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LI THOGRAPHY SYSTEM AND PRQJECTI ON METHOD TECHNI CAL
FI ELD The present invention relates to a probe form ng
wo paoogiaphy system for projecting an i mage paPCEND2OM000065
to a target surface such asl a wafer, using an "on" and
"off witing strategy, thereby dividing said pattern
over a grid conprising grid cells, in each of which
cells said probe is switched "on" or "off. 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
neans, so called nmaskl ess systens. By swi tching said
probe on or of, each grid cell is either witten or
not respectively. Such probes are characterised by the
probe effect in the target surface, which in turn is

1 | d f i on.
O S R gl S s

Gaussi an distribution. Probe size is from such
distribution generally taken as the size of the

TEEBOAVFIED | N whi ch 50% of the energy of said probe
is present. One particular kind of such probe based

l'i thographic systemis known fromthe internatjona
pat dhe Piseat invatiph FPlaNece 0 2rbg Sogung lithgaaphy pestegt for projecting an
imaip phitea i toaentdrgetrmﬁhwescmasrmsafm/mrrgﬂnt fopl andi“bff” ofiting strategy,

thefé%?rdgﬁcﬂnf &id b&‘t cfh HRATRRSRRDHALIEH il cAlsCALBE o Q/ﬁircﬁ Ic@llsBsaid
S h W ,Or“Ofl' \ertlng sai d pattern on to sai d
B/ g&m AP LRt

gl beans are for that purpose
scafndusysioms hayirigd sp spllgd black andwhitgryiing SE3teRy BBy &ngyn in

theraRt lafdj maf ed. bk fa&etbhed, irfdafesverthe uteOofaliseraunitinggmeans, so called
magﬂésg (ég/été?ﬁk ® s%bﬂng? mrob@%g oo 3k, d:aéM gﬁd 04 9 %ﬁl‘f@ vQ-ﬁl!eH @r not

| at ur
res AP S5 e e BBy SRR, e Rl G i
tury iisr oftea|desgribedl yvato-agl¢cipainirsgesnd fuapdng Shappintrsprepdhfmction (PSF)
gerefdIg ma@k Gaiksin distbotidna Piobg siee & fedm sih ehs&h)aﬁgegenbﬁ]iy‘r&ken as

he\éﬁetotﬁlg dﬁhbﬁncﬂﬂg\g[cﬂ sﬁ% Jrhe eﬁﬂ&%‘@f dld haRRt¥nsSyst em

on atlve
o SHE reispiag K2d;choogeh Diet oaied ik 5 Beh b E oy from e
interpdtionglvpatenh pyiicafon W ARPA40ZH 0B darihed yargqa pfal Appliganteand involves a
maSidel Bt wﬁsa oBEERRY birfige ByanSaefer@edinadharged partidi®bemis Bolumn,

fornﬁ{thf ttQ’X tg‘ 9&1& ﬁalTrée? %Héht LA ru{k l§a£aag)§ SR Elgﬁé\lﬁ&fse s&¥ned

rtua ri

ovegyFaid dif faédo rebeng FBEkls A VIR BT b EFCCHORERNITE Beigroning
dirgcgion of baed beanseahdi saidovriting 'beans beihg modidafed fontthat putppset based in
whitl dybteimd| ttern E¥RIR hrk i REkiSNEE! @MAE ARGt WISt Befirtdah @rid @8¢n said

tar, e% 3518 %]E%QL%SQHQJUOH% rﬁo%uﬁt@&%%r &1%?‘600%&(%&3/ @E]Ia}ﬁs The

ob OV RENe! A RRTTR Hethe blg)mm}ehta%%&hwowstﬁﬁe]@ ps & b By the
coraloisatibe vf edlative mevenmiafithe thrges burfagriandof tirpeds oot and; ‘lpé” switching

of i ¥8lulgheQeh 6 sl ibkhkdrSoptie Spéle Eigkdigng By BAWRHRYS dikt] kiore in
pa%‘flérbﬁ’gd ? nggdsir\ééetr?g?eam}é‘ﬁﬂ%rgofbe disturbing to the

0 the substrate. Thus

t ené‘é(rﬂi‘?/ opstptiopdl yse of BodEwal gHE i ko Sxstras| argy@blé 16 determine
whpthersa biiéing hean tsendemayed mtd &eh” by “offe neddss, méuichfin the particular,

exéiil?p?l'ﬁg@ Sfstent ﬁezﬁ@\hﬁetﬁer\{hé feaad is |tcnf>é Elh.ﬁk%d eh ﬁ’cbtci@ blaflked respectively.
Th% e SPLNY se4 %m(? is o o% m% zfmc\i’\\%lar known eg‘ﬁ)og netrc{ae%gﬂgd %y the

O%T €1 Oni n
quegfipty Whgth ?fr?éll agpifenphder P?Wﬁ’éedt‘ﬁg oyF %fs% Aot the Ekelihged Ofrféf%lﬁh is
coraileatitdi it nowaday pmsltii vritlnigtbgarh oystaoy, meultibeglisprbing m thy pattern to
be kiki6F 51§to"ﬁle Whithate) PhusOD teh!'ﬂﬁlc?btlﬁﬁ td @B6keithe dridl as small as possible.
particularly in massive nulti witing beam systens,
desired to have the grid as large as possible so as to
limt the anbunt of data to
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be processed and transferred to the witing tool part
of the litho system and so as to enabl e the bl anker
W0 eoovite®By switch for correct witing of a feaPCF/aL2007/000065
wi t hout the need for highly2conplex and/or relatively

Thi€ ¥REAR Yere® bR Qb siR o usst%ra@% BB aliaDifisid dholcy in designing a
e >

. Swi t.chin As al.anc . Is
T —
with emingighliomdesyingthp pEpagRYeniRg RIBRA aqditiongl ppggbfipydor correcting
profiing T dffec ait @Giting- O kHeeuher hatd ddb, mitivelgy dn magsivesyulti writing
beagysghtgﬁ%{'d\ésiﬁed% hbe ¥ Brid WoiafdR 28 bSssitdl ota® b 1it WE bifnbit@ of data to

e avi ng .a prohe size of correspondi ng order,
R R e i
thegﬂan&elt@ firgely @wggh oy (@geoéywrggggqfiadfe@tgm g\z’lth@\ﬁ e qudafor highly
coripl® dnd/bi FRAFEY Rxfedbiad blwket Grutines pipable ofiwiftly seitchingf

3 2 : . .
o] a%ﬁ Irflnrﬂéﬂagga RHEAL Qhesa%t){féo%f%hb@iﬂ: EhriiRMn @ hnds3nkhQGoPbf RO ktat

only one gri I uld only have a nar..
of dprieERoT cllulngs fleatinade e BrOte JREEG Sor) g
din@pgedeeliattypiballyfefge ¢ ninswiich e seittery Whtingebeamp B3 vingragriobe size
of AR@bonilik Bxder] BE. T/ B8 QA whibly &8 divaded iwa i plicivyi dffritl hels, e.g.
in ﬂ{ t?ybioe md?cfell{z Ws HPa gr}{zﬁpdifﬁgésﬁmqglﬁ Neab %%rcﬁﬁ%iz@,‘ é%cf‘ of 2,25 nm. In
atterfi features. on a surtace of . a.su strcgltg tocpe1 b

such 4 SEEp ﬁg@gm@qﬁ\taéb}aglgfx@n %g Pe f)%gé}( 3?)611%}“ %; t%oﬂhl . only flve a
mindr effenti bn & Hepositrd\descsdieltctamanee okenly @5 % ofhichgiteet 1s foypypatice to
beg&gid%ghg@g{m@ned reasons, particularly in nulti beam

witing beam systens it i0oni

or  dUbBESER AR B IR IR pRERH LR, B hER MRl
posiiqic BALEITY foaRiEsst O ar YEaqst of; USRS P PSS Wy oty based
lithogiipiyesyptaint veirioedthb ybave tiié dembaghs divesf. Ayaghraasthe pre-mentioned
reagdrﬂcs{ fh&an g‘@frﬁﬁi%egﬁrﬁrgﬁk %ezlt?ﬁ ¥enR Sadchval@lPobitiif &fefaatures or

