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4 shows_an exanple of a |lens assenbly illustrative of
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Vefsasanttesy eprinpdrin cletoomired oy thie rrdlahomdhlp‘rbetmbm m]&emucal size of the

Wi th a lens pitch ip the array e.g.., about )
B0t Heiiam G SRR G oot et B e e, [Eeggspect rtio
ﬁ@@ﬂéle Ianditd AesbRing pelver fdrathe {RBjection optics, i.e., approximately the

numerical apérture of the projection lens. This relationship determines the edge

“‘sharpness’’ of the beam profile, i.e., the spatial requirement for the intensity to rise
from, e.g., about 10% to about 90% of full intensity. Efficient SLS processes can require
an abrupt beam-edge profile to minimize the inefficient utilization of laser energy as
explained in more detail in Voutsas. In practice, this profile can be dictated by the
diffraction limit of the préjection \' optics due to the compromise between numerical

aperture and depth-of focus requirements. FIG. 4 shows a typical prior art spatial
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nucleation at the center of the beamlet also increases. Votsas also notes the variation of

LGL as a function of the degree of defocusing in mm from the best focal plane, e.g., the -
lateral growth length being reduced with defocﬁsing, due to the increased edge diffusion
in the beam profile, which can render an increasing part of the beam ineffective for
lateral growth. Also noted is edge length variation as a function of defocusing, wherein

the decrease in lateral growth length can be accompanied by a concomitant increase in
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performance of only about 100 and a throughput of only 25 sheets per hour, a relatively
high maintenance cost per sheet and process margins that are energy sensitive though

focus insensitive.. The JWS 2 Shot SLS system has relatively complex optics for
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XeCl and others, citing K. Sera, et al., “High-performance TFT’s fabricated by XeCl

excimer laser annealing of hydrogenated amorphous-silicon film,” IEEE Transactions on
Electron Devices, Vol. 36,Np. 12, (1989), pp. 2868-72; Y. Morita, et al., “UV pulsed
laser annealing of Si" implanted silicon film and low-temperature super thin-film
transistors,” Jpn. J. Appl'. Phys., Vol. 28, No. 2 (1989) pp. L309-L.311; K. Shimizu, et al.,
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ni que El ectron
351 nm; an optical system narrowing the laser output light pulse beam to less than 20 pm

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 workpiece covering extent of the long
axis; the optical system including a field stop intermediate the laser and the workp'iece;
the workpiece comprising a layer to be heated; wherein the optical system focuses the

laser output light pulse beam at a field stop with a magnification sufficient to maintain an
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Devices-, Vol. 40, No. 14 (1993) pp. 1964-69; and Y.

Sun, et al., "Exciner |aser annealing process for
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FIG. 8 shows schematically aspects of embodiments of the present invention;
FIG. 9 shows schematically aspects of embodiments of the present invention;
FIG.” s 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 according to aspect of an embodiment of

the present invention.
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ﬁ“? Qﬁﬁ)ayoﬁiéq lsgr atlve 0 asglebts of an opti cal

syst eapplvant giapgsaspachsetaizeas 3¢00OM the bapabflity béutlhzmg part of a
present jnventi on FIG 2 shows another view of .th

t@ﬁm thay will eqverfhsrshestgomprising the subshiks in oesssg%wzsthme%éxo 02mm
&%ﬂﬁ'll@la{eloﬁg’atgtpthfupf)eﬁgtaﬂd RKHE R ff! 2{1936)59991 Qﬁ‘raeghxhﬂl 4 Qﬁgle scan of an

short axi s~ and expanding the beamint
didr@ated thivobsamar{eiddmplodmnd veth erlssecasseatitioy rate or at least 4000Hz,

|IIust ativ f the.e ct of am honogeni.z .
QHED 06 St ST 998 THGRG ebEs OSLT R e Lot 4 fean, pabling in
B EWeheR cQs%aZE‘S' 0o téleé?foﬁfs‘hlaﬁ pef El@et 6 §§7§’é@%nd C{Iystallization time,

schematically an illustrative puI sed l'aser out put
173200 oastingoshothulor naf3ssgsorehwaistiog tithegieowseehaantdl 408,200 total shots

B GoUrieRorb e oL e e b RIS 83Tk per hour and i

th& mﬁabas‘éaitﬂfm@saoﬁﬁ 18 sédn &N@ﬁﬂ% ARNEFr®1730:08 WIRE 80 the sheet with

i nvention; FIG shows schematically aspects of

simtjrdnwebets, @fceptmg m&s@mtSOwa@qrriapo mesufting in 460L0%0 eryetallization
in

siig éngﬂtvg sergzr%% f);s%ﬂ?_q EXnQ n&/alfg‘gg Ssﬁ éoera?h%&ni of 469,959

slhBtse nadty 3 of lsh&$s pet (Eouﬂ-fihﬁﬁlgh\_{&ltan @ Pdakk Ailnstance the throughput
arrangenent according to aspect of an_enbodi nent of

achievih é@émr dingvienespsets O TombabmeRts i thy| ossegt invention, even at a
rERRTEY SR, DN R, AL IaBbo ik ghaae vl hEBlbORR!

