)tltn tﬁeqﬁeag\ﬂgs Oa%cordmg to

the wa%qnppdh% aoamanp tq‘Feed@EJ%Qféh‘?j WEifter) fﬁé@rens éb‘&é aw@&bfeat ViRg qut
interngl line$. GnclOshift isneplated @ the distanaetofi ehellaft ey dieerfromalte paeadist edge to

be sfxiﬂt'e!i Mt ﬁ%ﬁ&’&&@&l tﬁrouﬁi’lﬁ@ pielent B9QRLh, Bt féfRodinfibifect correction
nS|ons ected fe qLues

(PE&? %tﬂ riz_Bfout SIg, J ﬁoa %Stlﬁ%/ %He 2 size bastd®sh 1ofal background dose

con orary
leveh gofmer @59 m@mmmmm desired for egpnomic feagnnst With the
ragged edgep heasurdacabriding @s thaiimientipnd @ igeid lof leasthakebaif a zath dfnhe grid

smetcﬁhglt)éa(?b@zﬁl%a's\ﬂgl atlﬁﬁuﬂrﬁ‘ﬁ{%ﬂgﬂ il @D%ﬁﬁie rw@(itﬁ}&?hﬂeg’s & Inommal value
in teAe 88 5 ey i Souls s b B dryeg i s proded

in therpbatsi e¥ample] Theisdvaneage iscthiat bychon@csmhe pengber ﬁf piels and thus also
the hinount tdfeunadiopressed feinoryeth 4 ipdttdre Stredn@k AtiRgistérd (PB®) of a litho

machﬂ? ah tFi((,‘? 3, tHe rx‘esm?@otf cgfclllg \(\?ng 9n Sfbfr QB ﬁhﬁloﬂ? for b %Eﬁ Nink H:%Eed

cde? ol i e o RopHs ne

a rec

? e’fRSesé ‘B@P{?}’Es"?ﬂ’ﬂ‘els ffitting a
critigq] gimeasion (€D awhtrdelasmwﬁmsly plpm'rStthetargeetamdn@uorhéep -size as a
result|fexi mangd’lff|sutdlegildé‘sﬁﬂe§|lblcaﬁ$>e 8dtn @bl lmhlalrs 1maluru pexf CB alafer
tlll)an ?9% ﬁf, 1¥Q6egé§xfb¥tr§§§a?%§ %E‘F L%Q%Z %@é with the
aboye ey rﬂgs 3188&?;‘}‘%% olrm’ﬁ’rlcﬁ é‘ ngygb%a% @kepst Sifly
acceptablg, pmnget respact af ethe dighfy irefined) diBersiong ofirprojectéd deatiires in

conte@pdraryWlidgtaply. St r at egy to operate said witing beam
pr obe based



on dividing said pattern over a grid conprising grid
cells, wherein said pattern includes features having a

waeme/10sger than that of each one of said griBCTELLE®7/000065
in each of said grid cellsl2switching said witing

or o A G Bonctls o) Al pertitp bty bPqittoh MR ding the
imprige bOvERE ' aprar e RO deraland e Lo AiEaCheR s o al
detalilsr dsnayabesdireglleandamembiiuepslyr et derigedyaapre skilled intheeat frqpy the
abdve RRS1ibica TedRpaaseMto e siveithut Inahe efllotving 'setaafdldimd, frither than
. SW tching. w thi - bk tructures
Qi e ERind o d R BubPRAE e’%fﬁé%%%“éa‘ﬁ °ﬁ§ﬂ?ﬁ6§3‘%3ﬁﬁi ]
in G figues g e 0% Of SHBROT BT HHTEART O FGUHE 1oLy ) o cremplary
mewhisg ef saidpacddipp®imi on dependent distribution is

perfornmed near an edge of a feature to be witten on

said target. 3. Method according to claim1l, wherein

sai d position dependent distribution is perfornmed for

effecting a sub grid cell placenent of a feature edge

on said target. 4. Method according to claiml,

wherein positioning of a feature edge is effected by

not 20witing part or parts of a line of grid cells

oriented parallel to said edge, and |ocated at a

di stance fromsaid edge. 5. Method according to claim

1, wherein grid cells are witten in at |east one line

of said grid adjacent a feature edge outside of said

feature, whereby said line of grid cells is oriented

in parallel to said edge. 256. Method according to the

claimb5, wherein at | east one set of a nunber of grid

cells is additionally witten in said line. 7. Method

according to claim1, wherein an overall dose

nmodul ation is effected for said feature, by sw tching

on and off said witing beam probe in a regul ar

pattern.
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8. Method according to the claim?7, in which edges of

said feature are shifted with 30respect to said grid.

