;9:;<e3e_hq_jj km np6qThqr PROCESS AND MASK PROJECTI ON SYSTEM FOR LASER
SPECI FI CATION CLAIMOF PRIRORITY This application clains priority based

U.S. prowygipenalyzapplication serial no. 60/253,256 of Janmpgriselientitle )
"Mask Projection System For Laser Crystal I]1| zation Processing O

Sem conductor Film Regions On A Substrate,™ filed on Novenber 27, 2000. i O
NOTI CE OF GOVERNVENT RI GHTS The U. S. Governnent has certain rights in this
i nvention pursuant to the ternms_of the Defense Advanced Research Project

Agency award number PRESGESS 0N MASK PROFESTEONBESTRMGORAASERhe present
invention rel ates teggt ﬂtf&T?GN PR@?%IN@ BfF mg@mﬁt E%i‘(? | | 6, and
uctor

more particularly to techniques for processing sem con ms usi ng
patterned | aser beam ets. BA RHEGIONS 6N ANMIEBSTRATE:chni ques for
fabricating |8 gral ned single crystal or 20 polycrystalline silicon thin

films usi n | ateral solidification are known in the art. For
exanpl e, wm&mﬁﬂwabt application SEECHBICATIONY/ 390, 537,
di scl osur i ncorporated herein by reference he m@“\mm M“\ch is
assigned to the common assignee of the present applicati on

advant ageous ﬁgﬁ 8 ods for growing large grained *15915"

pol ycrystal li al 25 silicon structures using
energy-control | able | as puI es, and.smal |l - s Ie translation of a si|icon
sanpl e to inplenent seq&é’ﬁtapﬁ icatign glaims pHprity; F‘?fla‘m @% 5o wsigaglrralications ed.

2 The sequent kgl halayols, 29yt ! B oo ¥skEfoflpagk bed

therein provide t efect density crystalline SI I con ns can be
produced on t Kostalkzdtion Paoaessing Of Samicvoduger Film RegionanaA Subgrabet fijedupon

whi ch hi gh peN rTE oeI ectroni c devices can be fabricated. Wiile the
above-i dent i f ' QYRR t ument discloses a particul arly advant ageous
system for inplenenting sequential |ateral solidification, there have been

attenpts Lé) ;i, ml.epent sequential |ateral
solidificatio &HdSed in United States Patent No.

5,285,236 {"the ' 236 Patent %' the entire disclosure of which is

i ncorporated herein by A8g&k r@@vemeﬂéﬁ%??ﬁ%ng}éisFlﬁ\lﬁrlé"intlotﬂﬂélrsuz@UOPatent
di scl oses a 1yl %‘PA%L& ;ﬁt} ﬁs%%st’dv%ée‘afke%&%ﬁﬁ}o p%%ﬁé;hﬁ#{ "umfdr N66001-
illum nation sys IS projection YT adr af 10N system generates a
honogeni zed | @84r8d418am whi ch passes through an optical system 22, a nmask
14, a projection lens and a reversing unit to be incident on a substrate
sanpl e 10. However, in this prior art projection irradiation system the 15
ener gy densit FIBLD OF THEHNVENTEONbe greater than the energy density on
the substrate 10. This is probl ematical when 'processes requiring high

fluence omsthe The present invention relates to techniques for processing of

l—f-

semiconductor films, and more particularly to techniques for processing

semiconductor films using patterned laser beamlets.

BACKGRO OF THE I NTION

Techniques for fabricating large grained single crystal or
20  polycrystalline silicon thin films using sequential lateral solidification are known in
the art. For example, in U.S. patent application serial no. 09/390,537, the entire
disclosure of which is incorporated herein by reference herein and which is assigned
to the common assignee of the present application, particularly advantageous
apparatus and methods for growing large grained polycrystalline or single crystal
25  silicon structures using energy-controllable laser pulses and small-scale translation of

a silicon sample to implement sequential lateral solidification have been disclosed.



substrate 10 are considered, as the high energy density incident on the
mask 14 can cause physical damage to the mask 14. In addition, such high
ener gy | ag8halidsghit can cause damage to the optics of the pypiussi4415
Accordingly, there exists a need for an 20Q inproved projection irradiation
system of the type described in the '236 Patent for inplenenting the
sequential lateral solidification process wthout damagi ng the mask 14.
SUMVARY OF T | NVENTI e af.1he opjects of .th resent javention js to
orovi de an | moPoteR tepcofifisivfon hmases and sEaht SrariprBEe pgvide

i npl ement  t hegaervedda dehdtyRrakalfm difkdd fils AR be PRAFBES o BloSEtubRrattle
present invention is to provide a system and procéss using which, the nask
of utilized fiatdhagipsynttiepitixial eegrowthympamwhmhl igspérformancaiaivaopettionic

degr aded due &o.the igt fﬂ?’sj t‘¥ of the beans/pulses. It is also another

obj ect of t hedPHEE&AR OF APLISESn to i ncrease the lifetime of the optics of
the system by 3 decregasjng the energy being, emtted through the optical
corrponentrsTg (e.g., proj e@&l‘%ﬁg‘f @??é’@‘é‘)l‘?m'%dé??t&@ dqcymgptdiscleses gparicylBrlict i ves
as wel | as ot hfifatagbits sgétlaﬁl_ﬂ? a&egrs% enfiaf latefﬁfsgﬁcﬁﬂgﬁi&ﬁ)thte%afvgl | owi ng
specification, the presént invention generally 5 provides that an

i rradi ati on bbeamattempisite eabdify gilaer systeme togimplerbertseqyehtisltleteral solistificatient wo

beans, each ppovidin artial.intensi. f t ener qvy,Qf,the. ori,gi nal beam
T one exenp! GFS suaRRdeslost S trlbafter Poamivg R2 8 assdkee 258"y et om
for processi ngatant®) kheCatird BisElodurt BT RRich i$ ARBIpBrAEFhdR&iA Wydefdrenkd Particul ar,
an irradi ati on beam generator is controlled to emt sucCessive irradiation
beam pul s at a 10 pre - 19 el . I L.aLl on beam
pul ses ar g@t hen separ at ggf‘el ntgot%a g'i“r@gf {ng%ﬁg?it%gglnﬁc%ﬁ@s'lJ’Egg%t?otélecond set
of beam pul sesradidgtienfsystem. departitulbg amiluwhmesomsystena® efithisprojectaati at e

t hrough a mask to produce a plurality of., bean ets. v&}r} second set of beam
pul ses and th@%ﬁlﬂéﬁ"gm&r@ng"&{ﬁé@o o) %eriﬁﬂni ‘gﬁﬁ’aéﬁfﬁ ughan; one
section of thgpfdal b}%‘?éi‘n?@,' B nfdsk T, MBfectibie1ens amial revetsim) ufed e Ritid&s ofnd
the beanfets 15 Similtaneous! y irradiate the section of the silicon thin

Ii | m | E hit s comgitllymatmrpt ; :]eom. df}gwweg,?nﬁhlﬁfprt ﬂtﬁmctlﬁnw:ﬁdmmn@tystsmt :hﬁpi Ent

o ne section o silic i,n filmthroughout an.entire i ckness
of the sebti ofterendertity Sitag Patl PLmhtl sk ub L Y SRR PG B 1 "t he
successi ve i r ggshiratel 100 AR pRsHIGRSIAI whelPpREEIs6y rethieidlg hedelidnt®bn fiet €. 20

I n anot her exenpl ary enbodi nent of the present invention, the irradiation

beam pul ses cawbsiatef l§ragacensiferas, as Hehighsgsicran dansiphineideneomihg mask A an
Sl St . . e _ g
set "ot beam poRue YRR dsBhfe kil mabi® 1456 sl BN BRbefl Mol P EAONS

pat h of the i cawedidaimagatorheoptinslofdse fystem. t Aecondingly, thort exéyed adedSot e

irradi ati gn beam pul ses, into the first sef 25 of,k beam pul s d the second
set of bedth pifPROYehATYFCqn impdiafion sysfem p wemrﬁeﬁ%ﬂ%égn giéﬁa%ertt & mask.

In still anot ﬁlﬁ?leﬁi&'ﬁﬁﬁ%iﬁ%%?&htﬁlh&te&'i SoIRTHficdtoN PRddeSywithdiR dwn_agihg%?émeék beam
pul ses has a cofresponding intensity which is Tower than an intensity
requi red to dddage, degrade or destroy the nmask. Al so, the second set of
beam pul ses can be 30 prevented from being forwarded to the nmask, e.g., by
di verting the second set of beam

Y OF THE INVENTIO

One of the objects of the present invention is to provide an improved
25  projection irradiation system and process to implement the sequential lateral
solidification. Another object of the present invention is to provide a system and
process using which, the mask of utilized for shaping the laser beams and pulses is not
damaged or degraded due to the intensity of the beams/pulses. It is also another

object of the present invention to increase the lifetime of the optics of the system by



4 pul ses away fromthe mask prior to the second set of beam pul ses reaching
the mask. In addition, the second set of beam pul ses preferably has a
correspongigi@shdygensity which is lower than an intensity pegrisopdsip nelt
the section of the silicon thin filmthroughout the entire thickness
thereof. 5 1n yet another enbodi mrent of the present invention, when the
section of the silicon thin filmis irradiated, this irradiated and nelted

201191, 5o, LR ATl BT Sl bty . i =

re-crystal |l i zRgses).he sanple is translated so that the beanm ets and the

. second set of beam pul ses inpinge a further section of the silicon thin

film This | Ofurther seehibOR Rhick&MRle RREdIVRS hywelY 8 bRBS tﬁmviﬁ%%&rg@ that
was allowed to re-solidify and re-crystall'ize. Al so, the sanple can be

m cr ot r ans| at apasant whithtrefenench tmthic doliowing spevificitionythe presendfinteation peresally

I npi nge at. | east. on revi ly.irradiate f ul | ted, re-solidified and
re-crystaldi z@lﬁwlﬁ%? ﬁ}agﬁn m%ﬂ@&gﬁ?ilﬁ)?ﬁu&?&%@%h@ _ Qqqm]sp“fllttp o bfgme
beam ets and WiebBkQBsthRbviding VAR RILIERS of B2 enbFgddrMCordgifal ey 15 nelt
the section of the silicon thin filmfroma mcrotranslated |ocation of the
sanple. The mask may ha =i : . . | t he
pattern are the obli queﬁfglgei%@p&%%@%ﬁ%@&ﬂﬁgErésgigbré%{jﬁl{aﬁ,garérlbgés})? alg&et of
beam pul ses t sysiam fdtipaocessihga eilicon thig film Ah scamplecarepsividedayn partieular,lahne
pattern such that line portions.of th attern are.the qablique regi ons of
Phe. mask whi clirigtaion heafsneraiog is woptrofisd Besaif fhsresivedaadeton bezu Biseshar o
through. fyrt bRusehfined RpeABSK iR YTHRAY Bralidiof beRaRiles RRlthel Sepatedd ihfdad
transparent portions of the pattern do not include any obli qug regi ons
therein. It i8rshbetofpeamipblses anst psecondiset bEbeaneruleesdiThy fitshsctefbdam mAsespat h

of the first set of .heam pul ses and/ ar, 1t he second s beam pul ses. The
acconpanyi ng WW‘?’FS?‘” (ﬁ%ﬁaﬁplég gk, rpi?(i .egrpguréﬁﬁrsﬁb[eﬁygetsﬁ .asref:orglf
this di scl oSUE& of bkdrt plilsad hdath bednlels Qe Siarioipingdfant Meadié@lch&dnand
serve to explain the principles of the invention. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gupeastien p§the siliqeathinifdmp| When e sepondseifofbepminylses prd the beamlets

proj ectiongiradiall : bQUrQ: 2 i C e liagr am
of an exe?r%l a%@m é%%%ogjlglr}éﬁt%%ig tge 5?%?%5#?% r?ﬁllcg’%la |anhl§lbn %@r}l&e‘a@%?ﬁfjgg to
t he present i avembined intEngtyrwhiGisi safficient xeplt dlie/segticpbf thb isiticor e dant s t he
ener gy densi ti/ pattern at,k a silicon Li I m,samfl e, using the prior art
projection ir tﬁﬂ‘ilghollbﬁ’ enfire Buckmeps pfithe sectionn he gradeation bepmygegersisTi s an
exenpl ary gr aphaWahfehlt i AHARE SudcBRiVRRAMY SO Yulses at a predetermined

repetition rate.

20 In another exemplary embodiment of the present invention, the
irradiation beam pulses can be forwarded to a beam splitter which separates the
irradiation beam pulses into the first set of beam pulses and the second set of beam
pulses. The beam splitter is preferably located upstream in a path of the irradiation
beam pulses from the mask, and separates the irradiation beam pulses into the first set

25  of beam pulses and the second set of beam pulses prior to the irradiation beam pulses

reaching the mask.

In still another embodiment of the present invention, the first set of
beam pulses has a corresponding intensity which is lower than an intensity required to
damage, degrade or destroy the mask. Also, the second set of beam pulses can be

30 prevented from being forwarded to the mask, e.g., by diverting the second set of beam



pattern at the silicon filmsanple using the exenplary projection
irradiation system of the present invention illustrated in Figure 2;

Fi gures o W RiE illustrations of a radiation beam pul sep¢tiusigisiys 10
pattern and the grain structure of exenplay sections of a filmsanple at
di.fferent stages of lateral solidification ("LS") processing in accordance
with a first exenplary enbodi nent of a process of the present invention;

Figure 4J is an exenplary.to iew il lustrati o f a thin filmdevice which
can be fabri cg{hé?f adg%g'n%o’i{ﬁlée Qaty heg_g?qn_él[s ﬂoﬁheaﬁ ?eégaf}@&ﬂ:eﬁgk'

Fi gures S5A- SEnpiditidd, #id dedérdodes ofbeath pasisPpréferabBemiaishespdnaingatehyirpat t ern
and the grain structure of exenplary sections of a fil msanﬁ?[ge at different

st ages of thewhihdp kvees shanpn; inteasiboiedalrrdtonelhthg saativnrnd thsiigangthin film
enbodi ment of ﬂ{r&? h%?fé:g%ﬁtix%ft tci&?es?h%?&)?t i nvention; Figures 6A-6D are
ot R rada lnDeam pu i

illustrations on Se intensity 20 pattern and the grain
structure pof exenplary sections of 01 m le at .different stages of the
LS process?ng in accor d: X"éa\%{) r%{nﬁq{flmante Prﬁﬁptté'ﬂﬁl} %ﬁﬂ’tﬂn?{‘e%ﬁﬁm
process of thefeegrdh thifl RMtis @fidiAsd thib tidPatdd hifd RekdPWcHbPEl BB kilicon
representing an exenplary LS processing procedure under at |east parti al

control of a dumbilmiinglayeddageselidifiorndmryniallize Aferihe s&tiohef hestlinondhinof
th t i tion.ef Fi - 41, 5A-5F.and 6A- 6D i ed
out by the sy BRER-sFERe gt oFdbedema R PR G B ' ©

enbodi ment of g REidERt bPbeait ﬁlﬂﬁﬂsa{)dlpﬁige%)fﬁﬂﬂéﬁsaafcﬁfﬁiﬂwsﬁi@oﬂﬂhﬂl ke SThis

invention is shown as, a schematic ock diagramin Figure 2, In particular,
a beam solf ce firther pectign at leash pagfiadly overlansithe saclipn theb was allewediq reselidiét | aser

beam 201 (CO”BJg& ?e‘-’cr‘}gtﬁﬁ@fz“ﬂé_é', ﬁn%%@@c%ﬁb@?ﬁi&%ﬁah&lﬁt@&% fifht ﬁx%%’é%fﬁ?%t%ﬁde r 210

to becone two beans exenplary rnplenentation
present i nventhesecoridses ef beam pylbdstimpamett Radt, ong pievicuslyciaraliabey 1lbGteledd, t he

energy that of the orjginal be 201. It |s within _the scope of the present
i nvention to |5‘?)'§‘Qldé§?/‘i %an ller%téﬁ]ﬁ*’élrp‘)é%@} @éﬁ%é?%ﬁoﬁé’f iﬂ%%h%“tthmtfjﬂ@- exenpl ary
system of the present invention 10 illustrated in Figure 2. Each of the

beams 211, 221 is conpoddg bgamletssand the sasendselof beam pyises qanrigadigisiand fwlbam
211 b ' ; i . : ' : ichith
outputs o omBuiie Sédt ot P St k84 AicRAAMARRISLytT de meBpalid 11

its respecti vaheessk pudydase adatlikepairth siwhitkat doypartidbhs fthe pattein bredthe 214 so
as to be incident on a seniconductqr sanple 231_0 whi ﬁ} is held by a sanple
translation stokjeuersgions of heanash veuchRrcxent thetirshish of beamphless o dirediatgs
metal lic, di alifgl irGugtP’ ARG HERIASE nial hiPe LBe PRttt Bith! thatiRd pbRfonk B! | T CON
pattern are the oblique regions of the mask which prevent the first set of beam pulses
20  to irradiate there through. Furthermore, the mask may have a transparent pattern such

that transparent portions of the pattern do not include any oblique regions therein.