at has sinple op
Turning now to FIG. 6 there is shown schematically an illustrative pulsed laser

output light beam producing system 160 according to aspects of an embodiment of the
present invention. The system 160 may include an oscillator laser system 162 and an
amplifier laser system 164. The pulsed laser output 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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crystallization and activation, produces or can
produce essentially grains that extend the | ength of

w0 b@sneaskpi ece, yielding a nobility of 200-400PErtiSm04/037618
t hr oughput of 35 sheets per hour. The mai nt enance per

r L tem i ut 37 .
ALFBLEA, FRBBI 6ATLE ARSORE B4 St PR & s cschae
an®essf thebedilstot Asdr sfstemilegensi tive to energy or
focus _in conparison to the JW5 systens. Applicants

pr opokle foytpU eeeetl89; did nzy0kae Apouh SOcadapnd iofyrebtively ow
t. t.hat
O —

@mﬁgmtlbﬁ rof ahe rogﬁll&dr tiintbebdam artds bedrh 180Vie freffected by near total
gOXQZO sheet, with a sij ngy e scan of an elongated th
TSESTHISE MHESRIR 0RO X/vPPtPP steams &l S2r igpethe g%sndlﬁfétaégeo?ha@%ber of the
it v 0
Aen.%ﬂ. ’ergg%gz teﬁ’isig(%iﬁ eng tnha@ %rghs{]a Izlﬁg{h) %lave? 0ﬁcﬂlator as is
ltmmwmn thast of BE)IA (aser systenlsIsiicdtads thosessodd by p_[ﬁphcsﬂite’eztsslgaee under

e XGRS ieE b aouel SRR (16 et dhBae avamied0n, Bogsty in the
41t er S4NCE §ys’tae!i‘1‘ij 184 ﬁ@&lgﬁe&&i@&la@e‘%‘c@&r@& E%ﬂ&dneo?ﬁee&'d\éh%ode 176

a throughput of 35.38 sheets per hour an
indhe gas dischergetdhhinbemaf the splifier laseanystau d6# ignediie the arrival of the

entl 730 t he, sh vvlth imlar nunbers,

{ﬁ%u A& °§apugﬁ8ké%%\'}%?%§b ing in 460, 000
Cr ystialwillzed uRder&b&d that Qhelila'éers%%g lgﬂ)iﬁéi}abé 'azlﬁﬁltgﬁhss amplifier
time, 9,959 waisting shots, for a total of 469, 95

Sémtemsvvlﬂamg aoIEDaps ok 1aEEst dn p@filtlh@the armnlszg tasert systemelfedeould also

Bega§1te % ﬁfﬁtc}rgg aon ggh 10 1%1%‘6(1? &% V%?a!ggl&a?fa%? ‘H%FO(S ﬁawgvérr?s a stable

ré$onator &adity, ie| amsiifp\thd Rt Béand 00 al scHa#ladeh %aﬁ'ép/as a power
i nprovenent over ‘the prior art. Turning nowto FIG

9splalTi s shown schematically an illustrative pul sed
I
| S=Er it (oG, SO SR 9 PLSIHBAR, PERRA g

a'Ebﬁ:t$§rBareamH16din1’esﬁyoﬁ the Iptedentdnvension ) |Tcht3 orkpis&y 13@/15111? Bdmprise a
%62 angw l ifier.laser system 164. The puI sed

}b‘hqw ishmay brorsanneg byan elpngases Wi besen, from, e.g,,

Qﬂifn%d Tﬁo}& t 15

%32{ gm in afso g]%tegﬁﬁé%u?s(g{ Ogg of ttﬂgmc:)sm g %ltre(,)(:;tlon, ie,

ssyfatienilyi k)ngltneconatr thevedired langth wf the avotlipiee niB0r mwihagdimension,

ndul e or | ckage s known in the
i e Shig BEOar GRS BECP PF GeBrd: f HRREN 58 cxample in FIG. 7.
TR dcaiiNéhed Scaffhg l&%@hon':lﬂﬁ Béﬂ’lﬁ’%ﬁ? et aﬁlﬁ‘éesof the ulse out ut laser
appl i cation bot n forms of OSCI | at or ser are eP
light bedon govsrag eam'dsta]hlzatldmezmefaecmrémgtto ﬂmdlmermeneof the beam 120,
osc%% at or whet master osci]lato

