WO 03/ 081338 PCT/ SE03/ 00462 METHOD AND APPARATUS FOR PRI NTI NG LARGE DATA
FLOANS TECHNI CAL FI ELD [0001] The present invention relates to a nethod for
patt er ni /goa3merkpi ece, in 5 particular it relates to a @CTSED/NHL I Ng

| it hographic nethod for formng a desired pattern on a workpiece, such as
a mask SUbSTEFHOD AND APPARA TUSIFOR'RRINTENG IARGE. D BABKEROWE® OF THE

| NVENTI ON [0002] In the past, integrated circuits have been manufactured
nore or less solely by using a nunber of nasks or reticles conprising a
pattern of a layer in said 10 integrated circuit. In today's integrated
circuits the nunber of |ayer STEGHMNGALFIEE® than 30. Said Masks or
reticles nmay be prepared in |ithographical manner by using for exanple

el ect r on0b@HNE dihe lpacssent ilveatisn faiateebop.ombﬂngd forlpatteming a watkptdcad insensi ti ve

for thet pe of beam chgsen. .The ter nost
transns Tggrit elesdp 2 diget-BHitipg E{@ﬁ@@ga a{n‘?th‘?‘LerE ngf 8§W§ue material is
attache aéﬂepn Sh dokipidte NBLR rab §|ma7s13 SubktalRr b ’ilﬂeg}ﬁte@ Rechidy@stret. sai d

i nt egr at circuit I's created he mask has typl cally N tinmes |arger

pattern than the patte conducting substrate for
. an g&kél@ ﬁﬁ@hﬁe ) NPION

formng said integrated circ uctlon In sizeis perforrred in a

st epper, I\B)xyﬂéfec I ?rl%s agt{]ﬁégn k((@j %rcm% haLt? é%%nqganmcguﬂe@;uﬁ% 8l e s%!lélg ul

[ 0003] 0 franu ure integrated circuit by nmeans

other 28, tyifda HEMBE: oI nERRY eNfeticlBatopsdndapatctey of a)p@relr fnamida number of
reasons, for exanple the price of manufacturing _nask(s) (Pas i ncreased due
to itk c@ﬁﬂﬁf?é%il @190Llifolfh‘5§ﬁ%f aintearated sirayfs-the ByrBLH OF SYSErROMC iRt needs very

smal | se af’? 30! aléi ﬁ&a@ﬂsr@rt @?clescllfnﬁf Yi hl% afeh én llihgg%ﬁillcﬁi%%ﬂeyﬂf‘hﬁhg foral | of the

pr esent novvn niques g I ntegrat circuits wthout using
convent i @maipléralsktsorﬂjemmtor Msasbdamsefommﬁag kdayandf inhrerithtensitive for[ 0005] For
exanpl e, nost direct-wi tﬁf; own |glrthe art aréyﬁased on el ctr n beans,

typi cal | fredppecef|heart SfEPeln® mafFHar s MATeCPAPPRY I PETRSYE D) %pdo rom

flashes, on 8460 G&kslathiidayr 8t Hﬂqﬁe IRRTR] {d f@bhedl BRI thiX Aeferighthbens are
known whi ch use raster ‘scanning of Gaussian beans. By usi ﬁlgya conventi onal

maskl5m i patern mﬁmrwﬂaw@ﬁ sdié integra@d ofrcwil sereatets The maals bas typigAy Nor f or mi ng

e Pt s Pl oARGH R plifort |8 SiufPap B sl YS oY RERARER0 speeds,

forming said mtegrated circuit. The reductlon in size is performed in a stepper, which
uses the mask(s) for forming said integrated circuit.
[0003] More recently, the need to manufacture integrated circuits by means other
20  than using a conventional mask has developed for a number of reasons, for example
the price of manufacturing mask(s) has increased due to its complexity to
manufacture, small-scale development which needs very small series of integrated
circuits, etc.
[0004] Unfortunately, all of the present known techniques for forming integrated
25  circuits without using conventional masks or reticles have drawbacks and limitations.
[0005] For example, most direct-writers known in the art are based on electron
beams, typically so called shaped beams, where the pattern is assembled from flashes,
each defining a simple geometrical figure. Other systems are known which use raster
scanning of Gaussian beams. By using a conventional mask writer, which uses beams
30  of electrons or laser beams for forming the pattern on a workpiece, is limited to
relatively low scanning speeds, and, perhaps worst of all, can only scan a single

dimension.
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di rension. Page 1 of 16 WO 03/081338 PCT/ SE03/00462 [0006] SLMwiters

di scl osed in other patent applications, such as WO 01/ 18606 and US pat ent
appl i cat iwp oBlos 338 954, 721 by one of the assignees of the pCESEnd/oo46nvention
and hereby incorporated by reference is related to raster scanning in the
sense tAY06T PSLM kgités BistIded ipattiie patenbaplidatsink wuith by Wid DMIBE@S an entire
frame of 5 pattern in one flash instead of building the pattern from

i ndi vi dued B patert appficasionNoOYR3t.72 by prfef the atsterees Oftg RIFS@onpri ses a
nunber o | Al Rereb§ LW RIRY | 1sP8aR8to [AdeR sifinkeH ey for

form ng 1gv%g&%ra21 %Sgtb?(llar n. &%?ﬁl‘g@(?{glrgﬁ@%f%san&yo eeeiposél to any kind of
el ect r on@gsethacit pathiata Wimapf ttery anpdistidoUby printitg At dntire fremeiofig t he desired
pattern on the mask. 10 [0008].. A direct-w.iting.pattern generator for

wri tidng Rastepminpredlpgh msiead SPb‘él %gﬁdlﬁﬁ?%rfr%’éé‘igd@‘ﬁg@ PEElSy from data woul d
have a hy al { gt hRAUBEINSLMIQORN Bkes 4 NiBnise? BPhR¥Ltatorof modem chi ps
i's extrewr(r)gm]\/hi gﬁsﬁfﬁé gggmt !tH?)ng hclgréher by Y)ev%Sry new technol ogy generation.
The di r edlements tveliichoat bavet tnea ddsered wraylfextopainger desirerbpatieme Reblaetive00 ti mes on

300 fer. 15 [0009] Fj. depicts. in,.si ified f
?epr esgﬁlapg@%yf@re@[’iﬁditﬁ%m%@%’?Fé&?g%qe%g:rg]ql%ﬁ? Iielf(%gplgﬁjeﬁy?ﬂr p 110 at a
time w thy® Rakdhkh el eaeMciHiehH@d nfakgure 2a illustrates a

representation of a conceived direct-witing system 200 with multiple
e- bedm ci®008hs 2s0irect-yritingaatieny generardor wrilagewstaiziapys éhtt 230, a nenory

unit 220 and cpl u buf f.er 10. Eiqur . f rial 20
present eﬁnﬂﬁoq\ﬁﬁ?&n&sﬁ% reocﬁy é‘f‘%bdﬁf} g‘}t%él rﬁdst}%vt% %ﬁﬁé{j Y%Wéé&%%%&fes s
Li t hogr agByevafdihksbeple2 (19 3f indddmahsis it bearae i highand gdiiag pighseby at i on
describes a conceived nultiple mcro-colum e-beam systemusing a raster
scan gr aguesy B¢ tgshnelepy peaneration. The irest-vaiteimustvgiaing oBpf*RatSHr ay with
from 5x5 g@\ ? . &b array covers a substantial part of
t he waf errl&gonggge‘ﬁqgn ngig?gg%ﬁpg%%énni ng only to fill the 25 5x5 mm
(etcly apoea9] Ovdigwe dndepint in ninoplified foew b represeotation e speed di@et be used for
redundancy. It is_however clear fro the.cﬁ{lsseni ion how the information
is presléfﬁllteécﬁhqtﬁ‘frg?%%el 1p e AP PF DL mi cro- col ums | ndi cat es
that thei@agp datdehs ifRMhtet 9 1§36 nMARIGH Bf £ 0ot dedthritydatend!f field is
equal to the nunbér of