syste a i nce such wou [ QV}.
o T S0 5 A U RUAEIGHLOT 1 e e
exposed piabrkpaiigred by diffgienisppbes; sagh asrdé_fprglgé:p?rg?fi Rppticle beams as in
muilt§8d Yes sysBaek gnduinde kuthovdidd ppovider anather imtrwinehe|fyr crgeedting
prd}ﬁﬁiﬁp&f&& Wialih B Bl ReL bAk®-pidl h-10EAIE offefiBres.S a

raster scan. In order to accurately wite the pattern

on the substrate, the pattern is rasterized. Each

Backgroyd! particle beamperfornms its witing operation

On dn StheS pricitaer, b avility Pt mextoddo pudene h silstrpowithi tomedalenis 2
raster rs@atn%t-n (?Eér\{@ Recif-fBPwhifddhe dadeMHEHe hlﬂ‘)s@at% QU Ptk US rasterized.
el Vst B o BRI gy ve e
whilip pesitirged e awotarideiger sites thak i Bevet an & KNtHEGHh V&Y A1 ghsame
tintel thEBeanBis Rdnhed # d diredfidnt fefiRnditular tgthetktagamiction.déyesipplying the

b %Al veHtle -onA ] Qhich d

N NN ) C W ivore e
neesssarity; nsRdsdo B # heestan et TEREY 8161 WP A g R pAn oY
be Ipesitinmeg withint the dimgesiongef arsifigkeserirel. lagingagficra dpsignsrules does not
solRE e Sdbledl HEQ RESrOEHofNRNASHtan dasipfiideds 1o dapirgnedfoe skyeral

restoﬁxtigl?-dﬁglwh?g Flge‘ﬂoﬁqgr[a, HEY &k oxrirﬁﬁf Lttt de Oftiefll SSrHEnQan shift the
phenonena, et e_c{Jrom ty effect. These
edgesof afeptugna A mshgit he edges of a feature away from

a grA chethion éowatdsistphyad eeswarist wripieodeseloprdan thecRriopprt of multi
bedth 1 1ithdaehpHe et eReE kibwinhGord MTSFI0ZI0N, of whithtd pheanis written by
empldy RQALARDY R¥E! SR hlgenlf ﬂe,ofﬁqgt Iagtgﬁgehj.sgﬂt%ggﬂzaﬁ& WO ILERIs are

gaant"_ternlspwrltter? Py enpl oyl mul t.1 pl e passes. lhe
et wu g ok PR 19 TELLELS, PRsi e
Thini neells imtle skpad atwsberof rastes etanes tabnstriny figeieatyte. Since the pitch

betvRBAPRELs -is ER&BePMASA dirSctidhé Bichdcdncad b8 pdsiaice at adigher speed.
scan. This results in the sel ected nunber of raster
scans to construct the feature. Since the pitch
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bet ween pixels is enlarged in two directions each scan
can be perforned at a higher speed. Thus, in this
W@ppEroessb a pattern is partly witten during aP€T/NE2007/000065
exposure. The entire grid i¥ shifted within the
Thii HEHRS iapprdachia pateinnig lpertigrvites @htingam €irst logposere SEROstlre grid is

shit?egl;x%zilt}?% tﬁgt}ﬁrg&%‘oﬁxg roﬁ aissﬁxgigr%étc_%ﬁ and fheh Bl RcHRNBRT of3he pattern is

, € can t itiaoped.tw ce as accurate
WIIHEn. B‘é‘ﬁ‘&r‘%@gﬁf %hta{e(f‘;ég%@ané ﬁ’erﬁ‘)’?‘go 4 4Wick as accyfecas bifofe. By
employing aYes et pesses, plare aeontatecpattelseplessmantpan be Rbjagethed rather
impoRR disadanidbSeraNia BbeRn & thé Finsiderpifle Gi< b thfoupit implied by the
muﬁ%{%sﬂagsg g%leglalépﬁ ?nc?efasetd!ﬂv%# %chldﬁra%)m)l ied by the

t'1 plé passes, especially at 1rcreased |evel s, of
accOPHBSF. kst Kemigs AR ch ASEhe!s ARSI 3gesy rgéingy and for
insiasicekda@vihedhin egileYSwrichi 139398Gnk this rpirerch ancletiwbswnallywehber of
grid Eg:lu@ ?s_rdsé’c}. k—i%w@@eitr,lecﬁé ap?%%@@&g with{ﬁdeb&}i iBRANOMHRI .. to 0%, 30%,
sna n erL. . arl.l
0 GO BT g R Ut RE 07 b8 Bty e goedsone
the\edpq i, Teaurg, sot a5 tQdecatg sy, edpe verhWritRIOR Wispn\fag fjes gf 4 Cartesian
ras@tirsatd @sulnfthd pdsitivh ndita fedture Thie b8 0&dnetedly RORE Fviledus thermeed for

muH%fedpa‘\%%Q’n MbR6veEILE @fa & fRAdUICproife A% fothel RGAL ErhishBhown
e en vvrhtten betV\%en t.

e e |ines qf Cartesia
eopdeapt et iy dS5 bl el Gyl B Elp oo
aregeeigd aither by parrhia dlankging poen conhigllipgibg exnopuraiime; I'g|sgch a set up, the
reqBR&HS Esntrol MDHROUBEretel 858 aliatd sparaedeadant extpnely deutatee way.

Espetidfy Slﬁéﬁ thr&ﬁh t%ﬁﬂ&ﬁ%ﬁ%ﬁ?ﬂ QUG AR MeSY AR i ANBWE Bifficult
o & i RRVRTICENE i e

yieblorftsndl 4 §ystgmtrhay saffpoepnsiderphilyre? single i eroninghs pagm qopgol data
has' £@ldiiVeBlae ithp et ordthe tdlvaklicifisarieén tht epten)dedi®d thorelatively large
gn«% ?131%6%%’1 s, Rs aetnrleﬁfftt d %Fﬁ‘?xgéaig ?1 i ;Heg{tjgﬁ cessP&BL s MikE Hrasks or

r,ougfhp .appl i requirement . .
waleEss g & kO HIne tg P? TPt O Wy i P B figstroyed, i.e. becoming
irrdpatablegr aphy system and correspondi ngly high costs

t hergphnottdd tetho@Bad InicHiktedeyizddchoRhrds Udicdnify Hedimittyns of a
rast?élrjgf SHd S%S.Qrﬁ hsqgireﬁ@& b ’%he%n@r%iﬁu 'a&drggsfn Tank%s fop sl idsed
) ContF 01 g4t & has a,rglat_lve [arge, | 31ct on ttl;e . 11
in PSpalgaid4989190 SerEding 1¢ s %@%em which b RSO plag £ gl 1s
equatisegeo gt df die perbsisaasan edge af ¥ ésyte can heglositipned| halfypyyhetween
twl 888 G8esHy PHESL SEMbnEIURASAS SRS béfbleCornERK theOdelcd@ill @¢ature, thus
blanking the bedrs |i(n z?{ernragn u}')rgf)é’]&)s{gi%n@ $his %Pe’ﬁ'lord,ege it %ﬁhg\’(aétﬁﬁlentq;f edge

Com naanaes royed,“1.e. becamng 1 rreparabl e. Yet
smagthrenerl avRHtEdCHRE. 170955 A6 DQEEPHEREETY &mﬂosgsta%?@ofﬁﬁ%ably
mairitind througlgtt tresodbfHavevers thersysiem gy linhited &t e pastiquisi distagep of
disgt_acéﬂ?énE beard &4 S}{Axﬁétw %{ﬂf @l%dégﬁfiﬁdid’i%of AredicslLf Wkich B thangetem
i scl.osed I.n US- en . ~

coBEURTE T B S, A e 5O Sl Ul Srin
posiearie ewiopy iy Himite ot hamgleolgertiop Awlfway % ayel. Jput glso. as the
publeadidiriadic.ass, the: spasa thifteiedghailf waythbretwiean shiape Npt ibeing related
to Ll'fcpﬁt?m?ifarws&slttérﬂtgvi%dﬁbﬁe{ Qi&@lsigﬂigféﬁitﬁrl 18icbN@En PREDSIL:, @iis known

after e selected feature. .thus bl ankin |
syint SRS PO R € el P Bl bl o 3BT hiches.