KRGS pal Firsire oy e ot ghe sHBenty gy stallization
z%ﬁ@@frfa%ﬁa%e@@y Hﬁ%@lkﬂla? eﬁ&smﬁips%t Qioegf: ATBELRL QG dow WHeSulses may

mrror 170 and a convex ror
be skipped, e.g., to intentionally arrest crystal at some desired length, with a fresh crystal

growth then started with a subsequent pulse.
For example, with a Sum linewidth for the pulse in the scanning direction, a 3 pm
pitch 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 out put beam 180by el ectri cal

waele®shsasge bet ween a cat hode 174 and an anode RTBUBRI904/037618
t he gas di scharge chanber of the oscillator |aser

system 162. T ut pyt bea . \Whi.c t. 50

3 o Rand B o BTy oS A0 ap o Siintbg Ay /ERE o B9 B for SLS,
& $bekn 9f 730MM HOG12AN] s \amla,re@lu& TInTthE adediA® b ransmission
resonator configuration of the oscillator chanber 62.

rtf of Hoalero thelasertp dleq Warlwagﬁfe Fouldegnire aff least d PPrg] from the laser.

I
BRSEA Pobe AL R BB L Sy BB e

WA CR BN §§H§8rof§ﬁ§1’@4m—&|258rﬂ%$s5 power oscillator as
is known in the art of MOPA | aser systens such as

t hos eAsairdingyo aggectsadmnsmbadgnen of thmptesent reveitigh the spatial beam

The . b 180.
PRSI PRRIS FEE L DS R et 2 SHaEF Sy Sy 8 Vit BE pPEE the side

HhBE bAihg ?r&ﬂ%%@ aBoRt 08P SLthb iflteARE) &tﬁhé‘@ﬂ‘éﬁraﬁ {8 abdt 90% of the
t he gas scharge chanber of the anplifier |aser

'Hly%‘lsﬁymﬁ&ldddrlabedt Loumher arlﬂumpulsﬁ Wlldth (BB&EEM), 8. t Dslope of about

58t Bebboait e e ok s spolghiNe Shaypepioge lateral growth

Jidahte RRSGarREBhi fH €6 t%ﬁ%?d?h\@fttﬁb cr§stQllizatireBfbnSin the direction of
off-axis. In addition the anplifier |aser syStem 164

thewicen, adusdtobenergy dewsity IThicoatieys thefrresslign, crystalfizajionedgion (zone)
ﬁ@g as _an unstabl e resonator cavity or as a stable
AR cavity, to anplify the input beam 180 in a

r eSONBIRI7 illasteftestBit th¥re 38ayb VR o SHhdre SHeOfill lé'figﬂ{‘bxnx%dth of the
nowto FIG 7 there is shown partly schenmaticall

woEipeaer aeryoradibedreatrdag ge @tbordsr 144 reayblodintentiondty féft@t the ends of

{?)ﬁ%?O%PélF nglleelragg faﬂl—lhé %g{gﬂ &13 Qas'{ra%angl% | %‘%ﬁ%%loélnzones or

ooy gat @iged bbibnﬁ&ﬁmlorfgﬁmﬂmaEe)gent ﬁhﬁ@beaﬁﬁ PRARrally 3HRGBonal to the
long in_a direction orthogonal to the scanning
aaaa@@gudéwcﬁ@n e The g if@il @ﬁ%qny of éh?g“QO@{R%Weﬁs #5¢@ herein means this

%&&ﬁj‘c gfj.dlesefl%gt Qox@fag% r Whl %:lﬁﬁgcel%o ' or E%tsttar izl 9 r%gardless of

e.g., sone
whethet nht el thees vankgizapee sé ris Fcally. tra'd'ﬁﬁi sS€an tb nfoththe desired
scanli1 ng direction may occ W th each puI se of the

sta z%tt&np(m thedespred p@ﬁ%o 4he ém]émpcf?gmalength and Wldth in one scan
@ftxah%iolngaea HRA bEAR B A SR @%%%@ ST QiR Of

the beam 120, e.g a pitch to
| nsur Sumizgy Inaw de Elﬁe ssfﬂcmelsé} viererigs stadwri zaatdrdimgzmwaspectS of

SRS oo S e st S5ha) b i Bl Rgyment gystem 200
hREAMcbAAR! 1% BE PREEntCHY&iRh. AheSYIRnOISS faﬁ@' tﬂeeﬁl%éa laser output

Wth a fresh crystal growth then sStarted wth
Kgltiwemeld0 andl debiverripto exwarisbiese, wig horaa Sromk Biageﬁﬁ)lﬁﬂhough a beam

(fleq{velt'yhuenip %89 gnd & bctaat}r? trsegt%{]emc it %6 e‘ﬁ‘ie Btim %elgvery unit 208 may have
a beam stability metrology module 206, which may measure beam 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 attenuator 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