200 with multiple e-beam columns 250, a pattern store 240, a rasterizing unit 230, a

memory unit 220 and column buffers 210. Figure 1 and 2a are from material

20  presented by Mark Gesley of ETEC Systems at the ISMT/SRC Maskless Lithography
Workshop 2002 in August the same year. The presentation describes a conceived
multiple micro-column e-beam system using a raster scan gray-scale principle. The
micro-columns form a regular array with from 5x5 to 20x20 mm separation. The array
covers a substantial part of the wafer’s area and the stage is scanning only to fill the

25  5x5 mm (etc.) area. Over scanning into the next micro-column space can be used for
redundancy. It is however unclear from the presentation how the information is
presented internally. The image of the multiple micro-columns indicates that the same
data is sent to each micro-column and the number of field is equal to the number of
columns.

30 [0011} Researchers at UC Berkley have explored another aspect of handling large
data flows. One item to be handled by a direct-writer is the loading of data onto the
transducers, here a micro-mechanical SLM. By compressing the pattern strongly it is

possible to store on hard disks and decompress in several cascaded steps at the time of
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colums. 30 [00111 Researchers at UC Berkl ey have expl ored anot her aspect

of handling large data flows. One itemto be handled by a direct-witer is
t he | oadiw@o0efsdat a onto the transducers, here a m cro- neCAsEIZ@l46SLM By
conpressing the pattern strongly it is possible to store on hard di sks and

deconpr gsgin ﬂF%ﬁY@Zlﬁﬂs 26 ASeRda6h &t Lpaaldd] atdh@edtureacobrditgge UL Berkly WO
03/081338 PCT/ SE03/00462 witing. Figure 2b is an illustra]%i of a

par al | effordrapdiingtorge datmdews didepst enastemel Jecepriestion S ifne /g ¢ dat a
fl : | {. i j hi p. By thi
rre?\r,\% . 'g%&phﬁgﬁ%llsgnge?ms&% O 8 GRINESSTER0h fsSued Bﬂ%ﬁtlﬁ?bMe(ﬁ Ip. By this

€ an ransm ssion | ssues are thought to be sol ved.
[0012] Nooien ni Modetesiciaiictrotiesiegpss @e so samplerphat the thatr stdregesdngder st or age

and 5 transm ssion of the design files pec S robl e When t he design
i s fPat tenemisgign of the designfikesberemesn %@Bﬁ%%@ ‘ﬁ%@%ﬁl%ﬁfﬂaﬁﬁ@%&%{t’a vol ume
expands ; and Lh Aalhfotaohe ek, e RANiRuRe xRt BiAKihe Mlusbor age opti on

when it TS ‘conver tmap. Froma design file of typically 10-100 G
byt es a ehpiriBbeyaldatepratichDEOragbypteon wher ib thumadertddontoebiedpe FronThe fi gur es

I i_ndi catj d f it dwll of 10
hange Byl oL v BRSNS, bt Yoty ! B MeutlsgioReedor “Goi ng to

sol ve t &;f?@gﬂ%@ b L ESUES offy dhhRdiSRIA JFliRVerdsis o tagattadd v will dge processed
and nodifie uring conversion to bitmap data. An exanple is that overlap

has 100 keurse ehmgedyandfepsizrasisedingpeaaded Qrly epmpressipifiiPaBCBE 1@ he overl ap.
0013] What s needed.is a t had .and . S i r es pattern on a
15 wor ki DeahSulERe e Re PAF ARNC AR AR b0 n G RiERNCS 1

e prror art niques and is

capabl e hiihameh@nd fivelstnae bilakp didaOne ergapis sathyt oBiyARYtoGE THE | NVENTI ON
[ 0014] Accordingly, it is an object of the present invention to provide a

met hod okmopett anskprioerss Rianerdqsh e thevpmeyrl 0f d1ecdiFE&or at | east reduces the
above- g‘;pgiﬁrgs\sv%%[t%egé&iﬁﬁ,%fmétl%%a%g%d’égwgﬁﬁl&@a@és alt8g dnidmes due to

| ar ge i's object, "anong others, 1s according to a first
aspefet Q;f/oﬂkPi%cé Bysemidlgiastat thai the gribyaratecbbiqoes dndris paptablerta hagllathaor kpi ece
covered at least partly with a layer sensitive to electronmagnetic

radi at i dateecistrfloves pgeISAR- acti ons of providing a data representation of at

| east one inage to be inmaged onto a plurality of |ocations of said
J SI%MMARY OF rIQHE INVEI%TION

[0014] Accordingly, it is an object of the present invention to provide a method of
patterning a workpiece, which overcomes or at least reduces the above-mentioned

20 problem of time consuming manufacturing times due to large data flows.
[0015] This object, among others, is according to a first aspect of the invention
attained by a method for patterning a workpiece covered at least partly with a layer
sensitive to electromagnetic radiation, comprising the actions of providing a data
representation of at least one image to be imaged onto a plurality of locations of said

25  workpiece, fracturing said data representation into a plurality of field stripes,
repeating the actions of, rasterizing a first field stripe of said data representation,
modulating a modulator according to said rasterized field stripe, imaging said first
field stripe onto a plurality of locations of said workpiece, rasterizing a second field
stripe of said data representation while imaging said first field stripe onto said

30  plurality of locations of said workpiece, terminating the repetition when a
predetermined amount of said image is imaged onto said plurality of locations of said

workpiece
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25 wor kpi ece, fracturing said data representation into a plurality of field
stripes, repeating the actions of, rasterizing a first field stripe of

sai d dat awpepresant ati on, nodul ati ng a nodul at or accor di RgTISEOZ@I462
rasterized field stripe, imaging said first field stripe onto a plurality

of |ocatipemsy of 1sah&hankRidasE: ac@sdiag tzihegnensenaaill fidlékdipest ri pe of said
data represéntation while imaging said first field stripe onto said 30

pl ur al i thelopgingde 4o eprseattivesakeorkprrdacebioR2RAPINeY t he repetition when a
predet erpined apou f bd b eh AR PstSBL Tl thlwo Of
Pocat i ofQODf saﬂlﬁa“%&%?ﬁ%?g@gmbgg%ﬁ§‘@?@%‘g§% 03} 081338 P(#;@EOS/ 00462
[00161 Idananetiiedtiroksbadiadoéntac emhditeg. t o the invention, said field stripes

