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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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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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a beamrepetition rate of 4KHz and a scan pitch of,
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enbodi nent of the present invention the spatial beam
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ef fiat & ZSfpricﬁﬁebme target, which can be done mdependently of the effects of laser

duty cycle. Without active feedback control of beam parameters, e.g., pomtmg and

-
ol

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 prad, 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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duty cycle. Wthout active feedback control of beam
paraneters, e.g., pointing and angle, a relatively
rapid deviation, e.g., pointing deviation can occur,

at least in part due to duty cycle variations, i.e.,
up to around 200 Arad, with, e.g., a + 50 rad

Vakb adoklese DEt WEen bursts. It will be under gtransool 317
in operation the system 200 can provide netrology and

control in the formof beamprofile and power at th
| aleram deifti(anglezod pesition))@rrection using Stabilization Metrpjogy Module S,

2 OQé{gg 240 1L LUR BAALA A6 E sEsiBHN tBlobdhoul easl! déllé’dﬂﬂ beam

position) correction. using Stabilization Mtrol

NGRS, SNgFan uldieeliogyPrali SETIOF B BISHSRatE 60 S VTTIRES profile
engbeidor Se@datll iot e Eéaﬁlqumla@wpn&&a BptilEkd Begrh it subQAM on the work

treat ment and rofllerm n
LT 0 OB eaTdon arkeck e h FRR e e Pl dinse

t oaridhietheSMM.del i very optics to optim ze beam at

substr t he r

f ee dba?tlk]e tss{)s em. 18 CP Vgglre of e%)a%grg vﬁlﬂ?ﬁga&&é@@ ﬁ,”%%*r g leﬁgé(h of at
Wolekst s126gem, auﬁchecmat;h elmsmdldthTteeolmpst €nl.05%5 ugapa@iosill@ﬁlonal

oper a hoparaneters N

ot ol Yt RS Bl Ch oft SELERAR SEIAKR 30y

< 0. 05 Arcoriingcte duspeetstdf en akbodipre aff i bneseyl’f ofvention, the ZSEMM
;noﬁ%]&?o C%gr}r{%l%e ciam P m'iﬂleﬁlg p@s;hoﬂ Lﬂm eprs% Jluunﬁcﬂl df'ﬁef ﬁ[)t shown)
pr sthntBSCh vemutf@ rrCSptﬂlee SVl signgla.c whietn gret hempidlized &y Blecampin
poh&ttr)bﬂ& 234 g%&%ﬁblt sju%ﬁﬁgsdasn{s&gern@z@%ﬁitpﬁoﬁﬁ ‘ia@érltﬁégeﬁ(ﬁ%d the

shown mput es respectlve error na S,

ma%qqumréoz A& rshen (i E éde byfort b dixerh Ned- @ JHe r”‘ES’F‘WE?Fe shagetsoin
C O il @lonsSid&lt it BuR@RnBGstdr@ser energy output, the laser
trigger(s) and the attenu 202. As shown in Table I
for a fixed NA at the wor I?@F%ce changes in

reducti qns Tesurt 1 n eqw val ent resioeNs. Table |
Reducti qq Pe?l atret-et J)\SIU)\ 70x% ] iy {0]
0.170 0. ck ocUs—1 00 10010 0—Am—NA—HBas k
0.034 0 |MAyereessnst  ShPt axis SFI° 100] om OHB mml400
mm  Shor|Backfdcss pi t ¢h 700ym 700 W PO0 np  Li{'¥e&w dt K
mask 11(dnpResk?0 m 440 gom Li newi dofao goo, 22.0g8% 22 fgm

22 gm  USRETLEEA U1 T T o OM| 24 BomAd P Beaner_4f

cells - Qhortagis p'i‘c\% . 700 um 700 pm 700 pm
Linewidth mask 110 um 220 pm 440 pm
Linewidth geo. 22 uym 22 pm 22 ym
Linewidth diff. 24 ym 24 ym 24 pm
Number of cells ~10 o ~10 ~10
Length ~ 1700 mm ~ 2200 mm ~ 3200 mm

