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inal ongGa%%gdsg%ﬁ% e ar%namgmakpl ece c§€7*§¥i° §’ Ej{gg}]tbeam
arodugingisystegn; axis; the optical systemincluding a

f|eId 0 r | a aser_and the. workpiece; of

the wo p?ecﬂe&%o%ﬂ §cﬁemaﬁ1cfd & S nbeacﬁc’égﬂl%do arpsrts; of

ten@omentd]th@gtmcmmimnmes the |aser output |ight

pul se afield. s nification

DUt £+ ERE ARGt ity Sembe b g o pieocnpigvention

2005/ BKB 99BoWAEh&RR QMY BBIs16F embodiments of the present invention;
FIG.” 5 10a and 10b show beam intensity proﬁles,

FIG. 11 shows a beam intensity proﬁle'
FIG.’ s 12A and 12B show beam intensity profiles;

FIG. 13 shows an optical arrangement accordmg to aspect of an embodlment of
the present invention.
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intensity profile that has sufficiently steep

sidewalls to allowthe field stop to maintain a
sufficiently steep beam profile at the workpi edé&January 2007
wi t hout bl ocking the beamprofile at too high an

IW0 2008033893| evel . 2. The apparatus may al so heakUS2004{031618
average power in the laser ouput |ight pul se beam as

del i ver t i j i

mechant ST R pESCRIL PAG St Spin RRRP R TARLORs

| i nebovipphvantsc piopesenacdizectiomal nShS sysierpr thefe has (simplal éptics for

of 0 i.nde e system ma ' a
cSPABALAREPER DB SancdG B o s B g gt rgona e
| deneth offf the matpieen, vieldingiavaotglityaf 208400k end & slwoughpeainof 35 sheets
gegnetriclimtations. The stem.may,project adjacent
DESREOkT CTa Bl s AL TR IR RreSh Bkt & oot 37
deppichntahedpectian tHerTWR) BLAgsteR aAd Biscpré@sd Brghid (it afdinksitive
of each respective adjacent peak having a different
fé%%‘fer%%ﬁ%’“glnctoﬁjt?%fl%&@ws STHEMS-syst em may conpri se

a | i nepgplidasits @ﬂjrrpbﬁ%f DEheBRTAIBNBFIKUYO th8 cabaBildty @Mﬂi&ﬁag Bart of a
optical assenbly correcting |linebow at the field stop
prege thehwilhpaver e shegppomarising thy Sbeets iBrpne span; widh 2 365x0.02mm
a6 fflley R Q0 in hat RAW cider b780AY20 KkikeE Hin R sifife scan of an
BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 shows a

oplongated thin, beam of (7310 Rpiny svithfa laspetspatition rate st ileast 4000Hz,

S | Og(fd) ] S, Hf ' e .
B ot o e BRAe £ 0 Ao 2 Wi 470, ebling in
opitei former £955123009 crstallization Bha®s p& sheatwwsShseposbirimtallizatins time,
c i I AR the beam i
SR pHOUEaiShg Hoty 8 DAY e SNl e PA7 RSE B 08 P ol st
Fard a #02%seomsl tine efkartmatien, @ividg 4 thacughms @fB5.98 sheets per hour and in
i ]y rative.of the effect of beam .h eni.zat i.qQn .
o el Bl 5 h 3R S Eing i PR B P 45 sheot with
Shmnbr'h i amh‘mislmdxadpeﬂ' igi d.g, mi 809l @brl.ﬁi, Gesuﬁmgl ing 18\450,000 crystallization
.S mat j.ca an ilJustrative. se er out put

"R Bk ot malighas, Biisy .98y aising A, heRDY of 469,959
ssHoss(raind e 120 74 asheats tRMhaaE @irblighfut! O I SAEC istdte ake throughput
inyention; FIG 8 shows

di f th t
S 35‘10%}%?2@%@@ St camadiments Alethe prasent iBr@biem; even at a
| RILEETY S8 ratk b400BHE ROWSuISEE 4 ﬁ%éﬁn@&%ﬁ%%ﬁ@f art. -

enbodi_nents of the present invention, FIG' s 10a and
10b sH3WRiBS AW ith FIGi<h thoreip shqwnosshermtically) an Hlvsirativg pylsedriaser
| R4 b gi FlG o Ee&sh S¥884i

i nt enzﬁg%‘%bﬁ“ fribélmglsn,g sk%én l?g]agﬁr)%@%% ptica diment of the
diresgpiganention.adbe syteny 160 may jedudecin esnillateb tademeystemol62 and an
t%li‘ﬁ%leﬁgé?tsyét% 98k A p?].%ed lase_r oytput light beam producing system 160

may be configured as a master-oscillator, power amplifier system in which the output

- pulse 180 of the oscillator system is line narrowed, e.g., with a line narrowing module or
line narrowing package as is known in the art or may be a power oscillator in which line
narrowing is not used. For purposes of this application both forms of oscillator laser are

- capable of being used and will be referred to as a master oscillator MO whether a master

oscillator, MO, r power oscillator, PO. As illustrated in FIG. 6, the MO may comprises

an unstable resonator, comprising a concave mirror 170 and a convex mirror 172,

illustratively shown to be aligned for off-axis oscillation to produce an output beam 180
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DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS
Applicants propose a directional SLS system t hadB Janary 2007

sinple optics for <crystallization and activation,
BYQHOTEIB9r can produce essentially grains tREHUSSHHEHE1S
the length of the workpiece, yielding a nobility of

