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and control module timing the creation of a gas discharge in the first and second laser
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control to th eam poi nti ng mechani sm and acti

f eedéc shmmsrmi exaonplhof Belans pwsmblyoRlugisaiveor! the effect of beam

mechani sm BRI DE PTI NGS FIG 1
hagpogRRLZAfon, FAT IR PutllﬁﬁbcﬁP%?)f %:még PVecor- aspects of an
opt i g@. 5SUSHE Bba%E ditehsg paslect s of an enbodi ment  of

the present invention; FIG 2 shows ano%mr vi ew of b
the ﬁﬁi i ¢ ashowyps pehemagticatlygan 1Hlugtragve apulaeidassr Ryt plight beam

ﬁc i nation 30 for both nagnifying the beamin
prp ‘éu%%’ “¥xi s and expanding the beamin the |ong

axi SFICE] @ skoveh @aglyarckemaatiohily of systeensicemdimgbloy aspects of an
illustrative of the effect of beam honobgeni zation
ergbodimept ofithe pigse @NCBHY axi s beam homogeni zer: FIG 5 ‘

showg rracf| ba‘%?f% SEﬁe c£1Y &g@été Bﬁeml%cﬁne@ts N Hpresent invention;

sche an ustr tive pul sed | aser output
| i ghFICh @asimops @clmu:mahxga]iy&pem; of¢rahodimenits s theapredent invention;

SChelglaé. s %a chfa 10%y s%ow camn ink ens1pygproﬁl aspects of an

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.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Applicants propose a directional SLS system that has simple optics for
/ crystallization and activation, produces or can produce essentially grains that extend the
length of the workpiece, yielding a mobility of 200-400 and a throughput of 35 sheets

per hour. The maintenance per sheet form applicants’ proposed system is about 37
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enbodi ment of the present invention; FIG 8 shows
schematically aspects of enbodi ments of the present
w0 poosfs49em; FI G 9 shows schematical ly aspect SPOTf/US2004/037617
enbodi nents of the present invention; FIG' s 10a and
10b show beamintensity profiles; FIG shows a beam
petcetiestebper tharofhiel JBYS HIQA. systerd 2:d aatipb2Bssshagitsghah are insensitive
i nt ensi{qy {)f ofiles; Fl ws an optical arrangenent
@\l

to GREBY O 15 cempapsoryio te, SHFMENt of the present
' nv%{ﬁ&}gﬁﬁtss b¥o ‘ 4 2 QRSB b Ox{d7 0 RIREESTRRIEDY of utilizing part of a

- EMB / l'icants propose a directional SLS
beapshawillhavehtrs shpetsiompoipingdhe swhstrateyistoap sparawith g 39qy0.02mm

act j.vat,i on oduces o n _prao Lahl V. grai
or Pl Y Etp B T Pemy Rt off R Jor UEp 22 360 bt eR'sBi of an
eldtpRici thih Béand AF- 7500 BDehnd vtk §UgRP uepetitiod ratheetislepdr 4000Hz,
hour. The mmi ntenance per sheet form appli

capts' ..
ovHap of e sY&peranDigh st ©-87 FOVEER: SEHL Phiripgenabling in
r . . -
0 G S IR B85 BL1 Rtnarion e
173\MB0 sy staipsshopfol iacBndesomt wpisting fioe er sheatt ansi 408,200 total shots

370x470 -t he . bilift futil]jzi .
angal D ieE I Bre LS diviEb sr L O s S DeRaPE hopr and in
thg Niter 8%53 %h{szgiao %g??é%cgﬂzmeﬁhg siBEdiRE 78bRADRIEH of Bl kheet with

eam a a 7/30x920 " sheet with a si ngl e scan
simflamnumbasgetcetingi exg.bearf0ds o7abspo resitimanint A6 00G spistallization

stofne s srtohderyefitiAbion a5h $OSP HaisgRYSbEP (8 a sfiaPof 469,950
shAEOMY £NEbid Nfedtd gdhenduer iRughpe 385¢df0instance the throughput

crystallization shots per sheet, a 59 second i
acbreyshla|l deperdinigot espeets af7gnbobmaaisseli hg Bieens ipygntignqgven at a

cond i Sti i . |
R D AT P U R i
t hr opghpist ndf 13 FIG86 Sheetisshven subumaderdly an illustrititet @rised laser

case utilizing a single scan covering the entire 730mm
owipett light beamneoredicing systam 4POpeoprding e @srects pphegliment of the

pr%'se%t iug%ﬂ]u&g Wﬁ%\ées&%%}gg}é(g&%%gﬁcﬁgdé th 464n28P hs?r sgtstem 162 and an

rys zation second crystallizdation
arthpRfEer 195¢ 39stevai K34l nThs polsad labar owpttolighit beom4Bodesee system 160

shots, and a 22. 74 sheet er hour t hput. In. h
TR Qe FHBBER 1 BUGRPOICIR ONEY BmRLESH SR i Which (e output

plﬂ?é) £ éﬁ @k o ﬂp%f F‘ﬁfgiﬁ' is0fnel PGroRe8SERT With“EiMd RisovaNE hodule or
at arelatively sl'owrate of 4000Hz I s about the 45%

liheparmoweing package as isheoum iorthaart or Tay fierrgpavesw oseillsioGin which line
there i.s sho chemati ca an.illustrative I

narEERe duApber B DBBSR af Ui a5 ARl Besbf oy joer ae

caﬁrp%b@%q eeing Rbd afd KAPBe idTedd ©fastahBadiérasseiliator IMORIleHibr a master

e system 160 may include an oscillator |aser system .
ootiRtan ¥IQur 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 alighed for off-axis oscillation to produce an output beam 180
by electrical discharge between a cathode 174 and an anode 176 in the gas discharge
chamber of the oscillator laser system 162.