bel ongi ng to two consecutive strokea_ are _naqn adlj aceg({. to each other. [0017]
I'n afdot HBY1&8mbodn seethergrmbadamenhperfifigs to thelpveniigpfald Imageds WEhgi ng to two

conseculd XSl %cgea\{}gmtéﬂies%%ﬂtSLﬁ\?ﬂ%ﬁﬂate% B§Laid 21cROHAIndi anot her

enbodi nent” accor Invention, said image is imged onto the

wor kpi egadibyfoeans of an SLMillum nated by said el ectromagnetic

radi ati on. [0019] In another enbodi nent accordi.ng t.g the invention, said
wor kpi ed8019 o Ijgpoer OEWGicqoﬁg%@ttﬁ%?nvgﬂeb%‘gisf‘ﬁgrworgglg%erl ng to the

i nventi aid image represents an integrated circuit. [0021] In another
enmbodi ment "according to the invention, field stripes belonging to two
consl®cut [0020]st r dk esothereerrifmdnt ascaging ¢ Hy iavendion; BisingAgesCRIeRE Ror | "' pi ece.
[ 0022] Anot her ect of the present invention relates to a nethod for
patterni%‘dnﬁg?%e%rrcﬁﬁi ece covered at least partly with a |ayer sensitive to
el ectr Oni[w@ﬁt i CIf astitdrieibodirtentREdosdingtd the iehiiomJiedd stpipesbettingtnga dat a
representation of at |east one inmage to be imaged onto a plurality of

| ocat i onfe teb cerdegutisrkigkescase impgedtil PPRRFINEEPCHARSONLP Hlgr B E‘P%Ft‘i on into a
pluralit fiel i | 3 i -BhiZhing 2 first
ol d stiBY of Rufeit BuRE ot AEBET IR SRk R AR B o2 o di ng
to s@ d ROrkbRgst esverabatliéat pardy mithes layaraensitgyvestaicteciiomegndticahdlatiny i pe onto a
plurality of |ocations of saj.d rkpi ece, r.ast?rilzi ng & sec ngl field
stripe ofompyisingdhe actrcauspég@ﬁﬂ%% \é\ﬂa gAresentation of at Jeast one image Lo be

imaged onto a plurality of locations of said workpiece, fracturing said data
representation into a plurality of field stripes, repeating the actions of rasterizing a
first field stripe of said data representation, modulating a modulator according to said
20  rasterized field stripe, imaging said first field stripe onto a plurality of locations of
said workpiece, rasterizing a second field stripe of said data representation while
imaging said first field stripe onto said plurality of locations of said workpiece,
terminating the repetition when a predetermined number of said images have been
imaged onto said plurality of locations of said workpiece.
25  [0023] In another embodiment according to the present invention, said field
stripes belonging to two consecutive strokes are non adjacent to each other.
[0024] In another embodiment according to the present invention, said field
stripes belonging to two consecutive strokes are adjacent to each other.
[0025] In another embodiment according to the present invention, said image is
30  imaged onto the workpiece by means of an SLM illuminated by said electromagnetic
radiation. ’
[0026] In another embodiment according to the present invention, said workpiece

is a wafer.
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imaging said first field stripe onto said plurality of |ocations of said
wor kpi ece, termnating the repetition when a predeterm ned nunber of said
i mges hawe obeers3s i maged onto said plurality of | ocati onsPofi/SEai/ah462

wor kpi ece. 25 [0023] In another enbodi nent according to the present

i nvent i qpo2Aai dif iretifdr esbbiipeat hebatigy frht presevm ic@nsien,whidimage r okes are non
adj acent to each other. [00241 In another enbodi ment according to the
preesent IEProesits Brintegiied ¢ifc¥itd  stripes bel onging to two consecutive strokes

are adj 454 thf&%ﬂl&%&%Bdiﬂe%@%&b&%ﬂ% AL DRGeRTRAGBE Mol @6rigedi ng to the

present T nvention, salrd I nage | maged onto the workpiece by nmeans of
an SLM itdelangizabewo bynsseaitibveatekes aeagagtiic opp@iigdirestiond @0@61e | n anot her
enbodi ment _according to the present invention, said wirkpiece is a wafer.
Page>4 oForkBieg 03/ 081338 PCT/ SE03/ 00462 [0027] In another embodi ment

accordi th A 108, bataluiB@S $@BHSiRB, | ntegrat ed
circuit @?%%28] %Pﬁ{ﬁmneél%%%sﬁ%ﬁﬁﬁg%g%rdi ngatttélgﬂ{%e pr%)sent i nventi on,
field staongesingeahengiyrfgr storitgve detemsmeseniaion of piokas ong enagedgdd i n opposi ng
directions_onto tcpe 5. wor k&iﬁfgce. 0029t1 The inv Htti on ale%%ir ega%t es to an
appar at CEHET O sHq BPTPIfGSeh MATRR SR BAmHIS A 4o el BHiBF 10 oy i ng a
dat a repy SapMtRs id Hipdd, alr8Askin@MevicB b sleAzdid HEld!su@ses Odt 1&8t voror kpi ece,
a fracturing device to fracture said data representation into_ a plurality
of fli0el chuster mpawmyries ta tiffesirastinized &gldosiripes. ab'sft?@rwrzté ceniref tpicantepldpipi pes, at
| east two, .10. buffer nmenori to fer.ra | I ' buf f er
wite co‘ﬁ]?llc Ibu & RERYaP V\Ilrﬁ (t)he r\%k%?%%e%bdﬁgaf g%ﬁﬁ%ﬁ%%@%&;ﬂ:éﬂ@ﬁ?ﬁst eri zed

data, a Weitheuffecacmesnt rald haetamtdael tofbednagathirmd tHeuk brpienerory to read
rasterized data to be i mged onto the workpiece, a, schedul er to schedul e
whi ch f i shedulertp sehedplevehielo fipld Stringre st zeuy Ry toy EF%S?‘é‘aefg%% and when
to read datgyL.q,h&d %Ci)e(?ﬂltagecf&ﬁow&&'k?fé@e, 2889 nfodiRAN @bMle Gpabl e to 15
nodul at e a beam of el ectronagnetic radi atfon according to said rasterized
dat a5t o fedulbterdedmaflrcaophgreiciradiatidn doocminginsaidiragaiztdwatadpibece, wherein

Zﬁlo'([j h ZP pi%{agatg ggtlprsai ;B ; % %? %?g%‘%alrlg cs> S%M Vzvgrk%iefcle,evlll(ljeré% rslai%eap\f)\'ta?rlajtu% TR LY

capable to rasterize a field stripe while imaging another field stripe onto said

workpiece.

[0030] In another embodiment according to the present invention, said workpiece
20  is a wafer.

[0031] In another embodiment according to the present invention, said image

represents an integrated circuit.

[0032] In another embodiment according to the present invention, said image is

imaged onto the workpiece by means of an SLM illuminated by said electromagnetic
25  radiation.

[0033] Further characteristics of the invention, and advantages thereof, will be

evident from the detailed description of preferred embodiments of the present

invention given hereinafter and the accompanying Figs. 1-8, which are given by way

of illustration only, and thus are not limitative of the present invention.
30 BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Figure 1 depicts a prior art method of patterning a wafer.

