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10 NOTICE OF GOVERNMENT RIGHTS

The U.S. Government has certain rights in this invention pursuant to
the terms of the Defense Advanced Research Project Agency award number N66001 -
98-1-8913.

FIELD OF THE INVENTION

15 The present invention relates to techniques for processing of
semiconductor films, and more particularly to techniques for processing

semiconductor films using patterned laser beamlets.

BACKGROUND OF THE INVENTION

Techniques for fabricating large grained single crystal or
20  polycrystalline silicon thin films vsing 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.



The sequential lateral solidification techniques and systens descpi%é&FR 2003
t herein | that | ow defect density crystalline sill fi can be
R PR

produce ose substrates that do ngt permt epitaxia , upon
whi ch hi gh performance mcroel ectronic “devices can be fabricated. 5 Wile
t he above-identified patent docunent discloses a particularly advantageous
system for inplenenting sequential lateral solidification, there have been

attenpt s t o THB&SRGugniE beralsplididieatiandethviduenend systmsatesiriied iadreinairovide

solidificatj 1S mis.disglosed in United States Patent No.
5, 235, 236 (ﬁt tow; : °@§#2‘Ht‘¥’fs¥ﬁ%'}?e5%é°r?{‘?ﬁ%‘s G750 redresd on thprcsnbsiates

i ncor por at ethahés sotrpehyit epiteial peowthOurel wHich Mgh erfbifdc nlicroblReroma® Pat ent
discloses a_ 1:1 projection _irradiation system 'In particular, an

i | | umi nat i ofeVases canpotabaratei s projection irradi ation system generates a
honogeni zed | aser beam whi ch passes through an optical system 22, a nask.
14, a projection | ensWaild the abeveidentified prtdnt tocumsent distkbessta particidardpbst r at e

sanpl e 10. wever. in,thi.s .prior art proj.ection icradiation system the 15
energy denst V)?“%‘%eq“ﬁg Srtr%{]_gﬁorfﬁlpmﬁ“%%s{ﬂ“@alaﬁatﬁr%?hﬁa%%F’@‘S}'e_ &¥&ity on
the subst rigded alibmpibhé sroliffy pthebbyRienis 16 MplshRht RERGRRPRErAISOHITHRGA! 9h
fluence on the substrate 10 are considered, as the high energy density

i nci dent onOnpEchgysemds disglosed dm YaitpdhFiates RatettiNags28%23h¢theda36 14. I n
addi tion, i per | aser- Li.ght .can cause damage to the optics of
the system é(}légf%?ﬁgg%,‘ﬁ%%oergogﬂhsl lsé‘wﬁ&’é’aaff‘gﬁe’swq’é’o‘%f%}csved proj ection

I rradi aty on system of,the. t . desgribed in t 1236 Pateny for

i mpl emehiti ng t he seq&#ﬂﬁ){(ﬁg{ggpa ’%%??%#%F@%ﬁc&?%? 8gé§gleﬁﬁlﬁmut damagi ng
the mask 14iura@aibsRétept hhfartiodeNH ihin@adon bystdie 20 BF 86 sropfctibhie present

I nvention is to provide an inproved 25 projection irradiation system and
process to FRfPEeRFStan gt aRomazenized agsr bamiviiich passesghroughepher obj ect

of the pre i ty | St | : S i whi ch,
The mask of Tt ITSh For ek e pRlHPy o gl £18vaHins BHPEARSHIILIA" . Tt e
or degr adech shbsiratosample i1t Bowiever, fthisipeiobadt peoieuiton dsadidtion systehs theanot her

obj ect .@f the prgsent inventl to . jncrease the lifetine of the optics of
the system r@ d%nﬁgﬁnz%ﬁgl%?‘gWﬁ%ﬁe%@ltﬁ%%e\?ﬁﬁr&ﬁien%w on the :

substrate 10. This is problematical when processes requiring high fluence on the

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 energy laser light can
cause damage to the optics of the system. Accordingly, there exists a need for an

20  improved projection irradiation system of the type described in the '236 Patent for
implementing the sequential lateral solidification process without damaging the mask
14.