Mask dimension | 150 mm x 100 pm | 150 mm x 200 ym | 150 mm x 400 pm
(energy density) | (700 mJicm"2) (350 mJicm*2) {175 mJicm*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., 20pm grows to, €.g., between about 40pm and 60pm.

such a beam expansion for a beam of 400pm linewidth in the short axis is negligible.
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Length - 1700 mm - 2200 nm -- 3200 nm Mask di nension
150 mm x 100 pm 150 mm x 200 gm 150 nm x 400 gm
(energy density) (700 mJ/cnm2) (350 rJdlicni2) (175

mJ/ cm2) According to aspects of the present invention
a bowtie effect is created, i.e., an expansion of the
begBhdokodsbie short axis of the beam towards gdifuszo04037617
| ongi tudinal ends of the beamin the long axis of the
beam For a 5-20 m beamin the short axis, at the beam.
ertdayvever, gecordig 1g-agppots ming embodinaent; of the (gsefit dentiqy, this beam
€. HowthRELWRER 28HRYK AN rdgpeﬁ@.ﬁ@ on Mﬁﬂm@vﬂﬁaﬁﬁha center of the

Z§ p&n"?%‘léso 4 &%qureag bqblg)? chgg;ahf% Azwsqgwgfyh!gmln?adg Dvxeth Isl‘lrI]lC ltess line
PCEB/wLB%tO 47h0 agrﬁﬂniancb'l@mﬁw&ran loagicudindli ends deteriasipe it evaydl vas,
ORI D St PSR S ook BUETLL OF1oh 015, RERMLAPLANA of

di
_I | inegliact hfﬁnmndyh!mrou@nﬁ@mas@fplanh eThig \gﬁig?aax iong @ils um@nb@a fse
I Sat r&l%tlm@ %r?cf:s‘ 8}1@% l%tg éldsaei]) tﬁrow%ﬁ;rﬁ}t Sﬁ%lf gpegﬁczﬂi@ﬁiﬁx aff eioiﬂgimctﬂm

ess |1 bow e ormance at t beah
| olwgmtﬁml S Tl emsimgé@ BPectsrof ereanbiogimeah pé fef [projgp vention.

i ncl udiphg 1t DG 1 bt dlf £ 104 bPﬂvotfmﬁoré Hhd g |g<‘5,ome|,trEbSISng‘ﬁHC and

long axis uniformty and | oss, of |ntegrate

o1 P Sheo oy SRR s kR o3| S = e W o gaerstion
| Omo@@xfs g@ﬁHreftﬁﬁ Bhd Short BASRcusRE af th@mhdkrpﬁme. NApliaa propose to

bilit d so thr emflct
arietegie i GRRTR e RS by P, B BEae Ao Paio
as §et 1ensOthat Aiffegdiitiglt reRats the behmhcmchm’mtmstanveﬁémm center of
T hloR g S S A SE AR g BossB oAichFYEL:Bl fosiioned
i nitehaatpuonf thethm:emstﬂeﬂel dptim Otherdosthiontary facioss teﬁhetlhe bow are

be% d tg be oﬁlﬁﬁ#& ﬁttﬁers%‘c}ltt la)gg]red&tlod Qﬁkgma)éblﬁugf Q'ﬁfnﬁtcélgrbf the
and s axl s focusing t he mask pl ane. 6£‘ i cant.s

pr shgweust agray, duohesrs é»elteh%d @rméng%leéruaﬁ&aw cqdpfp adverse

|1 RabQiYordh VmEHiRY at Wel thdug b1k sBorBki. hesi zed pot ato
chi p" |l ens that fferentlallétefr cts t

e
accor diNRg- ot agH @l OF SinreHE oEPRERT cgied q{y 3‘6?{56 due to
ax}:)éimd&)hﬁellaceV\bvhlhh @nap @bt beOfuche @kob(dr.roﬁir e hiphlg rdbsment lasers
nari ca S po { the t
Sk a5 o R R et iRt | Rpeghy guch
t hinterfersaceh effecar may el acbiresl with be distibitedidelpy adevieh éu°h as a
Shor hle medhgotég f)"’ RS | Bﬂtcl‘lbx\?\cﬁﬂjd Eapld&%é L%e%&x%gm?%l ihdicated

s array are eleve t o be
cobY Bolaityisie F.etnpbiedOptiss H390r e disp ﬁ%?cftf which

th[s%%@;g%!ﬁ%b‘?%@d@%@&n&he focus of the short axis.