It is also possible to provide beam extending devices in the path of the

first set of beam pulses and/or the second set of beam pulses.

The accompanying drawings, which are incorporated and constitute
25  part of this disclosure, illustrate a preferred embodiment of the invention and serve to

explain the principles of the invention.

BRIEF DE PTION OF THE D N

Figure 1 is a schematic block diagram of a prior art 1:1 projection

irradiation system;



sem conductor sanple 260. During a substantially same tine interval, the
second split beam 221 20 (and its respective pul ses) can be redirected by a
mrror 23264h9.A3$s through a mask 230. The mirror is arrapgeqseiiaing hat the
second split beam 221 is aligned with the sk 230 to allow the second
split beam 221 (and its pulses) to be irradiated there through and becone
masked beam pul ses 225. The masked beam pul ses 225 can then be redirected

by a second mirror 231 {p pass t%{gough &Hpr%’ ection lens 240. 25
Thereafter, the masked BEBES pifi sc8emdic Back dlagramselan sxemply embodimspeef i on

lens 240 are Qgﬁié&t%ﬁ%écﬁ%&ps @n%]écﬁfﬁ%iﬂogg%bi‘%%@t%%nﬁ&'as to be incident

on the sem con tor sanp 2 e mas e projection lens 240 and

the reversing unit 241 tantiall iJ¥: as_those
described in the above- %‘lﬁ)?‘??g Mk gl%ggga@_%ﬂegp%{zrﬁgﬁ%oe&ﬂ%ya ensity
conbi nations paeret aisiicon filhesHple uting theqirior A pedjeiondiradiaton flem 7

shoul d preferably occur, prior to the original beam 20l (and its beam

pul ses} bel ngllb’ﬁé%téélutﬁ%{?gh the mask 230. It shoul d be understood by those
skilled in the art that _instead of a pul sed exciner |aser source, the beam
source 200 may be anot hEigukndRis yoekeawlasy sepbivhicheeprpsenss theemergyidensifie f or

urce 200 may be anot hE . nupyseiaftasoyidea
Such 29 & pul CuF R ELT S SRyt bl o RS FR G ol odfont 8t

pul sed el ect r ¢he pr&sem @verdionuliGatddin Figasp; etc., with appropriate
nodi fications to the radiation beam path fromthe source 200 to the sanple

260. The translations apghyds4QUI HRSI@taA6Ss ﬁax‘aﬁ‘iﬁti%ﬂ%ﬁpﬂ%@ﬂﬁe&@ are
preferably controlled by 10 a conputing arrangenent 270 (e.g., a conputer

whi ch use$0 | npaiteripend thergrain siructorsrafcysmplayy sefions dfs: fdlousapde stalifftrentbeam
source 200 and the e .S 25Q.«nkt 1S al so possible.for.the conputing
arrangement 2 %g?sootjzgtg{%h fﬁhdﬁlﬁ%%ﬂpiabﬁ b BIPSPEHEdf é'lg%qﬁafnﬁg Wr‘r&'s?f“f PP 1o
shift the int embbdivhcpobdl £process of i frédest indéidionecond beans 211, 221 with
respect to the sanple 260. Typically, the radiati on beam pul ses generat ed

by 15 the beam source Z%Ré@yisqﬁeﬁeﬁg%ioa_tvwilmtrmbntd}eathﬁ{mﬁl@éviéeo
mi/cme to 1 J/cn?, a pulse duration ( M in the range of 10 to 103 nsec,
and a pul se r shishi cande falricatadrusitigghe progessofusti@tedan FigutSM AL Fi gure 3A
shows is an exenplary graph which represents the energy density pattern at
a siliconlfilmsanpl e uFigwese-SEraroilluairatiqns of e eddiation beamdivddeiintensify syst em
illustrated in Figure 1. |In particular, this graph illustrates the energy
density pattePft Wﬁ@eﬁ%égﬁ?mﬁ%ﬁ@gm#ﬁ%%%é%s fakdileent s no
beam spl i tt er s30ds offfie BS PYodR6ding fh dcbSrdRAde it becodE LRy inddfin

shown in Fi gurSeQBAS ieﬁ o?’der fo.gr parti culear porefi ons ofﬂtrﬁg st c%nrfoﬁi n
filmof the séheprecassobthefpaésent imsdntion; t hr oughout its thickness, the energy

of the laser pulses (Enelt) has to be high enough for such 25 nelting, and
| i kel y exceeds the danafiégurés @560 ate {lEsaataslof Aaadihtion baskp@lintdasiyir e 3B

shows an enpl ar h which represents the _.ener densi ern at the
11T con 1 £9 m BARFEH ath e s EeR e | X PP BRC SR ! AL HERY o] Giterenh
irradiation syabeidfitht HStpréde8fing th dcbSidafcedwith B N SRRy BRBHUiRRME bethe 211
is being used to split the original beam 20l into the two split beans 21 I,
221. In 30 paprdcess afithe piesent imviegtiomjandi ty pattern of the second split beam
221 is selected to be 8 bel ow t he damage threshol d (Edamage) at the

pl ane of the mask 230. [Rigurk7d4s aflowaliagraitheepraschitiad tn examhplanydiS jpreceksimgged or
degraded by the beam generated by .the irradiati gn beamem tt by the beam
Sour ce 200 VBRSHIFAIEITS Mg ORI 4 P FIPP SRS TSR o IBUH OB ¢ 0
the pul sessof fidiobdstalofTid prlesdd AiVertidn om?ufe§ ﬁﬁﬂl%&-%d%ﬁ@b?aﬁzﬁgy pech
that the intensity of the pulses 216 is not enough to nelt the silicon thin
filmof the sasapied oR6by thersysigmaftFigure 2t hi ckness. Wien the intensity of the
second split beam 221 is added to that of the first split beam 2l |, the
resul tant conbi nati on of beam pul ses has the intensity which is enough to

“melt the silicon thin filmof the sanple 260 throughout its entire
t hi ckness.




10 A first exenplary enbodi nent of the process of the present invention
shall now be described with reference to Figures 4A-4l. In particular,
Figure 4Ayglhomssyan exenplary region of the sanple 260, supbrasegu@@ytially
fabricated integrated circuit device, whigh includes at |east one section
82 (and preferably nore than one section) of the silicon thin filmthereon.
This section 82 may be conposed of certain 1 S areas extending in a

hori zontal diyectiq kRl F ot her areas extending in a vertical

di rection. The=settH G022, ~as—V as other section of the silicon thin
filmon the sanpl e 160 have n’iall grai.ns and grain boundaries randomy
oriented in various diré®sxgmplaryenbodimentof a Mpiertisiragiationsysemt i on 82 may

be in the ran . I 4+ R sses
of the o1l contofting Rhe pRAE R ARBAN o Ah s ndeiorhdlicbIlc db e hAEDTD0 o

: and are w t hi npdrecdappdeah solree PO®&em; a pulseidxicimer lisetlgenerhs ah@wsinidne

section 82 affer bei irradi ated. by a first .radiation beam pul se having a
desired ir&en sgrype %éré?mp?ﬁehlﬁ’gbﬁ%’%%{ﬁ?s) chpasses t %?FEWP_,SP]EWISHO _
pattern is a %@p&bﬁe%‘beﬂﬁg Qﬁ,@%‘l\g?![)rgbné é(eﬁfggérrgmplaﬁeﬁ%ﬁsasﬁth\éﬂrp&&e rtain

areas of the section 82. The nas of Fi 2" can be used to effectuate
25 such pat t emveuntpon these beo splitibeamsi2 bt, 221 imaytdach bawd®do sHthetenérgxithatof ses

221. In partigular.and to d,further detail . the mask 230 has a.pattern
Wi eh cone st BasPIEsHE Bein A et TGy g SPe oE ederont EnEIIP PSR ¢ | oned
opaque dot - | i kflifadh& herghitombindtions Gith e ddempPRAayierh 89 iR Predht inbentiES K
230 do not allow the pulse of the second splif beam 221 to pass there

t hr ough s#0 asillustrpfedimeRigureand Eaohafitks besmscXl 11 B 8gomppsedsyfarsdl eftheameas on
t he section 82.lel—gowever, the regions on the nmask 230 surroundi ng the opaque
dot-1like regi BAE%%1 1 ow t he pul ses to pass there through so as to 9 all ow

the exiting irradiation_beam pul.ses to irradiale a melt t respective
other areas of the secti ﬁ%ésé Sm%@ﬁ@§5§%@¥eg%ﬂ@%?ﬁ%ﬁ?wﬁgé‘m pul se
woul d have anpbbg&iiidrp1Bakhieh thettbufthtd NRdHERRizea MRAAW15! §HERAfeOthe

corresponding to the opaque dot-like regions of the mask 230. 5 then t he
second split bemaggnizeddwam?lSq{pred Isirospertive beany hulses) cambkredectedbyh t he

first spl be . i rradi.ating. n in th e, 260..the
conbi ned ?% r Sﬁ&?ﬁ@ Hé%@f)%idﬁ{ ésop?(‘jgl t?" %Bé%ﬂrﬁie%gﬁg gg&gﬁ#&%sg%q %@%Cﬂéﬁ%ﬂ%r eas
50 of the secbyaRrafigle thinklafion sidgé 250) e skbuldbehdted tiaf 8@er &inpld; eahdisng t o

t he exenpl ary enmbodi pent shown i n Fidﬂglre 2B, the unnelted areas 61 are

provi ded at r &miallg, dideqgtrie.or palysnasicdHmsmpay heaybgitpied dorghe siligoect i on 82. In
parti cul ar, . j of the silicon thin filmis irradiated by a
first set ofm?ﬁgm{)?%?&%%gge%@hd split beam pul ses 211, 221 (with the

second split beam pul se i.0g. i ntensity ern def.i ned t he
mask 230), each area i rr%e{%il%gagsgg%)‘:#ﬂl&%l#ﬁ’glkoc%u:?“éag’%%aecgggfgmb%g%b%al ses
221 is mepoed (iddriguesRotivé iﬂs@bdﬂlﬁa feliredteitra miktod 222618 passthrmghfa rhdie
section 82 that is 15 bl ocked by the opaque pattern of the mask 230 remnains

at |east parti2aP1 Yhe ey is arrangrd spel that thesecand sl kegmug2dais sbgesd witla thsect i on

82 has the origi ' r r& S [ L thin
RN el e L
pattern, e ome nraske s e mfas es@24rcan ,
whi ch may have any s e, such as a circle, square, etc.., have a snall
Cross-sect | ong’F’ rﬁﬁ@&ggl%yQ?cW‘H@%E to B?Ssmeuéh%gwaeﬁﬁ?iﬁg_‘lpo be Iarge
enough so2t hatrTHehRarEe tHeSfaskdd boih 9{11395 ﬁﬁ@ﬁcﬁ’{aaés@&ﬂﬁbﬁghlct?i@ﬁ c{i'éc%j!io% 'rllérﬁ‘ 240

E
provided on the sanple 260 does not cause a conplete e g of the areas
61 on the sectarasgaBiredivectediton reyemsimgami@Abise las talke ineidpricm the serhisdaductor

regions. In accaor e th i,nventi on_ and descri bed abo t he ,ar eas
65701 the seo BR800 b rbish 230.)¢ BRIG-EEpRRE 231 AR BE rarTHRE SEH SAL LR one
shoul d pr ef er alibdtantiRIR siinifdr ok §2fié addMbéd @stribedifehd SRdve-Tdonfiisd 286 Phieatir € 4C,
after the section 82 of the silicon thin filmprovided on the sanple 260 is

“irradi at ed vi dVhilg ethex opfical eombipations may bemged; deosplitting ofithe ergingl heam 2011
221, the nelted areas of the section 82 are permtted to cool and re




30 solidify. Since the at least partially unnelted areas 63 of the section
82 of the silicon 10 thin filmhave the original grain structure of the
areas 610§ obamysection 82, such grain structure in each-atrhgagiumartially
unnel ted area 63 seeds lateral growth of grains into the adjoining
re-solidifying nelted regions of the section 82. During such
resolidification of each nelted area, the grains grow outward from each one
of the at 5 | eas artially unnelted areas 63 i respective .