det M reerebietion @fje seserbled MerEs scagfwrdingsirgteqyand @ gpsify gcan strategy
as dR€loeé $n UREO0RO$049170,therpptterrto be ofittehs rasystzedrpndamngtoup of pixels
is EaRMaaRleden oAl R el MRk B cell REARRS audiRYRY @bssitldIBattern

systemi,s Itmted to ar.ticul ar distance .
copfpFiasdnaiags- T %V&g%?e FoRftanr oA SHpT et The papem is
subgeqpentty wittan, bywiirsking paebiopll 8t & Jasiredopasiopc¥bylsrgeving rem ppsition
to pdsitidn i DhGeSscaZewayMThe position pf te tdgeecandk torel yithressperct toithe grid

extension of positioning locations is limted to a

single location hal fway a pixel, but also, as the

publication indicates, that such a shifted edge wl|

be rather crude in shape. Not being related to a

contenporary systemw th probe sizes significantly

| arger than pixel size, this known
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system nei ther teaches howto realise virtually

infinite sub-pixel placenent of snoboth edges. In a
weombiioms? on of a so-called vector scan writi NBCT/NL2007/000065

strategy and a raster scan &trategy as disclosed in

of M@%@Q&Iﬁu&oﬂﬁ dﬂ)lyd'@ @hepﬂltgﬁtaslhﬁpet &dbe Thié it @nld Be stated that this

par!;t%tﬁ%pﬁter%t zj;eubhcla ion c\# olg]é“épa t?% %%{ Y%nt!lr?gflﬁﬂg?hﬁb?&d cgfri]seo?m from

the fesg §Iab1911r}y p&tﬂtt%cI winghsh of @Qrcg{nf,l%]ﬁzgmpgls e epgt that such
conzytiid Adtibased anfthgemaitiugon bhsiggly eixela as ﬁﬁaciﬁ@lt O’Y)dIlem thhlithography
Sysgﬂ{,}ngg{bohgdééﬁlgﬁequent I y WI‘I tten by flashing each cell

po Sﬁ‘{l«? BWS(?I]E 11516135)&%1}18 8¥}ercommg %ﬁr}gsufld’tfaﬂg Hﬁ?do%d Bﬂ a rgstermg
methdd o8 posifonyes featied onia wbﬁtéﬂéqo agin e Pflﬁfeafb Py aH?mﬁthVély posed is
dirécRitte ir@ally indepbydeatpfryinacht dagerr dr ghitl, Phiipsng thdedge dfrausature
at i er&J {odaiRE. SRt 193321&#3@1% klthSs Qﬂ{e& g6t dastPati@dNly without loss in

| O aforma usi
BRRe St ISP e P PRy of aaBlel I fne erid
strllcnm twdlerrmpbingod cerwbntionainblpgkuingt Vites Wiidng SEFey; %ndnwuaﬂy
with6ut @¥duddit intebgd sifdbehesOdtCeRhtuies Witht subta s @ebbe fotntigg lithography

sysf %F oévfrﬁgﬁ }10 E;tgos@?nﬁlg Q'f%c%gdﬁé I,lsaﬁb loRge! eﬁlléast\,’\hatrﬁly'lﬂm{eﬁ & the
finje, 56601 &FTHIHL oho B oﬂ?enﬁ‘ertﬁﬂé 2Ly F‘%‘Iaf“’eﬁls“%ﬁ% ‘i‘mans“’n
cotiipl & foalst ateinedy met fio gattioulprosien iiw 1A tlgtiYeba eqonemsiconanger, which

cnﬁé&b&hfeﬁéi&l @8itrdlReddBR aPhidnRlly afilanered dlatedienapdssibiliyy ¢fadgs on a
targe% vmtuaﬁg n%gpeh%n%fra}x%?]%l el gh@dependent l'y from such

oni'ng the edge of a feature at a
desired location. More in particular such is ained for
Susimare abthe dnvential | y wi t hout | oss in throughput of the

lit tT‘HQ pRRRY m$éﬁﬁbﬁéﬂhaﬂéeﬁ bhePRésTHiIRRA BE S ninpdrafyelhithddraly Wystems

show ﬁ% gnl Pgna Sﬁcantﬂ&u%agg%hawg ;%A?bee@%é) Xﬁ@ Jirtually even further

recuing (e Sivd RS CUTREFEENS £op BB ORI Ao prcor edees
thefra@@ twitheut 1w tofi edpe cmoathypese bsl, fwbemeiappfichble Ismgraaphylagc}egq @npssive
mdlt{] b @Qteﬂng‘ wid6ht tﬁ@&batdlvé}ﬁég@é}as%cuﬁecf wiat fhftBerl rsdlﬁ@on of grid size,

i. e W {f’n%rg?s's oF ? %% tofkteﬁroci\éasFé gﬁc{ t?aqls% ec{ Q lpfn 'tl{él eﬁﬁ v&i{hout a

Sl ze er eo
Biselealy POTRIEY i THRNEA PR RS {5 gﬁ? ﬁ%@a swit
sw[tﬁﬁ@asﬁbcpaaﬂtwmhlshﬂﬂ gaeddgresin a relatively economc

min%@ ab¥{ai é%ﬁctclg 'aElh@@h i ﬁ?}@ﬁﬁhpfbr %ﬁﬁéchﬂ«lr aki @SR Fattén on to a

I I
targetlsg# a \l';li.? P?N r I1n whﬁhz Oﬁr&g r% &gtf%ﬁl é)g{terh tf%’aiu?%s a?éj?%&oﬁ&i on
salsmmwmgm Virhel gidy Envhigh Fie the SO Juitip AL 2 writing beam

prébalvanaie $argdﬂ eurfaﬁé; Biskpnifichitiyslagtr thanthe sipo o grid ¢ellno ¢ragplegvers
at RYS 5%1 %llsd afd Elewlﬁélgﬁ's{emctﬁ@&dgﬂ of E'?éahﬁé tolHRawkiten is

s D A B LSO O
withirsaid fsaiureg Woth theenr@wte@vmm dris gy @§SSthfeI0é19ﬁmmIvfﬁiaW&§tand/0f
edb@SEer@fl wail ge usgiaeidnadsvehothreaitier edappbthoabbisushiedgendt may

be g(ﬁda ‘T’IJI%lt §1§ Seo m& ﬁﬁ/eﬁﬂélntektef?&qmv&%%ﬁ f%‘fﬁﬁs of\%&é}@diedthlﬂﬁwraphy

syﬁ?rp% t§§ rerngar]%% tﬁeﬁ g}mmYeﬁ%?nég ggectt{(]ﬁa g/tn @reg o9£ size larger
thqmlrtbateﬁéleené@ transferred within the system and
Wi t h@idh sechne@Bodraphy ts@adin iof abitymeoarp Inexireaand acedrdingly gbowing

spgcx@c:%ﬁﬁl hlg lg% Q&ﬁfa{é%) é’nﬁfng 156 fe%ﬁrefs Qgéﬂafn%&i witBbut §1W Je%d for mu1t1ple

SOCIate zes.

S g A Ivsiyemlh 518 RS, and
wigwit zereqmmmemoofa:hmrgeq cogmmla@aé biagleAndhige writing took ﬁ p Rular
adWiAz8 of tht FRgHuRP Bicoflf! 16 Mefitichidmis tieak wipesitilitg to control features

positioned on said target using a virtual grid, in

whi ch system the point spread function of a witing

beam probe on said target surface is significantly

| arger than the size of a grid cell in that it covers
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at least a multiplicity of grid cells, and in which

systemthe edge of a feature to be witten is
weomrnosed by the neasure of nodul ating at | eBST/NDRI®7/000065

set of at |east a nunmber ofSgrid cells within said

of 4 ﬁﬁiBgUaﬁtly é%feﬂl lsdme npms@mt pdsité8 Mbdrest. Atspefidoutiparsthie pkent
mvcbnglﬁﬁ & {éxat P na&? such reﬁl?%lag{ogﬁmﬁq ﬁl?deﬁ‘ gn%r ﬁgﬁcaﬁ&{ 5 @gomt spread

funefiparthasde élgmﬁp%nﬂwé@rg% dhag, the) applied igafl sieprelhedifse lso?CCPfﬁB’g to an
insigitfertticr omleelying e snvetionaddsers aldeastigrefofred fas tasreating segsitivity to