The output beam 180, which may be about 50 mJ and of relatively low
divergence, at least in one axis, e.g., the horizontal axis, due to the unstable resonator
configuration of the oscillator chamber 162. This beam 180 is reflected by near total

reflecting mirrors in a relay optic system 182 into the gas discharge chamber of the

13



anplifier |laser system 164. The pul sed | aser out put

I i ght beam produci ng system 160 may be configured as a
wore@ses49esci | | at or, power anplifier system in Bi/UB20051E37617

out put pul se 180 of the oscillator systemis |ine

narrowed, e.g., with a line narrow ng nodule or line
amphﬁerolasengsypiamk h@fs wisich smagnoempiiises teh giudli-pPassr Pavesy eseiligtor as is

0S n which |i a
T e L
theOquA katQrof a6 AlBb&RPabhe bedm bong amslificnth Whtbhsityein the
referred to as a naster oscillator MO whether a nmmaster

ampl fied laser @ystenvrb64 thrgugler dissharee hetdreen peathﬂée i 74 aad pyapefe 176
in %’grﬁ?ﬁ g‘g Ihaég Xz or%?g\o?g%r%ca?n:yf eﬁ E%erasﬁ/ fpstEblGed BP0 %Wa:l of the

a convex mrro
beakd 380 td progiideat puteddiasthousput gtideahilgded for of f - aX| S

oscillation to %roduce an out put be

ol i ik bp apgEhad JHb bR ath SHIER. HELERY PE & lrpass amplifier
I

sysgegs}g?ﬁ gg . ﬁag%s ng;i%%lgm 14}1?&&%]‘[ Q%Eﬁ?gf&?ﬂ%seéé @m%icem 164 could also

be\ahlo@hllﬁtaysybtbn& lequitcobfigiredntboal an ehstbble e¢s9n11tgmpav1ty or as a stable

di ver gence, a hori zont al
resgntier C0E: ko SERUS e BB SRBG ML S TORRFPE TEAt POASG + power
os‘tghgto pscillator chanber 162. This beam 180 is reflected

near total reflecting mrrors in arela 1y optic
sysﬂhmmﬁg nowdo tfhE. §srel n@hwmg@rtbhmhb@atlwl y a system according to

t hea lif | t 164
ssrRg P pLses R By P gy EH Wt Ep0RRRy Bmpise o
thil PP 129Gt aSYISIUOHhiSH ehhyase schiffed byQintkldygats@nthirceais from, e.g.,

assi gnee under the XLA serl es of nodel nunbers, The
abbeta%m ~r 330mml fonpdal 4 direativa rasthogona) to Hhe seamig digection, ie.,

em 164 S
SBEN 3 TR0 DU R OSSRy i
with)e. %"@bkﬂefbcﬁdeﬂvﬁﬁel{ isSs i€ B drehtedred itlosttabedl @rani e\xatnp&n‘ in FIG. 7.
t he beam 180 to produce a pul sed | as%r
Theesan inghe scannjpg Hirp@lof aay 8636 Iviheac H’ﬂis ‘gfgfg‘f’ 12 §t°é‘i‘ﬁ“t laser
| | ,
hg(:i’)@%ezim)éo@e?%ng n&f’#@télhgéc?c% %%Qtagédra n%%f %Ilﬁeg(‘;ﬁrt@gglglrls gi;/ glteebr?]am 120,
e. §-646531ﬁm| A 5ai0p@n bétha pisieitd msuer owylpesfithe sgecessive crystallization

configured al so as an unstabl e resonat or it
zoae%traa%laéedr@s@ﬁé@@m a6 g9 pulse; XeERhRAT WSH%‘C ‘P%%W%/WI%%%%I es may
I I nat
be.ls%%;%ed % & ﬁ{enbﬁléquﬁ?eﬁ rgstlﬁ'lz‘atg ogﬂ‘ﬁ%%géraflﬁf)l/éth akfh a fresh crystal
SﬁﬂﬁﬂﬁﬁhtﬁﬁédW1tha$}lB§eqmrﬂ@ﬂbe.dl ng to aspects of an

enbodlnent of the esent invention. 130
T RTE, WA RIS FRGHYICU oF Hoohiedh IS oPRInE ATRgp™ 2 3 b

piBf SEPR0ER. R, 3B QNOALE it VRART ot EEQTU0% BF the linewidth of

ong i-n direction orthogonal to
thé bﬁlsé@rﬁﬂielsmndigr&&bu@nﬁommﬂse t6 tpﬁ]‘sem ently |ong to
cover the desired |ength fo@pthe WO

di e e uingd #peTEY, dEISit g RO BRINLT G Pt oo tor SLS,
drae BLLE of 30rhin! 116101 AE dnRSwétfld ?3&%&@'7@& Andh{suming a transmission

. rate of 705 from the laser to the work stage, would require at least 100mJ from the laser.