e sobi di 1 cetiPbls Pty ofcuratnafy SEaRA M Ay R bea Ao beingal |
unnel t ed area?aﬁ,gbdtﬂrgdgﬁtﬁ@ﬁggm(ﬁz of the silicon thin film After the
re-solidification of the regions 55, areas 52 are forned at the edges or
border s of these r egi ong a1 baGnkeidSd BY uftsE siTEd In Bk 3hiied iplapyst al 1 ne
silicon areas fornmed due to a nucleation; 1.e., the sections of the silicon
thin film 10 pdsadessqonmeilagr saurtd)dlsecheanesarde?2 00avay heanthen knowh ksyurvebf ed and

re-solidifjed with small graj rovi.ded ther.ein. _ Fach re-solidification
regi on 55 'J] s mwlﬁegémﬁﬁi)g’m%}@%ﬁ @%Slgﬁonaﬂgl e Wetf‘@m?rng _
re-solidifi Ca&és@ﬂbécﬁ?ééélﬂ be ,%ﬁcﬁ"@s!dplﬂ&dtéaﬁdﬁa%qﬁsé,% ch@?e&&&ﬂt%ugﬂi%% In

each of the nelted and re-solidifying regions 55 is ef tuat ed by seeding
t hereof vi a tlaseras phlsed ¢legteont beald gr apuisddtionl beanyieta, B3h wppropmate he 15

ti -sqld dj.fi ti i 55. T, but ti i di.st
0f “Phe. o i nemOReHoR D She RdteRon Rera path e e sobtel oH1S i Al Akel B "
areas 63 is appiationshfd thidtBlrhnsiARNYb N s@hplelitagBRbD Gtk preftrabhp cafirdiRi bjed

by the width of the beam ets (or shaped beam pul'ses) exXiting f&om t he mask
230. In tH s aaemputing arangemgnizd 794e.82 agomppter Mddrh yseelndel Rentipme 420

re-solidificati.on areas.b5.after the re- ALt } f | t

regi ons of thgncsrgertolc%sgo@ﬁ@uggﬁﬁélgfgodieigéhg%%ﬂg?ggb%gq%g%rggﬁgs?a&gﬁgg.em at
| east parti al {tys si86Pbésitsle ﬂfr&ﬁéc&ﬁ%ﬁim@wkﬁngﬁnémaho td@dntioh theghigtdtfandlativnsng
fromeach such unnelted area 63 abuts the grains tgrowi ng fromits two

adj acent at | efihe npask 2305 ¢s tashift thednispatycpattormefithe drst pad pecond beams 2Hs i on
f th | t ed i ot h&. .Si ki€ o ofidm

compl et ea (i - 22E WPt b o St 260, PRyfbattyl edhdinflbeall Bt dihbrice by

interveni iy sprdean sohfe 200pradtdes bain intgisitywhimthairagerufd OahJ/thtogtiadms ai s

the di stance that the grains grow befor he, nucl eati.on of new grains
occurs. Turni H&S?GWFI%@WEW?MQI%E@SCP&&% ri‘SS?ranlaim%eﬁ RIPF 1R he

first and sec?{bdraﬁ dE10PBAM i ges 211, 221 on the section 82 of the
silicon thin |Im$gs 30 prefera%?y fixed, the sanple 260 is then

repositioned by the sanpl b t he
conputi ng arrangenent %%_a?ﬂskﬁ%gﬁgg%eé%gﬂﬁ]rigﬁpﬁgﬁﬁ@ffgﬁg%gg%%ﬁng ons 64
of I t he |22]t en; igigs(itgqjattem{atgfsa%oﬁéihﬁmdmpbtusgfg th?pri?li a:rsprogaamdondémam’Ti_icmplbi t beam
pul ses gener at e en Seco et o e secqnd spli eam
pulj_sets 2220 ?r éyﬁsggé]é‘éﬁtfta:idﬁg hg‘F‘FliétE‘E%_‘?g@‘} ﬁ?‘;‘%ﬁra@]ébl%sf;f:;? egq’FFﬁpg}'l(%gg?g edt E\y
a distance le ShPSHHRt o the
irradiation o ﬁﬁt%{ﬂ%ﬁh% t Seg{fgﬁéug t he %@@g?b%ﬁ&n?ﬁégond split begm pul ses
211, 221 wit hprasgedn thopridrarpsysieimefFigasilt i Asshown in [Féguse A imrordar fof t he
shadow regions 61 of the ingensit attern of the.first.set of the first
and second sp|PP'?1°B@£RP'E\9P§ Btﬁ’ffﬂl,c\éﬁg}ﬂ?ﬁ‘?ﬁéﬂ%ﬁﬁpﬁ b rfgﬁx “&?‘8&}‘}{%@1‘1 nce

i's the distangs thibless t¢ eRe@b60ME 1dse0pilas (Bl.) Ba%b be Aigh etoliyh foreed ed
region in an adj oi ni ng nmel ted reqi on before abutting anot her k(gzr3%len gr ow ng

in the sad® manalieg, aod likely sxcepds theatapage HatholdEatrige) For die mas a

nucl eation region). In this nanner, when the second set of first and second
split beam pul ses 211, ZFigure$Bishowdianexemplaryt graplswhichaepresentsithe pergy | i con

thin film each shadow regi on,.64 pgverl ans a di,fferent sectiaon wthin the
same re-sol i didFNEHR nhaﬁgfée slcq T ?% Byng ?PWB&%F?@H&WM%@% rst
set of the fingdjecim iB@GANGN SRkdrh iIRREHER N BRarel In which thvbean spitedlRii { @y ent

fromthe previous 15 shadow regi on. For exanmple, the position of the new
* shadow r egi ondeBig usesh toreplis Hierqreganal beam 201 into the two split beams 211, 221. In

30 particular, the energy density pattern of the second split beam 221 is selected to be




fromthe previous position of the shadow regions 61 by a distance in the
range of 0.01 mto 10 m Such mnor repositioning shall be referred to
her ei naf tygp 0282687 "M crotransl ation”. QOptionally, the maskped@somssbe
mcrotranslated (i.e., instead of 20 or tggether with) the sanple 260 to
obtain the desired shift of the shadow regions 64 of the intensity pattern
when the second set of the first and second split beam pul ses 211, 221

irradiates th h t t nte attern
of the secondﬁ%}&?%‘% &i}ﬁg&fl r s‘ﬁmﬂ%a%@ @Sgﬁn:éto %B %%&?3 2
al so shifted maﬁlh23(§3®ﬁﬁld1not be ﬁhﬂhgddfortlbgradéﬁ l@;ﬂﬁlleﬂa)éarﬁ%%h&afbd thélﬁ‘raﬁiidﬁ%h set

of the first and second ztg i)t beam 25 qL;ul ses 211, 221, the shifted beanl ets
still over| apberm emitsddysthe peany gowres 290 Mganwiule, %@F@[BE@G‘*%‘F%@ISCS

respective shh{s et ;shadow Iﬁgfoqnég@ét o éﬁ%}"%lfigsﬁhﬁﬁi%aﬁ?? (ﬁLtE the

above- descri bed 'm Crot T ane at| on € system o Fi gure 2
i rradi at esS t heangee 260 sudithat ﬂmmtdmsltyeﬁﬂn@uises 206 1stdoeerioughttoaredi thesitiosh spl it

b I 211, 221, Thi t hat f 30, th ti 82
of "t he s Tt c oHith AR OF e arRla 200N EyeReul S icBipes B e e IOt R RO B RERA]
bean et is ne ﬁlﬁ@)ehﬁrﬁ‘!%ﬁ’dﬁed't& thabhtthé Birdt @bl?ﬂﬁ%ﬁ&szuaﬂfé @Joﬁ?ou%oh%?

section 82 whi prevented from being Irradi ate a respective
regi on of thebcm pulymhqsahet mltensmYWhiehlsrBM(lgh:%@n(elt the slhcdrethureﬁ}mnaof fhee

shifted shadow r ins.at, .l.east partially unnelted. Each one of
the at | east ﬁ?&?%‘"ﬂﬁﬂ&“ﬁ”ﬁﬂeﬁ}f& K%5%i ns respective adjacent nel ted
areas. The sarrple 260 y .be mcrotranslated in any direction sqQ |ong

each one & the shifted %H@WH?P@’Q}W &H@Oé@%\&eﬁhsgsocsﬁﬁtbp BFPSth%W?“P%e

sare 1re- sol | dubiiahy BOABARePRR SefBroRSY o 1ABueY BALAPRE iyl GREERONTI 10

one of the shadow regions |ntens pattern rst set of
the first and slxwmdempiplarymm ofithe sample 260,2sm|:h af~@partsHynidbeicatet éintegratetie

260 can be m crotyansl| at d i.n the dlrectlon s, 135 with
Fespect to t heuspibdniee: wioniBelbd gt fartsnesr i Lintf nicteribly focts St one

count er cl ockwsg®iofl} 5EEL lsmaoﬁtﬂﬁn Fiftk @ieréon. mﬁg ddct6n 8ﬁ.>fnafyh>% oAb ARLrisian be
mcrotranslated in the +A direction which is at an angle of 45 wth respect

to the X &Xi s arep$ exterdinginhbovizonted ds’eqttonoas well & othéraareds| extamdingtina veitical

Phe. el ted r eQaTom AhegEri i2g % WAL o PO Sehighopbe sl BB M enther 1 he ©
first and SeC@ﬂﬁpl%ﬂBOhab@ﬁﬂthgﬂaﬁﬂfanakﬂamB&hdaﬂib@faﬁd&tﬂ;ﬂ orittedl ifivaAGEY number

of the grains that will be grown in correspondi ng gne of new
re-solidifi catdirm%glmm eﬂuﬁmsqcpfém gecion SAimayetin die wnseelclessthan 2Q|
][eg' on of the % bl %fhfepﬁu%%?sgézgﬁhg 1{3%n hﬁﬁgﬁﬁ&%ﬁlﬂs&% %eﬁe&e
irst and secon m pul ses 1 |s I's because each one

the at | eadt 2f: qmcenvablb yorusapindexe withimsthé&copt béthetphesehit ihséntion.
m crotransl ation of the sanple 260 and the irradiation by the second set of

the first and second SD|F1gurbﬂBr§h§Wh&&%e&ithQ?ﬁﬂerb&ﬁF&irﬁtﬁat@d%%'ﬁr@tr nunber
of grains than was contained in each one of the at |east partially unnelted

areas 63 af t eradigtiondieai pHsetavinge desired indesity patigra. In thepresent exemptay spl i t
beam pul ses 2 & T grains
takes 25 pl acjén'gqbogera %Sfdragén@tégghﬁ%kh{aﬁe I%#F@t‘g!gm 8%% ‘1‘%}511 ed ﬁl

unnel ted ar ea&eﬁﬁntat:eaeloftlfersecmﬂz tThe mask|238tod Higure2 saible uﬁedttheffe@tuate on 82
formed after the re-solidifjcation abut th rains fromthe
adj acent 3hi f e BATCPLURAN i hFinE i Geth theSacanagp B g sl B 1 ne new
re-solidificatd,ARusk 4R toaid fulthe RPHL THeMHad 230 has Q?Mﬂté}ﬂE wﬂ%%n?%tsrﬁ%HECt Ive

abutting growth distances. Referring again to Figure , of the new 30
re-sol i di fi cator orrasetsief HRicieawtdrembogenally paslgemedglpaw@dc&éiikehegionmoﬂmsj n

" the previous r i fication areag 55 |l us i n_Fi e 4C. 13
Rer erri ng o Mt e the opaqieREioRs SF edgpskanhide it 8 themiuse i Cerdthd e
split beam 221 to pass there through so as to prevent the irradiation of the
30 corresponding areas on the section 82. However, the regions on the mask 230

surrounding the opaque dot-like regions allow the pulses to pass there through so as to



that followed the irradiation thereof by the second set of the first and
second split beam pul ses 211, 221 is conpleted, the sanple 260 may be
further mygr@lsgansl ated (with respect to the first and segeriisefhisis beam
pul ses 211, 221) in any direction by a di$tance |ess than the | argest
abutting grain growh distance (after the second set of the first and
second split beam pul ses 211, 221 irradiated the section 82). This is done
so that the ty & ed ' : ' ' of a
Third set of MERIRGELIRIANONESIpONS B trdliak SR WhREL SRR REID 1) o
or irradi at esa@aglof the sestionaB2dmetted thgiona S0P SPectesManobeanvpulséeould have an

. re-solidification areas 55... In the exenplary illustration 10 of Figure 2F,
t he directi onllﬁ?nsltﬁé’aﬁiﬁlt‘%g?h meludgs rsgﬁ&@tqe%nﬁd gorzgsparding {o,the oppRE: ¢ o
the X axis. AfjbelikdBBiondBPIR mfR 286 M crotranslated in this direction, the
. section 82 is irradiated by a third set of the first and second split beam

But i n £he por ti ons wher P Srians SR CEmRlsE 221 AR vl atubl Rk =0
tw ce. The tw2se-with fhieditstsplitiosant pysasrigadidtigg @uilbotahaphgahé sdnigle26@3hect | ve
previ ous shadow yegians 64 by di stance |l ess than the | argest abutting
grain grow h B?@g”é‘g‘é rsfap §eqon§spl,1t§3§aqné{uilsgﬁaily 2@#1@"’%“@@6?1}] aregs S0ipf the 1 st
and second spldd; _ I i f 0.01 m
fo 10 m At notaR e Le Raic i shed delolicl lcal S RcCordlnd (b M SRBBBLT T 3 5ot of
the first andembodinwnsghidwn indtigure 2Bs de Witklte® ka6 bamlippovidéd dttreghlav t h
respect to.that of the intensit. tern 2Q.of the second set of t irst
and secongosplnft?rv Bléﬁﬂqr‘&fﬂg 8?3?2&%? ggé‘ ,Se“t‘#‘?a%?whaealg'ﬁ\ﬂﬁ%@wséﬁ?ﬁe&lgn gf P% I
overlap all akgaslich thiehipekliiadald bpq_tﬁ:g\semﬁﬁeﬁl%t BiYd SecbR@ E}ﬁlﬁfb'eé{rﬁ pBfkgs of

the tw ce-shifted shadow regions 67. Figure 4G illustrates the
re-solidified2$bd2ldwidthe secohd splitbearo pulses 22 ¥ havingothe intesity patiemalefaed| e

260 after bei i rradi d by the third,set of,the.firs 25 seco

apl it beam puPdds HER 235 ol alcRTimhdlatod e fHopeeRie el sl el pRRES 221
re-solidifi catd @it thtdihord itseshtiod BRdmedBOR RIS €ach Reeal oFitkeseetibd BB cthabls | east
partially unnelted areas 71 each contain a smaller nunber of grains than

was cont ail hed blagkedby thecapages patiesn of the masl 2Hhromaing af leashpartidly unresltedess,
there will be r ' thak w |l in a
correspondi ng Tglﬁ\!rg%o}g ’at!rlllg\iﬁv{nrn %@%ﬁ%?g?cagisgﬁ{%&rgg{sﬂgg{ uﬁrﬁwtgllﬁiemggu(g‘ér%p etion
of the re-sol itlth dectiari 8D of thie sitwoh thir lfilads itrvess cefgindile fseadd. on 82 {after the
section 82 is irradiated by the third set of the first and second split
beam pul ses 211, 14 2A%hb)shaddw FIRONS of thefhiehdity phterd, it sHapyéwiibh t he
grains takes place laterally fromeach of the twice shifted at | east
partial | y unméprespoadeiethatiofthe wimelted aress 6, Whish spxihave aneshape sueleas 2, or
to abut grgi NS g oW r j LGeshidfted '

unmel e 20 cadroip ¥ o5 ARk RS ohoth e B 1Ple ArERRIERE tethidow
abutting grai megititorby lamgeenodph sodbgidid mekeddumtonndigg greas of theailicon dhis fidmces.
Each of the new re-solidification areas 69 has fewer and rger grains 68
than the pr eviBRdean e spmple Aol sinennal dases complgte %4 the fiegt, onyfhe