W@ e@n53sgs di rection from pul se to pul se. For a PELUS20841037618
energy density of approximately Ucm2 at the

wor kpi ece fagr SLS and a beam of 0 »0 t hi s.
380 Bt rlsains RabiG Deb e o dolF R 2o B tiehe oPih a beam
s?a@ﬁit%r ESHRdl RedduBsSEN0 ¢BSERE2 MR RheShABIR of WRUBDUN BIBUE F&efed by the

| east 100mJ fromthe |aser a beamrepetition rate of

béeitreaimeenameodule 220t ch of, e.g., 2 mmi pul se woul d

g
requie a sta S ni N e * 8 S,.-
nocording i B3 TR 5P A Hatbs Nt i op Ak dtich may be
ihdyed it And REtERAIN &onb@rpatnbeihsi BegmpI 90f Witkinsthe BIDIUE 0 by an
mai nt ai ned as sharp as possible, i.e., wth the sl ope

operating selepeid Wkl sTls mayebepesd; toeatienpsie dpoheam,0n8-0by tupeto about

B . . o

0L SR B BRI YRIIGS, A28k St ery A o e

pe6VEIMR40 imag.be @ildedpe podfilalibeibearOnedties Basthsysteeam60 by inserting

profile_ is _not steep enough there can_be shorter ) )

intartae apthgrfdeem e BB RAen AP, uninRboRR PSR eResgting solenoid
yWdth of the crystallization region in the direction

of the scan, due to energy density fluctuations that

r esulA beam splitet A6 nmgtbie anilivedioathivdrz @ meaill pbrmhudthoesm 190 into

dher MY 06, BT RO IR OH YO PETRSHIH BE SRRy THbiish Betore entry
iﬁttroetﬁE @Ham §redtmer nRUHLH 23 4 F BN b LfSHioP Bé‘éﬂg %bgkiﬁ%h, pointing

at the ends of the workpiece before and after -

(knglex amhdnefy emdt previdasinfauatione degardisg ahbiez paramaters to the BSC

zqnes, or along the ges beyond the | ongitudina

WHOL P Bt 80%_5%1% SRRy o & EPER e ormputer processor
Wit Baf glsdibe 86 bbRhunithod, &1 g dvet b ne#ERinRf e.&.N81 RS-422, with the
wor kpi ece as used herein nmeans this extent of desired

lassy eysigye 160, theeBSI6 12 Pianden werkpiccefpypfilerandt Energy deteesar/controller
gar dless of, whet.her all of the workpiece is
ig@t 3{3? Fsétmaeyal?ee]&l, cilreecg (.:?mlingg]fc%t%or% VA th et ea%ae%{tegfator for external

16deY Shiplt éreddy Eoht@N ahd Cord@BhiiRidn ROHErbIMIOhay Algo have an output to a
wor kpi ece in length and width in one scan with an

rellssrividthagonitir#6Beam accordi ng to aspects of the
g . . LS 8 and
P SROMRMECIb e BY Bl it Sehblh el B8t pover

I's shown accordin )
1pétes edy baventialonimetahinteehd psthyofathd Heemnl 90 baforeaitry into the
system 200 useful according to thggpr esent invention.

brw §spimeth mafle 4RE by deam spUKrr 23 peried Biie Mepat of the
oheh ROy d8!doktink olbfoid 288 HEP G Be imaly QRrAcOr k

stage roug eam del 1 vefy unit and a beam
t r eatThentystami ap 2B0 hithe a méeoped @uirgeamydula 272 2108 nmgyserve to purge’

FeaSrsseat BoUl el gaBoli i Hrtmatoigobarnd o the work
&pegy, and provide active feedback control to turning

mrrors 210 in the
A safety sensor 274 may operation in conjunction with an N solenoid valve to

purge the beam treatment module 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 treatment 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 beam

wa2®s5/0838¢3 , by about 5% - 50% or dose control BET/UR®04/037618
wor kpi ece 130 on the work stage 205. The attenuator
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A safety sensor 274 may operation in conjunction wth
an solenoid valve to purge the beam treat nent nodul e
wa@pasos3sphe work stage 205. A shutter 248 nmay PET/phmo€wB7618
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N@tr0|i%£LWUUUIC (TSiviv} Erergy—Serny |ccuuab52m“nm
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noni t hst (790 miism*2he (RSP piemARia {7 pmpipm®2)
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opt #zc@rcﬁ E?&ipeg&ﬁb@ fe, DS T Rvantiha S8y e Bertd) iy created. ie., an

RPN BNhE Bkarh 8€ ATkt taQist dTahé BeRA tdwAM AR 18A8FMNhal ends of the
nonitor at the work stage and in the SMM The System

tiesmciapghé [l@lgﬁxmpﬁﬂatheam wWrarte pafghm tbeam, in gheyshoraxis, at the beam

G GeYgohh ON

\JI\'

SRR+ WSO TER (0S5 DA™ SR e PR 200l 40U and G0y
u f
55819334 a& é tsa}{sslgé tfoerm?g gaénrgf] 86&@ flli&%lgﬁl dlln:téle thIOIIgTSB%C? negligible.