a beam repetition rate of 4KHz and a scan pitch of, e.g., 2 um/pulse would require a
stage scanning speed of 2pm * 4KHz = 8mm/s.
According to aspects of an embodiment of the present invention the spatial beam

intensity profile should be maintained as sharp as possible, i.e., with the slope of the side
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The scan in the scanning direction may occur with each

pul se of the pul se output |aser |ight beam covering a
w@eopsHa4ohd zat i on zone accordi ng to the di mensiBCEUST004/037617

t he beam 120, e.g., 365mm x 5-20mmwith a pitch to

i nsure overlap of the successive crystallization zon
walbrcefdhgp@zﬁlwonh@ow& apYoaaf tbaelﬁelpﬂmyﬁ thessigeprll tpsabout §0% of the

di scussed., bel] o
i SESE R PO 081 TP LG P B BLRRD, B, tqfeot bou
>OMWhe theesAnC poHd ks ﬁb@%bﬁ) teheubrSthRfd 6sh ‘Bbtshoﬂer lateral growth
subsequent pul se. For exa wth a 5mm |l inew dth

dlﬂ@l‘ilcetamé Yauiagens in thé @t@,lc\mm afthi argsalligationgegomiphecdirection of

th%géé{ d)f%e}oee?é{gﬂr deﬁ@ hg «geu#lor% ht?x te 965%? Sl’lg%lr}gya?l#gﬁgn %glon (zone)

fhiet@pionslg di rection from puI se to pul se. For a required

ener density of approxinmately U cn® at th wor kpi e
f or 7 it ot TPy GRCRasions Prhre the tull ggigihr widih of the

W?&gfé' %En a“E G300 bB R RISUST BPofud: 185 %ﬁ\xgée %&nﬁ@ﬁa@llngft £4Pie ends of

ser to the“work stage requi
thé emltpléc&@mioré modnaftérahé fisstmnd aftbethenlase mahnd:d curynstalhzmomfzones or

d
TN R T T
scﬁ‘ftﬁﬁ% HifdgHd FRLGEhS ﬁﬂi RRneEbAH WBAHiRE dshRedmRaan tmeams this

I nvention the spatial beamintensity profile should be
exteritnofaidesrdasovstage pofathepwosititce, cig.efor aiystallizhiéons |tegasdless of

\4 e{:ﬂntarﬂg . Wal | zk o{:cgteggrl éoﬂélalg o‘g%f? cg?tgﬁ %t%rmt &1% desired

cry Qb ERStidny o@fheud‘éﬂ.ﬁéd pb@Idh of2hB W kpideeOm lebigth e wiitith in one scan
i.e., a slope of about >9. Were the beam

FWH
with efije oeagafsd Hin beare agroeding éthasphets ef thapresentiRvntion.

| h. d
ot it BBk RV 49 PR 8 . Fhorf koo iU, R govects of

erfibodifi@ntsCflthe grigert Anwingiogya U@ﬁﬁ dél)IVeH' bhed biednh ﬂﬁstntehatystem 200
result in crystallization re (zone) fluctuations.
usefid; acgording fst the PEsertHAYeRtigBr }%?aib’sl?@ e ke dirsPuifrsy laser output
I th, [
héﬂ'f {od ﬁﬁg&éﬁvgrrblé \rM():igr ggle%‘ee %251?%\2\2%? Isfggéé FP%/)HFE?%}I a beam
de:iiveﬁhﬁne PO amf a blem weatkyEine osit Bé@ .0fThe dram dttiwry nhid 208 may have

first dafte t he ed cr stal i zati on
2 beFR StaDBIy FHR ww%é@g DEYEh B2 R R Gef qiogiden and pointing
af4188 bedth ch &f?&eﬁ&ivle)fe&ifﬂaa@ oAl té Qurhin g mirrors 210 in the
scanning dir ct| o The termfull extent of t

BIdbr R@fi.ece as used herei n means this extent of desired

cove e of the vvorklece r cr stalli.z

r egalrrgi9 Syeengs MR dptlufie at{ﬁnu%ﬂ’é %f?g 815 Pe ifee@%ac ¢ontrol to
at®hblthy bédne M@ .o, eoygaboui 9% -030% fob doééﬁﬁ)hfr&ﬂat the workpiece 130 on

crystallization on the desired portion of the

thmv%blsme 206 Topgitenuaiod 202 may ineludme ced g upiitdP4aThe system 200
oS TIPS Sk Wi i, b
sthSilisEvMirod 8aHI210 (tBS@IHOL sSThefoutput of the BDU 208 is recelved by the
beam treatment module 220.

Also in the path of the beam 190 may be beam attenuator 230 which may be
inserted into and withdrawn from the path of the beam 190 within the BDU 210 by an
operating solénoid 232. This may be used to attenuate the beam, e.g., by up to about

99% to allow for downstream metrology at low levels of beam intensity. A raw beam
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enbodi nents of the present invention a beam delivery
and beam treat nent system 200 useful according to the
wWEe@somo49 nventi on. The system can take the puPGBUS2004/037617
| aser output |[ight beam 190 and deliver it to a
wor kpi ece, e.g., on a work stage 204 through a beam
profiRk 4@ raytbé LtiREAl @nptofildotharhetn eaamtbatlasgnisystar .60 yelnserting

beam del i very it 208 e .a beam st
it RS B bFSMAP 2550 SR A HE daiPD BB SbLriing solenoid
r44nd pointing and al so beam energy and provide active
feedback control to turning mirrors 210 in the BDU
208A bEam splitersomagy bm@mmg tey fivartiaevmupdk prtigpot the beam 190 into
0 ' ack co troI t
the 1@%&?2&)5%{1%? né%‘boﬁ? 51g)ay %%18 os}éq@% ﬁ{:aﬁgll% r]Qﬁar_@fore entry
mtdvﬁfekl&!aﬁp BeatanOotie 2000 KTisd SHBV 204 mdhitordicnanpastition, pointing