Tur ni ng now t i eedd I &
re-solidified %?‘:‘ﬂ.&gz,%%‘? ?&-"ﬁé‘wﬁ Rah BELpE Eﬁ%d;g’ﬁvt feBfons.° 6 ddBrdifcd Bith
first and secdhglingentian ghd dsdasorived skevethe ardg 61 iof theceptian 84yverkppedsdgnpl e

apl i1 beans pureBenes of BEShE rbiond shiE Bifrert By pinoet Fes Tt ne

| ar gest abutt iypghefiedti N growt h di stance after the irradiation by third set
of the first and second split beam pul ses 211, 221. In this manner, the
thriceshifted shadow r egr@hse %3 Furd A€ el 8okl ik iBEort h set of
the first and 15 second sp"igﬁﬁegrun:pi?’ses gflel, 20§2@gé/fg§€%lggoaﬂﬁcﬁ? er ent
area w t hi n a predgetbon the sampled60tih eradeatabvia diffrstsat dfdhe frst asd &2ond splithe

exenpl ary enbqdi nent iJ.lustrated in Fiqure 4H .theg direction, of further
T crotranst at RoREse Aty 2 Ainel e o fsetsion £ Heprmteq i e B4 o,
and the di3pt angRdiff. Sinee therat ALt parEdIRtunaitied hiead163 8f 1B stARN'@HEMiliébr01 M
to 10 m After the sanple 260 is mcrotranslated in this direction by the

above noted 20 distance, the section 82 of the silicon thin filmis
irradiated by the fourth set of the first and second split beam pul ses 211,
221 having the sane intensity pattern as that of the third set of the first
and second split beam pul ses 211, 221 illustrated in Figure 4F, but where

t he shadow regions 72 and the respective intensity pattern each have been
shifted thrice with respect to the section 82. 25 Figure 41 show the
re-solidified section 82 after it is irradiated by the




fourth set of the first and second split beam pul ses 211, 221, along with
the conpletion of the re-solidification of each nelted area. The at | east
partial | wyegRhdsed- areas 73 overl apped or irradi ated by regpaRbhiya19nes of
the thrice-shifted shadow regions 63 (i.ejp the thrice-shifted at |east
partially unnelted areas) each 30 contain a single grain. Thus, there would
i kely be an equal or greater nunber of the grains that will be grown in a
correspondi ng,,ong, of the new re-solidification areas_ 70 .15 upon the
conpl et 1 on of Al bk e G eLErRgups & e predt SLPede seriaie Sbaen oo
As i |1 ustrat egnichurEiDedc8. atHeastiPatiUy Avhit10d aﬁeQ%3QE&islrli§tefa@Eﬁ§&|rtHBPE&iﬂs@ﬁﬁr all'y
me

. fromeach one of the thrice-shifted at |east partially u ted areas 73 to

ei ther reach theedmigingreredlidaflying meltes r§gions of the agntiont8ae Ryrimigrsuclyreswi ng from
adj acent thrice-shifted.at,l east parfiall.y unnelted eas 73 to fine the
. new re-solidi ?ﬁ@i@?agﬁngﬁ gaoh r%%.?ed@ge@hh}?fgr %grr?&\?'ftgflggﬁ?lﬁieﬁ’}é%‘ﬁ %ﬂﬁﬁ?teas 70
of the secsi oRafipafialyansiohed Greds 63 th DREPEELGE EEDlIdMRI BN arcd!D3 iRREAiAEIRI N
boundary is substantially perpendicular to a respective one of the section

82 at the | ocsurraynds theat legshpartipldy neraeled area €hi the s¢stion §3ef thegliconthin t he

. 82 . o ) .
Fradiati on aniy ATPUESHSQidiRARAG e 1808 35, $08 F SERPGRAR PheBPere (o
Fi gures 4A- 4l bordersaf thiese edplidts55t The Ak 52 drd @ndll gramiet polyerystillald dilivodn

structure illustrated_ in Figure 41 in the section 82, After the conpletion
of the above- #&atformed dnestos wroleatipnd-o.dhe spcters of thesilicaythin il 4| | i ne grain
structureqdgn s&dih L Al i 3 0 may be
transl at e%jdtor:%?er?gxt s%&@gsﬁo%%rrsggé B%B%%?s%&txﬁgﬁéeﬁ}aﬁhq g?@gﬁpwﬁg the 15
sanpl e 2f 0 nmyall granss proeded thei¢ind i Eabhtresolidifioatadn regioa 5diis bourided by ket | s

+135 wth respect to the_X axis) f a distance t.hat is eferagbly slightly
smal | er than q‘i@e"a‘i"ﬁﬁﬁa@éﬁ(@? fh‘?é‘e}gg‘hﬁlé’%ﬁred?@ggeﬁ@ OB EREKILtY- PR CE 3 E)a] | s of
the re-solidify r ' i Se. : | at ed
ntensi ty pat rn Gorts ey iFRaarPOr B mafed al S KNG ng elont P IS "o11
221 irradi at esffectwatedybyp egeiding thereof oa thefat idast partiallyommdiied régiof 63 mithirotheded
on the sanple 260 wth ils .ﬁr(%.vi ded aé an offset and -45 fromthe re

sol i di fi et ar ESRECHVe re SOliditeation TegIon p3. - e 43 shows a top view of exenpl ary
thin filmtransistor deyjces 90, 90' whi ca_ can be fabricated using the
exenpl ary process illustP&f ‘H“P%gﬁi‘rb%ﬁo&h 15tanpe 9 @CMWQ’H_’ gR&ackeach of
the transist 06?9@1*/1!116 %ﬁlel% 3’%8{%51% !uﬂﬁ;:e}ié’@&eé’s @?ﬂraﬁﬁro(xﬂatg@ Ha®ftHe Rdth 8#1he91’

and a drain (D) termna n addition, these transistor devices 90,

90' have r esperited ecgartsias defibeiinethe madthof tgdheagdets (irisbapedrbteapgsilsesoned
within the |ar r.ai ned silicon, area. Suc 0si tionin i1l yi el

ipr oved ol ecPRTBREAILIF SN AE: T e AL o7 g St bt ofhe,
functi onapo el egidlidifidatioh afddb 55 Yfterths BCS0lllifeoatioR ba the RaRAGEHBMN ofthe k¥Eon
process according to the 30 present inventign shall now be described with
reference to BZdiewsplstadsEhe ppacing betweanthgadiaeenpat least pattiaHy pemeltedaseasane
configuration of i t i ld | i I t he
sanpl e 260 usgg S?é)ﬁgggg‘?%ht}g&ttﬁ%gﬁhssg? g“e’ﬁlgr#fr)%grg%/éhgg og%]ﬁﬁgir%?({%ﬁ ?‘ﬁgb‘%?glgess
(ﬁ; i:ll | ustr a]E @fhﬁmsrgxﬁmtg &&n4ﬁw3hdjasemaeﬁah@ﬁiaﬂlyhmnﬁﬁe¢ atebe63 before the ﬁent
enbodi ment of the_process according to e present_invention._ As in the
first exenpl aﬁﬁl‘gﬁ%&nr?écﬁlﬁe yeltedregions ehthe ,secgwg éégﬁli‘%ﬁﬁ%‘?'i%mtfﬂin&sl y has
smal | grahas i ™D i ’ b3 ' el LGNS.
Referring to EoapeictGes BHORAb: flcikily ey BShRr B hATHATHNG SFlots

i rradi at ed by Thetharsttedsiic growithdisthnoesif thengragsdothe dighdrice thes dira grains geov@ 11,
221 havi ng an ielpte sit¥ gatte n as defined by anot her exenpl ary enbodi nent
of the mask 236Morerifiedubisation pffew gralsORCYS0 | ncl udes a rel atively narrow

opaque strip which is surrqunded by .. L.
Turning to Figure 4D, because the position of impingement of the first

and second split beam pulses 211, 221 on the section 82 of the silicon thin film is
30 preferably fixed, the sample 260 is then repositioned by the sample translation stage
250 under the control of the computing arrangement 270. This is done so that the



the transparent segnents of the nmask. The opaque strip is configured such
that it does not allow the portion of the second split beam pul se 22|

i rradi atiwg ohli2dy® Pass there through, while the transpar epETRRNEAIS
surroundi ng the opaque strip allow portiogng of the second split beam pul ses
221 to be irradiated there through. Accordingly, when 15 the second split
beam pul se 221 is applied to this nmask 230, the intensity pattern of the

Shape 1o the DatvacBeR fuothe Biist pRBRY o Reba iné B ERESEhnd St
regi ons 83, then plisasiitly2PatdeRértted wHethd §dcshd 5K Blcl REbHASPI PeASFRsesdS

. defined by the mask 230, also includes the beam ets that irradiate all

areas of the 2¥caepassed thyoughothe maskga0) tan caplebe lightly shifteddryiagtistag®. less
Ad t Iy, th gt f t h . i . h f
001 m o s niran e dbufing P BAAPRMKERA0T. Biiné Rlbehigm o RERERE ow

regi ons 83 of tHelfiesti andeBsordsplietidady pulsds 241§ 221swith edspedt té e prévisils poatlionscond

split beam pul ses 211, 221 overlaps the section 82 along the center line of
the section 8on He seefions§2 ofthe shadpw regiops 6bof g dnensitymatipmy oidhedistisaiplt he

first set of i | p :

areas 85, o6 LETpHETsoti SRLORM Al p MG Fuate praif rutf Ba
region of theisithé @istanty thati peimgrofvstffven aealeast paitially hemelt@iiegion iddd s

mel ted throughgut .its enfire thickness, whltge each portion of the section
82 overl apped?® 9@%?@%@5%&9@%3%%%@ G S gEaReing dn the spwgdnelisdr tial | y

unnel t ed. ;g he i : ﬂ?ég'ar i i a%ﬁc}n eEﬂlth?g second
split bea}ndrpuf es ‘je_flﬂegc%l’g%gﬁtpﬁgm ent ?/2 g\ﬁ%deaqiug&tahg%r et)'t ernaTngﬁﬂ’f usi on
fromthe nelt eliemtheasc@sl seB6f finst arndeses@ut spdih b gulses 2idt, 221 isiitadingdiohitbant | y
nmelt the areas of e .section 82 qverl ed by the_respgective.shadow.

el one e, < aplPn BAOf Bk SR B iy o dRow Yedi G o4 VG p ftetos sition: ond

split beam puk§@m 1élame fdlsolidifcatibn kRASH BAhed AMter Yhd iBiatienl by BEH MELseBOf (S
Figure 5C) in the section 82 wll have the original grain structure of the

section 82 bethsrfustand se@rgl splibbessspulses 2ty 22 gy sdofferenjuram g€ preyiows t he
cool i ng ap? reliﬂ%olidi.fication of the nelted areas 85, 86 in the section 82
after the'irr 3 ir8$|l°8y the first set of the first and second split beam

pul ses 211, 221, a lateral growth of the ins wl] occur twagdl from
each one of the at |eas 055?%@93%’4%‘3Pﬁﬁ%qmgfﬁ%?‘_“e‘ﬁ\é\f‘%i?“f’&gmégéF% %ﬂxﬁ?f{
whi ch was not gl fhi pe&lidEDoaAEn R e sh@dSP kdgibrds Athy(d diStance iﬁ@h@fbﬁ%@@f €d1
small grain area). In this manner, the re-solidifi'cation areas 87, 88 are

formed in the sett1QnmgSushmineraghositiening shalidberrefesiet itelhéreimatteras aar eas 87,

88 having a respective row £3. 74 of | ar rystal.arai it h grai
boundari es ori ERFEHEE at]logr'gépu%a é@eﬁ§g%?8§rb%/§qe %g?tﬁa@g@g\g(}' hﬂétfa&]%)
Turni ng new t or fggtheewith) thefshibplet160 t6 abRairethe desifdd shitbof e Shddodi lepioat 6#n of

the nelted areas 85, 86 I1n the section 82 that follows the irradiatjon by
the first set obtheintensity patteghwhersthe sepond setofiibafirsh andsgesond split boam pplses
sanpl e 260 is,m t:rans W5 i i 1 : o the
X axis, or thezliqn‘taojszii 50° grktllge\?\sﬁul?on&gg@r@‘%%qh%g%g&ﬁi%g?g%{regﬁ{I @g{ ?ff’l t he
-Mdirection gie seddndset bf the fipstcaind seconlieplit Banepilsss 211 0, 224 ume alsb ehifiod dath
regions 76 of the intensity.pattern of econd set. of the first and second
split beam pulfespectsq that 22&‘6 © £y, ‘E“e%tg%ﬁ?%s t(S’?H}FeéIISta%‘drSS%‘B@cSPﬁf/geaﬂhes
of the royg 7%_\11%& S Zgi?th@%ﬁ@diw%ﬂ%%%ﬁll%eﬂé’p all Eegi%ﬁ'x@% the8ctitder pdtood by
those skilled”in the art that either the sanple 260, the nmask 230 or both
may be mi cr ot oaeddpped by she mspective shified sadowiregions 66gi ons 76 of the
intensity pattern of the second set of the first 25 and second split beam
pul ses 211, 221 to over |lfpshoenisfigwedDnafterdhe shuwerdesaibéd miérogamslation of
- Al t hough the heamnl ets he intensit attern of the second set of th
ot and: secdmeumls 260 dheptont S gy 2 Siadiais hsection RS Prdahasacand o8 BEct
to the positi Qe ffst hiPsdoBhCEt bark lils6d 21 10021 "enisiid done Bl fleatiReldn’sit and
" second split beam%ul sseég&tilélb,%ﬂl, ﬁ?ﬁe 2;]h]i’fted eselméer% S sti Igia H(}Seg{rl ap all
areas of Bhe sheiection 82 ofithe silicen thip fidal that isoverlappet by the3bifted and fmbloeked

and the beant deanit RUPIRUAEERY b Carte Bickthes alafhalcdbr IR ¥RBT s ana

second split




18 beam pul ses 211, 221 is the sane as that of the first set of the first
and second split beam pul ses 211, 221. After the mcrotranslation of the

sanpl e 2@90@?/4%@? mask 230 (or both), the section 82 is ipepiikaiv.adisby the
second set of the first and second split hgam pulses 5 211, 221. This is

done because each area of the section 82 overl apped by the shifted beanl et
is nelted throughout its entire thickness, while each area of the section
82 overl apped es i.ve one of fhe shifted Shadow re ns 76 remains
at |east partV qhy s DiGvents fi&mréwg igradjaedy ?)‘?Fl?ficgf’??géﬁ{’r@q‘g%gofatﬁ’é%ﬁa%oi ns

adj acent el t gepaneag zaéﬁwttﬁ@résg&tﬁa siua@akhmwe oh¥64y PERdif M 1sEas Wi | |

contain larger grains wth I n boundari es mng larger angles with
respect to thpargekly impmelgal. tHagh ond:lef theat leastanmajivammeltthas adjeinef t he

original section re-sol idificat of .t he | t reas 77, 78
in the secti OFFS%‘? “’F ﬁgigﬁe’}t Ztgg AP Jﬁg © $°H eéé@ﬁ“’l’ﬂ?@"ﬂ?%&?‘?ﬁ%?gw Ygr ai ns
laterally 4n Sﬁ*&ﬂloﬁ'sbq dg&rbafﬂﬁ@ﬁ@&ﬂﬁe ghiftb@ SsddoWaeibas Mow}mﬁkbgenféheas 85
towards the re-nucleated areas 52 of the section 82 so that the section 82

will have lar gfetiumtﬁega:aﬁ r%scdshﬁqangs areatSo\ae layortequr avedlapred biyre @wcmdsg
After re- soI|d|f| nof ol.l

irradi ati on ofm?‘ﬁ ?qogl g'fn% ﬁ@eg@gﬁ%ﬁpsag@ %tﬁ%grh?t ?wg:% ond
split beam pUE@@ﬁdaﬁlhbeanpm@sgpmzet ®dr exahehlé, ithnsimplé 26@Edrams of the
m crotransl ation of .the either the sanple 260 or the nask 230 in an

