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B SRRl QP LRy ekt plyecohoasagiis
pivhidd betbretfeadbadktventpr] és tn beannpartingorechaim agl aghvsiipedback

anot her vi ew of. t he ical systemof FIG 1; FIG 3
Eﬂgﬂﬂgtoéhep%eggﬁ ROPIIOR &HE Oi%lﬁ%la%lg ion 30 for both

magni fying the beamin the short axis and expandi ng

the beamin t [S. ﬁﬁé xanpl e of

a lens assen‘t#ﬁﬁﬁ%@m@% eBei!ﬁec%Ggf beam
honmogeis, ziatkhews a@roptied laysit iiliustritivel ahgspects f baaoptical system
hom)dqeni zer; FIG intensity profile;

5.sho a beam. S
pyeerding @H%"f%ﬁ%@%ﬁﬁg‘eé’ﬁ%ﬁrﬂ%@woﬁi ve pul sed
I ?ser meQ{gF@WA élﬁﬂ{er {tq_e@r(gﬁhsbptﬁﬂl:éyetgmaﬂﬁ@mé “F Gt 7
shows_par schematica a system accordi. . .
as pecf&- éfSh%/t‘ﬁs a popBb s 1pas £P Pa?%eiopﬁg}e@gﬁ fnag?f%ﬁ tﬁgh?am in the
Elh&ta&ga?lh%%ﬁanaﬁﬁw&&aﬂm 1@spect s of enbodi nents of
t he

present invention; FIG 9 shows schenati cal

aspecFES. df shers cai prampls o lenreaspioally flusiraiie it B ?}fg"t of beam
: “%j‘i i ' hoMd2Bskdry profiles;

Ei) geffl’zaéﬁlgj\a)s a “E‘é?%ﬁ?%?%%??%mpr of(i%l e; r:’lél G' s 12A

and 1P15. Shbewbebern inteerigipryfilgr of i | es; FIG 13 shows an

opti cafs apr b Nud QRS PEGEd MseAButput light beam
enbod?ir%nﬁ %?&gﬁgé%%g%tgﬁi nl\l/entlf?%% DETASIeLEltl)p s
PESGEhPTIst; OF PREFERRED EVMBODI MENTS  Applicants

propo a.di.rectiopal 4 Rasask "Bl 8spects of an
opti cgﬁ?‘og SIE’P"’?SP%{FI% Szca%n%é%&g}ngﬁa%%%at ?ozn, gpr odlfg(ég °
@mbodimept dfdceeesisiendntia;l y grai ns that extend the

o S0 Rl B e i
mai Nt en@NCRoRe Echshetidall§ aspentagfiphibodintests of thoposed inypsiian
s ab(l)ElI'I(t}.’ g ¥Oala%d 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.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Applicants propose a directional SLS system that has simple optics for
l 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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er system 1
Elﬁ@emuhmdoxh agae sptenpU60 hiag mchtiﬁeatm qscllidinl:: langy S§1§t9me1ﬁr2 and an

L P 0 e B Bl 56 Ry PRl 16

651 bd ednBEwsy Sk emmsseﬂosmmmpommmphﬁeg system irthwhich ithgeoutput

R o R B Eeeorgtsyt e BB e SR BEGRP eyl o

lnnla Rarr\inf; PUEKAGe hsSis RAGwiLIBERe arFermQuHseFmpmser ofcilldtprsin which line
plication both forns of _qscil