Non- uni may al so be the result of speckle
cr eat edAnplicantstpeeross & ASENINEL, £6- 21368 Mt él’?e?oglﬁﬁ eanfize ah the
m%o&gfecé\?ﬁ FS Uk 2 FieRY (Pb e@r@f fe%r 1 B @ndd b Bedpry Qbﬂéﬂf @Qliliut pulse

| ase from such speckl

coﬁatfémgeOfp‘lO@b’r é m#é@*dettdi 0 aV/cay) cyiith Pﬂf"ef‘tfe?F‘E‘ﬁ’c‘é"th the
3f t:a%gﬂlﬁty@%ungﬁ mbﬁ\afxés Wit} BycR. dllsﬁ)tthd @bt&xﬂdoxd&h;agted can, e.g,
evi ce sucC as a__syn (0] 0O C
Di beveispdl S cides ol HEW S epat B el g SRR 1 ROE 9
by e B, >4 ﬂﬁs@ 2.0 pm L/\piein@Ed Sdtemftof &RRM)tandelbetween 10% and
di sél osure o
100% and an attenuator stab111ty 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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..Ls_hereby incorporated hy reference. Applicants

propose a systemwth, e.g., a 365 mm x 5-20 . m bean
size at the workpiece, e.g., with a field of view of,
e.g., 18mm and an energy density w thout pul se
stretching of 400 - 1000 mJ/cn2 and >600 nmJ/cnR with
PUVESuoshdumbching, with the capability of ragiiisi@aherr
about a 755 duty cycle. Al so the system contenpl at ed
can, e.g., have an NNA of, e.g., 0.13 and &

d ethislgesst dfclaPmd anch fabysl wesKenRC koPtiomI\ FERmaR! pRYx, ¥f fravel of
e. 4 SR biE HIAb

t r%ﬁ%rflnmt t]4 g%@%‘xble@t‘%\evgﬁpafgg %fugﬁldmlogg/%ﬁgman at t epuat o@’En
staizh ptoyrany of Bl Bogverohe frllnap ofrTel 9P e taYsl sed Thig to about

Pr & &Rts. 1A% &)He&ﬂlateﬁ 1@!1 Mt GARakr e oef A%‘é&:oﬂeﬁxﬁlat@@&ﬂé&)tﬂsc

of "a size, 6 .inches with 18
energies of at leasg 77 mJ/pulse repetltton rates of at least %KEIB power of 300 W,

output wavelength on about 351- nm, utilizing: the double _peak for XeF at about 351.and

WO 2005/ 054949 U500 031617
e e

t r 83/l (Fw&m)la.@mtm %. g4@(9l1lm pmls};srmo mwlapdnt 8 212885 ((ENWVEDRH a@# gas
0.5 m and an accuracy

ﬁff('im?)‘r’?é’eé’tt“?ﬁe Psorrglr?IgCe of travel and a travel
s peed of linepr podariaitvotis prEfGedwelas to Sy cherpermphiieaf die hegmg 2

theta Lhay em?é hi 'ﬁpst h%&ggmfég”é ERRInhRE (A5 PMISE30mm with

ener gl es O ul se, repetltlon rates of
at thedmarh neamffragmmn@fd igobe wort Bk 5§ s d0 YRR the

abgut %ge B@hatﬂf {:{Jheéh&lg:e g GoHbY Ig@ihﬂ@ﬁkthé Qhort*@dis &l a beam

abdu e secondary peaks for XeF on either
S| @teblwot’ast?(‘}/utor@stla15&’n’611fami5t¥|‘9§é3t%?j$h158fn]about 29 5 ns