1naéchfa@§991r I%Wdtﬁ)iﬁI%mth}od Bndsy!r t her r ermr ked that the

| o S8 VAR et ik s Ul DOl SELIRS O 8 o o

the systemopged ppipepshed i l@lﬂuwﬁp@ﬁw&aﬁy “h%’fl“&f‘r at aa‘ﬂalcal contemporary
11th6g"r@1§1fyCldyl§t@1hyleﬁﬂhg ol afl gniieeine forieaitd @ns mebiiagivhlyorestaga matvement

dlrs?ﬁl)ﬁ ﬁfn?fa dr fhn L LALURRS: difec@bd M, %qldvﬂom@!qﬂlrettm 1R ghker can

be ivm,c %%El‘? Oefgmg'ftﬁ aeiequéetl fric;glreg}c%?mir tFl W?ng Fﬁgg ge a r1se/fa11 tléne that
willuintpastite ot be eralizedrdun to aspocidegrmghth gnfgst@éﬁwé mm@%ﬂy of & blanker

~ conliﬂlﬁ tcA§dh Wjuir€mok.i Thiu) GlepBGig frém paivhited Uihaughadusimiia ggerating

frecg.len g ?ﬁ?é{ﬁ( L Sde@?e‘c‘io&ﬁlln N9vik® {ohgafld '?é’cﬁ@&dnoﬂl st BRI B8 Weural

0SSi contro ature 1t hogr aph ste
oLy ﬁhes |P%té¢“érfﬂ ‘??o?’fc’ﬂeic PR rfé‘é‘?‘ra%ﬁ b5 e%(gf F@ %?%?’?épgogn
cortimation @f éme mepsnen tabending to the tinveptiann bfush aswayhhate; indigidual
blaPI@s ok It&néy@ngmtkwé@ hotl ke &P Plitdhatabtonthell sechponitths Spquead). These

mezéslfllregt \I;vﬁ)ur:lh ;na;?_tﬁlsg Pe %#)Igfgh sésp%ﬁ@lgl yné sffi'cyrg']ﬁ"&luhé1 Qtﬂhﬁogeof aRRleh %@(els

an 1.n

beyppd @rﬁwquwdgqftqew (ﬁi@e ta%lelam}% QES: 6ﬁ (Hé@?t}ﬂgd?lx zs[ Ige]are 51&*{1 border,
withinefieeprojecied mundier ofagbspattgrnsensi tivity to inaccuracy in
ling, xuceltdancamﬁtﬂ h R @L&)&t 0@ WGNRERES infbion havéfer,tdl® a local

do%lnafﬁ‘ian atéon eloé)err]%ohme gnt a&g T gg '8{“ Eeg@lgl i%gc[ﬁ%%] ﬁ% {ot 1¥rg9fpaf'i]s of

em ne

thegpDlEterEeiBR éo FitAPYECONE G OFh%ré'fl%ﬁiE%m&Fm‘émWiﬁe& |
conFenjenems withiat lhnge difoleycesindeame dewsity iwityinothem aris ppssiblegthat

dlffefeﬂﬁpé%fs' 2148 ‘i’)aﬂté’ﬂn 8o ARCHARR | ACRimnn &VaAGAndHPWBE Which means that

e:zgg(%u%\e/g] 8%96?8‘)‘/%11'%]&? %[ow an% éﬁe%%ﬁép&v%g&ge% 'B&Qg@?ml% dose
modlpigtlc@fljetwep Fegipng wlgh didferept @&9 “’9’5“§n’CF {ess,Lose by depse pats of the
patfe@Ud Icémhot | deedlfpabent fidvale it et ondatdd byn tpr aoeitive. Fot thgeexact

poéit?cﬁ’lkr %e%ﬁuﬁe Qd%§ IRCIRL ﬁﬁdﬁ@cﬂrﬁs @cﬂﬁ’oﬁédr\ﬂﬁlt Wiitlg or leaving out

0 h requirenent.
Plx‘?’]ﬁ nEthe 8‘5&%3%?@?% gforug‘f%ng’ ﬁté:l?*ﬂn?g%ral?% Kot dﬁe gcono(rqn c,
Opeﬂlachh@efm@{l}u@hiﬂ%’ e be depefpd ar 2 IM@’% sygiehofatht idgsgribed
corft@nysoRarg nat@f Ghich Dsek At les bise anckestf meturesior theppipesei afyshifting
theénlaﬁtl&%fta%ﬂmregr n_%é %I%Git @(gnﬁfﬁ}ﬁ favourably be adJ ust ed

cordi I na asur.es
t%ﬂ?wdaﬁ%fﬁ tp}xsﬁ nez}rﬁm & hor% 2 f“htge oﬁct de of Cf\ai%a areallnqlgmanner
Diaaimig eporgpthan pre coyssewsive er/elf pirsls bxpen @aﬁh gwpftf efitghast er
-tIBRAnSHEN o hotiviriting pixeBGd entiry lindhesetheredgswf esd fashire ivithin the

ppl i ed separately in short |nclude
g%%lltl chglso{a tten ond a proj

ggn% © PRELZH e 8/6{11% alpag o%, ?rf',l Oée n 1re egtuﬁ ttcg § written
syciot lyaitiie part wf thh ipixels wecqmmfse@ bed f%umafrh}dlleﬁ the ﬁ‘éls adjoining
@t befddted bilealiaebgance with.a further aspect of the

Pi gﬁ?&ta doﬁ‘l\{)ﬁﬁﬁ&p& HOVENESE 'theac @céd%%eagﬁée

at1 on

c v a1 e PR L %c{lgéh% Y A st Topatstar a ish
qugiay s@utivnso aggotlem thabebshrot Anvedrepresalied golghydy dptructing designers
thaP fe@iikd¥intay offyfe @bsigr® vithiatatraBer ofiiiiras & glidisige Bedahfeauf proxémity

in feature density within themit is possible that

different parts of said pattern do not share a conmon

devel opnment | evel, which neans that parts of the

exposured pattern will not show any features after

devel opnent. By appl yi ng dose
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nodul ati on between regions wth different pattern

density, i.e. less dose for dense parts of the
W@2107a03939 a common devel opnent | evel is thus cPEENEZDODYO0065

the invention. For the exact positioning of the

effdcBlehdr@lyCEBes ih fleSard @HirdImEl the praxdmity 6f £ srdotunetd bai vrtten may
sluMk{eteldgeqof%rf?At\?r?%k nl%lt IR}HEFA §h a Hgﬁ n%&%ﬁtSQB ]géo%%cﬁl%/ and

t.o sal
favpyrgiln lqcaﬁ edges gf %%ﬁtuf?eat a@nvc%"& PQutiops; 5. %@a?swrfyﬁ@yﬁee?ﬁdem
fromfan atteallyeppliddipeid. cont enporary nature, which uses at

| eaﬁ; thQ B&céﬁﬁng@e ¢t, 8f infiBASKdeASink Bie ﬁr&b@ntﬂhﬁeﬁ@@ﬁprﬂﬁdes that the

pr0§% %F E%C% gam, 11§1Mpa1{t101ﬁar ay 8@%403%6 € 10 apleﬁ %hinhﬁé El 1 size

S near an ed
gonsfally dnphiecine caplempRaiyy HSPERRSH Syéte?@afrﬁ}\“e Whe BXGHAforadded
imiediatelg nem e ddbact Dieguepns es edcbrdegdn /pmifdrexm véth an fregrpaen of
twc?@x‘:tﬂ 0 B{0k %ﬂ& \%lfs%@tween lea%ﬁ]SblFGf £dbd cdlis ea ra@é&iné@!ﬁ bt thB@dge thus

cre%le{f mlﬁ attciﬁaét Bgﬂﬂg aﬁo‘; l%esnopﬁegﬁlg u} ttﬂe fmzﬁ geature Yse? tlﬂe edgg&l‘{ﬁeefeature
hascse shifedh i the forl pesfom (RIS opide ghile ARy 4 valid of the
nubBR bEwAGer Pxddediwded Byeihie i&ydﬂhmat which suvf) npabér of hixtleé added. For