Page 5 of 16



wor kpi ece. [0030] In another enbodi nent according to the present invention,
said workpiece 20 is a wafer. [0031] In another enbodi nent according to
the presewD o/0%B8% i on, said i mage represents an integrat ®¢TSErDUI462 [ 0032]
I n anot her enbodi nent according to the present invention, said imge is

i maged Qpd35]t heFwarkni @peidy cirepsalfricrartJadd pait foramakedwhiier saihd

el ectromagnetic 25 radiation. [0033] Further characteristics of the

i nvent i @n aran @f BHZarfolEREs- t hereof, will be evident fromthe detailed
descri pty of odi . ! i gi ven

her ei naf[{)ﬁe%rk]andﬁgﬁgee%%@gﬁtg%{%y?%%%%%g%@gi,q d%aie% a?sgfog?é\grgérllﬁ giét way of

i |1 ustralloos a@ieyt-weited td Wrige faom ofiblind prepdred date sofed drehgpd dsknt | nventi on. 30
BRI EF DESCRI. PTI ON OF THE DRAW %l%ﬁ@ 0034} Fi %Le 1 de%ct%@?_cgri or art

met héd dPOPAt t eFiguFRy> deRiptf & em Eacsprding RoN® BiesBE $38N BRI %E03/ 00462

[ 0035] K QU | ceptual prior art data path for a

di rect \I-;f/lrn?]tﬁég aﬁﬁtﬁﬁgjr?%a\??g?{%g? m cro-colums. [0036] Figure 2b illustrates
a concel0038] pr Foured temlat anabepnassinenteceading to Hetpresght ipvigntion

direct-\F/xyri er.towijte fromoff-line prepared data stored on hard disks. 5
[00371 EPHIF®Ing HRastest & & WO ment according to the present invention
for forppag a P%L&@S Beffts @ sKRI4RIECEHRS itd AORR ifo@UEstdpsdepi ct's anot her
enbodi ment according to the present invention for formng a pattern on a
wor Kpi ed@04¢10038]gurs G iltustriesiegbicnaticallysamfimplangnéation pf ghe in¥edivgi si on into
chip stripes. 10 [.0040] Figure.6 _ilJlustrates schematically an

i mpl enerfflgtﬁf’%ﬁcc(?f&{l%%o%‘%V%gtaln@g%mr?e'hod according to figure 3 and figure 4.
[0041] Hogare 7Fidurels iinatees howadetidt dedign desédm drsatais phlysial ottiekt e a
physical reticle and/or one or several soft reticles. [0042] Figure 8
shows a angfar-enstarspyerlisoff refiddespeat i ng chi p where only one instance 15 need

to ber 8[66%]' Zeg’igure 8 shows a soft-reticle with a repeating chip where only one instance

15 need to be rasterized.
DETAILED DESCRIPTION

[0043]  The following detailed description is made with reference to the figures.
Preferred embodiments are described to illustrate the present invention, not to limit its
scope, which is defined by the claims. Those of ordinary skill in the art will recognize

20  a variety of equivalent variations on the description that follows.
[0044] Further, the preferred embodiment are described with reference to an
SL.M. It will be obvious to one ordinary skill in the art that actuators other than SLMs
will be equally applicable; examples are 2-dim modulator comprising an array of
acoustooptic driven transducers, 2-dim array of actuators being transmissive, for

25  example of LCD type, or similar 2-dim modulating devices.
[0045] The invention relates to direct-writing of a workpiece, such as a
semiconductor wafer or a mask substrate. Using any kind of radiation, i.e., light from
IR to EUV, x-ray or particle beams such as electron, ion or atom beams may perform
the direct-writing.

30 [0046]  The method of the invention off-loads a data path the repetition of
processing the same data over and over again for identical chips. This is done at the

expense of increased mechanical overhead. One of the preferred embodiments devices
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DETAI LED DESCRI PTI ON [ 0043] The follow ng detailed description is made with
reference to the figures. Preferred enbodi nents are described to

i1l ustratwotobespsesent invention, not to limt its scopePCHsE0G462 defi ned
by the clains. Those of ordinary skill in the art will recognize 20 a

vari ety Qfiruetiné Waknhidiaéleaded onghaiicdl beetiestisiapsdrbed whadutfaol | ows. [ 0044]
Further, the preferred enbodi nent are described with reference to an SLM

It will theuehriteasalt Thpeompaatien 9f RAKPM byfferingand astafey t SEFURIErs ot her
than SL '\é%agm\gﬁ Eégig(?gegﬁg#%é Matagmcb&ﬂ@ 1 thEXAABELSE i@%rﬁicgl'ﬁjélﬂg Hodyhasor

conprisin acoust oopti1© "driven transducers, 2-dim array of
act uat orgn dehfeg Hor angniyps b/ field foarth@Gafex appitalyodnly Gk, thepdata sremlerdd ar 2- di m

nodul ating devices. [00451 The inventian.relates to direct-witing of a
wor kpi edafo tipap ey Qr[lces EHtRE AR 3’5‘1‘3 Wé‘fot@’fﬂrtﬁl? repegHupction g F?Cg’tv}[ée.lé f%igng any

Kind of tfl?tgh@ﬁti—cgﬂchli-si‘ﬁside LicQD el 81y BeRabiBriFdd\onck-ray or particle beans

such as electron, n or atom beans ‘'may perform the direct-witing. 30
[ 0046] T0@4Tet h&kuod 3 shevs aweafer BOhonhkcdnpagsstageddlamgeit dstatipmaryepet i ti on of

processi ng.the sane data over and over .again. for identical.chips. This is
done at \tv%gng B%@ﬁ%ﬁ@ég%#ormb%%%af ?%‘&Y%?{ﬁé”&ﬂ‘%? a%g™ 3829“661‘ Ito he preferred

enbodi megh seHGY 36§ S ARG 308 isl@nMRIR/iR 88 3BETHOEORIR0MEEs aa Structure

where said I ncreased nechani cal overhead is absorbed w thout a_throughput
penalQ y. stipreacossihawafeorSad water eemprises pinambsgobalepady gteaped shis B3-art  waf er -

scanner stage uces t he 1 0Cessi . ical fields
in a rovxflber%e%?ﬁ&g C%?S@P?glﬁg?é géegﬁ%tlgzaeslt%%eﬁ{seﬁr%%%ﬂr%&t (gFa\%/% éérc?ﬁ{ta;pi cally
only onethedh® i§BEffert® atierAssdefdr Severill rhilt fielf abmigthosttpe. Tharatdacy0dor e, t here