02 may include a cooling unit 204, The system 200
(anglemnﬂawry bed previdpiinioratian Fegptive g Rarqme Wtj’n&% BSC

an% Ogg%la;) . Wc&r%g])ﬂelb 5 81&12?1'31411%t ¥]§Dl‘?j{1%%cgrarﬁﬁg@|c%n%%€ér processor

e ou IS received by
whidREnBeass bé ﬁﬁédmﬁtlm!mtbml, e.g2 20er Ahatorottnliniy e. ganR H#22,eith the

beam 190 may bhe beam att enuat or 230..whi
oot e S D b s S, Bt
274:98'16%§@ lngaé/t use?% @Jognrﬁﬁ(m@z{ho?ipﬁﬁ@merlgsé ahe B@érﬂla‘%% Zor external

to attenuate the beam e. up

lasalb@uputgéi%gymmtrbbmd for attenrasibn eamcvimndan@gasﬁha\{eom Output toa
| evel s of besgbl ntensity. A raw beanprofiler 240 may

pulse widthmord{er ‘profile the bean near the | aser system

160 ¥esy ﬂ:%eﬂ'ol)l NG | ﬂ;romb'l!ﬁrlﬁgttﬁe otaicam, 9bh a tmaern of a power
splitter 242 using beam splitter operating sol en

me2e4 mak e enamsglyi tntsetedzmﬁo theypash oftthpibse 199 briowsy ?ntﬁ’ into the

smal | ortl 0 beam 90 [
be%ttfe&F l%éZ{I)E)pf 5%l °8 eam 5 1{%%eam :l%%@te%ﬁ@{co Eﬁfe%a?% of the
be&A oY b'yréh%pteﬁﬁng eSlBRdi6 884 (R tnagnbe uﬂlamualzyaopeﬂaed SWM may

noni t of beam poSition, pointing (angle) ener g
pr ovilgesybtamoman eise ﬂilaV@g AHENSEE PUFESSBOGHE &ﬁgl%@‘ 5“3(3’05%{‘?? fo purge

ong%ggﬁcgrgg)mt g@n‘pﬂ@% Bea?n? tcl{ho Itﬂeel;eag{ﬁge IR ﬂn%ﬂlﬂg 226 -a8d ithe work

océssor may al so be in
St%@lmgm cation, e.g., over a network link, e.g., an
S-422, with the | aser syst em 160, theBCZ]ﬁ? T Ive t
wor %blséf?é’ pneei 1 & BAY OpFEHEY 1 SPHRIHORCE 2%¥° eé’%i vatve 1o

putégegt ?enua?or n Hloq{lfe%ﬁh/oizﬁw&k%@ig‘eqmw th the laser

or external |aser output energy
contA @huwfm A48 etayatetphaned tin tre paenof b baard 1980 afeyentibgbeam 190

an output to a pul se wid itor 260 A service
frorp gpteripg ghe bepgyt r‘f?gﬁgrﬁr‘??fi‘ﬁ w beam e.g., with a

oy, AR g T Dt
210 in the BDU 208, beam pointing drift can be excessively large, e.g., as much as 100
to 200 prad. With, however, stabilization Control On, the deviation can be kept, e.g., to
about + 25 prad of some target, which can be done independently of the effects of laser
duty cycle. Without active feedback control of beam parameters, €.g., pointing and
angle, a relatively rapid deviatibn, e.g., pointing deviation can occur, at least in part due
to duty cycle variations, i.e., up to around 200 urad, with, e.g., a + 50 urad variation
between bursts. It will be understood that in operation the system 200 can provide

metrology and control in the form of beam profile and power at the laser exit, active
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beam treat ment nodul e 220 by using a beamsplitter 256
inserted into the path of the beam 190 by an operati ng
W@ elosndiodh 254 t hat may be manual |y operated. TRET/ByRD€mM7617
may al so have a nitrogen purge nodule 272 that my

serve to purge one or

A saf
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Mask dimension

(energy density)

150 mm x 100 pm

150 mm x 200 ym

(700 mJ/icm*2})

(350 mJ/icm*”2)

150 mm x 400 pm

{175 mdicm*”2)

n?@/%[?éarnﬁﬂ@ssﬂr@ and the

gg@b Ié?t;&kﬁ?%&n changes in

~—+

According to aspects of the present invention a bowtie effect is created, i.e., an

expansion of the beam in the short axis of the beam towards the longitudinal ends of the
beam in the long axis of the beam. For a 5-20 um beam in the short axis, at the beam
ends, e.g., at +182.5mm the, e.g., 20um grows to, e.g., between about 40pm and 60um.

such a beam expansion for a beam of 400um linewidth in the short axis is negligible.