SHBEG PO s QUEORA At e PP e ey oggligor laser are
MBS ofAfglsed 81d M@BM}&EM to @s Basber osciBir M@ tbethelInaster

r power oscillator, |IIustrateg %
ViSFiHaigr, AR Roves orHpATEO o s LG5t DI b P Sy Spprises
%%”&%Ya%lef%& Eorlzgnﬁl{b%gaa GRS ni¥irbf @70 kA a convex mirror 172,

ustratively shown to be aligned for off-axis
aYustiativaly shovingoheatigned ferrfbetip otcillstaniormodudggn output beam 180

eoﬁf ggcrtﬂi%zldlsgﬁa?%qﬂgtggenbfk dald 1@4%&%%0&7 ﬁ@ﬁldthérgas discharge

e gas dIS ar ge anber of
ahainbératf dre dseifiaior byes sl BR.  The out put beam 180
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reflecting mirrors in a relay optic system 182 into the gas discharge chamber of the
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reflecting mrrors in a relay optic system 182 into

the gas di scharge chanber of the 13 WO 2005/ 054949

PCT/ US2004/ 037617 anplifier |aser system 164, which
ses a nulti-pass power oscillator

g@éz\}\’ﬁsgﬁl}ﬁ&%he art of MOPA | aser systens such %2”#%%%’337617

sold by applicants' assignee under the XLA series of

ﬁ%ﬁﬁ'har nééHﬁ%Et% Tidue v@l%@n&ﬁ QorhrisedTR! thiliti sl PovieRtoREiBAtbY as is

fier laser system 164 through a dj scharqm
Irwteia theartcof IMRRYs las 4ysgieras e anigers solrdy aplicepls’ ggignee under

@Es}ﬁg&rsgﬁ SCOPHB& rﬁ}nb%#} ?ﬁgﬂo%&d §R0 li@8@bliS6S e MidkBdy in the
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puplfed ldserspstery llﬁi)ﬂlroughglmscmﬁﬂbel@@ﬁn 3 qathgylp |l 74hend an anode 176
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F}L{H? fga}spcgsggargyéﬁmﬁagreofl Sp(lﬁ?éis fa?éps%@éhl 'f@?’tugne ptag arrival of the
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coul G 1o 4 fi
al so gg’e L}Wg?rgfﬁ?é)%hr gs o ﬁla 6rs§%é§f{l/ ﬁt% rlg:(lnj"(gjc)ae’s,al gﬁfgtfi g%g sifplifier
seRanaiigre. gc;ame pags offaxami addjtionHie amgim'ler loscanyste®0 1§ cauld also

esonat o er cavit power |

o pwererat gy sor e ER R AR AT by R ionb by o & e
S SiaBdN 660 6l hmglify Ghe BOPEEhS 1H) iar Esrmat;br it cayfty ke power
present i nvention. The workpi ece 130 may conprise a
Pl | m | ayer of a-Si 140 which may be scanned by an

el ongat8te thBivio PERAM th&xreqmmemg;amy salpisticARSnaystemZBENting to
long in a d| rection ort horgonal he scanni

eRPe e of aeanhodinent oL PIEPR YT g et 8y o ey comprise o

%% kY @aykmtﬁ 120 it MEY BeRic@8Rd BPen ElBngdnal thi b“msfrcm e.g.
g., sone border which is not to be treat

- d,
abmm §t6ﬁxamed 7a@m o By dEeqgtiqn prthpgopal toTihe SRS efffﬂél ie,
§&‘I’I’igﬁht;1}g loﬂg & Chie? QhéTHé/sn@& @éﬂ%th%ft the Qﬂﬁlﬁn&%' 130 ifthdthBmension,
se out pat

| aser [ g ht beéeam coveri nag
amgase al, bamzalyirden vehinhdis aeide beliaried: @s Hivaraipdas g sgagplgin FIG. 7.