2 (1@'- e‘l&ﬁm’&ﬂ disBhary BetE&R U caltiodS 374 BEEBS and¥R( 178 W fihe JodRischarge

n e sheet form applicants' proposed system
g‘ﬁ rf]%‘?“‘ﬂé"i“&‘elﬁ%efﬁ’ﬁté’a &% than the JWs ELA system

and hagher Qe ShedB 980) SwlidlAnadl e absf kY HJvﬁld Bp relatively low
energy or focus in conparison to the JWS syst

ASYSTEeReR &t rasiia oe pEP %2-cthe é?r@m@é ays, QPR ersnble resonator
CRB@tMubdtion dFfthélbickilafor RBarRRF 162 T MghN@tebibd b% near total

cover the sheet conprising the su strate i'n one
witefipcingz geixers G renselay roptigraystesy 182 antg dhee gast dischatige &harsiyed of the

R il Ol e | BREBE A oo s i
r &p@wm i tbﬂalt af MOi’tA lager $ystaBt sub(hQ@ Hbse sodd/ By ip@ﬁcahfs’ aSSngee under

Z Om)ﬁ‘ge 2 , ng ode. In%l%r% &Hg?’ Ca%n@)g\ggc} n mtens1ty in the

c agnphﬁrllasmasysmm Eﬂmmsugheg d@hﬁgé betﬁ/eéﬂa Saﬁli‘dge d74 ?nd an anz%e 176
ta ion, ti,ne , wai stin S.OtS or a

S Y6 e QifeBeR SamtE of fad H Y 1ove b terD 46581 kg arval of the

shmnslsoaagrcmuwiplﬂ@am& dutpi¥Elight béed Yo, i on, giving a

t hr oughp 35. 38 sheets per hour and in the latter
case 8‘? "Y"h qunléudgrsg)pq, ek theclaser sy i Lif) mpayebech nuitepass @mplifier

V\&)dfei‘h Wﬂlykggoe/ooib B&s ook, 1Sdditlof 'ihéﬂiélgl&irms%e‘? X5t 163%o0uld also

, an 8 overlap, resulting

c%@t oseMintes SYstp, egh swsﬁgu@d 2l5g as,@tms@bbrrmm qayiy orcas a stable

t feBBhato? W b3 blif) GheS B tSheath q%?dna
shot s gndg’a 22. 4fgshee?"g perqﬁgalrltat roug % ?ggeacﬁower
i PrsHly ‘?ée t he throughput achievabl e accord| ng to

aspectiymh t
oo Turklhg SERCKIE T\ erd s shikin i3 BiHerraBUTh s EEfhing to
i Wmm@d@ent bfeth@pnemt mvé¢ntiofLuThe workpizoe 130 mayGontprise a

Sy 60 TR AP o B e o, .

aboatr 3ﬁ5mg;n t—o7@mne<bdng 1mfa (hnecumbm'diom t®thet da&mmgr (ﬁfeefl&n ie.,

S g RS B BG5S b i,

TWith, pigl, sede bamrwmm Buibt doibg Mifeatt® AR IRISPEHE b e’i)ﬁibl%% FIG. 7.
;ﬁ%ﬁﬁf’% e confl ured as a master-oscillator,

cSifp &Y ORI I AFET Py atha pulbe puipwdaser

Qighi Beamt dblv ﬁxggsa &?%télﬁzaltlbﬂ‘ Lo AEERARE to Be amenxmﬁ%ﬁhé bdak 120,

" narr.ow ng or line narrowi hg package as is

Le‘rsov%ﬁnﬁl {tr?eZQsm with arpiteh e muqsmﬂsrlamgf:thlelsmoossmemrysmnmuon

20 RN B0 o ot A {8 B ABARET Ty e putss may

b pitned, o, toemtegumﬁgdarmsnbrysw it frener debiesd lesbtli, Qvitha esh crystal
%%Jf{heggtg}t&*%}ﬁ%?ulgo ether a master —oscillator, M)
St Ui

POWEr  OSCI $llustrated in FIG 6, the

I\/D NEljor @R4rAPple Swith a Siin URSHAR IS theFAEFh Me sc&ﬁﬁﬁy dirRbtitdh, &3 um
[ﬂcave mrror, 170 and a convex mrror 17
pltc may be selected, which will then give an overlap of about 40% of the linewidth of

the pulse in the scanning direction from pulse to pulse. _
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illustratively shown to be aligned for off-axis
oscillation to produce an output beam 180 13 18

January 2007 WO 2005/ 053893 PCT/ US2004/ 037618 18yanuary 2007
el ectrical discharge between a cathode 174 and an
Ar2pes/asB®3i n t he gas di scharge chanber of theEI/US2004/037618
oscillator |aser system 162. The out put beam 180,

whi ch 1Y 2 R&udb®Bler eﬁgityad'fq ﬁ%xhﬁ'te@;‘ iJ\/&lllzyat VVVQI iece f?r SLS,

di vergence, at | east i n One axis, ) ori on a
axand a of 730men xA9impy, dhis wewd a@qyrre 7wrﬁnd @ssuginigontrapsmission

thateqr?%k Blxthe g@m@ westa é&pmma%@mmeésﬁé&{f #5528 84 1aser.

by near to l'ecting mTfors inare
sy@b@m fiePBtitiomt ratet dfeﬂ@ivsamﬁ assdaarpgeh off e unﬂpuldaewould require a

a |f|er Iaser f‘%% vvhch may conprises a
Sis known in the art of

MOPA | amsrdmg&b apcts Hﬂth &%oﬁhﬁbﬁ@ of@b grebéﬁt ﬁﬂ%tioﬁ@ﬁkt s;)atlal beam

assi gnee under fhe XLA series of nodel nunbers.