17



reductions result in equivalent systens. Table |

Reducti on Paraneter 5x 10x 20x NA wor kpi ece 0.170
WO2007050949.70 Back focus 100mm 100mm 100mm NA neSRUS2008637617

0.0170 0.0085 Short axis efl 100nm 200 nm 400 nm Short

axis pitch . 700 m 700 nm 700 mm Li newi dt h mask 110 nm
Haxagenracdatdingniol dspests difrangerobodimeny ob thenpregenirinvention this beam

gr(lvﬁtﬂf%‘ bfé%hegpﬁ outl% @1%&2%%%%%%% ﬂt?lgh tﬁe CG]’IQGI‘ of the

lo 100 benn b AofmackpdBe. NMsplBEA.SFeowdbe ffrmé emnguch less line
ensi ty% (700 mi/cm 2 50 ml/cm 2) (175

/cm
bowceibactli Khe p@rf%rp?@é@ 8t %1%5%‘3}% qné@ éﬁﬁeﬂ@‘f“f‘teé leéﬁ)ffif%l ways,

t e 1 f
o BUPES o B SUEOE BRY b o
mtegtdﬁad(ﬁfﬁ%btﬁzyuaﬁjnghnhé hesk plage.aXhs voill plice lbngmus R'im'[foanity, dose
eam I

at ghedine epds agds ‘gillli:t;]e saﬁor t glfg%@%ﬁué P%W&ecf at18n bn S elongated thin
beRAPES Byshe Yl oof @%e@c@ BFhn SHESHiMREGHTEIE ¥ RBET iR RnfioH.

a beamor 400mm ITnewdth in the short axis is

neg|Tigs bhebowiegercratatatdeati by twe fastpadnguding geometric length and

R T .
of! '16@%%&&&%1&%&%& akis %c&sg% dt SOmMa Slasd. Aﬁph&aﬁi%lﬁropose to

i s not acceptabl e. it L coul d be made wth nuch
debrease the medm\abbfmea@@t o e lipe bowratisatcly utilizing alsgathesized “potato

chllg,]’nli%eﬁj ﬂ'ﬁb ﬁjfcﬁ%ﬁw‘?lg?rﬁ gci{tl \%}eﬁg%ﬁl Jil% ﬁﬁg anhls%&fc' Pom the center of

thé QMg X, 8. gUN/itID b WairYof aredk (Josspaier) mwﬂaxyhﬂdxﬁai nm@wmoned
t hrough the mask plane. This will place | ong ax

at @ pwpwi afythe goerb axis fickbopticn eo@ﬁagorﬁﬁlautglfya%?‘ior% tp Gy djme bow are
|
st BRI 0 Pl SREEELRAIOR, L Sk e or
sherttiadd aeay, wiiich elfe pelésedtto ibeventecable dhatslebiederethanadiin adverse
generated at | east by two factors, .including geonetric

impagighreugh o 1§nﬁ€1n§kaéwerf£9uﬁ ¥t SHOr§ - bet ween t he | ong
and qBoLhifd%ify B ?Itaik% REARredultof spbhi@e icRlaRIdaS! indePdnce due to

| ong axi s genération and short axis focusing at the
beans kolrance, wAjphl inggmios bersuplo seproblem for more highly dlvergent lasers

ﬁ

which may not suffer from such speckle and coherence problems. Reduction is such
interference effects may be achieved with a distributed delay device such as a
synthesized “potato chip” lens. Distributed delay devices have been known as indicated

by P. Dainesi, “ ” Applied Optics (1997), the disclosure of which

is hereby incorporated by reference.

Applicants propose a system with, e.g., a 365 mm x 5-20 um bean size at the
workpiece, e.g., with a field of view of, e.g., 18mm and an energy density without pulse
stretching of 400 — 1000 mJ/cm® and >600 mJ/cm® with pulse stretching, with the
capability of running at about a 755 duty cycle. Also the system contemplated can, e.g.,
have an N.A. of, e.g., 0.13 and a demagnification of between 20 and 5 with a DOF of,
e.g., > £10 um, @ 2.0 pm L/S pattern and an attenuator transmittance between 10% and
100% and an attenuator stability of <0.5% for manual mode operation. The present

invention is also capable of use with masks of a size, e.g., of 5 or 6 inches with a mask
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decrease the undesirable inpact of the |line bow effect

by utilizing a synthesized "potato chip" |ens that
walpdobesome i al |y refracts the beam accordi ng t oPdi/ESANECE37617

fromthe center of the long axis, e.g., with a pair of

weak (I ow power) crossed cyli ndrical |enses p03| tioned
thisltnetshef d2Qmpiltandfmeal oh @ntomatics(oplienad) @pﬁmeent @Rf &Yz travel of

11§ P L RehGretotinn of sdblifon L B iR 05
an@h la géqrécﬁ/ Ny 4 X0 o@@rI the 1@ rdd38 oFHaAvEl Qi Stravel @yeedvd’fldpho about

are to be correctable or at | eased reduced in
50acduearss eAilsarpamtenmiat@d gh avthgmetavehgl 410°t Helse sentemplatgdyare pulse

o0t e ! B 0P ALl 0 w.

oul 't%v@l@ﬂgtﬂ @h abBuS3IFE, Bilokhehefdoublrgeak Iﬁmrg‘hél’}/ at about 351 and
Ivergent | asers which may not suffer from su

the psondasy aerks fon ek mpecifeopife ot bmbdadt Fuhe pulse ei‘eﬂth of about 29

nce e d
S@W%W,edg.dgﬁfh{s 8§éV| ce OksjIﬁl 1%%226%’11?3 %122?(2)%%3 (FPJ%IEI%/I) qne g8
hfgﬂi}h@ogﬂﬁjﬁ§4%9|é9ff)ulbw(ﬁdn&e] ay devi ces have been known
as indicate P. Dainesi, " Led Optics ,
(19gérﬂlnearrr@m@ep@éw@ffzﬁedm %Shto SQ‘B lléﬁyefg SEIHB@%B’F thechgam. 2
&ldei® ¥ 3 mne xBO ith
B g e o
th¥i YeBmandar eliffragtion i lamitaf in ehqg shorB rvisarecz. aforem dl()gym beam at the
density wi thout pul se stretc of...400