1ns%3%eilk %Iileelnlg Qﬁ@ﬁﬁﬁ gfjwﬁifh 18 n+g3 Ak, Qrélcre évﬂgélé’cg 'aﬁlghﬂehﬁre@ﬁ'rﬁﬁntamed
T s R

actnafyshecerss 1oThied iah gadh tocoromen2/ B It ¢ @élafls?éuthqt @édlrlﬁﬂaé Riels may
eadily bRNEYAted €S aﬁgrﬁQiléiidc@ RorrdspondBisttb arduad half lof gin appliet iptape size,

w1t‘?181ftl§fg§81ganttegecq oPfa 2?4 topﬁ’lg ﬁﬁﬁg'l aqjtailﬁg& fegﬁ}’eeshg’l%eﬁm%&ley @dlthis

ner feat ur
magger @é@éﬁ@g swi)dé*ﬁflﬂn l'ﬁHInLB lorbfwﬂtnfl duale qn p §F1§H Xlls e.g. yby a
facRe ©f IS eapbe pitainednint e fréspest. it g@rié sia P2 R omnandrvighygne written
1inéY 1bf: witB&t bk &ﬁilﬁdﬂaﬂ§1ﬁnﬁd‘n@éﬂ M duy dBfsich Stieedptldinitonpe0.22 nm

is z\ﬁ{amFé Wriule cX%%pﬁlmtenstl%x coﬁgéﬁs tﬂtri%utfeg A0S 1% "ﬁrlpjflﬁﬁlé}r r¥marked

exi sts to ecqnom

(b S BB A it 0 TP RGBEES df AP LLR e
inyemtiing isotosincrease .theatell wagt ofvihe tapgplied yrasterd e e thereduder therreghired
anﬁ&ﬁtldﬁleie&’trcﬁxﬁbohélﬁgryglﬁ |1ﬁg-.;enl:ﬂ§ll}t heluBsEd eOpaRgmr e6HRE tsubspdlem. This

effﬁzﬁ é’% e (%e%en mve 3{; %% Sﬁﬁa}l llfé(\!oqﬁ% fn@:?es@ﬁgo%{ is0 @l hdssive

articular an el ectron
muhighgam hF@gWB’é)hSYPtSW@@rg WHBHO 9%W‘§?‘}gd’e§‘?‘%‘ér B&fer al

applA egtond) abovet ewremed yolltidnhagordiph yto Shes mnlglonThmgpaﬂ thereof
rel%@t@ 1@4‘\/?&@ losit, 88. o dRtle gﬁm&ﬁ’d@ﬁﬁhy a RQAke, I Bevathg 8radurd It is in

f
ac?Oﬁc?a@?er ﬁ]i&l Pf%c%u%l?er tm\/\sltljg%P undeﬁgmg &eg{)&%e&rﬁ%g %ﬁ%\@@c\l&gd that the
powy sitiead Apnction ofpgriely iz Bpehslaregr thapoh § g%‘? ap afélﬂ’éléve use can
betnfads ofthid @b@tikjonwinl gart@hilat mastvemmntclaahd the st ajybmeasure to leave out
o 1h§@@tkﬁé Strdcfurd B el ;ﬁ‘@ﬂosé gias‘hif{u?g thg 8lige gobifloeB0L ettirel ffce the

B e T
Sugh shift ahstapix denondsi o el 45ypven oo Eﬁlffyg‘maiea%ﬁ. e SiE points are
de&tbﬂbﬁé mf waitsel She sffadded. defeard grivspaimcy thdt dtithe edgei is locally
e’fﬁI hely, ﬁ\geré fhe Wb&taRa s Stk tﬁé &%L: §os1thdnr& atturall so, and

def |
appl?hgomﬂﬁ?dd imgﬂg tOnggl ‘tfgf’n 1dagénot ]wrl g ong%%% g tg I}I?Slde a
fedtaratalfematniel] deaeted siticiird édp AecordgacerEE aaima?ru aap%ifé%q igypntion
aldou@édBas ahtexirs cortrasikipd piohimiityadidtit bpdade cpimxatios. Iriyrelatively easy

to GRS b %F%eqf: Rl leQ’veg %k&sﬁ% AbRNHRY C\Qﬁé&@ﬁeﬁ?ﬂﬁhﬂﬁ% stifictures

araqun a
rat e SRR P E B R TR BES SOPREY RGF1370 by 20 . o
halft drigira) eliménsion eare hagp £00 m@s soj gifegtiyely h%ﬁfé}’ leyels plus the
freet@h tdf dheewa twhsdhipgiid\poBitsonill rhaleftejhmttaﬁ ation within the
di mension of grid cells, e.g. by a factor of 10 may be
attained. In this respect, at a grid size of -2.25 nm
and wwth'nine witten
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lines left wthout an additionally witten cell, a sub
di vision of the edge definition of 0.22 nmis

wa@raoaiteeeg while critical dinension control i SPCT/NL2007/000065
contributed with 0.1 1 nm 1t is further remarked that

an %c&cﬁ‘&ﬂgmtd YeruARR! dsﬁéﬁ i@ ﬁh@Bﬁs&f figehitiodf etifepitRamBtcan be

favp\hra“?l% gg%c’tetd bé’ cgmﬁ nln\ﬁatg% ﬁw 1{1‘ rec%dlln g[g&ﬂrléa%fs]maﬂngrs oP pos1t10n1ng

e
an edgerigdicaldingeixels guby l@awam&ﬂ@ awfy H’tars(?ﬁ‘?l c{f@%‘FTy as
| s gemesahgiyel placdneged theifeatupabidioredgs tesvb thesunvd ynanmber

of (Qhﬁle %{e{Jseig ta%cgfdl gﬂ@ flﬂﬂﬁ?ﬁ’nﬁ%ht‘ dﬁH&Ef‘iﬂgQHe #Rdhtin Umitkd) not only due

artil.c one | nter 1.Ng S e
| Fl?li%‘g LansE o ? ﬁggq,rg%z S)?;gt[ aé%osto a bl’?m%e? Q%r{ﬁ%atng \Jv1¥h a view to
maygtain pmom@dbgaqu}evm lanlzing; aysisHY of gegbq}gallﬁéﬁmpegﬁ@alplexuy This
corfs@hitf isQUMyRSE & Chenf@stésd steeditenticnin 0@ casard gesterstanesuelpfas the

deﬂie% 1(% s%ﬁn fn?mlsﬁ@s\é' Bgssfwlty mdltl gearrf‘s%&tefn@ 'I‘Ms' ﬂl@ang fh'afjfop Fé'aﬂﬂlfesedges

truct

lynég:gloar Q}%fﬁtécgl q%ln[quﬁ%péqal myw; f 3 §tf1%ehctomé) aﬂgg F%}I ﬁaégett ﬁo 'be written
onpragigwsriypes nf &ngded ndged caobt wiltien howdyat netEitg] oA onky sy ngle line
or hatP@ble6in A sAmP A@ERioh SnsileGhe baddef thehelavanheza@etdwibisia practice

notgbe tgastlbellggue tF g B%kér'c\éﬁsttlﬂﬁnﬁ RS {éﬂgf d@ferdnbl btﬁltegxes for sub~

I nvent
pisghpesHoRSUr8 gt AR &b BOVBOEAESS HLEQD (bhUETphdf egnics
mdvemertt Hen fuegges predémishitiytarigted e eltgeonivosspringlirption.

f eatf’f@n@ pra&icﬁlcd%e bhL1ithBEbME G Farhs, & hgd indhdfeld beddM@aprent that

the ragt.gtemgt? W%é/tgoﬁ a}l\%ets%n nﬁﬁ fI) &ﬁ r1§ fﬁl?eqSAoéé trfbgtlcﬁluﬁ)h e cntlcal

ep en n
dirgengign soniiel (Flex WV@H@@IS&?S&%@% §> feclir Wgﬁ% meptioned
ragged-edye infethen thisTis easilf besstbleofithan ed thanedtenth pfithp eiichsize. s
t haty @trerﬁﬂﬁedecﬁzQQn 'a&cohﬁﬁé&' With Bk fs@dpk i@ bitn bOWE fibvehfidd, not only

edgeﬁ 2)? ﬁg %eqar ?osﬁlonec{ 3§ stub Ellf(eelq%ieel &Oa%&{récg Mpf? Eﬂsg erﬁtﬁ@%elz{{u?es can be

eavi ng
loogeris disheats ogadapted A L élea%S| thasy m?é? flgxdhility is
aclilenateflvahbly pitterng, whichrimagecmiongmn othemsiindiudas fhat 4 hesy manner of
r@éﬁﬁl‘;thngfmﬁllﬂeerﬂoﬁvﬁﬂtﬂo%oﬁfnﬁ? e @ b@®ecddNfe@itel 3o be located on a
carréction for proxinity effects by dose correction,.
Qrgit- i s relatively easy to cal cul ate because, jt
ef f debeinventipn fertlipeenceipyssisaa idea dud memayre chiwitiwg the overall energy
doefiof) b Bibisé RugbeSrsjaatd) vach thavie dlovedudyrited popoteed mlwag. features

anfFEd L hbu6! yeﬂfécte'dsl“ﬁlbﬁ als'c%?dl togl'ie%ivénﬁ&?feﬁhze&\by QotOrritihg Dart of