HdwéRr eﬁﬂ@aﬁﬂlmgem agfectshﬁ“ 1 emPbiinichy @fitthe @reséﬁtem%ﬂﬂon this beam
f unct ions to measure beam pointing and pgsition an

efnhebveaoionbl Kend (1d&: dsproging embeamelipsad @’o‘ﬁ*db? genter of the
RSP 6980 2] A AP LU, s o
Hoas effecen@hg y)efﬁ:ltqmji:c at the Heas dawngﬁmdglgber(ds)dewni(dratdssein several ways,

atenuator ( hown in Tabl e | a fixed N A at
ipFfRding KYSi i &%Eégl the lpRgiacisi o8s O?é%l’@l qxif piformity and loss of
Y E0kieA%P IS 1O hsk pRREH Thi0iIFREABhE xR miinity, d

lg%gllaNA ’l?piy%ce FBorsk DR Tl Wil plact Tong fax 15 Gose
at the line ends and stability and also throughput out of specification in an elongated thin
beam ELA system according to aspects of an embodiment of the present invention.

This line bow is generated at least by two factors, including geometric length and
the skew ray interaction between 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 refracts the beam according to distance from the center of
the long axis, e. g., with a pair of weak (low power) crossed cylindrical lenses positioned

at the output of the short axis field optic. Other contributory factors to the line bow are
believed to be obliquity at the short axis reduction lens and obliquity within cells of the
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Back focus 100nm 100 mm 100 nm NA mask 0.034 0.0170
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11%%’“88%8%& y&ﬁ ﬁ'] linewidth in the center of the
| ong ﬁgﬂ;l%:aﬁ{s ﬁr@ﬁo&e@@skén RAth, %%Cei) @?l X/'\S%I H_t%x teah size at the

e made with nuch less’|ine fect.
welrknpmcmg: ewith at fidld b€ aiew of) gigt, USma Ianda ani snelgy demmyam&&)ut pulse

TG oG 20 S0gp UG 2 Y i rrheoSeetdhing, with the
éa@hﬁﬁf}a&ﬁﬁn&fn&'a@ hSdiE Y% "/t5|3 rRAIR 1A 1B SHe E’}Lsﬁﬂﬁ C?r}{gﬂnﬁla‘[e can, e.g.,

wi Il place long axis uniformty, dose at I ne en
have agt A [of} cygaﬁd3admlca démagngfigation @fﬁt’oety#eear?@caﬂdn i:amihmDOF of,
st em according t

8 ecriD SR G E S SRR Wl son o yuARsegptween 10% and
ir(m/? ahi " RMubiSe Qt%B ftfatO?QOaf;%lfgﬁ EXI ltn%e 1oBEhALS: The present

i ncl udi ng geonetric 'ength and ewW ra
inMerdioads iabsn dopable efiugehwith magksauﬂa siaeyr¢.g.anf S oob ihdtes with a mask

om0 Sod B oo B U g iy travel of

1 r rahle t_ e
M A A 20 L8 505

drelrem adeatacyl iof e @rrtweatheyfuﬂerhm@cmfstravlebammmnaadcspeeﬂ ofjup to about

dlstanefromt center o he |.ong
A Fle paio PR B PlswerIY L 08dabd A pmiereplited are pulse
SRASES 0P 86 1chktOMEhT/pulse, repetition rates of at least 4KHz, power of 300 W,
output wavelength on about 351 nm, utilizing the double peak for XeF at about 351 and

the secondary peaks for XeF on 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 um 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 mlJ.

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

19



at the output of the short axis field optic. O her

contributory factors to the |ine bow are believed to
wheooslosisgpity at the short axis reduction | ensPERtisS2004/037618

obliquity within cells of theshort axis array, which

6‘3 '31e]c11i1d9 yc%g \{zﬁ%l‘h r eCt (P ?r? Io%rla X ttﬁ? §§°g) C?}e’cgg%&inﬁglemdth n

&bqfutecﬁb{n sf tthBngmloff@IEdedaﬁ I’I&Esead:@daeb@:hﬁd’v@d vAEUA Tased, e.g., with a
speckl e creat ed by interference due to beam coher ence,

BN THRPTRRT Ivd e &l SoWoripeMer-or nore hi ghl y

di ver ge f fro

S peckcp, B2 Bichs M1 -ST00TR, @30 il 4 imded Y e of <20 um
{10k ﬁfd@wﬁéﬁ%&laﬂw bepaghimy ﬁplth\én 168k &is and <5% (22.5%) and
di stributed del ay device, e.g., a synthesized "pota

g Hiepth Stemess[)osﬁtﬂ(butredl@%#%%)dmvccumplamd Ibedl lkmamﬂerstood in
as i ndi " Optics

g T GBSy ARei o MG dgedt rfeGhperiar maper SLS

drhREL t e

B R R SPRRC L, BT pblein fuligence, being
sddréysed Witk el.gQflowi powedlcroseedcylinifitan 18fids afini g%‘t @MS mrad @ 1/e2
densi ty WIthOUt pul se_stretching_ of 400 - 1000 mJ/cn®