9. Method according to claim1, wherein on/off

switching of a witing beam probe is slower_than th%
W32XE10P3Y e 10. Method &2cording to cl ai REYNLEHP7/000065
coaivsh an effective edge position of a feature of said

pattern is controlled by not witing one or a set of

grid cells within a range of the witing 35 beam praobe,
L si zg/lefhoeﬁf PRfEAting g evriting peam probrotorming B@esrﬁghwste'r*g%fﬁr@?ﬂmg
a pattear @i tn atidrget warface, cgmpising: pr obe conpri ses a Gaussi an

probe, wherein a,full exposure of a certai.p grid cel

D oo uttggh ol 1wl BORHF o odnE S Pifaelin prbe based

B diding saig patgean evep 8 £5id cgmp@sixggequ_ cellyygwherein said pattern includes

Zeddtksl Rivihg A k1P GafgelNthadf) thad sTRAEK e oflsdid idwelld, i ng beam

probe forming lLithography systemfor, generating a, . ..,

patterf CG?rH Pgsaéd e @8@5' SHjtgtipgesai Sigre EP% probe “on” or “off”,

uehierain the wiriting heans probet ergsaidotargettis o9t talcaveda sgfaseadren that covers a

pArhiIgy Bf SidRdellgafd | d conprising grid cells and wherein

sai d vvriti_né:j beam probe is switched "on" or "off' in

each ohereyt dusige @ sbgleipassobp Waitinghealy i ti ng or not

Wit .rl?«gfe&ﬁl%hrl fﬁoﬁ)fdep%ﬁ&e% Qigtjrigutfo%lclf S‘on"sﬁl'dd‘oﬂats&'ﬁr g within a

conpri_sSi n\g_f, tures bo1 .a Sl ze aJr']%e,r, than that o %n(? )

dgrngg A dheqFrigp Jrobe size Whepel $a1d, WriiRg $ffafcgy HycPw uring
prdbsimglspassai d target is larger than the size of one of
sai ri.d cells in that said. wi.ting.bea rLobe.covers .

2. 52 Mot hcS s orohiBE 1, $efpthid ' AShiGF RGN S GRR s

perfprimedhnegt an edge pfsTpatine fp brejtira ensaidifasact-i but i on of

3. W' Methdd aff&gorﬁfﬁg %O&Iﬁih} 'lpgvhglfeing Ea\i&i ?iltilaﬁ‘ deécnﬁéxfts\ﬁgtﬁﬂmon is

t i afrangge pr .4 ng vi/rltln% b?a dprobe L #E erein
pe ginﬁcl or effecting’a sub grid cell placement™of a feature edge on said target.

4. Method according to claim 1, wherein positioning of a feature edge is effected by not

writing part or parts of a line of grid cells oriented parallel to said edge, and located at a
distance from said edge.

5. Method according to claim 1, wherein grid cells are written in at least one line of said
grid adjacent a feature edge outside of said feature, whereby said line of grid cells is oriented
in parallel to said edge.

6. Method according to the claim 5, wherein at least one set of a number of grid cells is
additionally written in said line.

7. Method according to claim 1, wherein an overall dose modulation is effected for said
feature, by switching on and off said writing beam probe in a regular pattern.

8. Method according to the claim 7, in which edges of said feature are shifted with
respect to said grid.
9. Method according to claim 1, wherein on/off switching of a writing beam probe is

slower than the pixel rate.

10. Method according to claim 1, in which an effective edge position of a feature of said
pattern is controlled by not writing one or a set of grid cells within a range of the writing
beam probe size from the edge.

11. Method according to claim 1, wherein the writing beam probe comprises a Gaussian
probe, wherein a full exposure of a certain grid cell also causes a partial exposure in the grid
cells adjacent to the exposed grid cell.
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witing strategy is conpleted during a single pass of
said witing beam probe. 13. System according to
claim12, in which the witing beam probe size is of a
value within a range from5 to 20 tinmes the_qrid. cell
WQ 2007105989 System accor di né|4t o claim12, \/\hgng?“ﬂ@m%s
120 | Al RetikpeBsamDir BRefof IR it e RplY @@&ﬁﬁﬂoﬁ@@t&ﬁﬁh?@%attem ontoa
tar%%g@@gg]g&npé#ir{g: exposure of a certain grid cell also

al exposure in the grid cells adjacent
t 0 t heusingpoaiilg gititegydedeld on diviling\daidipatierh over a gad admpriying grid
oo PRI SUEWRTRG Bl Yo i RS (et cP b ach one of said
s, T g o ot epthgpe X s S Cplise s9i8 pitegy comprising
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modulating the writing beams in said column by blanking each writing beam
individually within the column or not,

writing said pattern being performed by scanning each individual writing beam in
a direction transverse to a mechanical movement of said target relative to said column,

positioning pattern features on said target using a virtual grid divided into grid
cells of a dimension such that each probe forming beam covers a plurality of grid cells,
and

locating, an edge of a feature of a size larger than that of one of said grid cells
virtually independent from said grid size by not writing at least one set of grid cells in at
least the last scan line for writing said feature, which set is larger than a number of grid
cells and smaller than the number of grid cells required for writing the dimension of each
said probe forming beam,

wherein said writing is completed during a single pass of said probe forming
beams.