baBisRsiyProtde shaylg e maintained a4y Bapias possible, he., withheisiope pf the side

I

|35l YRS ROMA el . B he S50 31 B REGLY & BOLRHFof e

t héfeaﬂﬂﬁl dffundgr abewte? Loyor edﬂmuﬂsemdtht(bw}ﬂw aser; ia\shoipe of about

0 dyc SE QW

beam % evaih PBE% }énfé?ts?%og&%ﬁ erﬂ%nl g?xtegQ%fnglngowth

1 Glistaney ain:b}/ematmuistm {ipatotal sitdth bf the rcrystimliht]f;tm regllbﬁlm the direction of
ass,of axis. In.a I fier_ |aser

sﬁet SR & R SeEY deusity dfﬂ*?g“ﬁ'ﬁméstg‘?ﬁ rFsri}Fto‘P °§Xr°’§alugﬁ?°nere§1°n (zone)

cdhttugticned al so as an unstabl e resonator cavity or as

a stab sonat aV|ty to arrpllfythe i nput bea

180 i nk:fg i}ﬁ ?ha; 'g} g opspsigns %ih‘?i?)ﬁ)ér length or Width of the

OS&Qirlhh@k @hay nbt! Bé‘h‘&ﬂed, E‘QWatbGrdéf {22 thay B@ﬁ'ﬁe‘ﬁubrﬁlllz ﬁmﬂf the ?nds of

p schemati ca a system according to ects
BB‘P?FQ#%FH%%% And afiey hetl P%Ppanqﬁﬁlecrm@ﬁzp fiquegones, or

1 I

SQm Scanne gﬁﬁ’d ﬂ\g r%& tﬁdiflél htehBYeihe BbarR g% ra]iﬁ%rtﬂ@o‘ﬁﬁ to the

ongated thin bea

- BRoaRIng gHerHion. 7R (fhklg eRlentzothe e@rm@e@smmghmn megns this

t

o e S gt U R g o

dwhethgr ath,of the twiorkeieas. persesnis hatwallyr tredmdchg,stonﬁxrmt the bd33s1red'
rg tio Son' thi Hésﬁfe&ibgﬁoﬁl% 3 RN eeinllgn% ?Iﬁi @gghm bhe scan

nin t e scanni ng rec on
pwitb en elbngdbﬁel thin/ben eccoplitg tb agects of the q;i-wexb @revemtivay er i n g

t e di nrensi ons
The otk oRw 38 FNS E3818 hde R, ofm sasiiing fo aspects of
| ershodimenteof thp ptd’scﬂt Hﬁvgﬁﬁ@gﬁzﬁ B&dny eemmﬂh :Hebﬁ&ieh@{ént system 200
zon r t he beam eac u ex t. as
GRRET okiofr Rt PGP et ASREEL. T, 5o R 1955 the Pgseg lacer gutout
i ]ﬁghebéd:@ nod bnd @alivesit tocd Woikplecslle.o5. 01 WEKI stde 2b49ﬂﬁ$dgh a beam

afr&a% <.gygtal ovvththen started with a
AN be %m'rﬁmé Qi The beanydelivers wnig 208 may have

td‘&aﬁiﬂtﬁﬂny MhetlBR ey BB QGG,C{#HJ&Pﬁnh?Hmasﬂre?ﬂpam position and pointing
and also beam energy and provide active feedback control to turning mirrors 210 in the
BDU 208.

The system may include an att_enu'atdr 202 operating in feedback control to
attenuate the beam 190, e.g., by about 5% - 50%for dose control at the workpiece 130 on
the work stage 205. The attenuator 202 may include a cooling unit 204. The system 200
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pitch may be selected, which will then give an overlap

of about 40% of the linewdth of the pulse in the

scanning direction frompul se to pulse. 14 18 jéﬂﬂﬁ’ﬂ)’zom

2007 WD 2005/ 053893 PCT/ US2004/ 037618 For a re ed

ShR YU Hsi ty of approxi mately 1J/cn2 at t HETU 2004037618

vvorkpl ece for SLS, and a beamof 730nm x 0.01lmm this
yOal§cEhiive leebeddinstatiiliy @étsddegyn@oduld (‘ST )SHJGOz[long’ aiitR a beam
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require a  stage scanni ng speed of 2m * 4KHz =

Accor dfig 1B sheaRgile of Ehegeainl OBRHPTREAD Bfenpper aff(bgvm may be
| iok@Add 1B dnld SvitRRkindkol SR Pattl b BB %&ﬂ/ 190 %hﬂnq%éﬁwj 10 by an

be mai ntai ned as sharp as ‘possi bl e,
s lopgratings solenaidA3de Thigampy bepsedHe aﬁ%lmenbe bme&dm up| pgbout

Ofgod anatve 'dB g%hlﬁetﬁdl%?m '1Bw£r0b£%g¢ﬁwe?qe<9eﬁf hhl%w beam

|nten3|tyo out for a se wd

( Fwﬂ%r 240 may, bealtéilZth@ pbfilsithe beans@ar ﬂhhéasef gybtembf@inby inserting
) ther