is a built-in repeat function in each field so that ieiien i c‘gl chi ps inside
a fiel d indesrrivad yn e inn databyad sefh eicly opdatp setithitipclgs hfﬁt}@e Yyaf er 301 on
a scanni . [ hetd - i I ng optics
. dFohB 5 Yeal PhistdaDEbtBREDY pridRG8hd Q8 NG Opt |
or equi v%?%%éﬁaﬁﬁt%éyﬁgg ean?éﬁm g%%‘.E?Tﬁee 16ql;n}z)svearrent 305p oﬂgﬁfghe stage 302 is
cont i huofisldi This twilb ke de3fibed et in sioreodaailwr i t es a 10 stripe across the wafer.
Sai d waf er conprises a nunper. of alrea repar.ed ips 303. The area 308,
corres poW&f‘g]g t dhg aF"é‘ttp%tIIgBWrﬁerﬁ égtaesﬁﬁ:é‘ﬂgd Egl%fsl?%et ehg%g‘er asterized and
the data késé&ﬂﬁ%%fe@@e@&%n HeUSRdefiQE 368U Bk strfe, Rlcludidd Bl @uadeong t he
stripe. Phe area 308 '
overlap needed for the writing and for the data path processing.
[0049] The machine starts to write one stripe, taking data from a field-stripe
20  bitmap buffer, as soon as the stage and data are ready. Field-stripes are generated in
the fracturing step depicted in figure 6. While it is performing the writing of the stroke
a second buffer is loaded by bitmap data produced by the rasterizer. An embodiment
is shown in Figure 6. The soft —reticle data is residing in mass storage, typically hard
disks. A scheduler reads the job definition file describing the number of fields to be
25  printed, their location, etc. and produces control sequences for the data path and the
stage control. The scheduler directs the fracture unit to fetch the right data and
preprocesses it for rasterizing. The data is transferred to the rasterizer, employing
suitable buffering.
[0050] Figure 5, showing a soft reticle where the dashed frame 501 indicates the
30 quartz substrate if it had been a physical reticle, can further exemplify the sequence.
The pattern area 502 is divided into field-stripes 503, optionally overlapping. At a

certain moment during the writing of a wafer a number of the stripes have been

written already 506. One field-stripe exists as bitmap data in bitmap buffer 1, see
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is described in the input data by a "soft reticle", a data set that is
closely related to nmask file that would be used for producing a real

physi cal wetmoss3s or printing the sanme 15 field. This w | IPChSEd®easd bed

|l ater in nore detail. [0048] The area that is buffered is a so called

fiel d- stidupee 3R nekefilg-sthy® inithd @gsatt, My nadessardebwadiacdnee, isbéingreti cl e 308
and the stripe, including any stripe_ overlap needed for thﬁﬁgwrieﬁ“ ng and
for the resterzegantn bitnpdwsiend. Thepwshedulergad thechthe watte redral & Heped one
stripe, Laking data,dd %’AEA ?OF&E @\Jgﬂé B RO bl B RHInEh1 did&isS@en as the

st age and ‘data are fea y. Freld-stripes are generated in the fracturing

st ep depk&heit dtherfbiufiier & the pihi headi The tuffee réadrooningl iahenethet fungionfast he stroke

a second buffer is | oaded by bit dat a oduced b he.raster.i zer. An

oot MLl 1 1A BT OB fETS ek pids PRI e SPEnGt; G ng 1 n

mass stothggtglpegryp-i ﬁpéslyr%lla@r(d di sks. A schedul er reads the job definition
SCri

file de ng the nunober of fields to be 25 printed, their location, etc.
and prod@0ss conmnygracsigignario ds fidd wilhbe doale 4o gettise diechative hawglivatge control .

The schedul er directs fracture. unit to t the right ta and

pr epr oce¥RERIgsIof g‘rgu =2 P[gﬁeiS?Pﬁd’?e “ﬁﬁlépvﬁoaﬁegaﬁagee?ﬁ%ﬁﬁe@? f’sergast%%e}%e rasterizer,
enpl oyi ngne %Hﬁ%}%lﬁ%r%ié@l’fg; BLEREp 19BN Féfershendand BRwh AGna&iBokitfidlet i cl e
where the é:as ed frame 501 indicates the 30 quartz substrate if it had

beenlla piizes wilhhaveet ¢ais@nt warinfum vilue. Fax eppligngtivenuith @ GORIHRISYS The pattern

area 502 is divided intg, field-stri | I I jng. At a
certai n MEMERtad yPﬁIBJ%ﬁ]@CW?nt? ng-o f?@s %@gyﬁgéfhnﬁér@edﬂyd? gl%{?gﬂjgﬁj ri pes have
been wrintigeRiléd fegaym&ISin Lpatifilel Ysdintiyps bexprsfembis Usingmeage tmba i n bi t map
buffer 1, see Page 7 of 16 WO 03/081338 PCT/ SEQ3/ 00462 fig#re 6. The next
fiel d- st wopRhypisakTRemeBfIRIsTRaY #ER Do eeBESIRF PYAMMG anfVa¥ hLYCTIaW e ng
rasteriz i.nto bi - : edul er and the buffer wite control
in Fi gurlglg%ﬁtﬁéﬂ ?I%Cﬁa%@}qﬁggﬁlgﬁtgﬁnfﬁ%g%g. to the wite buffer while the

buf fey rp@g2lconfigire disheet snadladr@ambbdiorent ithatveey fasudnidexccumtetstagepri nt  head.

The buffer read control has another, function as 5 well: it reads the
buf f er edWhefe A HRGER HER FOBLRIGVAY f‘&bﬁ é%memﬁxﬁw% ﬁgg eq‘i]%@tefeo‘ﬁl P othe
S 1P, BTN 2R A OOttt polsmpr e | be
with twoobthpaysidre Fhef ABEASstgs ubesl ings@\dhiatstage-of-the-art scanners has a
maximum speed 500 mm per seconds, an acceleration of 12 mv/s” and a stepping time
20  from one row to the next of less than 0.2 seconds. Even at the highest stage speed, 500
mm/s, with a time of writing a stripe across a 300 mm wafer being 0.6 seconds the
mechanical overhead is 25% percent of the total time or less.
[0053] More important is that the stepping time is shorter than the time it takes to
change direction of the scanning motion. Therefore the mechanical overhead is
25  essentially the same for the schemes in Figure 3 and Figure 4. It rasterizes the soft
reticle 401 only once for the entire wafer, since it writes all occurrences of a field-
stripe 402 on the wafer in one go. Since the number of field in a 300 mm wafer is
approximately 100 the reduction in data processing volume compared to Figure 1 is
also a factor 100.
30 [0054] In the preferred embodiment the wafer is written after global alignment
using alignment marks 304 already placed on the wafer in a previous patterning step.
The marks, four are shown but there can be any number from 2 and upwards and it is

also possible to use the printed patterns within the chips to align to, are measured and
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since the buffer size for field-stripe is known beforehand and, given a
maxi rum field 10 size, wll have a constant nmaxi nrum val ue. But an

al t er nat iwe 03/08133& conti guous nenory and dynam c al | ocat ipcm/SED3/emeDry i s
equal |y useful and may, depending on the detailed requirenents in a

par ti cubahpysdsHohiPear dRrdinfE 6ystdh or thisivater irdeniuah Altewntipblysi cal menory
areas may al so be useful, for exanple as a way of interfacing nore than
one r astetosipngilainireas iporented priprehanbiigm MeaspigEEDs oEAHFEOR shows anot her
enbodi ment .. wi th ~ o wher ki step from
one r owpgﬁd“f 18P Bgsepgg%éh\éﬁgé’xc?r}?%@v,%’ %%@%%%ﬁg’%tr%er e 1\?\%’ %r%rtléﬂuteﬁ’eéu?equi red

pl acenenf a ggat@dytortiom mials used tddesomisinedwiib theamgaspreaeni ofthes| owi ng down