el 56 00 BhEOWTERE P (B0 dheat Pk Tt Sigte s B 2 beam

¢ b oo hgpgcycle. Also
St?&ﬂﬁl% ? é}r/rgogltloene{t gém@ at eg}m;ﬁ?(?&ge b é%ave an N. . of,
e.g.A H&aﬁﬁdmdryaunie mmgsmi‘ssmatpemntage loE{TA9H0 20d anenlse stretcher

h DOF of
o P A0 G 0 T PO L o
0.80mAt LeNuah Widdt G730 tvh 2ld &P 0Bt T580Al ofBEl€can linewidth in

oper ation. The present invention is al so capabl e of
theSkrehidrhofths kengtli ofithsi scan. dhegse, capfbesachieved Wik laseh £18-> With a

a .naskt hi c d manual or automatic
IH%‘PF’O‘W&F%Y Ogﬁggﬁ?rt?’ﬂ]dz@?d\k]f Yo7%ravel of 160mm x 400nmm
| & 1im)OaniNihagy fiel@ ciatarand <20
n'gl%éfkﬁ ,Bf g%cgﬁgﬁ j;tggﬁl?gg)%so#m?l 0 ovaer ?ehe Cf uIaI H
(:%El@ngﬁarﬂfa beagviedmegrery bf i@k ($§>%¢ch e lung g8 albbﬁi%e{é@ 5%) and

Al so contenplated is a theta tr
acbmmeaﬁemeesu ohrd s & heiDes  pmepnpEadl Wl B htiiSiood in

61? %rg’t ea'fnltst Ih ?%r%?se@f Wl 0111 a3 LasBtiiZe|dBRWEH Soper SIS
tBB vvave eng on a out 51 n util'i zi ng
piieinAaed vathp eg kel drpatede Rthiat badmyt. e35brizontalk heamecbwwgmoy being
peaks for XeF on either side of about 3 and a puls 2
attdreltsbd aﬂthabxgutlowgpcswqrs:rogsswwhnd@cgl lenspg péming 2§ 0.1% grad @ 1/e
ul ses 100 ns a
ap<¥vo PEt ﬁzlo%/?r 81678£ﬁen P % Ff{éoensl tﬁ? qgn%r (HEYSQI}? fﬁ@ﬁlltegﬁ’l% achieving the

rRRk8d kFatsiARN 19 torxf Bl @toths utissrateparsd aipbd ihbly{zdrhﬂ beam pointing to
sanpling of the beam a
maintain horizontal slope of < 10 Om, i.e., 50 prad, which is achieved by fast acting

active beam steering, e.g., in the BDU.

FIG. 10A shows ah example of an intensity profile in the short axis of a beam
delivered according to aspects of an embodiment of the present invention to the mask
plane, showing a side wall slope of 0.02um from 10% to 90% and a beam linewidth of
about 130 pm FWHM. FIG. 1B shows a beam trimmed/chopped by the field stop slit
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beam wi dth entering the first honopgeni zer is

contenplated to be 30 Mm x 30mm wi th the beam near
walpdosososd on limted in the short axis, e.g., POI/US2000037617

mm beam at the workpi ece and spatial coherence

resulting fromspoiling in the short axis and a
(me&k)iﬂi fohtn)a lméaUQ%tEmbmtgt(?OuniBW dndranslope 0B gbunafrom 10% to

m]. A bea eliver it trans SS]

o0rpeisiaitbreasi. 15 Somemiiangmaurtaiss eeBLRApE BiRE ghort axis at the

h,a08 (LR egft<7hisn and a Al of <5%.
Wogqé)llﬁ nﬂlaﬁ ﬁlflsog gf/)in s%?r?gf ea%g?p% Q)gf& Q{)A%Olr?m an?jn sat:an0
Wi dFIG of 2.7 30shwmsadidl egample eofl apeaf Wish 8086voftiet lateral depgm width

diverseses ouh THG. hoi Dova tuberngvithdle diPgphed epfed 68bring 10
aspg}; W#ﬁﬁ?%%ﬁénpéf tﬂéﬁre@elﬁ%eﬁ@lgﬂv of povver A depth Of

and inmage field curvature
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Operaki 19ﬁ shitdle BREY dyeRRt Sccbalif: Aodpess Sﬂtlfe\mesen‘u inivemstion since
aspect relating to proper SLS perfornmance

theewmawwlmatmofb@@md 356 nm mmth@nﬂlslre@elaﬁ‘{viﬂm &fegréHE%tW“Y of
s11)(99p &%ﬁg %Yeeas\gg yglgﬁ‘f Fﬁrrrl]agns Yérg\ﬂl\g o%r%;\ %19 Qﬁ%ﬁgent absorpt1ﬁn very
kcﬁ!Vtﬁﬁt WhoeRngan GehdperMtictoabdveethisawaveldngilt thel a@sprpuon rapidly

acilitating achieving the required spot s
drcaﬁ Qﬁtpécvetl*%atsmﬂ@w sREEY ARV oAy KohRAYoT Bﬁ?“a# E%"gnﬁ“—‘/ dttfloult o