(FWHM) , 4 %e& de113 %mt @raﬁknussfo@ IpeiciilagP Wf 323094 @RY B pulepsitetcher
or ? 200ns @g lifetine ofa'g\ %.tfasca.n 106 ¢
puP%lé“str%‘FmﬁB?’eper‘?&nta% BT EPBA ALY S & P8 4750

as 0loPmi AP kdah Yridth of mm:hlan@améveﬂtrpeoﬂﬂéazm/ o theppeamiingiviitth in
onter 0ol NPl 128 FATRASNITREL ol COMERARLiALACH & s0%itn o

eam near action
i nnﬁtkiﬁuﬁihﬁ)a‘rgycﬁ)lb'meJ mdgﬁliiWerpOHerlO m beam at the

wor kpl € at [ al he -
A e e
{ O (N@fin add a-%mhfogﬁﬂmﬂ of 1o gﬂ%)att the bpng axis A0S (&2 AA;)

beam del t f .7 o
ond brepianedy porihep U B0 o RELESRIE0 %E&bée‘ﬁﬁ%%fd

of op&atidh tﬁzﬁr@)ﬁMntb &avno addengetl dtve dritigal Rspgetsielating &n gioper SILS
75-pé’£‘;ng‘?’g t"?} %! ﬁnga 33 %pirl %ga.npm eal} 120 \bedrh pre&(mce being

I'new dt irection of the
| eragdrbssdf with) @.g5 (I‘cailpoxﬂ'dﬂ emssed ayimam:alalcmeememag\mt OAS grad @ 1/e2

| as eé Jﬁé%owﬂ ‘a&%@‘ﬂ‘c Pa?nog{i‘l’tﬂsq tﬁ@ﬁ&%&@iﬂy}ﬁ&h@%@%e@ﬂ@ the
i nrag;auéd bickizeof 1@ ta20elmfat the Qubstratq, mﬁlmr@% Bgpm pointing to

honrgaggz{]eh%lyzogta]bs o1 Q% (50 ol d. h@ tthd'] Qurchl i aﬁﬁ@ecfﬁi%‘ast acting

%St eepness ‘ot <10 m ( 10% 90%
contwpban eebring, ey, lid thbBDUnder st ood i n  oper at| on that

? ppl i c agﬁr,}s é@@ Swaddr Qas.rﬁpqéj of #Onfehsith bfofile BUREHbrt lafik f b Beam
0 prop

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 lincwidth of

 about 130 pum FWHM. FIG. 1B shows a beam trimmed/chopped by the field stop slit
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performance with an elongated thin beam i.e.,

hori zontal beam di vergence, being addressed wth,
e.g., low power crossed cylindrical |enses aimng at
0.15 ntrad @1/e2 and with a | ower divergence beam
fromthe laser initially, facilitating achieving the

r agiobjosekasupot size of 10 to 20 "“mat the sul&ivsdofesrerr
and al so hori zontal beam pointing to naintain

- horizontal slope of < 10 "m i.e., 50 rad, whic
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1zsg1cg1|1| &theag%eé\ wr%vele:{gﬁm liegle dl f&vh andthy/ &fng%@éh? a@@fﬂm ry

rgénce renoved accordin
t highafpeat waadength, wirbes imyensboy$ thishwavglersile fhe abroRiion it