appropri at e dmieeirpasiated ethe rA dirpeliqnowhisly isatmipunEY5° sdth rgspechie the Xaaxisand

second s t

vol tod ar b ofIPHRBUIDRRe el if i ool Mt Lol b el ARG S
sanpl e 260 nayhdxampiy 260echnMgtmicotiansihied in theehwcélrédmenmhir&leis abfn giglé 6843°n t he
section 82. After conpletign of the LS processing of the section 82 to
obtain a desi Mat resnest9Ithe §X§r ai n structure in the section 82 of the
silicon thin filmas described 25 above with reference to_Fi gures 5A-5E,

and as di scussed above Wiguie ABrbownthe seefion @%@rﬁillgﬁ%ﬂhm@@éB@VMe PRk es
4A-4l, the Sa%prgg aﬁ@?’th@%fnhéﬁﬁﬁﬁgf r«EQo 1ﬂ ??lﬁ}é 8Qltégregﬁ§%5' licon

thlnfllmfor essi ng rern |cu e sa 0 may be

transl atedsto faldwdhg Itlﬁerma&ﬁtwmby g sbhaid s‘ehef théSﬁrst @ﬁ@s&oﬂ@ splarbebm pubyes or med
t herein. For exarao t he sanpl e 260rra slated in Mdirection for a
di stance 30 sdéb 42 atTlleFf’eWWeb&angPtﬁﬂmgfl E“Fgrﬁ’élsfhalté‘tl Il bp grayaeisidd spl it

beam pul ses 2 2 i

conpl etely neﬁg’“%%é%’%ﬁ%@gggw%ﬁl fag‘?%ggﬁrégl% ﬁuﬁé%&ésg%%@m%gm 0n this
manner, the t racishelt@bregionerfsliet spclpmt 8 2afterdgbairradiatidn by thdwecdnd st ofithd festcond
split beampulsleI 21 ir a i borin ectl of .the silicon
thin film pro@P‘gé‘?f"BﬂsP]H e S(?s éggeﬁ\lh;@hﬂg CERER/ Rnﬁp?ﬁ’ﬁ aB*CF’get and
-45 from phe nanayudidelted ardhLESattdr tﬁ@ﬁrssﬁﬁérbeﬂlsi’a&onafﬁsetsmnmb Bo0emRaltRE ¥
enbodi ment of the process according to the present invention shall now be

described wit ma@#m%c@leﬁ@:@ﬁg@tr@sthﬁﬁrsswd sqqondrﬁpélt bmpubﬁsﬂlénﬁébl ment of

the process, hown_i Fi A . e Wwo sets
of slits 300, c@ﬁ%“\ﬁﬁis g&"t‘ﬁg{@a‘g@gﬁ %4] %ggé'}g&g%gglﬁ?‘&oundi ng
cor respondi ng gﬁﬁﬁﬂ?%ﬁﬁh&d mees @31§ﬁéiQﬁrad18ﬁk91 Wﬂlleﬂﬁ setSdfThefirst Aed £86%Kd shifd.
The mask 10 230 used in this exenplary enbodi nent of the Pr ocess according
to the presentbeam pulses211,221. As illustrated in Figure 4E, the growth of the grains takes
25  place laterally from each of the shifted at least partially unmelted areas 65 to either
reach the nucleated areas 52 of the section 82 formed after the re-solidification, or to
abut the grains growing from the adjacent shifted at least partially unmelted regions
65 to define the new re-solidification areas 55, the abutting grains having grown by
respective abutting growth distances. Referring again to Figure 4E, each of the new
30 re-solidification areas 55' has fewer and larger grains 66 than those in the previous re-

solidification areas 55 as illustrated in Figure 4C.



i nventi on does not have any opaque regions inside the transparent regions
30S, 309, 315, 319. Accordingly, with the use of the slits 300, 310, the
second splplpRaam pul se 221 is shaped to have the irradi apc@spaidey n
substantially corresponding to the patterfgof the slits 300, 310 of the
mask 230. 15 , Turning now to Figure 6B, the sanme configuration of the
section 82 of the silicon thin filntprovided on the sanple 260 used to

describe the first and ond e y di mrent pr o
illustrated in Figures Eﬁf &eg& %E ﬁ&g"eﬁ?‘\?‘éﬂ?fmf’ @Sﬁleli@aéﬁ(‘?st 0
describe the Bfa?ﬁﬁﬁ%eﬁ@ﬁpﬁﬂaﬂﬁﬂbnﬂ{erémy%@%%d S4 6P 4nd sEé?ﬁdQPﬁﬁe”t
invention. As in the first and second éxenpl ary enbodi nent 20 of

process, the beas pulsess?il; A2} isaompléted thesaniple26) may he fuirthenimicrbtransiided es

that are orient [ ctio ni tiall r 320, ,.32 30, 338
of the secti oh reSPe‘ttﬂe&‘&rPquc?B PP SPtlﬁt?ﬁaﬁt@l?%?ag’ ﬁﬁiwwgreﬁ??gg Yeet of
the first snddsemeaiksSihah thelamebtibutRig odih grodvith disipic Yaffd} thdeBHid def opat tern
as defined by the exenplary enbodi nent of the mask 230 shown in Figure 6A

I n particul ar thetfirst andsgeondzplit brag pirlaesi21l o208 Lirradiapeg the sectien 83). t Thimisgione he

i ntensit atte f S ich:a sh
the orits Sons iy vt ARAMaER) e dSHP IS RRngRy ptlbe Br £ %a30AR5E O
by the porti omsvtmct Bezohd bisliiHetny paddes 2111 201 ehdteovetiapdet ifatiates AciaRreY £65 221

whi ch are shaped, by the slits 315, 319 of the mask 230. Since the obljque
regions of t h@’l‘#bpsfkfezwﬂﬁﬁ enent the rerselidifieation areas 5pe ok the Faesplanyiillpstetion

b acent 19 ¢ EFRLEAEF. Heuirclsith 8 Tulth iBfa Bl W G 4SS ARV PLY
Prr st Sand Seconcapl it beam pulses 211 Dol tpe nloas 320" 376 30 3ag
e ol L od t nBibY 8 ASR SRat e dsind shred sRihsAmates 2112 T avingdte
partial ly unnglh ey patberl defd afthtst&asﬁ:o.@@Imn&%eptnfottewmetﬁeghéd {1

filmre-solidify and ctystallize to form nucl’eat ed eas 5 corresponding to
the at | east pegidnsai7 eachihane been shified $wiz29 The Beice-shifted shdfdosr regioss 67 amdi at i on

thereof by_the.fjrst.set of the first ,and second it 21 1,
221 the Nolt 3&?&%@%@%@2&% ¥ prts RaOmTERRES GERY  HishBeC It IS By
re-solidify, aigest halthagggfaat gloatiRtante 4f0a (B Halftieh 9521 e @u&ﬂwedbmnte tREN t he
nucl eat ed areas 329, 339 toward respective centers 32 2 of the

conpl etel y nela@(é@pcandjsplé%mnfnylmZ .23, fpoemle,sa@e@agﬁomel mhtot H) gn.

manner, the r t he
section 82 w f"‘t%&‘@‘%‘ﬁ{h&'?e }e?{]% tggﬁgsn%ﬁ?&&l ca |o&hla$g§ o?%r@%%g%@

338 havi ng t weplittepmqiulsee 21 VI 1 IWrPals@S sHified ohitB 3espectI4 tiaik ofﬂfegﬁénsiﬂy}{ﬁﬁalht
grains. After the conpletion of the re-solidification of nel t ed, ar eas

320, 328 3Rd 9fthe SSgBldl sst effhe figst and secgnd splitbeamg pulsgs Al t2ﬂé thﬁ tuige-shifisd by
he f I
Sanpl e 260" | s PPIeUHbyBHAS b R, SEGERLLR 87 noRERMABHFET Fhfeot bpe bI'S

axis, or the rigstwi@3thiftechshadowmegionp6® 2) nmay be microstranslated in the -M
direction at -45 with respect to the X axis, so as to cause the intensity
pattern of a second set Fifuré BG iflugtitesaheiressotidifibdspition §2esithesilicasthiilfilm 221
to be shifted to overlap at Ieast one .enfire row 324, 334 of the
re-solidified pmw%déast%s s3mpig 280 3fer being “@ﬁ@“‘rdnbﬁfgé thirdhset ghthg ﬁrft@ne
preferabl ystog ﬂ&' [ SENHRWS 1R ul d
be under stiood %ﬁ”f"ﬁ%glq% thé art that éﬁ;ﬁ%@oﬁéﬁhgg{%ohgiﬁzcggbﬂ

mask 230 or baef ﬂlenagltdd@reasa&batsemettmws]ﬂﬁed dtdeastipatisliy ynipeltetlereas Gl the

second set of the first and sec nd ILt eam pul ses 221 lightly
overlap at | 48 LR a oaigr sV B Gt e b
intensity 25 paiiSdRalgf mtrhélteaea?&!a%SSthbreG«{qlltﬂb%nféqhéltor%Hﬁll&e:ﬁ&t&r%Plgfahsbeam

pul ses 211, 221 is the sane as that of the first set of the first and
second spl i t tlagd Wil bE grawRinlg cargesponding @mfmvwnetsnhdnﬁpatmrsamqseﬁ%tponhhe

" present ention. f.or i nt it r f.a secon he, first

and seconggsp|°PPPl?é18H1°EB|°§8§°§‘ﬁi %’1%688%?\6 fd #rga 8€tg’1¢|s§ 1o 824&#? Eil§%cti on
of at |east onectionV823ddrad?atdd By tHe!tRird Sot of kieirkl £1d seéRASpRLZPeanBpdsadd 1330,
338 in the section 30 82. 21 After the translation OF t he sanple 260 or
the mask 230 (or both), new areas 340, 342, 350, 352 of the section 82
(whi ch are overl apped by the relatively translated first and second split
beam pul se 211, 221) are irradiated by the irradiation pattern of the
second set of the first and second split beam pul ses 211, 221. As with 5
t he areas 320, 328, 330, 338, the new areas 340, 342, 344, 346 of the
section of the silicon thin filin are conpletely nelted throughout their
th| ckness As d| scussed preV| ousl Y, due to the fact that the obl i que

Y " ~NS~N o L o NS A



10 areas 343, 347 are at least partially unnelted. Figure 6C shows the
sanpl e 260 when the conpletely nelted areas 340, 342, 344, 346 have
re-soli di‘&b%g %t‘;er being irradiated by the first and secpag spiishisPeam
pul ses 211, 27" Al so shown are the areas1843, 347 which were partially
melted. As shown in Figure 6D, upon the re-solidification of the fully
melted 15 areas 340, 342, 344, 346 in the section 82, the areas 343, 347

re-solidify a nycl eat e.such that  the ai.ns of. t nucl eat ed. apeas 343,
597 vi 11 svedtiio AgeBRv iE Fane 4G up Boah O e feins Hienp BuSBAGH 555 adh s
346 | ateral | yof uepie shifiel 86 RAQaMIG WRkhREEd fbad TERXiBELRAEH agaih2. 344,
346. At the sane tinme, the grains of "'the solidified and not renglted
portions of thecleateshareddd, or3oshuipsains goWing fromadissenidwiretshiftagratileasigr owt h of
the 20 areas 34 342 3 laterally toward,t-he. respecti ye cepters of
. these areas SH@%a]%%?mglieﬁdr%gﬁ tf’zleﬁ?ﬁ @eﬁﬁ‘ﬁﬁg'ﬁ?ﬁqlﬁggt&naﬁrﬁasg xﬁ{?ﬁ'@f‘ &t r om
the solidifi egragidchafiic g%@ﬁﬁ'b&@ékg_ﬁﬁhfeia@ﬁﬁingfgréiﬂ WiB ApstadnBs. Bach of IPnews 38

will extend into the newy solidifying areas 340, 342, 344, 346 so as to

form | ong crysreglidificatign ajeas 69 haciewexamdlgragp srainstGfthemthsdzevious €ent er s 352,
356 and 362, oquiﬁ)cI tim%rera?ﬁ‘cﬂl{lgagécﬁgF"i’é]\ﬁé‘ﬁEOf t he section 82 of 25 the
T W spon o't

silicon thin Ich corre e nelted areas 340, 342 and 344,
346, respectively. Thergfore, th rai in the.ro 324, 4 w.ll he

| onger than the grains &HHP%%\EO%E‘D?I%%C%’ {egcg@&feﬁaﬁﬁgéﬁgmgpw?% LS
processing of rd Gfidsmetd.en f(ﬁ?ov@iﬁ% flighdiaforrBpine Hird A S He)irsedrd seordl splif

structure in the section 82 of the siliconthin filmas descri bed 30 above

wi t h ref et@ncbeanypHsepidlds 28hisgompdeicdethg sample§0 may beniprther micrefranslatadood
that the translation_qf 4 he + i, on.op t k 230
notheon | " Sk BReb e P Ao kDIl Rede Bkl £t 251 Wi i fiS BRR S

i rradi at ed i ndish@céRsdthan desiardebicbuiiing teainigidwihaligtiesafict hetiftadihtion by
exenpl ary enbaodi nent of the process according to the present inventjon.

Fi gurg 7is gﬁmddﬁt of the favhand secosd selitrhyaePudses bl ) - @Stb@m@e%@sﬁh@t@ce-f
Phe. prosent | SRS s repRht 630r GRTNY BN o MR CRMIRREERECS D

out by t hes5sysécem eplitfhegmpulses 21 b 22 eyveflf}d, a differchbardavavithircorespsutine snobdf t he
system of Figure 2, such_ as the beam source 200 and the honbgenjzer 213,
are first ini thefersobidifigationarsss ®h 541 SsypRare ee*&ﬁfgmqnﬁghla?rmﬁgéﬁ@ﬁe 0.
The sanpl e 263;&&4:9&@8& 1Rr iiGo d,f%ntiﬁ §ﬁﬁ%&fdn@¥s@—?§5agﬁthzé%écf‘tostep

505. It should be noted that such | oading may be perforned either manual |y
or aut omat i caltheX azisnapddhedistanaerpf the [fartltr mjcropposlatiansis imtherangeerfddht mol of

t he conputing, arrangepent, 270. the sa .transl at.i o age 250 i.s
noved, prefer écbﬁé/ Iﬂhdgﬁertth%swwéé fs gpic Wémglg}r?gfﬂ ﬁ“sgglﬁ?cﬁlgﬂégié%%oﬁﬁ?wfio an
initial pogitidifanke, thé Sdetion 82 of el Miton ThiImMAR ik Kidte BYRRBAHE s@tfof tHe
system are adj usted manual |y or 15 under the control of the conmputin

Y, ( T th g
arrangenent 2 fistfapd secopd splirberaanses 4dil.2421 hawingithe same iajensitppattermn pethatafar yv.