AW B 0D [owgerc iy etgenee PeArs dram g dase dnitiglis rfa@lhaatmg achieving the

fe Rk ;stﬂort ¥izBlorM8NY '2@9] %t at Eﬁ?é) Hfbsf?atz S%dd&igé/ h&rﬁ%ln?al bA!\rﬁ %omtmg to

e system contenp
maglia,ln (hoﬁﬁoraﬁidslapcd eﬂKgH) fEIn@ aﬁd 050 gfadp@ih&&ﬁ[s 3&1@63 b'§ fast acting
with a DOF o e.g., >10nm @20mL/Spatternand

%@VSP?%Q@?@?&@&{@@Q BQﬁJce bet ween 10% and 100% and
an atfef Q@Ar%hﬁsagﬂ Q{%ﬁfplg 1§té?1£1§rr 1{5?126 ﬂx thgosg oafus of a beam

oper at’i on resent § RVen capabl e

dﬂﬁ/emdtetmcdffdﬂigstoo:ﬁspacts iof en emt@dimeaft of thé plesemciiesmtiohttd the mask
a mask thickness of 120m | and nmanual or automatic

?‘%ﬁt isbeing aasiflg mipttloneref G 03um fomnl@Yo tor90Y6endm beandimeidth of

BT BN RSl e Ty R s i

@hasky RVRrmakat Mﬁva%butsﬁg?% PWH’M & a@glgfg)é ogﬁ.gém from 10% to

Also contenplated is at travel
%Q%lteﬁﬂmgéh%madf eFlgul lsdloe&rsangmegedzﬁulm bdagawidth in the short axis at the
ast 4KHz, powe

A/ f

BPrBts6 et Bt i AAPHELHGOR Br1cRs G §5<1°f st nd s 44 afg5%

the deyepl 1%&%%&8%% le %t?oduf)eagé 03@ t@%@&‘i%}im width
t her OUt an

peaks for XeF on ei I de of a puls
diveligbnosf arab 61GE. 22B Shows (Wi, with ghe dB@nsence rgmovddonccording to

es 1 ns rt or > 200ns (FWHM) and gas

TSP?%%)P#@ ?f?boéﬁ’@ﬁ?t %%ﬁ%‘é@&?tl%r e. A linear

pol arFI@tlBoé'ho'\x% 8 8hiefal eGSR a@§orH éstbr%bécfté’ of Iﬂfe resent invention
sanpling of the beam a beam w d ntering the first
mglmdglgmlm\rtw divergshemgirzecting opimlabela@emn X 30mMmwith

e g. bﬁ?ﬁ}snaasal{r.ﬂ@%!ﬁf [ éeg%&égﬁtakéorpdfngqo aspecps ofstﬂg {)}resgn I1nve:nt1on since
the center wavelength of around 351 nm is within the region where the reflectivity of
silicon for the given wavelength remains 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 beamstability of 2%

W0 005983898 15% uni formty target at, e.g., 150PeYUSA04/037618
beam del i very unit transm ssion percentage of 72.30%

ul t he ul se transm ssion percentage of i
BRAEE R P ROkt PRE YaRe® R CorRiderations
ofidh fderdifiiadlt a6& Bxpé¥neivh t®meé30 mMm and an overl ap of
75-80% of the scan linewwdth in the direction of the

| engtAprircaith davealso rquegsized e desirgbilineobplagingtthe short axis optics

i ni ener 54 ] d 618W

HoPSRE e Bnfais bl i IR B Qe inedien Ay B o™ e
fiel AAaordiag o @spmdcts<ad e rfrbdam anvdntior) BRNTIHOMABE ALK short axis,
of <10%e"é5% in the long axis and <5% (2.5% and a
Ip¥ansivdel{fics &) ot Fhorapy(is the with in Ge shert ens| oft @g., Hte individual

i.] | . be ;underst ood in, operation_.that applicants hav i -
oShiiichE AR SIRRE ol “REpEE, B wieafomBRipes ier B e distance
HeBldeeh MRNERt Whd Becdnd HafR IRl i k- -

hori zontal beam e<=3Ii vertgence, ﬁ%e%ﬂgﬂgg%?gﬂlsssegdaﬁ)vﬁgttﬁ? optical path, f;

relatgs to awfopesiies oRticosiibe sbyrt axid hovweenizers dsWait tha1gositpiece LWy,
ip b BLBE PR R el T g HER 24430 ene st

ab&AHE Qdﬁ%hh“‘?i“il ‘Fﬁmﬂ@r, oy 9 B AL rﬁgiﬁ u%ﬁﬁgﬁhﬁtely equal to

and al so horizo beam poi nting to mai nta

RED Ml Bleolimevafith<divergonge LWy isSBpproRichatsiiiegial ® fy; of the

achi eved ffgy fast acting active beam steering, e.g., in

syfiemppees itk shashaxip divsrasnor Rhhsi lascspeam. ifntientdietsystem for each
| Leridy £ he shar X] i yere _