PSR o SR A8 S 3 I EBfrging sotenia

w2é4.h of the crystallization region in the direction

f h h
o ot 1R R DS Bk ksl Soph o o o0
Ftlﬁ SMM 206y sthemtredroldpgtmayHise perfmyed)m the baah 199 judd defore entry

il s T mtn poffiE 230 s B 5 Ao bR pepicer ointing

atangteye a@mﬁergi and PRoVIMRS HPir@aford RigRidmg ahebe farShetérh Qo the BSC
first and after the Iast scanned crystal lization

z B, togh may eapgolle280epEprisBg o AHECSTamEYed (FampRler processor
exvhRAmaghlsh BE @AM EERER elgY, oPélRBMANR Lint, @ fgt & RS-422, with the

scannl ng d| rectl on. The termfull extent o

wWSsRyEeR 150, the BSChlOcand arwerkpicesprefileand @wrgojfdetfé@r/ﬁmoﬂer
COURLTREBSC Qﬁagftﬂa‘?n WREK BbrRGBnicaiofl withf R laseh Y3d Aentifi foP Bxternal

regardl ess o whet her all of the workplece per se iIs
alasarpuipyt eneegtcentrol @ngd for aftenuptiomeantrel and ghayeadso have an output to a

\,\%‘Mﬁé‘@‘h{hﬁ‘ﬁ%%@n the desired portion of the

plece I n ength and width in one scan wth an
el ongah servtcmtoplbegmfacmmsdm&ﬂie@mpegt, gvithf a tchmpera of a power

B0 My BRG] ins b a0 By & 5 Bean? 180 MR i o he
peaseindatrhony emﬂule mza bbvammgdebeanmpjattamﬁmﬂaﬁed freta tthiepdth of the

a0 pein e B P iSRG Beel ght. beam

190 armhe @tdny Bay lalso haveda ﬂm'bb'eﬂl pﬁﬁ@ médule 2720RatamaOdelve to purge'

stage 204 {hro eam de]Jivery unit 208 and a

CRBE i oL i BUADA0S SR i b st Focog g 2 gpa T work
hage 208 beam stability netrol ogy nodul e 206, which may
measur e beam position and pointing .and also_beam

ener gyt safly pensen 274 Tt PRPELIOR dr peRivackem Mith1ant solangidntplve to
rBuféeQﬁé‘be%ﬂHreh&eBhﬁodule and/or the work stage 205.

A shutter 248 may be placed in the path of the beam 190 to prevenf the beam 190
from entering the beam freatment module 220.

Without active beam stabilization, e.g., feedback control of the turning mirrors
210 in the BDU 208, beam pointing drift can be excessively large, e.g., as much as 100
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BDU 208. The system may include an attenuator 202
operating in feedback control to attenuate the_heam
190, e.g., by about 5%- 50% or dose control at! 8¢ pwary 2007
%k ece 130 on the work stage 205. The attenuat or
0% cl ude a cooling unit 204. The systEm/YFH/03%18
18 January 2007 WD 2005/053893 PCT/ US2004/ 037618 nay
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A safety sensor 274 may operation in conjunction with

an N2 solenoid valve to purge the beamtreat nment

modul e and/ or the work stage 205. A shutter 2488dnpay@007
placed in the path of the beam 190 to prevent the beam
WD200595888ent eri ng t he beam treat ment nodul ePCIZERE2004/037618
Wt hout active beam stabilization, e.g., feedback

control of the turning mrr@aser210 in the BDU 208,

beam pointing drift can be excessively large, e.qg.. as
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tive error, signals, .which

th
e et | LRt o B heandopaiuginn LAt dp defer e Pl ways,

SiHEIdih$ 1108 Svidh éré\ﬁlﬁronetﬁ@ [ddY aRisl Rdd of Io'ﬁg ak.@stﬁlformlty and loss of
trigger(s) .and the_ atenuator 202. own in Tab

figtegtatef wﬁhm@b theyaaskaransi ddis \@H@A@e dongraxis umformlty, dose

OB R B RSB P BB T clongted thin

beam ELA system according to aspects of an embodiment of the present invention.

This ﬁne bow is generated at least by two factors, including geometric length and
the skew ray interaction betweén the long and short axis of the beam, i.e., the interaction
of long axis generation and short axis focusing at the mask plane. Applicants propose to
decrease the undesirable impact of the line bow effect by utilizing a synthesized “potato
chip” lens that differentially r_efracts the beam according to distance from the center of
the long axis, é.g., with a pair of weak (low power) crossed cy1indrica1 lenses positioned
at the output of the short axis field optic. Other contributory factors to the line bow are
 believed to be obﬁquity at the short axis reduction lens and obliquity within qélls of the
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Tabl e | Reduction Paraneter 5x 10x 20x NA wor kpi ece
0.170 0.170 0.170 Back focus 100 nm 100 nm 10
mask 0.034 0.0170 0.0085 Short axis efl 100 85@5‘3&%‘)"7

ort axis pitch 700 pm 700 pm 700 pm
ﬁ?(gé%:’%rmsk 110 pm 220 gm 440 pm Li new dgqr%sggqmyfls
pm 22 pm 22 pm Linewdth diff. 24 pm 24 pm 24 pm
Nuthios raxist areay] which Bge beligved]t@ bel comgtthble b7 @0leaved -re®@2ED immadverse
- s pane [ [ 100 pm 150 nmm x 200
pn’wﬁ%%% rrm%\%%“gﬁ%?‘g#ce&?sgy egr@%tty (700 mJ/ cm*2)
(350 mNarufprofity/fHayrdiée heé the rémnltmf dperletopeated[tgdhisrfatnce due to
t r I Qyention ow,e effect.is created,
)RR, DR Lo REA T PO o Bt BB vt Iasrs
t hvehiltte ey trotvauftts fiohesichpéckledindadoh@Biils padblérhe RE®RAd & such

the long axis of the heam .Fora 5:20 beamin the .