att 1n 1t1on g?l %ﬂ(‘s: Enl 2 5‘1"@[3 éﬁgg%e?é optichP céMponent damage

ieve fast acting active
coﬁﬁé&hﬁérﬁe frhet}'g bee.sgmewhat td@mf&ﬂ)ﬂhly Fm@ incpenkivoly aet, whereas,
exa le of an_intensity

ydal sydy bighapulse oqeﬂgtﬁ{ogf 'g?'g%e' ' PadniSe 00 18% Torlde fominal
wééfie(l]eélgﬁla ?1{, & S%e Nbad B (?(reK}F Ofhnt Rakd %gt'i'éﬁ laRlagd avoighiusi cugsiderations

ope of 0O 02mm from 10% to 90% and a beam
mhdhn@eiediifficaft aaﬂ)expenftﬁfe tormeBWHM  FI G B shows a beam

beanRRlCAMARGHS 2 oarTERA A tar e ik bb PG bl (1 shett B oprcs
be%'(g)ré"tltxé)log? %8 )ébﬁés‘lﬂ thd\8ptiRPfain befvezh @Hﬁlaﬁm anﬁrﬂ@adorkpiese

he short axis at the workpiece thrﬁw
has, Aecogding ato @pmﬁs af 6901%35@11 dnespEopfthe lipgwikth iy dhe shept axis,

D of < % Fl.G A sh
L%OW —? P‘ef @ & % %’Mpg{s hea rgﬁqceeshgfr‘]t ﬁﬁbﬁa% ) I%l‘iehmﬁmdual

Cﬁl'lﬁ laleH ”fo%%_rr% the gl'lziﬁﬁélg?ﬂ“ﬂ?e hefRyedzaceal @ fY the distance
asp ec an entodi ment of the present invention.

béfw&n ﬂkié fsﬂsomd asvondthianialof syeit eyhmﬂclc@lrlanwg alongathgeptisal path, £y

regpftqpteﬁlggtbg %Lgssuglgtg ro{gg%/ I% Lo I ney U‘g zer @' it the workpiece LWy

1sseﬁ|1é£ﬂg tfe }eﬁﬁ&{onsﬁiﬁ(t) ?ﬁEﬁefﬁﬁﬁip‘ﬁgd b? tlﬁSEWQ&S ]'_WVIHFlﬁ 244)(fthe slit

invention sin
aperture) = 244MFsnor/Pv- Further, LWoprr of the mask is approximately equal to

RED(LWpgr). The linewidth divergence LWpyy 1s approximately equal to f5; of the
system times 0 the short axis divergence of the laser beam. f;; for the system for each
channel = (fi/f2) * fsport axis * RED, e.g., 50/45 times 100mm times 1/5X, so that LWpy =
20mm x 0.0001 or approximately 2 um. The lenses f; and £ in tandem are telescoping
and collimating. For some control const function, e.g., J = RED LW, + LWpgr =

LWpyy, ] can be minimized subject, e.g., to some system constraints, e.g., pv and f5. 6

/
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the center wavel ength of around 351 nmis within the
regi on where the reflectivity of silicon for the given
woosloprege h remai ns very | ow, and the consequeP€T/US2004/037617
absorption very high for that wavel ength, whereas nuch
above this wavel ength the absorption rapidly drops of
ditargdree elqsalt ot L6 @fithe lsaetigygs (BILI ofethy 14ser/t We.  This applies until
workpi ece that are very difficult to attain h__
citherden besh of 3aver Aivergsnemoncohgrrpee sreataser pobiohe Wathout o < fi + £,
I«cal t consi derati.ons . De. -
or S8tk ap SRR PR o RO aiRS KERERGoR S Tint i g s ot he
wakpiecs. alAldditrinaliyl ch ahil gh cianibs edfusREat tot ddfrol @hSemity and sidewall
droppi ng. down to a | ower nom nal wavel ength of, e.g..,
slopggatfthe TiRid-stopapndhing abSes warkniessngBdes bivnpdlee verticality of the
. . . i Ee o . to
S o P e TRl BB P RRARE P 1
of pAaordigg todwmpsdioof thayraentphvasiobeppli@ntstimve prigposed t® provide
optics in the optical train between the | aser and th(?
a ek preve. clongatsAdbsn o the peerkrices cemppredsionthe hundreds of pm
] ti t i j ! r [ f oo
Ll AR S0 Re' BE | RIBAEbE b BrEIOr & ploindd o' proseat
intdngion ngphdadisdlave plopoehdi to akstltenag aksramang each channel

in the hgonogeni zer dis the distance. between th
fir s‘pccé?ﬁgn%g’ﬁﬁﬁc%%ﬂ‘ge BreseRfdRvVRFPR a%ﬁ‘? B4roy F‘%%guggl BHEY
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e short axi s honogeni zer. at the work e’ls
laseq opérating attoe abescu0D dix arsit prodycREED! Yasendutysllightipuse bdam at a

cCS5EESRER PEPOR T R = OB RERGIE REF DR thlaser output ligh

prARAaX tHBIsE HanS@Yah it £ sIREDLLYDH RE 1dsed Qlﬁ%)ﬁt' 1@6’?%@ beam and
di vergence LWV is approximtely equal to f~ of the

expystiegriheilases oufputieghs hulse beenh o fHrmen gdomgeaxas of the beas er

BB by B BB s i S
ind08% AMOKEP iMbrnRBRLONe TReE N Be WOIIBR; HRNS&KpRBE 1N

tandem are tel escoping and collimating. For sone _
cogpmisingl a layside bé herted; sheran ghe opfical spetpm| fpguses (i lger output light