E % rd, | e guar
theg%/qﬂﬁ g‘fgrﬂ”g“n Q’S%é’fl?cgaﬁ? 915:1]%9 fefbjé pr Ay evefnsﬁld{}‘g%r%ﬁs of cells
dufaqrtézeedmmm an edge OF & feapire Fraferably B wa Becggsprily B%Chl nof riting of cells
is p&rintd 8Na Aecanidhmly regula fatterh heithimeip dotndafie dfea framsedt this

mdgﬂgr?g%%ngy aneHY %dgégsthérla&r}hﬂgn&%hbﬁe fo@éf&i-‘f)@@llsﬁda&ﬁfﬁﬁtaﬁd the

n n th e
W@resgl 8‘%‘&1%8@‘? ’g?tﬁ??lnﬁaé aﬁ??“@ﬂ%é’ tﬁ? ‘“éeng%f’(éo‘a‘%‘“%“%g xel s
or b bbéhei thege phoesires desajbedeacthe rbrva %@@@qorc}l% tchﬁﬁn‘é}‘en“on
applidt e c&htinadibX Shovivar & ndlsco be tdpplidde Bidividesllandho roften-applied
coﬁlgglgﬁ’(gl i (?l{eelﬁéaﬁurg Qﬁg W%ﬁé@ﬁp Gl aQht Bpg’c%'ﬁ bl (ﬁﬁs?désa fe§ture

ht underl I nvent
anf TR P YRR L GGG B IHOP &E PR T oPRA Y Brograms
usrt fobpositionimg ob maniphlating featarep haderesibed elroye.rthe eftire fange of possible
cobinBtichs ¥ @WiHré2 nifakitak ha@condapical | y achi evabl e
bl anki ng systens of technically limted conplexity.
This constraint is only set in the fastest scan
Digwingtion in the case of a rasterscan such as the ,
def | Bet ingentise awilli be fudkt ebsidataddyi wey wf raypmplepaathe following
enSHSInRAB of 4 hbsk-19R Ao tabRY syk@m sbarding ® Relge®nd iyvendor, i which:
di rection of mechanical novenent of a stage corrprl si ng
said target to be witten on, various types of "ragged
edge" can be witten, however, not witing of only a
single line or part thereof in the sane direction
i nside the border of the relevant feature will in
practice not be feasible due to said bl anker
const ra| nt Ther efore slightly different strategies
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| ocation of an edge apply in positioning edges |ying

in the direction of nmechanical novenent than for edges
w@e@dondssant |y oriented in an el ectroni c scannP@mNL2007/000065

direction. Frompractical use of a |ithography

appaFgutes] id 4 s&lﬁﬁlam&rebféﬁenftdtﬁh &f ReGo TR oARP &R Blaphy) %Istem from
whﬁﬁtﬂe%?éééﬂt%ﬁﬁoﬁd?ﬁ JOon a design grid for chips’is not

rLbutlon to the critical dinension
cont F&Pe( iHeptrgtgdhe dignment prablenhefdget i Hthpgrpphitsystems with
apptesign gridy/ t h t he nenti oned ragged- edge met hod t hi S |s

g?i |e Figuﬂ@(zlﬁﬁlhsﬁht@s e Mﬂcébt b@ﬁﬁtﬁﬁngfg[gosﬁmgﬁagwa @fauskﬂaﬁb
and Flglnte 4 1ﬁ1%sgr§tr%€ gﬁ ssmjlgl Eeamrugm?eyfd ap vbefw éogfe@gt nga third
exXare ep?é%? ?4&%1’1‘296“%@?1%% pi xel |evel of accur acy, but

al soFigmei T dlubtensets ur esulicaia liehopapiat adbodith@t acadidith @ the present
me&ﬁgﬁed | n size accurately. In practice this neans

thatp bilit chi eyed f.avor

pat t & n| ny, Iﬁ%ﬁat hi H’gﬁg‘e]ajﬂﬁ& th Jpgsijagion E}L?E}e%‘:"?‘ﬁ’é‘ﬁ tg the
injenfionratiHens e “pessd edgeF igethoie wi dth errors due to

pr oxFiguty ikbfstrated the priviciphenedseaiof h@Svrithg RE ehtR€ BALSF cOIk Within a

feitﬁ{eq&ttheglt}goswyﬁ%ﬁgo&efdggther enconpasses an i dea and
all energy dose faor an

g e P Py R P
edgeir pestspifcerpeny of ﬁéeaﬂ@%\t:dgeéz-y wnithgerddiwiond kellsdwforidsa last array of
ceBf foctetverdtten hBirshd &lgacLOEd, RE sbwrdl RAd kideRble®Rd 'ir?ﬁﬂrﬁb%?gf cells

pepymﬁgltdl%ﬁsgdnng part of the cells falling within the
t he f(gature to be witten, including

bo ri

arr gs eotfguéeéi JOECHOPERS PPyl A28t b ab’é@% fugptipally, are referred
to g ileptical reforenfenruaibess. but not necessarily such not

wWr i tFifige ereﬁ@leﬂ@ad SveRBl iy W& of BheaprM %Qfﬂo@ﬁﬁﬁﬂ Kstem that can

be 11%91161\/@({ b th ertnm)l{] Iﬁ H’?shss/g Haere ?eﬁcrl%eccl) fis %{ﬁ%{taﬁlgﬁ where the

his m at ur es ere
Pf??ﬁ‘?‘tg}se@“?fb E‘&¥ Ea applieg; %*pl}gé& élaltteblﬂr r%ﬂdg@tlw@e@is Fafs P of 2 light
cagieyy Fb,\ih dade epbodied baoptical fitwys Eis dightcheag)s 8 ard frejettad 6 tioGiator
aria@ 20aiking dh ab@dl syMeln, @dprdsbfed By %ﬁsmswoﬁlﬁatg@ ﬁgﬁtdﬁéﬁgs BRrom

ea&h ﬁﬁ%@r Qﬁ%ﬁ@ﬁé@&g& 09a h%}ltt sre]:g ve ege e.ng de ]al?%]it SAnStNg P%;—t of a

modﬂ tog P??Hi DMt dray, ?fb |1'P1 a%rrlaﬁar» @ndﬁ 3 ethﬁéh@a% argfpreieftiidray the
magplator emayc Ehdhdighidjean @ribldan pewd géthe pardroditasbol@naolfif@éne! o more

maodAltord) eheBERNHSN ﬂféﬁeof\fdrﬁﬁ % G8laliSs SlicAr P trafiR ﬁig attern data
baée@ zﬂllo(ii:ﬁlgﬁlr alg%gh'srtr%cuons fqr r?allﬁ O nlfg ét S 11 gré %grgg an%§ ga?g?ab gﬂgace Figure
1 P’E‘BB FYeWs 3 hpgpperpigr rwj'échogen?fété%a divergingrebireest pagtinde bfam 51, in
this ¢rantplerapeleneashene sUsisg anageica wsidnadil, t cab¥ @1M1ag6n SfiRal system,
thié BaaMs1 1@ @hdﬂbd ntcbﬁpi‘é:lfef R, Théjﬁdr%i ﬁ&n‘ﬁy \Q@}ﬁggg oneﬁi)@maje ?)late

5 @%m i %ﬁhufgﬂt%?f AeaRRsls B%f?g? oLk B fcndenerdhsion

arrgyy 2 %lﬁatme éOt‘id blanksr aEaye Mainig anqdglataesimrtha modatih asray 24,
comnprisingr ¢l«mtroaattc deflehagelandiys, Sy Ring edrhO T %ldéﬂedté&ﬁtway from the
optﬂfaﬁ‘:ﬁ@ﬂif thd B yis R, Rﬁ{thl% beaﬁh&gﬁg ?a %{ﬂe %qﬁlﬁofs dnHéf:ﬂect%& SUsing

o SR ! QTR o LT Pl R8s o 4% Bl iphin e 25

PasSiBR SOp Y 23 altetdéﬂwfzsleaﬁ dsfilacas arrers b ip & fiGhwsish@dirdséamand the
crofd sgetian of eadh|bastledt edudel @sicg pifdcash BRRATTP 'Duﬁﬁg ﬁ/hﬁngf "t&rfhrget

surfacd APmY{R %th&&@@& Q)QEe I\%ttd? t}% sHEérﬁ 4 ae%@&%lv%tmg df?ctlg?