it XS S el ariics dolped ey §5gn e payathesized
e."gﬁtato%lﬁp’g le@ws ]Di@l;ib@tcc? .delagaeigm@nha?e%%n ‘klng@ré_si é]tﬁﬁé'ﬂ_ted by P.
sych a heam expansion for a beam o m | inew in .~
t #&’%‘o?t—aﬂ—s&—s—n@gﬂ gfBplied Oplisse(}@97), thecdisclnswig efowhich is

ameRBY fuc oﬁ&d%’g‘%}%@' nt of the present invention this
beamy%g{f\)ﬁh of "between about 2X and 12X, dependi ng on

beam | ARBligagtsPronese pEysiem path, of., BG5S Immg 520 ginmobeanhsize at the

i | g LSE ld b de.
i e, 8, wRR AR sfow ¢t £B, b aba 38 Facrd FonRE ithgpg pulse
betastching) 9 t4081i-n 2000cmdismtl @hé 600 ankisn’ with guie atretéhiyg, with the

[ | Jine w dt 1 on t | ong axis, |oss of
 SHVTB LR 10 218 90 M BT i, o,
ehévecineNgy otf,ra]:.g),u(gm mha:j mdgniﬁcatnﬁ. ofl'ﬂ_afv&el\i\/izg land>k gﬁ@ a DOF of,
I [ ' ' ose at e line ends an

sg'gtga F?%‘{Of}'%nr@ zgd Q%W%p%&ﬂetw@a@num Spreetitaneebstwpen 19% and
anoo% Gad ahaffteinidid? staBRAOELH 5 R GAANCALEY B%rdtBn. The present

aspects of an enbodi nent of the present Invention. _
THiventjonig alse Ganable of paer withomasks of asize, &8y, efidoorf Gipthes svith a mask

| fHGdkdels g lggﬁﬂ%ﬂirﬁanhﬁraltatﬁto%%ﬁc é&;g'ﬁ)g?l ﬁ%‘é}{ﬂ%ﬁ% ?nc% %2 travel of

i nteracti on between the |'ong an
b&Emm x 400mmiyel my witlag teselntiorodf ¥ oAJuaXy 5 0f2ne add 07 0.5 pm,

S8 3\l 508 ) L A e BB G s

| $00emindsy  Afsoemhtetmplatedi ik iaZthcﬂ']g ltravd )Ufﬁtlf()‘l‘.s iAZlﬁﬂcé'ﬂgéhﬁlﬂét&l are- pulse
ip% | th di.ff t refracts t “beam '
Dicfhion, 7R bl e Elalier Pinion retet of B ket 4Kin oy of 300 W,

aotitayt wawvelengtinbi dbodt 5 im, Aktilivaa the(doable peakefor XeF 954436t 351 and

i ndrijcal |enses_positioned :
C%é Iserc]:orrl Capeak:s ?or %(eF%n either side of about 351, and a pulse width of about 29
+5 ns (FWHM), e.g., 30ns, e.g., for two pulses 100 ns apart or > 200ns (FWHM) and gas
lifetime of about 40 x 10° pulses or more. '

A linear polarization is preferred so as to simplify the sampling of the beam. a

beam width entering the first homogenizer is contemplated to be 30 mm x 30mm with

the beam near diffraction limited.in the short axis, e.g., for a 10 pm beam at the
workpiece and spatial coherence resulting from spoiling in the short axis and a beam
stability of +2% to meet a 15% uniformity target at, e.g., 150 mJ.

A beam delivery unit transmission percentage of 72.30% and a pulse stretcher -

pulse transmission percentage of 65.36 percent is contemplated with a scan length of
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at the output of the short axis field optic. O her
contributory factors to the line bow are believed to

be obliquity at the short axis reduction |ens dfdanuary2007
obliquity within cells of the 18 18 January 2007 WO
MOBPYEGIHI3 PCT/ US2004/ 037618 short axi s ar rRGI/USAHI4EB7618
are believed to be correctable or at |eased reduced in

ady.eTie@ and BRAGHiAtNEO30 i a0 84 bidilp: @r 75861 TGS s hhéb@dth in
short axjis. Non-uniformty may al so be the result of

s ple direstion gh thedength phibe Waer él'rl?e«%; gt be aehievsd aith 2 laser, e.g., with a

C ORRIARE Bner G034 XA 818 Wﬂot%%@r a problem for nore
hi ghly di vergent |asers may not suffer from

such speéste Oﬁi&dﬂl& ofiziéhpm (E#ﬁ‘bbmérﬁsd lmstdi:ﬂd owrvatsresafc$20 um

o G FOlE LS Seaf e ot 200 PR e Biana sty and
chi péant emSpneEQ Sf quhﬁctw%l%%) de\coies: Fiﬁgg@t qu?!??e ki}@¥ftood in
| i CS

as indicate Dai nesi ; "
( TPerEIon S applkans s 2gfiostd 4o [csion cloptsy Rlating fo proper SLS
l rpeﬁﬁﬁ%aé Wi'thbéh er%ﬁgit&ﬁ Cﬁm HRR, 'l%afﬁo?mmtﬁps?eaﬁ. fivedbeli e Mbeing

with, e.g., a3 nm x 5-20 m Bean size a
vvcaddrpsse@ withee.g., 1ovad>\hera:rciss&l Gyhndncal lenses himisg at 0. 14 8irad @ 1/e2