In step 520, i hradiad | r ] I i hi -

pr edet er m nedtt%ﬁfdsr gel Sgtﬁoe;ﬁ%%/ﬂ{%\%@qs sfécg ucf%’reﬁ]t égar}%k) ﬁlge?]st %lﬁd b?ggfe’ﬂslﬂ%ﬁegﬁl qulﬂnee. 4Erhen,
the irradi ati Gof Whére thdshadow@egioss 7 adcthe tbspertivh éntbesitypanbint dacti havkebeen
generate the fjrst split, beampulse 211 and the second split beam pul se 221
in step 525. Fhifted gyicsspyth respechtp é‘ééﬁﬁ‘i’@n%I it beam 221 is aligned with the
mask 230, and the second split beam pulse 221 is irradiated throu%g’ t he

mask 230 28 form a naskd&idguse 4kl the roselidified spctipn 82 gfter; if isiipradigted byrthe
ti f th i . | Li i fd t hi
iﬁ(r:riag'? gecti gcr)] o] kﬁg&ggﬁ%fagﬂgg@nhgglﬂﬁea I al%arz\?m?’%ltsglghgﬂlget tgpl i !tsbeam

pul se 211 and cbinplenias ko€ thelreaoligificsitonifeaviinelledaea.alhé atleas paryiafipt t ern 25
- controlled by the mask 230. During this step, the sanple_ 260 can he
mi crot r ans| at damglediasas 1heveriappedonirafialedibyrespeativeprnen of hedhdessgutted

illustrated i i a ol yelal%)egg' {,oNs

agai n irradi a?ggd%{fgﬁ)enéﬁggi%h@gl%#gut tﬂy}&gﬁﬁ@t IC ntelgge.ﬁfér\?t‘:}slt ep 540,
it is detéom rentainhesihgle grdinr Thas, theawoukirlikehelt anosymabér gromersanyibbee o2 t hat
need to be subjected t he LS ,processing, If s t he sanmpl.e. 260 30 i
transl at ed usiShyng ﬁ‘ét ‘é’gh%‘? S‘oﬁ"fna}Eé‘IcQFFﬂ’r?n W&QQGQgB“%’SWtrﬁasgﬁflﬁ.@aWé‘k?mgse i on
thereof is aligned with the first and second split beam pul ses 211, 221
(step 545), and the LS 23

[=5)




. techni ques, such as m cro-nachi

processing is returned to step 535 to be perforned on the next section of
the sanple 260. O herw se, the LS processing has been conpleted for the
sanpl e 26f¢ obigsshar dware conponents and the beam of the sygirgRvERAY N
Figure can be shut off (step 550, and thgsprocess terninates. The
foregoing nerely illustrates the principles of the invention. Various

nodi fications and alterations to the described enbodinents wll be apparent

to those skilled in the art in view.of the teachi herein. For exanpl e,
whi | e the abolRTdhibsamRisIen S dhasesAlidifcaimalibcmeNie] weptettit sectiendéntical
lateral soli dyfjsgadl @ Figute W?Mxe??&“ﬁ &ﬂh@%ﬂgtﬁ%_ﬂg%l% g[dcélla?erafr%g‘ﬁ%ﬁ?édaﬂ one of

Ing, 10 p tion, a
m cr o- pat t er niheghtieesnfigdietdleast pattialy ngmehakaeacSdpicitber reachl the egaiat i onal

t ent licati . PCT/USQL/ 12799, and | U. S__pat ent li cati i al
- hos: " 0or 550, Saucee] Sisp 555 samt s ebsas Bsng el fentBRee FRBET AR ahi cn
are i ncor por ahggale (8inBItsY are 8 B @ efine HeheWAlelDUSifIPRSHn HBhS Y. Bachod the

intensity beam patterns described in the above-referenced patent .
appl i cati on caew z¢-selidiBcation| argas JOwif the sect®n $ikhasraovegle grainl beipg grawrotherdlin

resent invention .lt .wl hu heclat ed. hose.skilled.in the
grt w il be a%ﬂ“gee}cg %%Q%bs? Q“i"&%i%@ﬁ%tg@%ﬁé’ eiﬁgh%ﬁ%%aegpm%g foe 8ﬁhﬁough not
explicitly shesiof82¢e 8 lobgidnbEHe) graintivandity! Rehpildbeiuptiestoal thddthe
invention and are thus within the spirit and scope of the invention. 24
What |'s O ai neeftips 82maybeyubjasted tp grorp polesssef the micretransiasions Hradiation gndre-a
sanple, c ri sy i i.r tati

goner at or 06 SgAADE SUEPS Pherl sAERtC PR CH, T ST AiRme |
rate; (b) sepdeditedrigng-peainsdroayghtallinostrieaeiljustrated in RigaredIfin tisd sesioén 811
separated beam pul ses and a second set of separated beam pul ses; (c)

forwarding the first setAfed teqmipibech dRACUIBVeREcritRd Y dtabiBg anebtamss 10
at | east portions thereof through a mask to produce a plurality of

beam ets; and desitedprysialiing graimerushire fitthe section 82af thesibepnghimiilpy thesamplel t he
beam ets to iR} i1.radi . ' L] thin
Fiim wher of n 200Ra Rhoblldihd Aot GERL 1308008 8hs Bt FOFcplrplC ot

beani et s $fnulshraple@68!ryay tiarathital ia -Khéirattioh ¢which dnedisetion dlataf +135€ with | con
thin film the second set of the separated beam pul ses 15 and the beanl ets
provi de a conBesHEsS tp Hcek axis) for disfance thatas prefesahly shightly) smallepthan thesast one

I rradiated .Se(fﬁd-ngé?e%‘ tﬁ@ﬁ)n@éét idﬁs%cé Bé e ﬁ{H@sﬁcF:r @M&W\/ﬁ_lﬁ['soﬁmﬂeﬁ%r%ag io?ﬁ,{%ess
of the section. 2. e profess according to clarm1, erein the first set
of separat ed Bedion@2 Iashibamnaers therternplated iimignsitytpattsint genedatedtbyi the firstand t han
an intensity required to 20 danmge,or. d ade the mask. .3. € process
SCcording 15 CPOplt Ugtat B L2 e s adetebrgrstistonpt BF sHiegh 855 ng
the seconggsetflafpr§@iRad 84 Gt LRI 160 HRIP islrovidbEata Jraevaiddese Gont e rémsk.
4. The process according to claim3, wherein the preventing substep is

performed by d@phdified arpas pbthesedion 8t of separated beam pul ses away from
the mask prior to the

Figure 4J shows a top view of exemplary thin film transistor devices
90, 90' which can be fabricated using the exemplary process illustrated in Figures 4A-
4] and described above. Each of the transistor devices 90, 90' includes a source (S)
25  terminal 9-1 , 91" and a drain (D) terminal 92, 92'. In addition, these transistor devices
90, 90' have respective active channel region 93, 93' which are positioned within the
large grained silicon area. Such positioning will yield an improved electrical

performance, and permit the incorporation of highly functional electrical circuitry.

A second exemplary embodiment of the process according to the

30  present invention shall now be described with reference to Figures 5A-SE. For



25 second set of separated beam pul ses reaching the mask. 5. The process
according to claiml1l, wherein the second set of separated beam pul ses has a
COrr espoRgly 9s)ydgps ensity which is lower than an intensity pefyké@dsiso nelt
the at |east one section of the silicon tfign filmthroughout the entire

t hi ckness thereof. 25 6. The process according to claim1, wherein,
during step (d), the at least one irradiated and nelted section of the

silicon thin filmis I d to re-soljidify and crystallize. 7, The process

accor di ng t o BB Qfﬁiuﬁg%%@ icgpﬁgnelﬁ@éﬂ%s 108 8%@?%331550@@% (d)

and after thefpeslovRId¥n thd'Sanhle R6@ Rsddth BedckibBY lefipld i

crystalli zes, trg[tr?sl atin tmanpl e sgb'?ﬁz_gt thtt{aeeﬁt)lggénﬁegitpgdrg%gﬁtaﬁlgwg}aggnd

set of separ atheirasessfap illustrated ip Fizgres 4 A-4b) igesed dexscin tordeséritiettbe piesénton t hi n
film wherein_the.furt section at. | east partji.ally. overl.aps the section

that was ar | oTRRPRpiSEhs BREhy rtine et friph Ryeptioh. ArifRient

accordi ng 3 0 &lepiplary enfbefinieit of MEPiddekd) thel JR6tic EPindidifyhadkingNl ghdifPariad) and

before step (e), mcrotranslating the sanple so that the beamets and the

second set of grgehnundadesybaiarpotiended inrprdegedisectioanst one previ ously

irradiated, fully nelted, re-solidified and crystallized portion of the
section of the silicon Rafenruig torfigute 5Bothe Fhetiqu §20afabe siticar thimflnm & cl ai m 8,

wherein the bea t S, ang h cond, set of se at ed _be pulses.irradi ate
and fully mel Wa?’wieﬂityc% Fesh S of B} F0saPrekiPRE pRET RUIFS I & R Fhs| at ed
| ocation of i fRinGHEPERIm a9 défRdDy MRber HOmplAt9 cRIbBARH BE HRMUsRA3DOTRIsAI M

8, wherein the mask has a dot-like pattern such that dot portions of the

pattern atlk otiemplarymeask 339 ingludel e refativelynaeow ppagusstripwhichiins@®upded bons

f the first b I i.rradi.ate t here through, 11.
'(I)'he p?ocg;: a@ﬁggrrag%pr%&ﬁgé%ﬁ %ﬁ‘?ﬁ) ,@M.Zﬁe @R?a&'“ﬁﬁ?ﬁ"‘ﬁ&%‘“ﬁ%‘?‘?“ﬁ%“’@&f#gﬁﬁﬂ’f’% uch
that |ine porhdtanswohe pbRiopaiftes stcaidsplibbéamipulse OitdREing fao passhygi ch

prevent certain portigns of the first set of separated beam pul ses to
irradi ate thetheoughy whijs thejtpansparent segpenis surrquading the epRAYE sirip atlowprstiensn t he

mask has a tr I oRt.l h
pattern do no?ﬁlﬁg gﬁgcﬁ’g g s@%ﬁ%ﬁ@#@é ?gggb l%%ﬁag%aﬁe?ﬂpﬁrg t@@f’%@ u‘é‘g#g@?lgﬁ'fs Wté‘%%am e
of prevents ngtheaedamidrsphitbdanomiseo?2 It isappliedsd tisenasit 236 phs ateaditppatterpof ses t o

irradi ate there through. 26 o . )
! the resu tantgoeam pulses has strip-like shadow regions 83 corresponding in shape to

the opaque strips of the mask 230. In addition to the shadow regions 83, the intensity
pattern of the first radiation beam pulses, as defined by the mask 230, also includes
the beamlets that irradiate all areas of the section 82 not overlapped by the shadow

20  regions 83. Advantageously, the width of the shadow regions 83 can be in the range
0of0.01 mto5 m.

Initially, the sample 260 is positioned so that the shadow regions 83 of

the intenéity pattern of a first set of the first and second split beam pulses 211, 221
overlaps the section 82 along the center line of the section 82 of the silicon thin film.

25  Upon being irradiated by the first set of the first and second split beam pulses 211,
221, each of areas 85, 86 of the section 82 that is overlapped by the non-shadowed
region of the intensity pattern of the second split beam pulses 221 is melted
throughoilt its entire thickness, while each portion of the section 82 overlapped by the
respective shadow region 83 remains at least partially unmelted. The shadow regions

30 83 of the intensity pattern of the second split beam pulses 211 are sufficiently wide so
that the thermal diffusion from the melted areas 85, 86 in the section 82 does not



13. A process for processing a silicon thin filmon a sanple, conprising
the steps of: (a) controlling an irradiation beam generator arrangement to
provide f{,pob. 4 second sets of irradiation beam pul ses petaspf.adesd erm ned
repetition rate; (b) forwarding the firstjget of beam pulses to irradi ate
and pass at |least a portion thereof through a mask to produce a plurality
of beanl ets; and (c) providing the second set of beam pul ses and the

beam ets to i t t of t con thin
fiim wner of oS R el SERbALT st T LBEL e e Reon i et

si mul t aneousl pegudlfszsdl A feritecinatiationby tRRrscRebf M8 fRét ahl stdoyad splid keam thi n
film the second set of beam pul ses and the beam ets provide a conbi ned

i ntensity whi BWses21dy 221, éh%ﬁtle%sbpfﬂ?ﬁﬁliy wHBelipd regigas 84 (see Frgiléﬂjﬁ@cléd ®ection
of the silico f tion. 14.
. The process a(Q:ecct(glr%@2 «”p%{'?{h%%%ﬁw #@r%ﬂ{chﬁg Hilf %g %1203 f&gﬁr}ﬁezfgubsteps
of I. emtii ngrdcessarg ation beam pul ses at a predeterm ned repetition 15
rate, and ii. separating the irradiation beampulses into the first set of

beam pul ses and the secmduﬁghomohi%afemlu%aﬁmé&olﬂgan@f@mm@ﬁwbﬂtheg to
claim 14, wherein substep (i Is performed prior to the irradiati on beam

pul ses reachi ﬁ‘g’tﬁﬁéreﬁﬁg% 867p the@eom%a%%éh@r@é@@pmbmghq Brst seofthedirstnher ei n
the f t t t |
than an_1 nt en2 sPOATHAN vEEA IRS: 21 C931 SSARRT By briE kit Wl fllales 000

according to charaﬁdlgzaom\/eﬁhama oftmratq&)stpanﬁdu;dﬁﬁndma aseabsue@tmfarwﬂ/enti ng
the second set of beam puI ses_from being forwarded to mask, 25 18. The

process aé®or dihig Wes rat Sulky Illelte‘l/\ﬁi’élrtﬁ?‘hrerslﬁ’éld’pﬁeé\ﬂb?rt Thﬁdl“@%@@ é@akl &3 ATea)- med
by diver!ing uheismanid, hete odiidma ﬁ%é@ﬁleﬁw&&ﬂﬁgﬁﬂﬁh JHRetorPd? Mimt 0 the
second set of beam pul ses reac I ng the mas e process

accordi ng to ehchi oneld thaveesodidificatien areas3vd 38 daving alvesperipe mws73haé; ofilarger
correspondi ng |n nS|t ich is l.ower I nten uired to nelt
The ot 1 oas GrBEL BT BRI ARSI 4T rEh PR HBIERDErS T | o

t hi ckness thegg@fon 880. The process according to claim 13, wherein, during
step (c), the at least one 5 irradiated and nelted section of the silicon

thin filmks allowed to fuﬁhﬁghbﬂ'té Fig%?@SD, after the completion of the re-solidification
of the melted areas 85, 86 in the section 82 that follows the irradiation by the first set

“-ln

of the first and second split beam pulses 211, 221, the sample 260 is microtranslated
in the M direction at 135° with respect to the X axis, or the mask 230 (shown in
Figure 2) may be microstranslated in the -M direction at -45° with respect to the X

20  axis, to cause the shadow regions 76 of the intensity pattern of a second set of the first
and second split beam pulses 211, 221 to be shifted so as to overlap respective ones of
the rows 73 of the grains in the section 82. It should be understood by those skilled in
the art that either the sample 260, the mask 230 or both may be microtranslated so as
to cause the shadow regions 76 of the intensity pattern of the second set of the first

25  and second split beam pulses 211, 221 to overlap respective ones of the rows 74 of
grains. Although the beamlets of the intensity pattern of the second set of the first and
second spiit beam pulses 211, 221 are also shifted with respect to the position of the
intensity pattern of the first set of the first and second split beam,pulses 211, 221, the
shifted beamlets still overlap all areas of the section 82 not overlapped by a respective