| oc attern: FL ustrates
| R PR B ReFHEES  <DHis! ot dgngomprising data

storage 61, a read out unit 62 and data converter 63, including a so-called pattern streamer.
The control unit 60 is located remote from the rest of the system, for instance outside the
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invention; Figure 6 illustrates a sub-pixel |ine-wdth

nodul ati on et hod according to the invention,
waiedoriieiosy t he "ragged edges” method; Figure 7PCT/NL2007/000065

illustrates the principle rmeasure of not witing an
1nn&rﬁai’c o alcleaf radim. CRIng Dptidat Hibets Bb,fremlilated Ifehr bebfae 8 puldnggetiern

datd lafe H&r[)fnétﬂ:rgm @ %?tgﬁtor FH49%hEn réj%étyﬁ{er F%fttﬂg ﬁlba% WeSto the

on step si or single I'ine "ragged
dgpjton arpy ¢ (i spl acement of a feature edge by witing
ad dThe entgdct of kKHesprbreytomuention &% twhigh ag. af alap kend: of lihography
systéhd it Erﬁﬁov&la&/ﬂltfﬂﬁ Héqmﬁtrﬁ}fzd @Bl lideQ) aftGieWEERIhe Givietion will be
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nodul ati on array 24. The subject of the present
i nvention by which e.g. an above kind of |ithography

WG ymram9ss i nproved will first be illustrated PEI/NL2007/000065
general lines, after which19he invention will be
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hatched, i.e. ragged edge in the rasterized pattern
effectively shifts the eventual feature edge outwards
W eoortiessesi red position. The possi bl e accur acRCDNL2007/800065
pl acenent techni que dependdlon the size of the ragged
bledge the paebrs id aihgtdd a@ﬂfﬂiﬂg afa btablB RoRPIORRDNIFZ8d %%o Qrfeasures in
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pect
ac“Pde‘ 8 “5%“%%‘89% ﬂtwsaaa,sf ol eFiges o6 the Auriftep Avausesshifts inwards at
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backErw| g‘fse §Fhl 2Bt grid jwogld beyregpigedaudiiploist nay resifed digr economic

reagpne i fhg retg‘g@i ¢dgst mebsfileactdrding to theinvérsioh,or grid 6 1049 HRASEIF a
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pixghpd thtlh else thg enofinteoffupasripressvd tBm6iykin i pa&bmrsﬁ‘éﬁhdttsh&*@stem

(PSBPoft Dlith® AMEiRUn, f1guré38 tﬁ]@fesﬁl@ o%él&ﬁatﬁﬂm &6t cerﬂlgﬁati%gé”‘for a

i Nsi
sm%i%ft\lﬂe ?gg%? %ge d?lFatl on g ppvu%é ggﬁfg%er?l Hgg‘esmas ?@Feé%f\d in number
of pixels itidng ’PSPU‘éﬂl damW@lOPt €M) prpbied 8s thessysigoh It almgfer thee Namgest
moduflgiondp-eigs ag irdplt fdrea fangd ofeducle gAll sl @tdah BelskdreBatOkom 15

pixdedrd utpriJ@f @l@fraﬂh&sthzg@()aasﬁﬁ [HécaBWeeex%EégqgeSergo%n f%ga%{on tLhe aarts of

ction
an eed%‘g?ﬁm B8 RALAPY PR dareabu Taend s ettt Aglotsdlb smae. i
ripally \#Bsepis aft leqse@ilé geqspigblefrve inprasnectoft the highily fefigedéiarmsons of
prOJactbd felrores mrcgmbmpddirytiiocegpe of a feature, such
del etion effectively lowers the dose and thus shifts
the edge position. The di stance over which the edge is
shifted depends on how far fromthe edge the del eted
pi xel is |ocated and on the nunber of del eted pixels.
Leaving out an entire line in the mechani cal novenent
Mn direction rather than in the scanning direction Sd
homever mould reqU|re that the blanker of the litho
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and thus would require a very fast rise/fall tinme of

typically within tenths of nanoseconds, which will in
WwWEer@cioe not be realized due to associ at ed coBCENRRIH7/000065

structural conpl exity of aibl anker conplying to such

r eq L8 PR the @r#ce ptd &dpm ﬁh@ﬂaﬂh% R399 a@ AQ6%Hed ik Qﬁt;ﬁ@eﬂmg the
the |reét|on

mvgnttj)n AetO; d’eatt}res aérgle etd in the ?IE ll'r:lﬁ ey Pib cqalms ag %Vgﬁj as to all
detwillschtshmayf beodimcidy and/mambighershysbe @mﬁv s preodkalyd Wfﬁ a&uﬁf%n the
aboke nhetiBeaGloli®s, ralel® Eliha ghvemtidnhi the Sedlotvingrset & chedihs, eather than
flxatlngqge %éﬁl%%eoq a\/ﬁr%cgdlﬁ]%{errﬂ ”Jny Q@reﬁé@] nﬂﬁﬂy&g c&%swdﬁ%qsl structures

sure se ura

in the Higpiga e doF 161501 ﬂ%sugaﬁ?faatt%‘m ‘%fla%*s Y‘F@‘S?‘g%"gfﬁ &4 a“ e"%mpl"“y