Fl d%)pﬁ % toS ﬂ%ﬂ@ er;]cglﬁg E&?éy &N@W&&Wﬁﬁéc@ that Qe aé‘rﬁﬁﬁ’ﬁ@lt to

esen ent1on 1 ncluding

d| altemgémg@htgog; }Séglm Jﬁgn @ﬁﬁgq:taﬂt %lpg}{ézmsre oxgﬁgj fampgnent damage
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r efrhv@lehit iof Ye.c0f 248 ol KeFprarf miket dpticayidmaage eaividdnen geryiderations

remains v gonsequent absorption very

hi YHehrgee f ?ﬁ%f‘{t ﬁfé?enswf ﬂ% \iher eas much above this

vvav ele mgipmahﬂa daairdso rrpttomzpdrt@pfilesllra}nlﬂ}mfd}é@méﬂhq ort @¥ig ogtics
?e);’ora ﬁ% ong gf ?oﬁcg% ghyaﬂré{n Béi’wéeh ﬁle\{\é?,érlﬁﬂﬂ fie Qolidate. ar e

tion, 351 nmis ipn a
r ange dfecortieg Wmmp‘éelbme?eebmvwﬁwﬁelme iihipgthe short axis,
copgj deratign P QhdrdXisyof gde, the individual
[ ng?glﬁ ngl vséﬁﬂﬁsrfga& ‘&%éf‘g;%%@gghqgmeal 'y at0 ?ngh ahllngv1 B
pubﬁmdm@bﬁlsemfmmgat:@b chmnglp)fy, ﬁg hamogenizey and| ¢1s the istance

etvrs]/gﬁln taé/\@u%g Ln%@géogg @bk & sfch cyg&ﬁlcilQEnségrdfongQ@dWoMQJath, f;

anmage avol dance consi deratj ons

d| felaitasuib the domisingcpnsin of e shogt axisdpmogepizer; &3 ?téh%‘g?r}&ngﬁe
r efs%gual %ng Fe&?cn&ﬁéhi; D o¥itipliedRl ARILVA,.4 NAVIFR er2t447e(ﬂths slit

S ore

_ Ong axis optics in the ong’éf .
tr mertmb)etq/\k@h(ﬁhh@vl aBnsthera bV oieh of St 1Rk s @PPIORERIEH Y ©

g%ﬁﬁﬁﬁ?m)am See hﬂwcﬁﬁ %Werghdw QW[,\DB abﬁexﬁiaﬁa@vuqdal hoi Ifg’l of the
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U dRipgR o b e5HOShRN 000 e YSX harimel Wop =
t h8 W&eﬂogg@ze F&Rd "a i kgf he di st ance
20mm x 0.0001 or approximately 2 pm. The lenses f, and £, in tandem are telescoping
and collimating. For some control const function, e.g., J = RED LW, + LWpgr =

LWpv, J can be minimized subject, €.g., to some system constraints, e.g., pv and fs. 6s1

i
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between the first and second bank of such cylindrica

| enses along the optical path, fs relates to the
focusing optic of the short axis honobgenizer. LW at

the workpiece LW,,r is equal to the reduction ratio
(RED') nultiplied by the LWert. LWFF + 244? (f/the
slwo o8pResbure) = 2442, (Fsho, t/p,,. Furtherpcrdbbbizab
the nmask is approxinmately equal to RED(LWDNF). The
l'inewi dth divergence LMDiv is approximately equal to f
1 dvergehee equgls Paanatsi vl lassr tines Yoot theijeses/ W v@hlg @prligs yitil

Pk S s e IR RYL AL BRGT wRRRRSL 6

t i gress tall & ocenp int haadja_cmcyannﬂmlwgm,@@o $tripes in the image at the
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f ushepeiah e &eldy Stop’ der thREEI thg\workpiepaDFdee blur ip {io) vyrticglity, of the
besidgwail$s & ﬂfﬁct&iﬂmf B&th geoﬁteﬁhc abér@tiche Bk 18¢SdiPdiEence.
constraints, e. fs. esi 20 WO 2005/ 054949 .
PCT/ usé‘ffe%sﬂle%fmwcts aﬁ tb“eﬁ’@%ﬂd’é"*’%‘t?&é%‘”&lﬁ‘&?ﬁ’? PrgRgsed fgprovide
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<SPy EUEell o0 o oy Bhd 68l o FonlBo b
anenienwaselentity of ayout 21 ko optitlysteinp napgttise lafer qutpat light -
2 G383l BIECLE AORLLSTLS, IR0 AR LOBLANLEE
t ocxu)ﬁélmsuh?d@se@@%f hgslhrulqeubﬂmxﬁoa@rnl ipp lqng axig pfthe wa@@
aca&lcglbmo&egn SRRES5hAbneBRis P SFOMRIY 95 Vmuk; hﬁe o‘i&ﬁ@a‘? §3fem