30 one of the shifted shadow regions 76. Except for the shifting of the shadow regions
76 and the beamlets, the intensity pattern of the second set of the first and second split



crystallize. 21. The process according to claim 20, further conprising the
step of (d) after step (c) and after the section of the silicon thin film

re-solidipesumne crystallizes, translating the sanpl e sopthaisoiigiean ets
and the second set of | O beam pul ses inpihgge a further section of the

silicon thin film wherein the further section at |east partially overlaps
the section that was allowed to re-solidify and crystallize. 22. The

process accord] [ 1, rther. coOmpli si t e f (e), af.ter

G ep (o) and PengpSethl. A ot Mbe RmGrIRhe Bl e oLl ind sedet 4t e
beanm ets and bduen peleey i 15221.0f beam pul ses inpinge at |east one previously
irradiated, fully nelted, re-solidified and crystallized portion of the

section of the silicon WhePtreithitotadslal§ifoPheSARSe 266 BF Hicha %@'(ahget@gily

wherein the beanlets and thQ second set of beam™pul ses Irradi ate "an
mel t the sect theseationt §2is dsirddiatod by Hierseoridwet ohiine £irst Gndrisenoat! sphitheamegiilses

‘Iocationo ase) t .on the sanple. 24. . The procgss accordi tao.claim
25 “wher e t REL-ABLK Thisa® ot RechFtrach e oh e Sefoma VA Pih i n SR { he

pattern are OpddnflbEisn@dicMsroRihdubBs BRMEY thbkifess, WHENE AN 5185 bAiHR sB@idn g2ns of

the first set of beampulses to irradiate there through. 25. The process

accordi ng to evelappedby arespettiyerone ofithsishifted shadgwhreginms (76 rpmaine At I28stt hat

| i ne portions_gf. r r li regians of the. nmask whic revent
certain porti B%la%{lS{Hﬁgﬂ%‘fr%(:ﬁs?g%eg%fpagie@%uﬁg*cggi acgs ?‘ﬁ?‘&‘af‘ geift Héeﬁltgg

t hrough. 28redd) . Bddadsgthe aekastpagiallg uhthelied adead wilPdontsh drérpraiae withsk has
a transparent pattern such that transparent portions of t attern do not

i ncl ude obf i qein bepndanes foamuigrargerengdns| Wiuesspesy foths _seqi@a&%éﬁm thgiggaiant i ng
Chrougn, |5 27 aeRin bt B2t SaREARtY, 360 bR ELORARBIEN IS
conprising: amghedateasTDri8rig tee seotiqausl; ithese dapeargraian thilk sqpdahe gowily of the
o ANGeITEt e R R WS T oS Dol Tobaficd SIS el
the re-nucleated areas 52 of the section 82 so that the section 82 will have larger
15  grains as illustratively represented in Figure SE. After re-solidification of the melted
areas 77, 78 and following the irradiation of the section 82 by the second set of the
first and second split beam pulses 211, 221 is completed, additional iterations of the
microtranslation of the either the sample 260 or the mask 230 in an appropriate
direction, the irradiation by a further set of the first and second split beam pulses 211,
20 221, and the re-solidification of each melted area of the section 82 of the silicon thin
film provided on the sample 260 may be carried out to further reduce the number of

grains in the section 82.

After completion of the LS processing of the section 82 to obtain a

desired crystalline grain structure in the section 82 of the silicon thin film as described
25 above with reference to Figures 5A-5E,. and as discussed above with reference to the

exemplary process of Figures 4A-41, the sample 260 may be translated to a next

section of the silicon thin film for LS processing therein. In particular, the sample

260 may be translated to a further section so that the LS processing can be performed

therein. For example, the sample 260 may translated in —M direction for a distance
30  such that the next irradiation by the first and second split beam pulses 211, 221

slightly overlaps the previously irradiated, completely melted and re-solidified areas



(d) 20 controlling an irradiation beam generator to emt irradiation beam
pul ses at a predeterm ned repetition rate, causing the irradiation beam

pul ses towpapraeRarated into a first set of separated beamppyhigpsand a
second set of separated beam pul ses, forwgpding the first set of separated
beam pul ses to irradiate and pass at |east portions thereof through a mask
to produce a plurality of beanlets, and causing the second set of separated

beam pul ses a . L) Isnradi.at t | eas ne, section
of thesi 1 codt et b B e, BBl ihBiiBlat Bl ¢ SRR 0BRE B
pul ses and t henbekohébslit bsh@pulkes D1 522U litradigess hyighbarah tgod sahékiliceast
one section of the silicon thin filin, the second set of separated beam

pul ses and bedtp&im psevidedien thesample’d9, whickasproyidgdaban off5et and +43°dmmt o

nmelt the at |east o L ad] i of the silicon thin film

+ throughout an ent isgggﬁqgﬁgge%éggﬁgf@?&%%ction. 25 28. The system accordi ng
to claim?2¢, further co LS Ng a, bheam sputter. arranged in.a viginit f
the proces3ing arrangerrgﬁ{h,“%\%gﬁng}aﬁ' ‘E‘H%“ﬁ?’&&g stﬁﬁﬁroﬁ%sa?ﬁ%ﬂ’é’ﬁtm@?&gg%n?
the.irradiati aiveafensill eshd desbEbddowiti rfednéotHigurbeam 61P! IntthRlex¥hpRby
separates fhe irradiati on beampul ses into the first set of separated beam

pul ses and t heémbegdigrant ebthe@rocsss, as shavm BHatgwg §As the mask 239 ipgudepas laggisweom
% ond, . . ¢ ;
Dech of 'he i PaGFYRE 08 A0N R BRI Gatlo tebids 0T A TEBLERIE C &

to claim 27, wbgespondingerahspasdnt seionsf305eP60 @ide] SR EOWPE HE8k P3G The mask
corresponding intensity which is lower than an intensity required to 5

damage or 18egrdfaseda thig skemplary erpodipentahtheprgeess agcording taytheppesentvher ei n

t he processin F=Tol Ew?%%&t I tapphe
second set of g%%%g‘?lg? g%q%régm pu s@gqéﬁ%&ggpﬁgﬁf%g&a&%ggﬁh{ %g{bﬁggﬁ%gg), 32.
The system ac6dfdi19g Aaondimglyy 8ith thehse of thetshits F0Oc 31 tisedecarid spiipbeamt palsbeam
10 pul ses from.bei forwarded to.the mask by diverting the second set of
separ at ed beangﬂﬁ @’ggecg%VFﬁ&Wtaﬂ@“%B S sipstanga m@fgféemn%@ttﬂepaﬂem
separ at ed beagrpid S€S36(L3¢G b bRkPBEK. 33. The system according to claim
27, wherein the second Set of separated beam pul ses has a correspondi ng

intensity ich is | ower | R kRY. ' I east
one secti(%?lmof the sili gﬁ?ﬁ?@f?ﬁﬁﬁgghﬁg%&% e natltl{B:?le&ftt |S§Eﬁ§§§£ of

t hereof. 34. Thesiigmt thin filne progided ondhe samipie 260) useddo deseribedterfirat andesasdndone
section of the siljcon thin filmis irradiated, the_at |east one_|rradiated
and nelted seCXFBRLap e’f‘\t’fédlglpm’r“eg}pe_tmw?s? 85 ‘i‘sgagﬂdllﬁﬁ%‘r?_ A4l %‘Eﬂe ?%Tley and
crystallize. 3g e&'f’s*’eb?ﬁ%@ﬁ‘lﬁ?&ﬁ&ﬂ&é%%ﬁé’th@??ésgﬁ%bo\ﬁﬂﬁéﬁ'o tﬁeﬁﬁ? spcessing
arrangenent 20 execut'es the conputer programto performthe follow ng
further step: acedrdingite theqrbsentinventiona s infthefirst ied seeond exengflary embsidinendn
thin fil e salidifies . .and cr al.l.ize causi ng a transl ati,on t he
sarpl e 502D hait i BF tecliy B0 Rt S0t Bud BRI e Eibmthni e

oriented in random directions. Initially, areas 320, 328, 330, 338 of the section 82 of

-

the silicon thin film are irradiated by a first set of the first and second split beam
pulses 211, 221 having an intensity pattern as defined by the exemplary embodiment
of the mask 230 shown in Figure 6A. In particular, the areas 320, 328 are irradiated
25 by the portion of the intensity pattern of the second split beam pulses 221 which are
shaped by the slits 305, 309 of the mask 230, and the areas 330, 338 are irradiated by
the portion of the intensity pattern of the second split beam pulses 221 which are
shaped by the slits 315, 319 of the mask 230. Since the oblique regions of the mask
230 prevent the second split beam pulses 221 from irradiating the areas 329, 339 of
30 the section 82 which are immediately adjacent to the areas 320, 328, 330, 338, these
areas 329, 339 are at least partially unmelted. Afier the irradiation by the first set of



I mpinge a fiu-ther section of the silicon thin film wherein the 25 further
section at |east partially overlaps the section that was allowed to

re-soli diﬁ'b 03skssrystallize. 30 36. The system accor di pgrhRoeflaisn 35,
wherein the processing arrangenent execut 3@ the conputer programto perform
the follow ng further step: (f) after subStep (d) and before substep (e),
causing a mcrotranslation of the sanple so that the beam ets and the
second set of separated beam Eul ses i npinge at |east one previously

irradiated, fHefstandseepnd splisbganypylses1dndlls Mpcarens| 320328 330,338 a8F ¢ he
section of thﬁleﬁg&{}ﬁgdhnhgm efrichiBe Rifkneshe system according to clai m 36,
a t

wherein the beanlets e second set of separated beam pul ses irradiate

i crot ransl at ed | acati of i ansltR L by Bl sk B9 Sof ot tyeaipn

. according to &fafhe3Biconhiindilm rehelitifs ind@sstallidoto forkguBRbfe@ brtasuch t hat
dot portions of the pattern are obl|que regi ons of the mask which prevent

certain po?ti 6P1EespPndingtq the af leagpagially apmeliedarepeddf, g39.sAdso eftaritheadi at e
t here through; . E;ams ' ' 2 el has a
line pattern lsrtrjc atlfﬁqtﬁ?{g%ﬁ%i ne%g%%t?dgzge 0 t&%ﬁ%‘ﬁ?ﬁ%%@ﬁ%%@&ﬁégi ons
of the mask wiieahelfudenreast320£3282880,338tin theseation 8%cdol msd ressllidify, fdphé at ed
beam pul ses to i rrad‘i‘v?hi her e t hrough, 4(E)ﬂfy The system according to claim

te
35, wherein t FUCTABERWHLQL Ge graprqrepemutyRIdrom dmloied pasddBetdnt
porti ons of ! g RatdsBediviRetiiels $22¢ 405t RELOAHRIPHANParld YRl Hing a5 OP! | que
regi ons capable of pfeventing cerfaln portiohs the first set separ at ed
beam 20 pif sed26,328y 3HYi338 eIt thesmanrer,dbgte-solidificAtiey ateas3Z0 82330338 arg a

i thin fil pl i si ng: tor
orogram  and ETBPOALE RO SANEBABT Sl b T P2 p SRt 100
performthe faghg BWiﬂ?tv% fRpectie réwd 320804 Ghd 331 388 of [ @ icAfstf Brai@am

generator arrangenent to provide first and second sets of 7irradiati on beam

pul ses at a predet er ni n%dﬁ}%&e%fi"?r@{bnr Fife re-ﬁOéigﬂstitcglggn GRS el BiRal B35 Set

of beam pul ses to be irradiate pass at
328 and 330, 338 in the section 82, and following the irradiation by the first set of the

oS

15  first and second split beam pulses 211, 221, the sample 260 is translated in the M
direction at 135° with respect to the X axis, or the mask 230 (shown in Figure 2) may
be microstranslated in the -M direction at -45° with respect to the X axis, so as to
cause the intensity pattern of a second set of the first and second split beam pulses
211, 221 to be shifted to overlap at least one entire row 324, 334 of the re-solidified

20  areas 320, 328 and 330, 338 in the section 82 (e.g., preferably to overlap the
respective centers 322, 332 thereof). It should be understood by those skilled in the
art that either the sample 260, the mask 230 or both may be translated to cause the
intensity pattern of the second set of the first and second split beam pulses 211, 221 to
slightly overlap at least one row 324, 334. It should be understood that the intensity

25  pattemn of the second set of the first and second split beam pulses 211, 221 is the same
as that of the first set of the first and second split beam pulses 211, 221. It is also
within the scope of the present invention for the intensity pattern of a second set of the
first and second split beam pulses 211, 221 to slightly overlap a small section of at
least one row 324, 334 of the re-solidified areas 320, 328 and 330, 338 in the section

30 82.



portion thereof through a mask to produce a plurality of beamlets, and (c)
causi ng the second set of beam pul ses and the beam ets to inpinge and
i rradi at gyl Lg@ﬁt one section of the silicon thin film poeigbisrhen the
second set o% eam pul ses and the beam etg;simltaneously irradiate the at
| east one section of the silicon thin film the second set of beam pul ses
and the beam ets provide a conbined intensity which is sufficient to nelt
the at |east one irradigted section of . the silicqon thin filmthroughout an
entire thickness of the £ fhedransly 0%95&1?%’1 g%gﬁfgﬁdﬁ?ﬁgi%g](%b%ﬁgpﬁ‘ﬂl,
wherei n the pLRGEHR), B2 250ADYLHBAL s&RidA 82 (WARhiaks @&Hrﬁgkéﬁbﬁﬁ@%lgﬁx‘@f at or
erm ned repetition

arrangenent to ent irradiation beam pul ses at a pred
rate. 43. Thetraysdatedrfirst and sticond splitbeampulse 211 321D are ivedipteddiyrthe aradéstion

splitter arranged ip.a Vvicini f .t he processi arrange erei.n the
. processing ar P%‘%&éﬂgﬂ‘? Sf%onélaf‘ﬁéésrﬁ? fest F?&?ﬁfff’ﬁ‘?f‘gﬁ%ﬁgarﬂugg? gﬁ;&%w@é with
forwarded §0 HardB3Y0SIIE, B56,338Nihe hew Pl 316534201844, 348 dF Bel seBridiEsH Ul ses
into the first set of beam pul ses and the second set of beam pul ses. 44.
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set of beam pul ses, prior, to the irradi ati on beam pul ses reaching the nask.

46. The syst efnmedigtely adjageat k the areas 34342 and, 34hS4p; tespectively dhessadincgll ses
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the second set of beampulses from being forwarded to the mask. Ol ~~~I's
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pul ses from b‘%x"eggﬂa‘)rﬁ@r\ﬂﬁ%%v@reg{&ﬁ%ﬂﬁﬁﬁdw&di verting the second set of beam

pul ses away fromr the mask pri o0°the second set of beam pul ses reaching
the mask. 49. The syste ' (=T _hygnﬁ | of
beam pul ses has 5 a cor %’?@gﬁ’éﬁ%gpﬁ‘ﬁ%ﬁn@‘ﬁ@ t@\%{ec 1| gﬁag%ggﬁh'%g%ﬁgﬁeﬁg&

I Nt ensi ty 15 equidae 840, 342344, BHé irathe lseron 8ANtheqesat B398, 37 reBolidify awibiucldaten
filmthroughout the entire thjckness {hereof. 4‘30. ..The system according to
clai m 41, wherashthatihe graigs ofdhe pucientedsareds Y, 337 WHbsesd tiecgaWithphthe grains s

. diated. t . ot ; L
thin fiim s of MRmelRRskadR30 14700 08 LT &Y SAGYEive st I ot e
accordi ng to ateas B4GB42y\Bet, 846, Ahthemamedings, iy grana ofjthesnlidified and et 1ehe

conput er programto perfo t he f.all.ow fyrther step: . (d) .after, suhstep
(P and af v o ot BaRfns AF B s 320 P8, 0 el 6 nb i proin B Hie
20  areas 340, 342, 344, 346 laterally toward the respective centers of these areas 340,
342, 344, 346. In this manner, the grains extending from the solidified and not re-
melted portions of the areas 320, 328, 330, 338 will extend into the newly solidifying

areas 340, 342, 344, 346 so as to form long crystalline grains which extend up to the
respective centers 352, 356 and 362, 366 of the re-solidified areas of the section 82 of

25  the silicon thin film which correspond to the melted areas 340, 342 and 344, 346,
respectively. Therefore, the grains in the rows 324, 334 will be longer than the grains
in rows 350, 354, 360, 364.