mehnigglofsailAreckding wanbl anki ng strategy as used in nany
l'ithography tools, the exposure of each grid cell is
controlled by shielding the witing beam et at the
right nmoment in tinme using a bl anker. Wen the
operating frequency of a blanker is |limted which
often is desired with a view to reduci ng costs and
structural conplexity of theblanker, the pattern is
adj usted according to a suitable conbination of said
two neasures in such a way that each individua
bl anker does not have to switch faster than said
limting frequency. In a further particul ar enbodi nent
an entire deflection line interior to a ragged edge is
bl anked for the purpose of shifting the position said
feature edge. In the exanples illustrated by figure 6
and 7, the witing strategy for witing a pattern on
to a wafer is a raster scan with a pixels size of 2.25
nm A constraint for electing grid size 2.25 nmgrid
is the inposition of a design grid. Two reasons that
may affect the el ected pixels size are that the size
of 2.25 nmis not realistic for chip manufacturers
because of a desired design freedom and secondly,
that at a proximty-effect for which a correction is
needed with |ayout biasing, a need for sub-pixe
pl acenent arises, a solution to which need is
supported by the present invention. An advantage of
increasing grid size is the fact that |ess nenory wll
be required in a so-called pattern streaner sub system
(PSS) of a nmaskless |ithography apparatus, which may
significantly reduce costs of the apparatus. Al so the
pi xel rate, i.e. the rate at which pixel information
is fed to the systemmay remain relatively | ow. An
advant age of the present invention therefore also
resides in increasing grid size while maintaining
desi gn freedom by the use of the above expl ai ned
ragged edge nodul ation. Figure 6 illustrates that
because of a for econom c reasons present bl anker
constraint, the probe nodul ation as taken in the
di rection of nechani cal novenent Mm of a stage
carrying the wafer or target to be processed, is
slightly different fromthe type of nodul ati on applied
in the direction of the deflection scan Sd. Encircled
positions Np indicate "off nodul ations that, depending
a specific lay-out of the system in particular the
avai |l abl e rate of blanker swi tching, could be
I mpossi ble to perform The hatched area D indicate
the area as according to the lay-out data, while Fr
denotes the area of the desired feature. Figure 7 by a
hat ched area LOillustrates a feature or inage |ayout,
while the grey area REQ reflects the required feature
after exposure. It shows that wwth .the neasures
according to the invention, the position of the edges
of the witten features shifts inwards at
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| eaving out internal lines. Such shift is related to
the distance of the left out line fromthe parall el
wedge/10393be shifted. It is understood through PEENL2007/000065
present invention, that for3proximtyeffect correction
CLRBEGP with | ayout biasing, i.e. adjusting the feature
si ze based on | ocal background dose |level, a finer
1gri d WO%B'?E be rg%ui red which is not desired for
‘econOmT e YRups, Uthography syHem (Y Reasatigpaspatiera Sarte a target surface
sugle e Wafergusieg a blecki and ehité writingstrgiegy) i.ofwiitkgor hétanithghleria cell,
therebyt Bivfing bad %:tegn Siv&_eza tcgﬁa daﬁlpﬁmglgﬂagcem,tsﬁid. SR éqﬁﬂgrising
rpughnes . a pom hal  val ue
FoRUIPbed Ry ket o ) Y 4 B ARG i eI proaaplchea
a1 o, B SYDETelA PRy em s rest gpPd asi enifiqandyartetisurface frea than a
graghsll eandxelrepdie withinen facumnt pogition Sefenadnt Sisaibuti@dsrORskt0E white
wiHED @feffoétediviifh Shedfifhe LS pRbS Q-4 he amount of
unconpressed nenory 1n a pattern streanmer subsystem
2.( psSYysigh acdordingo tavetaiim nle. Whereifi j syclr go8itiont llependsn| disritafion is
pecfetntdinadrian REgest a@euhaE fo leavrdenal sanGrker a single line
5.'ag d edge nmodul ation is provided for several grid
‘si z ey SeRATipg tocclaim 1 wherriieh Besition dependent plapamgnsis performed
fopeffertingd subtipirehglacmetCD) fapid ¢dgel on srid tagesyst em | t
sho e | argest .nodul ati.on step-size as a _result for
*ard S%goafccogcll}g .Ogcll?laléls iwﬁ%rglfl pf)fltl?fﬁ‘?g ¢ o eflgrp efpctdh by not
writmg past of gartyr aine géeridoplls pagntrdsparablahio 28id adge, and loented at some
digdmow Borexaidplige, the error in location of parts of an
5 edg& gtosi ti Oﬁlile,d Wit h thﬁ above described ragged edge
‘et ROY SR B g 1M pvhereig addidiong| pixels preyvrisen Erat leagitone line
of payeaf pixglsiagiagant e fraaibd edge evede dfmaid éspec vhabbytshid line ghdrid cells
is oridhted @il REOShidR8eeNf proj ected features in
contenporary |ithography. Apart fromthe concepts and
6 al | SyEPRAFFdiRe decarpeeding claiay sthpisipt lagstionesqd peemibayof cells
is addaiopallyewriticnin slidsiimer el ates to all features as defined
in follow n et of . clains as.,well as to all ]
7 det Easgfe[%rflaacscoﬁ%‘n% g’eC?ad?rlegPTr?n&ﬁavﬂﬂhﬁ?fF Gipapieten ip gifected for said
feaghiae: by evritehingreand lffspid grabp writiegsdr & rfenlonpattam. above
g. mentgl e r the invention, Ln.the
o AL 9 PR, RS ot B e o
At PRGPGTAT LT SHERGPIRE PERXLRALY fffFtsr ef er ence nunber s
9. COr ISSHAACIoRGnd & AkimUCtHERS ddloft E‘\@itcfh!ir%%f%swﬁr%el%% is slower

thah 31%191@6 support at reading the claim inc
SO y as an exenpl ary nmeani ng of said preceding

10t er SyGirlabfording £ plaiabe, fnOWKLH thel difcbO@r @Rb YosilSE 8M Fkure is
cofd@NEd Bidof Gritfls BRI 85 o@ﬂixt\%ﬁ withih 3-8k oPHE %)1%%? si§eu§£}n R eage.
waf er, using a black and Ite vvrlﬁngsra egy, |I.e¢€.
1l i Sysigym agcorsing toelatni hgn whigh ihd poabk Isize {shoé pehiye drithin dirige from
5 ts20 tiingdahd RldresOMRYsiR. gri d conprising grid cells, said
nprising features of a size larger than that

pattern c S . L
12.5¢  Yefod & CRYrtg; dprabecirgipg itioemphyeiystismdan projsetisigen patern on
to astigeiciudiace soett' asarwdfef disingwi o1 and dofft ©higngfra®ay, dle tvadit@@tor not

wriifY £ b8d el itl@fgbﬁf 'dﬁ@cﬁﬁé ééud PSR ovai é&?&)ﬂ%@iﬁ %H@ BelR, igreia&l of
I

N Wit hin.a.feature a posit
whisf oot G0 B Sl B0 8 S IR RO
S g&é‘ﬂi’ i%!g%i HPG 3tpre tham sgsidogelly prd pherbia withie a fRatuSyes pesition
depandsot dstriutton of Ibiickraidd witdvewsiirys Sueffecpasyithimthe ¢1ge B @Rtprobe
siz€li stribution is performed near an edge of a feature to

be witten on said target. 3. Systemaccording to
13.c1 aMsthed i opepiingsaiithogsenhl systan epacitepettem is terrgmbjedtad on to
a tapget fofavedhch as a ehfer; aélatbdtodths b3 -op b XRksiR BEI8PRIAY o@fwriﬁng beams
feature edge on said target. 4. Systemaccording to
claim1, wherein positioning of a feature edge is
effected by not witing part or parts of a line of
grid cells oriented parallel to said edge, and | ocated
at some
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di stance from said edge. 5. System according to claim

1, wherein additional pixels are witten in at |east
woe@71103989 of array of pixels adjacent a featurkBCENGE07/000065

outside of said feature whdd#eby said [ine of grid

in B8lfbren d)fspr%d Rihad bbaﬁnso dtakedl in tacchagbdl pelgle bedins SYhiepart of
sa@ é}/s?en} ang scarr%%ecp ove! CeI Iel‘? gurﬁalcg Cr{ptwmghﬁidm&qlﬁ@%ga%mg

modulpigd ) §5éd CO?umrspx blapiing sh éﬁfﬁ@g by (ngiiduglly i dhe colgmn or
noQvetiag bf dakgttamcheingtpetformed bgfséamoing dadhoindisalng Wrihng peans in a

dirDioR %ﬂsmbm a%c%%a%sve%féh@f B4i@ &@gemlattiva Q)Ssaidrboﬁlmn in which

sySée[ngPaﬁt‘em] fg %%ﬁ? ?:rﬁ p?%téon% gurg t?r t us%lg%%n%ual %rlc? dlglrdg(ﬁﬁﬁ J(l,gs ofa
dirhensigm eerisidgrably smﬂercqhmtg%m&bﬁ isHe A RiAE 9 @ fopey keinglocated
virfyBy BoepRedeat fom gaill @ric kiad by dot wrikieg aiilensooreatt of gyid talsiimg least
thedbst @ca‘ﬁ”ﬂng 'f&gwdlgl ModaSesthe®) V\ﬁﬁc}; fRaR 151@& RAnShuriRt 6f grgcpcells and

stem accor e effect]
sl G TRORETGE Sdregls (U JE sHEPE eciPpganc sad brobe, in
pasticitlan fngywitireg the hadf siastthegfoipi xel s within a range of the
probe size fromthe edge. 11. System according to
claim1, in which the probe size is of a value within
a range from5 to 20 tinmes the address grid size. 12.
Met hod of operating a probe formng |ithography system
for projecting a pattern on to a target surface such
as a wafer, using an "on" and "off witing strategy,
i.e. MW|t|ng or not witing a grid cell, thereby
dividing said pattern over a grid conprlsing grid
cells, in each of which cells said probe is swtched
"on" or "off, wherein a probe on said target is set to
cover a significantly larger surface area than a grid
cell, and wherein within a feature a position
dependent distribution of black and white witings is
effected within the range of the probe size. 13.
Met hod for operating a |ithography systemin which a
pattern is to be projected on to a target surface such
as a wafer, related to the use of a massive
multiplicity of witing beansin the form of probe
form ng beans, generated in a charged particle beans
columm part of said system and scanned over said
target surface for witing said pattern, the beans
bei ng nodul ated in said columm by bl anki ng each
witing beamindividually within the colum or not,
witing of said pattern being perforned by scanning
each individual witing beans in a direction
transverse to a mechani cal novenent of said target
relative to said colum, in which system pattern
features are positioned on said target using a.virtual
grid divided into cells of a dinension considerably
smal l er than the probe size, and an edge of a feature
being |l ocated virtually i ndependent fromsaid grid
size by not witing at |east one set of grid cells in
at least the last scan line for witing said feature,
whi ch set is larger than a nunber of grid cells and
smal l er than the nunber of grid cells required for
writing the dinension of said probe, in particular for
witing the half size thereof.