of the system The ATLAS stage used in ASM.'s stat -,ﬂﬁ;the- arft scanners has

a  Mmaxi Bﬂ@ﬁ@éﬂa@%@}ldﬁﬁﬁ%ﬁimg@é%ﬂﬁg,foraﬁqe Fefarsrgpednl s WiIngdhs "and a

st eppi ng, fel A& id QWrdiRatl B&ide%d re@dreh@Ss than 0.2 seconds. Even at
t he hi g%%if Hgtﬂgegéﬂidge%elg{,ﬁésoo rnn1s,g§?svx,1' th 1;{3 trieme of witing a stripe across
a 300 mjoegFler bhikewipeQ.heighe cmpad thehewafermsohamired belpvethhewutingsdegd%o per cent  of

the total tinme or less. [[00531.Myre. inportant.is th he .stepping tine is
short er BA& ©AESIRG ?ﬁsatﬁ? PL’E‘&!?élélst newﬁﬁécﬁrﬁ&gﬁeﬁ&ﬂ%@? B‘?lg%t qnni ng not i on.
Ther ef Or[ﬁoédg? MREHANT GRhwsHoW IBAkal S1d2D1a66a8Y drapladutffremante fame t he
schenes in Figure 3 and Figure 4. It rasterizes the soft reticle 401 only
oncdO0f ormishepasemifile Thafrbysicalimasehdve seraraldmaggs (Pats ercenthBsasf a fi el d-
stripe 402 .on . the wafer in one 1 he. 0 J {n a 300 Mm
waf er i s‘“"“%ﬁ%%}}ﬁ?}“ﬁﬂ%% Shetgﬁelie}{lgq’(rgee%%@? ?ager%bl’ gh%a a%%%ag%ségélféﬁge%}ol une

conpar ednisk grb@yd Rstltrusturddles® Tae kot taiclclit a paGefnd&ddnd aptivha digied er r ed
enbodi nent the wafer is witten after gl obal Iignant u i.nﬁ ?I i gnnment

mar ks 30nfcamedenigespiikios thedrpsition ohdecalignpent My pRG e YR Ff HiFTe ep. The
marks, fg %ﬁﬁlé’g O%P{émle%{ #ﬁ%fu‘f'e ffl@tp%}%sad?% sBHMRYe {0 iRMde aRErYRYRr ds and it
is also possi FE 10 Use the printed patterns wthin the chips to align to,
ar e 13easyfi€ds et oPaghthasbnd patth GRY. 084 388MRECT/SEISf@IA6E claplyopt i onal |y

non-|inear_ coordinate systemfor the wafer is conputed. Alternatively a
di st or t i aalog tp ghe Rhypigaldefigle W&Y%%?%"&%é‘?%geéhand f rom neasur ements or

di stort i[@ps-@r ed'g?gh&m%%s@s%@ SRRty BB s arddBfk@Shysipa) ticksdensi ty,
previous layer distortion, etc. |IT a separate distortion map is used it is
conbi nedwhéit they hre cremgesiy pmhe porrespondieg similarity exists when they are used.

Drawn to the extreme this would mean that the same data file is used for creating

20  them and the same job file is used on the stepper-scanner and on the direct-writer to
use them. The job file has a principle code like this
[0058] Start job,
[0059] measure height map,
[0060] align wafer to alignment marks,
25  [0061] call reticle #34567, image #1,
[0062] set dose 100%,
[0063] set focus -130 nm,
[0064] expose fields:

[0065] xxxX.Xxxx1 yyyy.yyyyl

30 [0066] XXXX.XXXX2 YYYY.YYyy2
[0067] XXXX.XXXX3 yyyy.yyyy3
[0068] XXXX.XXXXx4 yyyy.yyyy4d
[0069]
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5 alignment narks and a coordinate systemfor the wafer is created. The
witing of the wafer is then nade with this coordi nate system as

ref er encewo[oB086p8 Li kewi se a hei ght map of the wafer is mpagsEesioldef ore the
writing begins and the focusing of the print head is done by dead count

based opg¢70® hedghtridreR345670@RGE #Bi gure 7 shows how physical and soft
reticles are produced fromthe sane 10 mask pattern file. The physical may
have sel@7dl i nagesXPpatesi®d wayYyH® are masked by rulers in the

st epper used se @qﬁg i mar ks, bar codes, mask process

t est str[@(??ajres etc. é‘%%%”%’l% e has a pattern area and opti onal

?lhg! t al [0073 or n&id job ](ctlescri bing the position of the alignnment marks and
eir type. It is useful to define a soft reticle ta structure that

al I obs S04 of t Theesterpeecalls “il%’é?i“ﬁf& rozR {hsrgicle Stereren il ferle e of b on

nas one (ialdsf ot ifiigl BB OmIfhdIRE e Bt &h@leiﬁf%ﬁéed & Helaagabi to anal og to

the physrcal retic avi g eral 1 mges. [oo§ Fi gure shows t he
si mi | ar itheydibeet weiter, smidthiag thahsridicghy by the Yoxr BIW ghregrocedsatg 'tihey ar e

created, and_a corresponding sipmilarity exjsts wh t he [ . Drawn
to the &@¥edeOphPE _%lsoslhﬂgﬁr’f_] @feéﬁe?éh%nﬁfﬁ %ﬁ{%ﬂ gasyfggﬂ@gﬁ%ggr creating
20 themcgpd (t)hn? SRR tHe@Pndelit @b Bastsiosd MY hbgolstiRRRR be SRAMMEItoand on t he
direct-witer to wuse them The job file has a principle code like this

[00381 Steate the obher fosspatshyaspatiéionef grmalesoffreede] align wafer to
et N T R S
YYYY- YYWIIM paQcipR0&8iribedix USPatcht YRS 488 wys2gnddd6 6ifd ofkthe xpphican8 of yyy. yyyy3
|[Dg'?'/6 g]Eogﬁégzq:&)’é )a(lgpﬁ/c%%ggﬁ Zﬁ’ i)r/lgforp([)r%?e%ghleréiﬁ by E)g ereenge e(l)rrd uls?ng 3or§n/1081338
radiation. It has 4 SLMs, each with 2048 x 4096 mirrors. The projection optics
15 reduces each mirror to a pixel 40 nm in square on the silicon. Two print 5 wafers per
hour including overhead the flash rate has to be 4 kHz. Each pixel has 65 gray values
and is allotted a byte of data. The data rate is then 4 x 4000 x 2048 x 4096 = 134
Gbyte/s. The stage speed is 320 mms during the writing stroke and a stroke takes 1
second across a 300 mm wafer. The soft reticle size is limited to 38 mm along the
20  stripe and the buffer size is 16 Gbytes. The system has an ATLAS stage as described
above and the mechanical overhead per stripe is 17%. Assume a typical pattern of 16
x 32 mm. The actual buffered data volume is 14 Gb and there are 19 rows of fields on
the wafer. Therefore it takes 19 x ( 1 + 0.2) = 23 seconds to write all fields on the
wafer in one pass. During those 23 seconds the next buffer has to be rasterized, which
25  gives the rasterizing capacity 14/23 = 0.6 Gbyte/s. The rasterizer has been described
in US patent application No 09/954,721 and is running inside the Micronic SIGMA
mask writer in development.
[0076] If more than one field is printed on the same wafer the needed rasterizing
capacity goes up in proportion: 2 different fields require 1.6 Gbyte/s, 4 fields require
30 2.4 Gbytes/s. However, the rasterizer and fracturing module is dimensioned after very
complex patterns and with typical design files it may well be possible to write four

different designs on the wafer with 0.6 Gbytes/s.
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[0070] call reticle #34567, image #2 [00711 xxxx.xxxxl 03 yyyy.yyyyl 03