Ui herhreng ARk s M ot o ifels” stlhe pleving e

wiréquirtd gpot siapabid ot 30 O lfn 4t i subgraty, abslsy h@maﬁtﬁl &uﬁﬂpomung to -

cl. Al so e . system cont enpl at ed can hav
o A haF‘ZWJé?'ri Glope ©f 310, Fiap. 4-eo SHegel: hichy s s afbigyed by fast acting
bebtiwe®eams Stedritfy, &g Mnlthe BDBOF of . e.g., > 10 pm @2.0

m US pattern and_an attenuat or transmttance bet ween
10% anHIG- 1849shawel 2m sxamnle afian rtensitapriofiletin thf shoft £4% 60a beam

t |
2‘2%*%%&&%?"‘*3@% % Bhre0ld of B SBOAREN of M} HlehtfopHoBe mask
@ showing agideawall slofei Qﬂ(migm foém mmo I90%mhdrmbvam] linewidth of

a%ﬁ‘?iﬁﬁﬂgﬁ%@ ﬁ#ﬂ %If%hv and i ‘%’/ﬁﬁ rei\é ﬂe;ol‘fiﬂﬁl stpp slit

= (thas@Ptonfori @ béar WAthTabBat 1004 mrmp&idraas%be%ff o>61 ;Qn 9\6&! 10% to
the full range of travel and a travel speed
gqrémusatthe

aB%lexmBQ@erWﬂs%- FIQ Kloshewn awimsged Edsq@arammtnathprs
{ | 0
P workplce s G SRR E S £1BE T RUARBELAE Y Al %

power HE. 32)@ aNhomLanchamph’vdi & begnhn with @ bowttie3fatkrah beam width .

Ukt LI Z] for Xe about 351

b lel b 160 0 ol it Ty v B0 rswo‘é%oﬁreordmg to
%ﬁw@fhmbeandiefﬁraéntaMﬁonZQ 5 ns (FWHM, e.g.

30ns or two ses 100 art or > 200ns, .
(FVRMFIGRIP ghasvs 71 PRSRL YSigR angestine db 2spesta of g ewnp jnvention
niﬁdilﬁdmg\a bwﬁaawlafyeﬁdelcaﬂédua optfcaPdl@h&itr €d”"so as to

sinpli the sarrpl ing of the beam a beamw dth

ent er |X‘Fé it p guitabledlaser yrisgrancomdingite agpsets ehibe aresent dnyention since
3 B3hter wiRERhYh R ardubl§ 39?3{3 fgevﬁ[hngiﬂefrﬁ &l Wgrelthg}éfﬁgtmty of

in the short axis, e.g., for a 10 pmbeamat t
silicon for the given wavelength remams very low and the consequent absorption very

high for that wavelength, whereas much above this wavelength the absorption rapidly

.. drops of to levels that require energy delivery to the workpiece that are very difficult to ... "

attain. In addition, 351 nm is in a range of the DUV where optical component damage
considerations may be somewhat comfortably and inexpensively met, whereas,

especially at such high pulse repetition rates, dropping down to a lower nominal
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wor kpi ece and spatial coherence resulting from

spoiling in the short axis and a beam stability of 2%
to meet a 15%unifornity target at, e.g., 150 ri8Janhary 2007
beam del i very unit transm ssion percentage of 72.30%
Av2005/450893e stretcher pul se transm ssion perGRAIR2604/4037618
of 65.36 percent is conterrpl ated with a scan | engt h of

1 Qvavélgngl@ Rpad g, 240 P, g&og/aﬁ)e'sgﬁl%é cﬁ%cg %Z&s]‘c?erahons

1mm and scan width of 730 nm-an ver
75m@b%omdlfﬁ?élts@<b¢xppmmmehtu n the d| rectlon of the

| engt h Agf,lééaﬂt? h§\‘;eaa{iso 1];@(? e Ak ge?uﬁ)‘ﬁﬁ%?f{ E%&m%&ﬁ] as%xartéifg optics

| aser, rru m ener
V\bgﬂorqdbe\kwg axyis dmm hl thé opmaahtsanobetwmmhaia{eB Bndnthe aatkpiece.

| mage hiel [e <20 m Om.and a .heam .
horrggejrofel ‘H“@‘H X‘%%éjs % 5&' PrRept vy "i'lﬂ@ t@"x ﬂ%evﬂﬁg" D5ty short axis,
( 2VRY= anf) [(f,al- bpao) whee pyie Hife withd Gethéord QR 38 Y)g. i the individual
contenplated. It will _ be understood in operation that .

aPBeH tlensks, fumingd prsbisehnpslgn the tiPwagenizepand @ 6§ dd digtance
t Se%&ﬁ%e BlsPandP QL5 Qa? sl %e fifidbicR) lgﬁbg né'uik' Sbtical path, £,

beam i. hori zont a eam rgence,
a&éﬁt@stgé@ fﬂmtsnlg apti of the shorpaxie horopssised mmat fhervrazlapiece LWap

Iolf%v gence a&tﬂr nfiﬁmf’%“geﬁi‘j ‘?ﬁ}( ﬁg;%‘;\ﬂ t% 'F?%?[}Y(ﬂ@e slit

aayertene) Y 244MF oD U mﬂe@ HWp @fethefmakR i Qapgg)xnfﬁtéls' equal to
ngu fla% and, al so hori zont al, beam pointing t

R R s JRRId Atygeerse IWop is ﬁQPrPX@atelyseqw faifn of the
VdikteR tirﬁeseﬂ: lﬂieeéhgﬁ b d‘l Eéen@é:ét‘ t&glai%%e&%o \%é PR3 The Qgteq for each

steerlng, . 0., in the an e
ofhappel rr(fléfﬁs‘i finy opr OREDge. g SU/M% timbsot00max timen /5 X, hm:mLWDw—