ns ur e overﬁ(&m“% &Fﬁn&? Y odoup A Bl 3% sefofftht pliisé Butput laser

e succtessive crystallization
hglmmmwmtawysm}hzah@ bmammdl%mh@ dimpasioscefcye beggn 120,

di scy fsl”%g& \P/ g E:Ht ?Séuwerl £ oStk RR& gssx’% &{S’Calflﬁtlon

l%t’(—:f R ys desire
%ﬁda iRadif@Bhy BE Yednaht eaglt pmeh exdaptms slisandsedibalpw twhare pulses may

b t puls '
RBFOpHE: ps CanienionLy SEan i i ri e et Y B gy
R th ened 8laRed Rt 2 Wbséftetvipulset hen give an overl ap of
about 40% of the linewdth of _the pl

scannFagexainplectitonSiupdnepigisler tg PRise %‘éﬁee?—eﬁlim%g &‘éfifﬂ?rf‘ & hm

&)gc&}:( g‘)ﬁg "EQQ éﬁsgréwﬁ RAf gﬁh'%‘egd%%g%rﬂ nPn&g 48‘%8? r;cThr? hrtler\];\ingth of

Mﬂsermﬂwsc@niﬁgldﬁecand fegswseigPEse: r ansni ssion  rate
gI |72 S{ : %&H}é}e r%%%{e?]stltg) of Ekgar?fmgte 113067 2R bk IfHESLS,

eam repet | tl on rate
@hd 4 Kidzm afi GSGnmmdhOhnmCmsotqukbregulre ?313&151}3@. PESBM{RSA tgansmission

SO oy A BT AR P 3 e
LB fep&titioh ats RAUKSz d@aican pitch of, e.g., 2 um/pulse would require a
stage scanning speed of 2um * 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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intensity profile should be maintained as sharp as
possible, i.e., with the slope of the side 14 WO
20051054949 PCUUS20041037617 walls of the profile
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WHYGEY of the intensity of under about .ECTHYRHPYLIKLT
10m pul se width (FWHM, i.e., a slope of about >9.
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pméwﬁlongmcé titin }mneacta@dmg tedspeas §f thewpressatinyantioat ment

ystem 200 ef ul.;accar t
Ths" Sl AR IO BT, Pl e LT Bl A o
tmﬂmsdih%tsamfdhdpx}esene mvenndnca eamoddtiperg ed bang trpatmnntasystem 200

20 t hrough _a ,bea del.iver ni.t
e T et
rt@ht bawe 19(adeRiivatiadid workpieed, eql, @gya wakl lstage Z(DBthmAth elbeam

SRy Saiath ot taekom: PRLaRbcbe b B g bR nave

'8 Beal $ab2it) nicfolobe mo&DUZQQ 8vhidih@ays yedsern baeny pbfiﬁd)ruaiﬁl @inting

attenuat or 202 operat| n n fe ac ontrol ta
206 @lfodeameRE ey é%ﬂwrwée Wg feedgglf?(faa‘iaﬁ e Jgraing Aygreys 210 in the
deisg 2e@ntrol at the workpiece 130 on the work stage
205. The attenuator 202 g}/ i nclude a
g

cool in
204. The wysnenrpavlidsep #iSria APBEER g?sﬁﬁaaplf yontrol o

6 sab@5ndiow §dhtrdl 2 eRWorkpiece 130
st a%&*@&Xb%%t}@r(%F%m%&g %%O S?AI% '0) 210. The ooljtplﬁste n

ho ek B0 2008 Thesaiepen A6 Sy 1Al 156 B e 2o e Systom 200
t e‘%ﬁ] €0 2% 2 BLSA fgaglliftl\% ﬁleﬁ‘@f#gy ‘ﬁgodme(“@ﬁ & 530 Ry \,biﬁq a beam

tenuat or insertéd into and
viitibliity aowirol module BE0 FBER)GF10t Hbe betawh of & BRY Ahisrersivebby the