In this manner, the LS processing of the section 82 to obtain a desired
long crystalline grain structure in the section 82 of the silicon thin film as described
30  above with reference to Figures 6A-6D can be achieved. It should be understood that
the translation of the sample 260 in the +M direction or the mask 230 in the -M



solidifies and crystallizes, causing a translation of the sanple so that
the beaml ets and the second set of beam pul ses inpinge a further 15 section
of the siyig@@ndpin film wherein the further section at |P%"i°ﬁf50f/§‘ht1§ ally
overlaps the section that was allowed to he-solidify and crystallize. 52.
The system according to claim51, wherein the processing arrangenent
executes the conputer programto performthe follow ng further step: 20 (e)

after substep,(c). and befare s ep (d), causing a m.crqtranslation of the
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syst em accor dagegrding to thi predent inventionn t he beanl ets and the second set of 25
beam pul ses irradiate and fully nmelt the section of the silicon thin film

- froma mcrotransl at ed Fignat¢ 7 dsa fibwtdiegranspresenting 3Bexefnpldlyd. SSprdt&sing
according o cl aicﬂ}éSZ, wherein the nask has a dot-like pattern such that
dot portiohs BioceqtEe paderaf Irashmartial computer eqnirgh usipg therprocassss of theapessnty ent

certain portigReniin df¥8ghiet 30-AESANE Q‘%ﬁafm-ﬁﬂ 3€thal Be LA gﬁfﬂ@sﬁllg%g&em c1f i ne

t hrough. 55. The systemraccording to clalm52, ereint S a
pattern such Bigutel. Ini step p), theorsdwéretchmppodnteofithe systab bf Figare Zgucnss the t he

k which t certalin rti ons of first.set. of beam.pul ses to
T adiat ot hePEE Rir00 Sl bR GGertienat s e Bk g0 o FASIRDAREY 6 ¢ he
mask has a trasfpaim irapgbhent2 76U dite shaplet268 1SRAAGT Untd Bl dafipfe ©insidfien
pattern do not include oblique regions therein, the oblique regions capable
: i

of prevenl@ ngstege 230 in steir 2050 At should beengted that sish legdingzmay pe perfornied either

irradi ate they ough, . ANE.AS AR A .. ASY . A ..
N e he. o bl bt Aconn it Bein€ e Sl faging appaafus nd the sgarolof
. ASR ASY . As. theRofpltinP@rMenedBTF Next, the sample translation stage 250 is moved,

preferably under the control of the computing arrangement 270, to an initial position

in step 510. Various other optical components of the system are adjusted manually or

15  under the control of the computing arrangement 270 for a proper focus and alignment
in step 515, if necessary. In step 520, the irradiation/laser beam 201 is stabilized at a
predetermined pulse energy level, pulse duration and repetition rate. Then, the
irradiation/laser beam 201 is directed to the beam splitter 210 to generate the first split
beam pulse 211 and the second split beam pulse 221 in step 525. In step 530, the

20  second split beam 221 is aligned with the mask 230, and the second split beam pulse
221 is irradiated through the mask 230 to form a masked beam pulse 225.

In step 535, if the current section of the sample 260 is unmelted or has
already solidified, this current section of the sample 260 is irradiated with the first
split beam pulse 211 and the masked beam pulse 225 which has an intensity pattern

25  controlled by the mask 230. During this step, the sample 260 can be microtranslated
as described above with reference to the processes illustrated in Figures 4A-4I and
5A-5E, and the corresponding sections again irradiated and melted throughout their
entire thickness. In step 540, it is determined whether there are any more sections of
the sample 260 that need to be subjected to the LS processing. If so, the sample 260

30  is translated using the sample translation stage 250 so that the next section thereof is

aligned with the first and second split beam pulses 211, 221 (step 545), and the LS
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(b)  separating the irradiation beam pulses into a first set of separated beam
pulses and a second set of separated beam pulses;
©) forwarding the first set of separated beam pulses to irradiate and pass
10  at least portions thereof through a mask to produce a plurality of beamlets; and
()  providing the second set of separated beam pulses and the beamlets to
impinge and irradiate at least one section of the silicon thin film, wherein, when the
second set of separated beam pulses and the beamlets §imu1taneously irradiate the at
least one section of the silicon thin film, the second set of the separated beam pulses
15  and the beamlets provide a combined intensity which is sufficient to melt the at least
one irradiated section of the silicon thin film throughout an entire thickness of the

section.

2. The process according to claim 1, wherein the first set of separated beam
pulses has a corresponding intensity which is lower than an intensity required to

20  damage or degrade the mask.

3. The process according to claim 1, wherein step (c) includes the substep of

preventmg the second set of separated beam pulses from being forwarded to the mask.

4, The process according to claim 3, wherein the preventing substep is performed
by diverting the second set of separated beam pulses away from the mask prior to the

25  second set of separated beam pulses reaching the mask.

5. The process according to claim 1, wherein the second set of separated beam
pulses has a corresponding intensity which is lower than an intensity required to melt

the at least one section of the silicon thin film throughout the entire thickness thereof.
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solidifies and crystallizes, translating the sample so that the beamlets and the second
set of separated beam pulses impinge a further section of the silicon thin film, wherein
the further section at least partially overlaps the section that was allowed to re-solidify

and crystallize.

10 8. The process according to claim 7, further comprising the step of:
® after step (d) and before step (e), microtranslating the sample so
that the beamlets and the second set of separated beam pulses impinge at least one
previously irradiated, fully melted, re-solidified and crystallized portion of the section
of the silicon thin film.

15 9. The process according to claim 8, wherein the beamlets and the second set of
separated beam pulses irradiate and fully melt the section of the silicon thin film from

a microtranslated location of impingement on the sample.

10.  The process according to claim 8, wherein the mask has a dot-like pattern such
that dot portions of the pattern are oblique regions of the mask which prevent certain

20  portions of the first set of separated beam pulses to irradiate there through.

11.  The process according to claim 8, wherein the mask has a line pattern such
that line portions of the pattern are oblique regions of the mask which prevent certain

portions of the first set of separated beam pulses to irradiate there thr’ough.

12.  The process according to claim 7, wherein the mask has a transparent pattern
25  such that transparent portions of the pattern do not include oblique regions therein, the
oblique regions capable of preventing certain portions of the first set of separated

beam pulses to irradiate there through.
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10  thesilicon thin film, the second set of beam pulses and the beamlets provide a
combined intensity which is sufficient to melt the at least one irradiated section of the

silicon thin film throughout an entire thickness of the section.

14.  The process according to claim 13, wherein step (a) includes the substeps of:
i emitting irradiation beam pulses at a predetermined repetition
15 rate, and
ii. separating the irradiation beam pulses into the first set of beam

pulses and the second set of beam pulses.

15.  The process according to claim 14, wherein substep (ii) is performed prior to

the irradiation beam pulses reaching the mask.

20 16.  The process according to claim 13, wherein the first set of beam pulses has a
corresponding intensity which is lower than an intensity required to damage or

degrade the mask.

17.  The process according to claim 13, wherein step (b) includes the substep of

preventing the second set of beam pulses from being forwarded to the mask.

25 18.  The process according to claim 16, wherein the preventing substep is
performed by diverting the second set of beam pulses away from the mask prior to the

second set of beam pulses reaching the mask.
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20.  The process according to claim 13, wherein, during step (c), the at least one
5 irradiated and melted section of the silicon thin film is allowed to re-solidify and
crystallize.

21.  The process according to claim 20, further comprising the step of:
(d) after step (c) and after the section of the silicon thin film re-solidifies
and crystallizes, translating the sample so that the beamlets and the second set of
10  beam pulses impinge a further section of the silicon thin film, wherein the further
section at least partially overlaps the section that was allowed to re-solidify and

crystallize.

22.  The process according to claim 21, further comprising the step of:
(e) after step (c) and before step (d), microtranslating the sample so that
15  the beamlets and the second set of beam pulses impinge at least one previously
irradiated, fully melted, re-solidified and crystallized portion of the section of the
silicon thin film.

23.  The process according to claim 22, wherein the beamlets and the second set of
beam pulses irradiate and fully melt the section of the silicon thin film from a

20  microtranslated location of impingement on the sample.

24.  The process according to claim 22, wherein the mask has a dot-like pattern
such that dot portions of the pattern are oblique regions of the mask which prevent

certain portions of the first set of beam pulses to irradiate there through.

25.  The process according to claim 22, wherein the mask has a line pattern such
25  thatline portions of the pattern are oblique regions of the mask which prevent certain

portions of the first set of beam pulses to irradiate there through.
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5 27. A system for processing a silicon thin film on a sample, comprising:
a memory storing a computer program; and
a processing arrangement executing the computer program to perform the
following steps:

@ controlling an irradiation beam generator to emit irradiation

10 beam pulses at a predetermined repetition rate,

(b)  causing the irradiation beam pulses to be separated into a first
set of separated beam pulses and a second set of separated
beam pulses,

() forwarding the first set of separated beam pulses to irradiate

15 and pass at least portions thereof through a mask to produce a

plurality of beamlets, and

(d)  causing the second set of separated beam pulses and the
beamlets to impinge and irradiate at least one section of the
silicon thin film,

20 wherein, when the second set of separated beam pulses and the beamlets,
when both simultaneously irradiate the at least one section of the silicon thin film, the
second set of separated beam pulses and beamlets provide a combined intensity which
is sufficient to melt the at least one irradiated section of the silicon thin film

throughout an entire thickness of the section.

25 28.  The system according to claim 27, further comprising a beam splitter arranged
in a vicinity of the processing arrangement, wherein the processing arrangement
causes the.irradiation beam pulses to be forwarded to the beam splitter which
separates the irradiation beam pulses into the first set of separated beam pulses and

the second set of separated beam pulses.
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executes the computer program to prevent the second set of separated beam pulses

from being forwarded to the mask.

32.  The system according to claim 31, wherein the second set of separated beam
10 pulses from being forwarded to the mask by diverting the second set of separated
beam pulses away from the mask prior to the second set of separated beam pulses

reaching the mask.

33.  The system according to claim 27, wherein the second set of separated beam
pulses has a corresponding intensity which is lower than an intensity required to melt

15  the at least one section of the silicon thin film throughout the entire thickness thereof.

34.  The system according to claim 27, wherein, when at least one section of the
silicon thin film is irradiated, the at least one irradiated and melted section of the

silicon thin film is allowed to re-solidify and crystallize.

35.  The system according to claim 34, wherein the processing arrangement
20  executes the computer program to perform the following further step:

(e after substep (d) and after the section of the silicon thin film re-
solidifies and crystallizes, causing a translation of the sample so
that the beamlets and the second set of separated beam pulses
impinge a further section of the silicon thin film, wherein the

25 further section at least partially overlaps the section that was

allowed to re-solidify and crystallize.
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37.  The system according to claim 36, wherein the beamlets and the second set of

separated beam pulses irradiate and fully melt the section of the silicon thin film from

10  amicrotranslated location of impingement of the sample.

38.  The system according to claim 36; wherein the mask has a dot-like pattern
such that dot portions of the pattern are oblique regions of the mask which prevent

certain portions of the first set of separated beam pulses to irradiate there through.

39.  The system according to claim 36, wherein the mask has a line pattern such
15 that line portions of the pattern are oblique regions of the mask which prevent certain

portions of the first set of separated beam pulses to irradiate there through.

40.  The system according to claim 35, wherein the mask has a transparent pattern
such that transparent portions of the pattern do not include oblique regions therein, the
oblique regions capable of preventing certain portions the first set of separated beam

20  pulses to irradiate there through.

41. A system for processing a silicon thin film on a sample, comprising:
a memory storing a computer program; and
a processing arrangement executing the computer program to perform the
following steps:
25 (aj controlling an irradiation beam generator arrangement to provide first
and second sets of irradiation beam pulses at a predetermined

repetition rate,
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irradiaté the at least one section of the silicon thin film, the second set of beam pulses
and the beamlets provide a combined intensity which is sufficient to melt the at least
one irradiated section of the silicon thin film throughout an entire thickness of the

section.

10 42.  The system according to claim 41, wherein the processing arrangement causes
the irradiation beam generator arrangement to emit irradiation beam pulses at a

predetermined repetition rate.

43.  The system according to claim 41, further comprising a beam splitter arranged
in a vicinity of the processing arrangement, wherein the processing arrangement

15  causes the irradiation beam pulses to be forwarded to the beam splitter which
separates the irradiation beam pulses into the first set of beam pulses and the second

set of beam pulses.

44,  The system according to claim 41, wherein the beam splitter is located

upstream in a path of the irradiation beam pulses from the mask.

20 45.  The system according to claim 43, wherein the beam splitter separates the
irradiation beam pulses into the first set of beam pulses and the second set of beam

pulses prior to the irradiation beam pulses reaching the mask.

46.  The system according to claim 41, wherein the first set of beam pulses has a
corresponding intensity which is lower than an intensity required to damage or
25  degrade the mask.

47.  The system according to claim 41, wherein the processing arrangement
executes the computer program o prevent the second set of beam pulses from being

forwarded to the mask.
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5  acormresponding intensity which is lower than an intensity required to melt the at least

one section of the silicon thin film throughout the entire thickness thereof.

50. The system according to claim 41, wherein, when at least one section of the
silicon thin film is irradiated, the at least one irradiated and melted section of the

silicon thin film is allowed to re-solidify and crystallize.

10 51.  The system according to claim 50, wherein the processing arrangement
executes the computer program to perform the following further step:

(d)  after substep (c) and after the section of the silicon thin film re-
solidifies and crystallizes, causing a translation of the sample so that
the beamlets and the second set of beam pulses impinge a further

15 section of the silicon thin film, wherein the further section at least
partially overlaps the section that was allowed to re-solidify and
crystallize.

52.  The system according to claim 51, wherein the processing arrangement
executes the computer program to perform the following further step:
20 (e) after substep (c) and before substep (d), causing a microtranslation of
the sample so that the beamlets and the second set of beam pulses
impinge at least one previously irradiated, fully melted, re-solidified

and crystallized portion of the section of the silicon thin film.

53.  The system according to claim 52, wherein the beamlets and the second set of
25 beam pulées irradiate and fully melt the section of the silicon thin film from a

microtranslated location of the sample.
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portions of the first set of beam pulses to irradiate there through.
56.  The system according to claim 51, wherein the mask has a transparent pattern
such that transparent portions of the pattern do not include oblique regions therein, the

oblique regions capable of preventing certain portions of the first set of beam pulses

10 to irradiate there through.