R T SR S TN .

vead| codlimeiing 0f Fdd . sO2m dontpod dodsh fuctRYe.gnd A RERMW, + LWppr =
. Ilﬁ&ewﬂth of . aho t 30 pm FWHM FI G 1B shows a beam
-t Ve aas s -8 ip Wﬁyg?mtconsm&y &6 @ fust fn O

[ %@Qi'elme'%%\és?ﬁg fa&
fromlO% Sa%lﬁ eX|t|ngtherra O?It—%l T/ ovvsa les until
iettheret both @felafbe dwmntterorlcnhdrme sieated a probienat Witheut o < f; + £

ARSRBE oo i B2 ScBend oharlos e iy "l Hiinage ot the
emméoe oidcﬁhdnelmwmfzacabwaajuetea & Ednidol bﬁi@dﬁﬂtﬂy%ﬂ sidewall

AoV P ERcef Bioia s B Ngieiroca St b dp Sivertcality of the

3 embwmsrtemmneﬁontdmomrgesﬁs&c b RAbAsAAd 1a5dr GivelgdnsdiOVs . an.
optic system according to aspects of .the present - -

i nven % 19CRAGIS 9% the DEesRRtimention appieenis davapropesed hg)rowde |
 BPidF bt Wghted ¥eim! 15 o p%;g%gﬁctohﬁit%ﬁ 8V Whdreds of um

accordin to aspects rnventi on
lipwvidtinefe theviat e | Adsry abeonding to lmbctsaﬂf amembodambim nf tHa:epresent

{n%gﬂtfaﬂ a}%lﬁ:!a&s LR% pro%tolsc%c tE) In}elslt tﬂ}é long ax1s array.

~ According to aspects of the present invention there is provided a high energy,

high repetition rate workpiece surface heating mechanism comprising: a pulsed XeF
laser operating at or above 4000 Hz and producing a laser output light pulse beam at a
center wavelength of about 351 nm; an optical éystem narrowing the laser output light
pulse beam to less than 20 jum in a short axis of the laser output light pulse beam and
expanding the laser output light pulse beam to form in a long axis of the beam a
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silicon for the given wavel ength remains very |ow, and

t he consequent absorption very high for that

wavel engt h, whereas nuch above this mavelengthl§ﬂ%mmy2007
n rapidly drops of to levels that re qui

32‘2?"3355&§% very to the workpiece that are vef§l 20040637618

difficult to attain. In addition, 351 nmis in a

r amcgbpiecfe dohﬁiﬂ@LdMemhffrﬂg logg émb g5 manmﬂ ?ﬂ%ﬁ?(ﬂﬁﬂ;&@optmal system
C 0 n e ra orta
i X p 58‘3#&31% R ngegge[as é‘!";tg% VVSTkP&?“ea s"lfﬂfl‘PlFﬁeg h

pwbmpnﬁmg)elaybn t0 be hedteds wheleia [ dpticdl Oydfent focases Béser output light

20 Janu 200 WD 2 05/053893
POHERSR A A PR ¥ hd aEh Graon pbeiog 1o maipisn g iniepsity profile
c &liht HEKSR ROl @feepdﬁ%ﬁs &Vﬂb@%ﬁ‘d& Kop t&ﬁiﬂﬁh‘%&ﬁﬁicf@dﬂ? steep

ane difficult and expensive to neet. § i cants have
efilp

Etﬁé@%ﬂzfe‘aor%ced@@orﬂatﬂmmg;ﬁh@beamm gt tombigh pwintensity
axével, @Ry, i Chéppidaehd OB %BB\% ﬂL , Bensity level as

op tlcal train etmeen t he | aser pi ece.
A@Bmsé‘ﬂwtpb%ﬁ@étwaémfbpe@ent invention the .
linewdth in the short axis, LWert pv fs[(f1l + f2)
- a, where p" is the width in t he short axis of, e.qg.,
the individual cylindrical |enses form ng each
channel in the honobgenizer and a is the distance

bet weeen the first and second bank of such cylindrica
| enses along the optical path, fs relates to the
focusing optic of the short axis honogeni zer. LW at
the workpiece LW is equal to the reduction ratio
(RED') nultiplied by the X Wert. LWFF + 244X(f/the
slit aperturé) = 2444Fshort/p,,. Further, LW FF of
the nask is approxinately equal to RED(LW ). The
|'inewi dth divergence LWDIV is approximtely equal to
fsl of the systemtines Os the short axis divergence
of the |aser beam t, for the systemfor each channe
= (f1/f2) * forts * RED, e.g., 50/45 tinmes 100mmti nmes g
1/5X, so that LMDIV = 20mm x 00001 or approximately 2 _ mewes
The | enses approximately 2m The lenses f1l and f2 in
tandem are tel escoping and collimating. For sone
control const function, e.g., J = RED LW + LW FT
LVWDI V, J can be mnim zed subject, e.g., to sone

system constraints, e.g., pv and fs. '0., divergence
equal s Oshort if, of the laser times (W of the |aser/
Ws. This applies until either or both of |aser

di vergence or coherence creates -a problem Wthout a <
f1 + f2 41 cross talk can occur in the adj acent
channel s resulting in, e.g., stripes in the inmge at
the wor kpi ece. Addltlonally, f1 and f2 can be adjusted :
to control uniformty and sidewall slope at the field L e
stop, and thus at the workpiece. Edge blur in the
verticality of the sidewalls is a function of both
geonetric aberrations and | aser divergence.
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According to aspects of the present invention

appl i cants have proposed to provide a very narrow

el ongated beamto t he workpi ece conpared to thd8January 2007

hundreds of pm linewdth of the art. Al so according

wo zepessss of an enbodi ment of the present poVEN004087618

appl i cants have proposed to nest the |ong axis array.