%e?@%gﬁn{ﬁlggraﬁwg sol enoid 232. This may be used to

eam e.g., by up to about
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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of beamintensity. A raw beam 15 200 5/054949
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Emha 6t @Ymm ireqhgpraminiFgi 8 liaftiepa il B fpr externa
a@ér% P e ool Jﬁ@ heaRk00n befter endty Msd Rive ahhetput to a
eam reat ment nodul e 220 by using a beamsplitter 256

p\uiseewtdddmpmt0®2601e path of the beam 190 by an

oper a}x' g/lc%odogf] Q! gd i%ﬁ%netagiﬁh @é’b% Wuﬂhﬁ)ﬁ QRRFALEE .power
The system nmay’ als ave nltrogﬁhﬁ\e urge m)dul e 272

hiegt, m'ajybs araum]bfonspmeg anto @lpepash o hpie) PHE mto the
g Dat IB\O(?UI%J m;‘s gﬁ@%g%g% gﬂa% 958 me@é?!ldmw‘ﬁe Wathkof the

y operation in
eeum wﬁ:lty amrbp\mratdig sauﬁsnmi 266 teh iy by mpyually epergied-ge t he
beam eat nt 0 e
shut t ’ii Vgc?e“g{‘ en%’ﬁ% Wdﬁle%étgﬁde%%gasﬁ% 5pP e
ofle sxrmserﬁf thehBDbJem%l He@f) pafly dmtearmereamgent edije 349 and the work
treat ntent nodul e 220. Wthout active beam
§8&bi1%r zat i on, e. g., feedback control of the turning
M I 1 OASsafedyl Snkdt 278 end3Age2fin nbetmjmlptmnwnhgn Nzisbteneidryalve to
be excesswely I ar (? ¢ Fu 100 to 200
rezg th tfeh‘a%%‘iﬂ@g “‘%%“é}%ﬁfll}e trol t he

devi ali Bf&ang By b6 Blacedtin She, pattof thdidatn 19850 ﬁmm tife beam 190
sonme target, which can be dorg)e i ndependently of the
dfofreentesingfth begwtreamep{medils 220- W t hout active feedback

contr g ﬂ'B{lT heRBEwRah 3XBLi84tRn, & g.g feed@&kﬁbhiﬂg odnkk tuaning enirrors
arelatively rapid devi ation, e. |ng devi at i on

@40 inthe BDU 208,| hears tpojiniing grift cgm‘ge e)tcsssaf& A& 8 muchas 100
Vgl Eg(gt kﬁay’\/havaér%\feg,%ta%ﬂm@ﬁo‘ﬁ%ﬁ%p@n,ﬁhé Qéiﬁlaﬁ@hkﬁh b&kdpt,.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, e.g., poinfing and
angle, a relatively rapid deviation, e.g., pointing deviation can occur, at least in part due
to duty cycle variations, ie., up to around 200 urad, with, e.g., a + 50 prad 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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between bursts. It will be understood that in
operation the system 200 can provide netrol ogy and
control in the formof beam profile and power at the
| aser_exit, active 16 WD 2005/054949

PEOANIEEEY 037617 beam drift (angle and postdWgifi4/037617
correction using Stabilization Metrol ogy Mddule (SMM,

¢ : Co .

FRE B4y S0’ SEUNCIL QoA UL NEE gDl o0

enérky 2enspofeedipebfio nmintonicneey Agbdity Suphevit keapndeliyery, beam
r.k staage; profil.e ' : .

YRl 2 b, R SRR U REE g o
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froman energy. I tor. at, t rk st ' [ 1y
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St h. 4 850l u{glrsgg.§g a%?o%l’gng]length of at

AGEUVAG YmAY, iF decBBs@Rd lia# wibthOfa6lusSors ¥St0E® e, moRBdimactional
According to asgects of an enbodi nent of the present

irengatabilibrof <th@ 2SN aceuiest dfais ! 1 and a8 artefopesvipgitpry Hhm-
and pQsjt] 0 : r r : '