| V_can 1Lnim zed subj ect, 4. 10 _Sone te
vl A BT Eophih St itpLa6) syt 1 o R P RS protit
thitdse sufficieatly 606¢p silflew 1B tbagew/thd/Vield BRipStodpithiasa siffitiently steep
ei ther or both of Iaser divergence or coherence

beamgypEle ah therwerkaisee withew plocking the feam prafile abigodégh An infpnsity
e, adj r | [ & Shdyl: y

lojohes EraBil  RAIRE o T il ol sy oS- 04 i hovel s
oppdsadsib atlott above tiierFONVHM af ar the tit.. and si dewal | sl ope at

the field stop, .and thuys at the workpiece. Edge bl ur

i n HS SEPRIER glsq camprsee telegenips Puviewsion ey \hi qpigal path, a

. . I o _

o B AR RLIALE £08 IBRe K AP Chaniom as also
dea@Hed @hovesortea vieffapentpesach, tiod pisoviadane iu dhieyshoaraxdsy
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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
wEe@sosed t o nest the |ong axis array. Accor di PgI/US2004/037617

aspects of the present invention there is provided a

hi gh energy, high repetition rate workpi ece surface
I/WHeGLAMY: mechani sm conpri sing: a pul sed XeF | aser

operating at or above 4000 Hz and producing a | aser
1. RuhPEischat@hseputysRIIDAHMM afpadatGEfdl erfvaing enghifonhation of a

about 351 run; an optical systemnarrow ng the | aser
crygigt pakeup; og Rrlepfaiien b 0 2 WSkDIEGRGoUMISH% i n a short

axi e tx I ;

excp BAIVE O RORPSEor R ot s LB proRE e cr outpu ight
pulge berny ateatiigh edpetitien taenandchigio papereeith e pulse taguisxdesatcontiol;

the long axis, e.qg.,. 370 or Qmm . t he tica

sy EB APRGHL PYATH BECH PG Ay g@p&ﬁeg R Pist Seetis Eom e the

: |66, the workpiece conprising a |ayer to

kméggﬁggﬁg%€ﬁgﬁéreih the optical systemfocuses the

| aser output |ight pulse beamat a field stop with a

ficati suffici Cnt a . .

2. Bhemmee ol whfidhe kerStbhds Cofthalbil IR Aress,

Sy&aﬁaﬁaﬁhﬂmﬁééﬁbﬁﬁh' intain a sufficiently steep beam
profile at the workpi ece without bl ocking the beam

pr oft¢lpoptics operativeyte direct mfiesh sptpyt lossydight Rulgp beapn frogm; afirst

or,chopping the he rofile.at about the 5-10%
lm?ﬁ?éﬁ@ﬁ t°%é$%‘“@%§gggdgg%a@% at or above the FWHM as

i N tahgniag bnd ddiro$ weidete tiryigdhsaeatvmuiiageas distledrge anthe ifiest and

conversion lens in the optical path, a Iogg 2xis conj ¢
seqping dasgr Wy tsHBithir el £ mings s, toprogues,he @ seeddaser gutput light

i ' | e oipuilebanent

N e A e R S oIy

1. A gas discharge |laser crystallization apparatus for

erform ng transformati on.of a crystal makeup or
3. &he él?ﬁaé%til%ﬁaql?’rmapgﬁ%ﬁ{ PHRISHSF kpi ece conprising: a
W%i@ér%éi’l@@orﬁmid%&ﬁ&13&%Fuhia.ser system producing a

| aser output [1ght pulse beamat a high repetition
rate and hi gh power with a pulse to pul se dose

ntrol: an tigcal ,system.producing an el ongated thin
4“gﬁ?%@ﬁ“ﬂﬂ?%?ﬂ%nbgﬁﬁﬂP¥8ﬂF?rén%aser output light pulse
beanivetgenth 8oRN 36 RbHSes @h vak@bRIrdsonieF Birdhgehent. aser
system s configured as a POPA | aser system and

further conprising: relay optics operative to direct a
b rst output .l.as i.gh A beam froma first |aser
2 ﬁﬂ??g?ﬁg%ﬂ%n%g%gﬁﬁgféggﬁﬂl unit; and, a timng and
Conty WanyFuithiy dohffoNBledHaRisal Bedrinediarfthalagasnditbetvatlgéece.
in the first and second | aser units within plus or
mnus 3 ns, to produce the a second | aser output |ight

6. The apparatus of claim 1 further comprising:

a beam position control mechanism intermediate the laser and the workpiece.
7. The apparatus of claim 5 further comprising:

beam parameter metrology providing active feedback control to the beam

pointing mechanism.
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pul se beamas an anplification of the first |aser
output |ight pul se beam 3. The apparatus of claim1l

WO eooslosto4conpri si ng: di vergence control in theP€T/0S1004/037617
| aser unit. 4. The apparatus of claim1 further
conprising: divergence control conprises an unstable

8y RIS f é?@ﬁh@r ®mpris@gappar atus of claim1

S&HF
furt .S} g i Ak '
|t orm AT bl IR AR SBh R ARk E TR RS
péyiti@r adntrs] mikckedngnm 1 f urt her conprising: a beam
position control mechanisminternedi ate the | aser and
the workpi ece. 7. The apparatus of claim5 further
conpri sing: beam paranmeter netrol ogy providing active
f eedback control to the beam pointing nechanism 8. The
apparatus of claim6 further conprising: beam
par anmet er metrol ogy providing active feedback contro
to the beam position control mechani sm
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