According to aspects of the present invention there is

provided a high energy, high repetition rate
idedMsur f ace heating mechani sm conprising: a

pul I r erating.at or above .4000 Hz and ..
oo e ienen BRE o BiRRTHL Pufblcof trrBe B mpeniiof Hypprisioe
wavel e pgﬁlhedﬁxeiﬁhwbpaﬂihgmﬂbrl @bﬁ@ﬂlﬂ'o(}lﬁl an&gﬁd&ﬁhg a }aser output
naryowi.ng the, | aser output light ul se beamto |ess
tﬁ“gﬁpw At %c@f?f)?’vfwe;éi)‘ﬁé‘ cgiag?‘ﬁési)%@ér out put |ight

| . M t . i
pul se lagaplicANsste@HRANNNE thelliker &.taﬁugmggzbﬁ;n&gbgéfl %g&s%% pm

beamto formin a | ong axis of

J & hapt i thelesepoipi g gy ise besm egbopardhethd Bser output light
oy S e o T eal A kbl Ging ittt one
s@®s: i nternedi ate the | aser and the workpi ece; the

wor kpi . r Sk Q4 I 0 eat.ed. wherein .o
he. Opepic? SRidtholdaf s Bl b i@l st B e Vorkpicce;
pul se teamrgtieca comprisihgst layer va berheatedagni f i cat i on

sufficjpent.t intain an intensit rofile hat h
suffi cllwgr T ytg%%g'ﬁag S |tea%€eﬁﬁe§hegasgf %/‘B&ftg 'Wllsgﬁ’ﬁen%?ttfafeld
t stopmithtaarhapnificatidnsufficint loynfiiteiapan ey piofifd thf had suffiently
V\otr%pi.ﬁce Wi t hout b{iegqc/ki n%the beam profile at too

hitEF AFCTals i allow e $ild stpp togugyntain 3 ufiiGicndy steen bramprefe at the
t b&rl@%mm@lh&ftibh@ldﬂ%ﬂﬂ*b@ﬁﬁ piofie 22tdPMUph o BRBlikMevegVel as
opposed to at or. above the FWHM as n the art.. 22 18
January 2007 WD 2005/053893 PCT/ US2004/ 037618 |/ WE

Ce At apparatils bf dMime fadtikY coipriiiing: epeti tion rate

wor kpi ece surface heating nmechani smconprising: a

pul sed?Bighkayezage poyedn teilargr eutpuws lighftnylse berpnes chqumto the
Pl a | aser output [1ight pul se beamat a center
wavel engt h of about 351 nm an-optical system

narrowi ng the |aser output |ight pulse beamto |ess

t Do 3foafinud O fhih A WukneRedprllngl NS 1 @ser output 1ight

pul se beam and expandi ng e lFaser output light pulse
beam tadiffebowncomection roenharaisth $n @$hortexistoptical assemblgpi ece
covering extent of the long axis; the optical system
including a field stop internediate the |aser and the

wh The apmeatus dfickrind fiktheeemprisimgr i Si ng a | ayer to be

he at e_%e linebow correction mechanism comprises a plurality of weak cross cylinders. N "

5. The apparatus of claim 1 further comprising:
the optical system comprises a_céfadioptric projection system.

6. The apparatus of claim 1 further comprising:

wherein the linewidth due to laser d_iﬁ“raction and divergence is less than
geometric limitations. |
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wherein the optical systemfocuses the | aser output

l'ight pulse beamat a field stop with a magnification
sufficient to maintain an intensity profile thd8Jiasry 2007
sufficiently steep sidewalls to allowthe field stop

™0 oeb/on3gi3n a sufficiently steep beam profi [EcTAIS2003037618
wor kpi ece wit hout bl ocking the beam profile at too

hi ' ' I The. apparatus of claim1l
fu7?t e?‘p agéntg{]&s??axn%}%cfﬁﬁnpg\-% age power in the |aser

out put theisyftem prdjets ddipaent psaksl of themomgidal XeFtshertrum to improve

wor kpi,ac T a ratus. of claiml1 further .
ol 88 o ooy VoAt ekBietenfy MivBleamh i op menertive
axidfcanp peakdbviag s diffeteyt focdl plahbiet thppadkpiesss of claim 1
further conprising: the |inebow correction nechani sm
conprises a plurality of weak cross cylinders. 5. The

aBpThedpparatuk oftlaiM further dobprisig@Pri si ng: the opti cal
system. conprises a catadioptric projection system 6. .
The app E}Pgtgafsls gerrection mechagizm pptain acﬁ?hﬂﬁt?%?m@?l aggeEbly gorrecting
t et o \theidld SHSplhte dnd $8thintd wékgede! p?(get%g opticaPASSEING

is less than eonetric limtations. 23 18 January .
26@76@@12@95'/68%8@@%%@2004/ 037618 7. The
apparatus of claim1 further conprising: the system

proj ects adjacent peaks of the nom nal XeF spectrumto

i nprove overall depth of focus through the separate
center wavel engths of each respective adjacent peak
having a different focal plane at the workpiece. 8.

The apparatus of claiml further conprising: a |inebow
is correction nmechanismwithin a field stop optica
assenbly correcting Ilinebow at the field stop pl ane
and within a workpiece projection optical assenbly
correcting |linebow at the workpi ece plane. 24
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