oBER GG, o e o s Br b S04 JBFATORE RS T mesg pat LWor =

20nmert0.0001tw dpp@xirasislyd aae, TENRWRY, andbda tiaddm &tc0RRscoping
of 0.02mm from 10% to 90% and a beam | inew dth of
aghsetlimamem Fopremeicantrel sonshdimetivaanet rii FRBDch®bpedWorr =

th ield.s slit (mas to forma beamw th ‘
e PR T et B3 b8 T Eh e RGTSof Eopomed & 0
Bk ddnBE clitts GBS K, 6F BieSTaoustiAs; | eaf, i
in éthe gﬂorst ngml s at the wor kgsi Qggg)?ﬂ%fwﬁ%;\bse. gw %}pﬂes until
eitRgron tath 90 %dseradistrgpeceodr ddhEdenod credvzna ancblemD Withsd%: < f; + £,

FI G .12A shows an exanple of a beamwth a hbowtie
cfast K PTLBCHT H tREHIFOTRDRME kIR @, oEaBEpRIS the image a the

RS, t Rdbinensliyy il %;?cﬂ@zece{neﬁpxéiqst@& ¢QLOibd ﬁf@‘%@g%ﬁ sidewall

of "an enbodi nent "o € present” 1 nventi on.
sohows thanfieldt stemlandythuept drecwodtbivge.t Edas (et & ik tdgeality of the

SRRt AP BP HGieaiRaHE ERERIots a4t SBP@oT s er

e BRSO i, BB L o
at Yeey rmagriovh clongated thieamr &f ltheec wiovlitigceodompared to the hundreds of pm
linewidth of the art. Also according to aspects of an embodiment of the present
invention applicants have proposed to nest the long axis array.

According to aspects of the present invention there is provided a high energy,
high repetition rate workpiece surface heating mechanism éomﬁrising: 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 system narrowing the laser output light

pulse beam to less than 20 pm 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

woRwselsases h, whereas nmuch above this wavel engt PCT/082004/037618
absorption rapidly drops of to | evels that require

ErRperr Bt e IR RO R 2 2208 Borne apii! system

iakbie (A Wop iete@Ridifathedadp e e \ﬂﬁl&ﬁ@&: the workpiece

consi derati ons_may be sonmewhat ¢onfortab|y and

qomax gt lamenyio he heatodeyhegain ﬂ&qxémabﬂylsmaﬁocwa thetlrggn output light
Iﬂlgirﬁsbﬁ a V\ﬁ\%éf* et(le&n 9(?]?] 5&#11 ) ma%ﬁf; 9% ﬁo IC1 ﬁ‘:o Clarlll;t]a%\lir\g% gltensny profile

i Has shiffidasieg teay siddraltetoCias: tﬁe !ﬁaIdl s%];ﬁtofﬁiﬁhtaﬁﬁ{ Sufficiently steep
difficult and expensive to neet. Applicants have al so

hegoyafilect thegorkpiscs %ﬁhmlwoqiﬂngﬂhﬁ berg Profle shigpthighansintensity
1041 € &, BehLG! Jrllﬁoi)@ﬂgr an ﬁﬁ:sat Eﬁ‘o&t'ﬁ% L g %Qﬁé s181 level as

trai n°hetwe the e wor Kpiece.” Accor
dppossiect sr ah‘ovelthqo]F‘é’mritas imthenit.on the [inewdth in
the short axis, f [(f - where pis the width in the
short axis of, e.g., the individual cylindrical |enses
form ng each channel in the honogenizer and is the

di stance betweeen the first and second bank of such
cylindrical lenses along the optical path, f relates
to the focusing optic of the short axis honobgeni zer.
LWat the workpiece is equal to the reduction ratio
(RED') nultiplied by the LWert. LWEFF+ 244| (f/the
slit aperture) = 244| (FShO't/pv Further, LWDIFF of the
mask i s approximately equal to RED(LWDI FF ) The

i newi dt h di vergence LWDIV approxi mately equal to f of
the systemtines q the short axis divergence of the

| aser beam f for the system for each channel = * *
RED, e.g., 50/45 tinmes 100mmtinmes 1/5X, so that LWV
- 20mm x 0. 0001 or approximately 2 m. The |enses and
in tandem are tel escoping and collimting. For sone
control const function, e.g., J RED LW+ LWDI FF LWDI V
, be minimzed subject, e.g., to sone system
constraints, e.g., p and f . divergence equals of the
| aser times (W of the laser/ W. This applies until
either or both of |aser divergence or coherence
creates a problem Wthout < f + cross talk can occur
in the adjacent channels resulting in, e.g., stripes
in the inmage at the workpiece. Additionally, and can
be adjusted to control uniformty and sidewall sl ope
at the field stop, and thus at the workpi ece. Edge
blur in the verticality of the sidewalls is a function
of both geonetric aberrations and | aser divergence.
According to aspects of the present invention
appl i cants have proposed to provide a very narrow

el ongated beamto the workpi ece conpared to the
hundreds of m
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linewidth of the art. Also according to aspects of an
enbodi nent of the present invention applicants have
wW@e@possd t o nest the |ong axis array. Accor di PQI/U82004/037618

aspects of the present invention there is provided a

hi gh energy, high repetition rate workpi ece surface
heati ng mechani sm conprising: a pul sed XeF | aser