[ 00721 xxxx.xxxx104 yyyy.yyyyl04 [0073] end job 5 [0074] The stepper calls
the reti cwe oBiogrssg he reticle storage, while the direct w iPC@&SEoy/@uches if
fromdigital storage. In practice the soft reticles nay need to be adapted
to the [oTACt W dckeid erfbdtRinbitNGed UV ill8minion ahe Haswy pik legrisbof 123V
pre-processing” in Figure 7. One exanple is shown in Figure 8 where the
mask patieen thagafendt hasd@ntliMapith23pP & 819H pyjrrgisdigpted ﬁ%ﬁﬁée %o be
rasteriz , ' i | idpl t r three
parts by&?ae%%tg il% .P%}? %?ytgﬁs’stﬁr%%?g? Q%ggr%dir@tr?g'(ge&dg@(%% Aﬁf)etrsgﬁ g?édglg

enbodi maptwrits. Bhedhufes kizevifi ther 25606 R6€) amintiwahseszibgsgrcivynedded iSLR pri nci pl e
described in US Patent 6 285 488 assigned to one of the applicants of the
present @PpeyEiriasHmEaeesifcor porat ed herein by reference and using 193 nm
radiati 07é(_::|t haghite rﬁh%sece(ﬁﬂg Bx hb1Bs #8480 26 offh hlefo?l, dhi&sRhQ) ecti on
optics 15 reduces each mrror to a pixel 40 nmm in square on the silicon.
Two pri ndystemsairgisyipgthis imethod iarecdasidy medesstescheAdnaghelid mamhryr at e has to be 4
kHz. Each Fi,xel has 65 gr val ues. a%d is a Ioh}&d a b%tﬁ 0‘1;. dal\a. The
data rat@nfANPRAERIYErgm s ORI A B glaamsdpethag s QnesUChAEVis 8e” speed i s
320 mm's ' [l NekRdaNth PpdbfoKprab@k@stht clapeend across a
300 m%#g{#&%%gego%iﬁgerﬁ%ﬁlgﬁe is ﬁ)mgt edﬁgto Sgénm al ong the 20
strilfe amethbfiés inotifessuchiderices 16 CGbytes. The system has an ATLAS stage as

descri be bov d,the chani.cal ' ' /%% Assune a
typi cal 'ﬁgﬁz}er n ?ﬁ]el%‘e pLes IWﬁnlt“CI’ & %gﬁéaﬁ%gﬁggéep g%{ddtggg{%%%l?ne is 14 G
and t her @ngs@md Qs advexfipléd @tdRdabovd, s wadestood that Bt ar exaintpldsakes 19 x (|
+ 0.2) = 23 seconds to wite all fields on the_ wafer in one pass. During

t hose 23intradeshinsan ilestiriive rEhgrfiaan Malimping sensgs digs F%@E@P{;éfﬁdéﬁat% gi ves the
rasterizjing. i = I en descri bed
in US pa]ing%tﬁ%gtg%] ia%étcééfg%%gowgy&%dj%ﬁé%ﬁ{j{gﬁgosﬁeﬁhﬁﬂ?%ﬁ iﬁlﬁsﬁp@aghﬁe M croni c
SI G5  nmskifishtidrerand cothdinatiopneiik be Wllin6le dfirinafitee invamticoremdftheel d is printed
on the sanme wafer the nefded rasterizing capacity goes up in proportion: 2
di f f er engcops &f the TPRYUINEEIME @oyte/s, 4 fields require 30 2.4 Gohytes/s.
However, the rasterizer and fracturing nodule is dinensioned after very
conplex patterns and with typical design files it my well be possible to
wite four
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different designs on the wafer wwth 0.6 Goytes/s. Page 10 of 16 WO

03/ 081338 PCT/ SE03/ 00462 [0077] A second enbodi nent uses EUV illum nation
and has awpiog®813gsid of 12.5 nmon the wafer. It has 12 SPEE/SEDI/N42560 X
8196 mrrors updated at 5 kHz. The data flowis 1258 CGohyte/s, the stage
speed is 160 nmms and one stripe téﬁ?ﬁg?s second to wite. The buffer size
if then 256 CGbytes, and the rasteri capacity needed is 6.2 5 Chytes/s
for a single design. [0078] Wile the preceding exanples are cast in terns
of a nethod, devices and systens enploying this nethod are easily

under §t ood. 1A grﬁ@?{]é‘i’q@’rﬁ% g aé’iﬁ‘ﬁ?@??ﬁ e%d&t&ﬁﬁ%ﬁ%ﬁgglaéaﬁ practici ng
the chai et i : Vi : at er cSyst em havi ng nenory
Ioade% vvig%lta%gtrggg:rc g%mgglgeg? Flgcﬁ?%gﬁt Iélée&ﬁ%ﬁlgg?%rglgrg%&%&fhod i s anot her such
device. [00791 Wiile the present invention is disclosed by reference to the
prefedred enbodi mnpneddingd deteaeprentationaif heldasilboy enagetto bs imagtdrgtmod t hat

t hese,exanpl es are ilntgnd()?ﬁ ip an(Hj I Jdustﬁ(ali ve rather than in a limting
sense’ It is conte o ¥ AAPIOW i SPICCRYTFBRES and conbi nations will readily
occur to those skilled in the art, which 15 nodifications and conbi nations
will e within the fepiuiing sl dafageprovtitionintdaclihBty cf¢RREstApest he fol | owi ng
clains. Page | | of 16 WD 03/081338 PCT/ SE03/00462 CLAIMS 1 1. A nethod
for patterning a workpiece covered at |least partly with a layer 2
sensi®ive to el ect FeRfalR®E@Cidi%4t i on, conprising the actions of: 3 -
providing a data representation of at |east one inmage to be inmaged onto 4
a pluyality of |ocati onsr&ter,ﬁﬁigdaﬂﬂfﬁau%&@e of saidldaBGEpELRGRA d data
representation into a plurality of field stripes, 6 - repeating the
actions of: 7 - rasterizing a first field stripe of said data
repreSentation, 8 - nodmagvlatigs a maslatenaseordingde diidgastayizedifigld ast eri zed
fiel d9 9 stripe,

stripe,

10 - imaging said first field stripe onto a plurality of locations of
11 said workpiece,
12 - rasterizing a second field stripe of said data representation
13 while imaging said first field stripe onto said plurality of locations
14 of said workpiece,
15 - terminating the repetition when a predetermined amount of said image
16 is imaged onto said plurality of locations of said workpiece.
17

1 2. The method according to claim 1, wherein said field stripes belonging to two

2 consecutive strokes are non adjacent to each other.