i nvention_a i cants. have proposed to nest | ong

axipeludipg %\961 %%@Fam#@tet%f lasernd the workpiege ﬂ}fr“é@@’rﬁ“

| nc\barphmaga 12l kEbeihBatll; OMéreig ehe aptlmagdystaﬂ &rc@sy:s the lhﬁ@ RButput light
tition rate workpiece.s ng . nechani sm
et g« P DAl R i R i e e ol

40«361 hbﬂsuﬁﬁwhnﬂ)y smbp mlda@lla td dise me(ﬁeldpmb td mghthmralshﬁﬁeleﬂub,atnep

at be?m r%? ﬁgér & IEhe wor eﬁ nwgtth;&ggorloco u e bea}n% rﬁi'llmat & hl%? ei%%;nstitg

| els‘sel telea mmmmg m qhnpmnmeamamﬁk a@abouttbe 5-&@?@ intepsitspenel as
| bt 26: %@%WLWHMWQMQ the laser output Iight

eamto formin a long axis of the beam a
vvo rkpi Shesystemaray algo evnnsisg a teleceptia conyprgion Jensin the qgtical path, a
3 105 comid Qﬂ@gmg BénaRlib& al e, 8V SbSe chiélibFhO8adisn] dsalsd

stop internedi ate the | aser and the workpi ece; the
wolergpitetbovees apiffer yersion éﬁ}%‘fls"t%" wee s gt Fifer ei n
the optical systemfocuses the | aser output |ight

pul se beamat a field stop with a magnification
sufficient to maintain an intensity profile that has
sufficiently steep sidewalls to allow the field stop
to maintain a sufficiently-steep beamprofile at the
wor kpi ece wi t hout bl ocking the beamprofile at too
high an intensity level, e.g., trimmng or chopping
the beam profile at about the 5-10% intensity |evel as
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opposed to at or above the FWHM as in the art.. The
system nmay al so conprise a telecentric conversion |ens
in the optical path, a Ilong axis conic diverging
honogeni zer, e.g., as a bowtie correction nechani sm as
al so described above or as different version, and

also the sanme in the short axis. 21 I/VWE CLAIM | . A
dgasE dismnarge | aser crystallization apparatus with
crystal or filmconprising POPA XeF |aser system

| ladans dipdiat Bseatryhalfiationegppdrattsi with cnatakorilit borpurisee POBA XeF
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he fi 1§u unit. 3. The apparatus of

{r {
&Jﬂ fﬁS%%W‘ﬁCWemﬁﬁ PHEAMi ver gence contr o
conpri ses an unstable resonator arrangenent. 4. The

%pﬁ;ﬁera?éalil;tu offc,l% A H}ﬂl frtgy. conmprising: a beam

poi ntrhg contro ant'smt ntermedi ate the | aser and

the Wa\}éx%!irgggonbolﬁn tllgﬁl%t lgsgplﬁﬁtat us of claim1l further

conpri si eam posi tion cont rol mechani sm

ELV a‘}lét@st clﬁlFlaLﬂJﬁ}?‘e? on?;ﬂﬂéhe wor kpi ece. 6. The

appar us o aim4 er conprising: beam

par a”‘ak‘é‘rrgex{@wnﬂbl%é{pr&ésoa‘ﬁ'ugété% ré%GﬁakoY &Jngé&émac k control

to the beam pointing nechanism 7. The apparatus of

o ngéar;tﬁg o gy CERTRYE EcdipRlng: bE2M par anct or metr o ogy
provi ding active feedback control to the beam posi tion

cont r ghye gé SiroMERRESH n@rﬁéme the laser and the workpxece
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-5: The/Bpparatus of claind W furtler eomprising: - 3 T

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.
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