The RORGHRE BUEHRLON ATREToGABMY O T prf Rl it md S
tfiwestionst tolnheagte bgant prentingiand pesgivnraod pengrapgedtconceier frof shown)
su I\ngs_as_| aser..energy.. PUk.; ot Sel .
& ﬁgeg Eg:ét:g ?Or%?lgest e Gt %erSQ gﬁfcﬁsgg ﬁiéé\%nﬁtﬁlhzeq“a{ﬁ | (o main
foonirallef 2@ b dbnbrol ich tikimgsvas ldspi eeryctugnigabe laser trigger(s) and the

adiorr oAb a8 | 67 S0kt KRARar i Sutbifeq pjanges in
Qeduéflond.rdstl in Batkaldnoguemd00 nm 100 nm 100 mm NA nask

0.034 0.0170 0.0085 Short Ta€1|6§ efl 100 mm 200 nm 400
nm Short axis pitch 700 m* 788 pm 700 m Li newi dth

mask 1FOpnm 220~ TA20 1 LT NeW @ERBRO. 22 m 22 m ZPm
Li new ¢-h—di+—24—m24—pm24—m—Narber—ot c%lo =3
10 - 1QP B8Rt h - 1700 i - 2200 mi?® 3200 nm*™Mask
di mensi Bawdsfesem ¥ 100079 m 150 nrA-$0200 [pm | $T%mm x
400 pmMelRRRLIY dENSI §dflnl 700 mMIdoemn?) (|350 16ubire MAZ
Il | A prdl 2N A A H + + £ +11
(175 Mol ent2r—Acqor o i, t0 qSPeGloR 0t tITe T g
inventfon a8 bowie efféct isicreated —ile—ah
Short axis eft 100 mm 200 mm 400 mm
Short axis pitch 700 ym 700 pm 700 pm
Linewidth mask 110 pm 220 pm 440 pm
Linewidth geo. 22 pm 22 pm 22 ym
Linewidth diff. 24 ym 24 pm 24 pm
Number of cells ~10 ~10 ~10
Length ~ 4700 mm ~ 2200 mm ~ 3200 mm
Mask dimension | 150 mm x 100 ugm | 150 mm x 200 pm | 150 mm x 400 pm
(energy density) {700 mJ/icm*2) {350 mJiem*"2) {175 mJlem"2)

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 pm 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.
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I/WE CLAIM 1. A gas discharge laser crystallization
apparatus with crystal or filmconprising POPA XeF
| aser system | aser operate at high repetition rate
with pul se to pul se dose control, having optica
efpproducing el ongated thin pul se, where relay
U?ﬁﬁé%s direct laser fromthe PO wunito into the PA

Junit, . the tim trol nodule ti the. fi
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lif tput . b 2. Th t f clagml o
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I it.. 3. Th f claim. f.
oRSGRGVTET R e SN gt Fol e it S il RE iy e PO
; t : t.. 4. T f claim1
R A e A S S B LTI
I nt di he | d th Kpi . 5. Th
v aratashfe b Grnf Shuftier Conpr i 8ing: a beam
position control mechanisminternediate the | aser and
he wor kpi ece, .. The apparatus of claim4 further
2. @ﬁﬁﬂP§WEéﬂc%@%h?ﬁ§PéﬁﬁPé "&ret rol ogy providing active
feedback control to the beam pointing nechanism 7.
The dppasst ctekindiefithlaser i@t her conprising: beam
paraneter netrol ogy providing active feedback contro
3.tIhe pprardys @frelpios ] furtber comprtiag®l nechani sm  Amended
Cl ai ms (200603096-9) (unmar ked) . doc 22

divergence control comprises an unstable resonator arrangement.

4. The apparatus of claim 1 further comprising:

a beam pointing control mechanism intermediate the laser and the workpiece.
5. The apparatus of claim 1 further comprising:

a beam position control mechanism intermediate the laser and the workpiece.
6. The apparatus of claim 4 further comprising:

beam parameter metrology providing active feedback control to the beam pointing
mechanism.

7. The apparatus of claim 5 further comprising:

beam parameter metrology providing active feedback control to the beam position
control mechanism.

Amended Claims (200603096-9)(unmarked).doc 22