1 3. The method according to claim 1, wherein said field stripes belonging to two

2 consecutive strokes are adjacent to each other.
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10 - imaging said first field stripe onto a plurality of |ocations of' 11
sai d workpiece, 12 - rasterizing a second field stripe of said data

repr esentwoiosnsB38 whil e i maging said first field stripe omCo/SEad/eh4pd ural ity
of locations 14 of said workpiece, 15 - termnating the repetition when a
predet er m RedTROBIHod At caing té ETRGE 1, Whertin saithigede tnihmgsdodtopheur al ity of

| ocations of said workpiece. 17 1 2. The nethod according to claim1,

wher &i nvscakmewl@{@e@tsmf@ess%!lmpﬁsd%5@%16050@6&%166%4 IOt r okes are non
adj acent to each other. 3 1 3. The nethod according to claim1, wherein
said.field stripes belonging to two 2 consecutive strokes are adjacent to
each other. 3 Page 12 of 16 WD 03/081338 PCT/ SE03/00462 1 4. The net hod
according to claim1l, wherein said inage is i ed onto the 2 workpi ece by
meand of arf. ST niethmdlanatrénhgb«yclsandl wh@cmrscarfh‘gwg:me@e tseedwalei.-on. 3 1 5. The
met hod according to claim1, wherein said workpiece is a wafer. 2 1 6. The
nmet hgd according to claiml1l, wherein said inmge represents an integrated 2
circait 3 1 7. The method according to claim1, wherein field stripes

bel onging to two 2 consecutive strokes are imged in opposing directions
ont o jt he W, KPh@eRthod acdor8ingho BRiMadwhatinpaid ieiage nepresenrakipegeedcover ed at
| east partly with a |ayer 2 sensitive to electronmagnetic radiation,

corrpr2| sigiguithe actions of: 3 - providing a data representation of at |east
one inmage to be imaged onto 4 a plurality of locations of said workpiece,

3

1 7. The method according to claim 1, wherein field stripes belonging to two

2 consecutive strokes are imaged in opposing directions onto the workpiece.

1 8. A method for patterning a workpiece covered at least partly with a layer

2 sensitive to electromagnetic radiation, comprising the actions of:

3 - providing a data representation of at least one image to be imaged onto
4 a plurality of locations of said workpiece,
5 - fracturing said data representation into a plurality of field stripes,
6 - repeating the actions of:
7 - rasterizing a first field stripe of said data representation,
8 - modulating a modulator according to said rasterized field
9 stripe,
10 - imaging said first field stripe onto a plurality of locations of
11 said workpiece,
12 - rasterizing a second field stripe of said data representation
13 while imaging said first field stripe onto said plurality of locations
14 of said workpiece,
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5 - fracturing said data representation into a plurality of field stripes,
6 - repeating the actions of: 7 - rasterizing a first field stripe of said
dat a reprwoapsu3don, 8 - nodul ati ng a nodul at or accor di n@CIGSESH00d62
rasterized field 9 stripe, 10 - imaging said first field stripe onto a
plurgd ity of | ocatteaninamig tht tepedtion whek pipedeterrhidied nuadtesfisaidng a second
field stripe of said data repr,esentation,d}3 whil e i magi ng_sajd first field
strilfe onto said pragsd ha%s been jorese ppipsal Bﬂu@il%%ﬁlacwpkgf , Page 13 of
16 03/081338 PC@&§§$@AOO462 15 - termnating the repetition when a

pr edet er m ned nunber said 16 i mages have been imaged onto said plurality
of locations of said 17 workpiece. 18 1 9. The nethod according to claim
8, witerein said field stripes belonging to two 2 consecutive strokes are
non adj acent to each other. 3 1 10. The method according to claimS8,

wh [ [ peld ' . bel ' . i ve. Kk
A adent o edth iR PG PR kel i S BRATRS S ErBNRET wher ei

sai d 4 MegRsdchtivERasds ARt fontdifacerd thRAdRItBRGS by nmeans of an SLMill uni nated
by said electromagnetic radiation. 3 1 12. The nmethod according to claim

8, wherein said workpiece is a wafer. 2 1 13. The nethod according to
claimd 8, wherein said image represents an integrated 2 circuit. 3 1 14.
The net hod according to claim8, wherein field stripes belonging to two

1 10. The method according to claim 8, wherein said field stripes belonging to two

2 consecutive strokes are adjacent to each other.

1 11. The method according to claim 8, wherein said image is imaged onto the

2 workpiece by means of an SLM illuminated by said electromagnetic radiation.

3

1 12. The method according to claim 8, wherein said workpiece is a wafer.

2

1 13. The method according to claim 8, wherein said image represents an integrated
2 circuit.

3

1 14. The method according to claim 8, wherein field stripes belonging to two

2 consecutive strokes are imaged in opposing directions onto the workpiece.

3

1 15. An apparatus for patterning a workpiece, comprising a memory for storing a
2 datarepresentation of at least one image to be written on said workpiece, a fracturing
3 device to fracture said data representation into a plurality of field stripes, a rasteizing
4 device to rasterize said field stripes, at least two buffer memories to buffer rasterized
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2 consecutive strokes are inmaged in opposing directions onto the workpiece.
3 1 15. An apparatus for patterning a workpiece, conprising a nenory for
storing awO3asK3a8 r epresentati on of at | east one inmage toPo@/SEPi/eMen oOnN
said workpiece, a fracturing 3 device to fracture said data representation
intosa pdid aipby a®uffei @itk Sdntdop@Sconttol idGt which boffedmemoiycte wiite tigst eri ze sai d
field stripes, at least two buffer nenories to buffer rasterized Page 14

of 16 Wrggizsd ratg apeffesiead conimd to cantyol Gpgm which gulfer memgrytareag i te cont r ol
to contr I ' - [ o data, a

bt o 1odg Rae O o TR e el R e g

rast & i zetpedatrastérizehehenragadien nisterizbe data nkdwher to @ad daadoubemagsdschedul e
which field 8 sgrjpe tg r%gfg%ize,ﬂﬁhen to buffer r sEerized data and when
to réad W hetwrrkriersahed malugirsap GWR&I@YE@‘,"G&W@P S'NBaMRRRGE capabl e to
mMduj@at &,8, &@5&%&1@%&%&9{5@@8%& Gata thbeliafbad bRp a3A6AlG d9odafosPbd
rasterize ata to I maged onto a plurality of l'ocatiions of | | said

wor Kidi ecsid whidpieice, wladrein apidaappirass iscapalplald sasteoize adiebt dtvipe whildé el d stri pe
while 12 inmagin anPHper.field stripe.onto said workpiece. 13 1 16. The
net d¥8 FﬁngBIE STREIEIC SRS PP PIEEi d workpiece is a wafer. 2 1 17.
The met hod according to claim 15, wherein said i mage represents an 2
integyated circuit. 3 1 18. The apparatus according to claim15, wherein
said image is imged onto the 2 workpiece by neans of an SLMillum nated

by said electromagnetic radiation. 3 Page 15 of 16 |
1 16. The method according to claim 15, wherein said workpiece is a wafer.

2

1 17. The method according to claim 15, wherein said image represents an

2 integrated circuit.

3

1 18. The apparatus according to claim 15, wherein said image is imaged onto the
2 workpiece by means of an SLM illuminated by said electromagnetic radiation.

3
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