Pwer et Ang: at or above 4000 Hz and producing a | aser

out ut light pulse beamat a center wavel ength of

ihapergnnhigh repsptionrte wosipiaee Sarfaclicatdng mechaaiser compnsmg

Zif C b R R R oo 0 RS bty BinE 4 er outp

gt okt bearh Aea b@ﬁ@rw@utengm dﬂabbiﬁt lEg beamto formin
a long axis of the bean1amorkp|ece covering extent of

the | @h@tml gysteg Igarrovelrg)th% &er ouipridight pulse heaw 4¢ less than 20 um

T Db S B By o
nesdteahed, forh &l @ldﬁgtaﬁﬁ oItid KA sWs ]?ﬂéd‘e%ﬂ&ﬁﬁg 6)@&1’( of the long

| aser output |ight pulse beamat a eld stop wth a
#@égnification sufficient to maintain an intensity

profi W o)

P! (e chiiah Sgﬁ‘?ﬁ‘%ﬁﬁg@n L e Rty ’?’f‘%ﬂ%%’tdaf et “’Bﬁg"rnwc’rkpwc@
pr of i the vatrkpibe: cvarpkiging@elaydr ttdbelhedibdcKi ng the beam

proflle at %100 high an intensjt

or chBpgerghe Artiqsbsytes: frcises the éﬁ%%’fm{t lliéhianuimkeam at a%eld
3 Y R R o B

stegpesidetwadls to ali@v vierfiohd sop tcsmlafrmm afseﬂimaglym&@b bbdrs rofile at the
conprisin l.se eF | as erating. at or_ above
‘ﬂ@%gleﬁﬁ R\ 8“%?@ %ﬁ SO REH e&h Jueh agiptensity lexelbheam

at a center wavel ength of about 351 nnm an opti cal

system narrow ng the | aser output |ight pulse beamto
2é&sempaawsofdbhmlém@hmnbm@mﬁggof the | aser output

l'i ght se bean1and andln er_out put_.light
put'sc? BERRTeBET BT it TFsh g n Lpilnoenaan giveréto the
Ricece covering extent of the long axis; the

optical systemincluding a field stop i nt er medi ate the

| aser and the workpi ece; the workpiece conprising a
erein .t.he optical system focuses

ihe Igé%?ggu? %nsfgﬁ%ﬂﬁ urEeB8am at a field stop with

a magnlifdbeat do@ﬁécﬁdﬁ‘ thigHa@itn inC SKRHHx® dptiehl dsBrIS] t Y

profile that has sufficiently steep sidewalls to allow
the field stop to maintain a sufficiently steep beam

48:1%% akgargﬁsgbaa %@t&ggowghmg:t bl ocki ng the beam

at too an intensity level. 2. The

appartat lisetafw cd;rmctrbﬂ.nfeulﬁetnli@m cONPRsds U phgrali®y dfiviak cross cylinders.
average power in the laser output |ight pul se beam as

del i vered to the
5. The apparatus of claim 1 further comprising:

the optical system comprises a catadioptric projection system.
6. The apparatus of claim 1 further comprising:

wherein the linewidth due to laser diffraction and divergence is less than

geometric limitations.
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wor kpi ece. 3. The apparatus of claim1 further

conprising: a linebow correction nmechanismin a short
w@z008/089393 cal assenbly. 4. The apparatus of clBCTU$2004/037618

further conprising: the |inebow correction nmechani sm

opprises a r.al j of weak.cross cylinders. 5. The
ép%%ﬁ?ub‘fﬁjc#% M?WIS%H sing: the optical
Syst effe SRR besiSotfadialAtH @RS bf the REMIRE KPR pSHRIE M infrove
The apparatus of claim1 further conprising: wherein -
aveeall depgwpifionusitheough thessparatti dehicawer edangthsofiack reypentive
is |less an geopetric. limtatjons, 7. .The apparatus of
ek AR R gt el ging R PSR of Bots
adj acent peaks of the nom nal XeF spectrumto inprove
overal | depth of focus through the separate center
Snlhe|appayetys obflasna d Hurthes se@Priggad] acent peak having a
diffe ocal . - Kl 8. T .
appar o oys Bprboi e oS R &R0 oA sergby.gomecting
Ixboecit tefidle slop i mmant ththin @wbilelidte ptsjpctiptdptiad] assembly
assenbl ﬁ’pcorrecti ng | inebow at the field stop pl ane
qorrgciing ngbow aldhppikpiecpPBRgct i on optical assenbly
correcting |inebow at the workpi ece pl ane.
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