SUMMARY OF THE INVENTION

One of the objects of the present invention is to provide an jimproved
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
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decreasing the energy being emtted through the optical conponents (e.g.,
pr oj eq,;,{)gﬂ_ushpnses). In order to achieve these objectiygq ! as others
that will "become apparent with reference to the follow ng specification,
the present invention generally 5 provides that an irradiation beamis
caused to pass through a beamsplitter to becone two beans, each providing
partial intensity of the energy of the qriginal beam In one exenplary
enbodi mentdeefrasiieths cnergy being rifqddhrough gﬁ%’@%@ Comgones (Cim Iraieciebcessi ng a
silicon thip.fil mon a sanple are provided. In particular, an irradiation
beam generator is controlled to emt successive irradiation beam pul ses at
a 10 predeterm ned r L11.00: | {at Lon beam.pul ses are then
separated into a filﬁsf&&s‘t'eoté%g’fﬂ(lgieh%sn? %?@g’gé’ %%‘gggassoetg%rﬁ?] a?‘é‘?lﬁ)g?coﬁlé%m pul ses.
The first appdremiwiicfferpite36 te foll@viag speifidation, thesheadne idvehitdiofer@rdlBsk to
produce a pluraljty of heam ets. The second  set of beam pul ses and the

beam e?s RFidesthaignigadighanhsamds erused lodrass bronshiadeam sphiterdabeswne of t he
il t Rk ; : beam ets 15
S mut ¢ ane S pbirteesdfiEByiif PARGPATeRRY oPihe REATY B ANApLAR PN C©

conbi nati on provide conhi i nsi ich is sufficient to It the
cection of the si i dbAef AERRRRY sRBOERBHErMTbE s FEbicn Befirat @Y | he
section. ¥Hterh E‘dré}ﬂb@ésbiﬁ%a bRtiaoh GRNEMAbLA G sardplARYHERIHed "BYpLitilal he
successive irradiation beam pul ses at a‘{)r edeterm ned. repetition rate. 20
I n anot heiTasiatiop ber SRUFSHN iesoptrelled thenpt wseassive Hyashtiogbeamppulses pkadi at i on

beam pgll s g@gﬂg t . ' ' e

[ rrad?gt [ g%d eam %ﬁ %ee}sﬁﬁtﬁfdge't'ﬁleegﬁ ?fag%&égkb%%s%%%%%%%%%gﬁégsecond
set of bedimnt sgwifbeam pllses owbmsespid st of bdam prisese Thb fiyst sacdbezinpplts eam in a
path of the irradiati beam pul ses fromth sk,.,and separates the
irradi=atiSﬁ?cﬂﬁ%?aquﬁgcg%cm{?%éR%@. 'tPsto f??gﬂ%ﬁ’ééfﬁlﬁﬁés eéfﬁ?"phe second
set of begimoPytH6puRts Ad thObédfets Afedhusidit6 inpRE kil filfate 4t188&PbRAY t he mask.
In still another enmbodi nent of the present invention, the first set of

beam pul sgestinn ef theawliqondlys ddmn JVhan thessceyd o iof heam prlseerndithabeamicisnt ensi t y

requi ged s tgﬂg%g F : ichiMhifT REK. thid bl set of
beam [i)ﬁl s%lgméan eﬁﬁ girg{ee\?‘gﬁ?"gg"‘??g%g%ﬁ"{’]‘g or\;\ig’rtgjeéldmfl 0t 1§n§§c§z§@é§e- g., by
di verti ngatombmed antensigtwhoch is eafiicentl toARE the38ctind diZihelGRebn tRITHIISOI/ 44415

throughout an entire thickness of the section. The irradiation beam generator

arrangement may emit the successive irradiation beam pulses 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 mio the first set
25  of beam pulses and the second set of beam pulses prior to the irradiation beam pulses

reach'iﬂg 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



0
4 pul ses away fromthe nmask prior to the second set of beam pul seslirg‘g%hzl%\%
the maskooziisaddi tion, the second set of beam pul ses psefgsaplyshas a
corresponding intensity which is |owerg4than an intensity required to nelt
the section of the silicon thin film throughout the entire thickness

t her eof . 5 In yet another enbodi nent of the present invention, when the

section i irra t t hi i rradi ated and nmel t ed
section of P‘&. Sﬁ*ﬂ%%oﬁfﬂﬂ{e%%k%hpﬂq t@e W%&é% C'?gb"}népg SHE?P? %ﬁ’d’ mask

crystal | i zeln Afdition, theeccndtsbasT behmipuies plckez My hid Qluorfré Hﬁcﬁﬁ% ,fies and
re- crystallxlg?zneg the sanple is_transl ated so¥at t he beanmets an t he

second set é%%“ﬁﬁﬂ@é@ﬁ?ﬁﬂsﬁ@ée%ﬂﬁeém melt thecssetiomoDthe shigos tinfidm thin -
film This 40, Jg%ﬁ%% xﬁ:ﬁ?ﬁh %t erégist partially overlaps the section that

was all owed toTe-so re-crystallize. Also, the sanple can be
m crotranslated so t he .bea S a the second set of beam pul ses
i i nge%gt | east oneh%Tyeeg/%Hﬁfq %“Mﬂgf’%‘&el’fﬁﬁ YrOteRVhen the sentiog i ed
and re- cryssfahé sikesh e filnOR i0hdiblee, BRGEh@MNAEnd Hx%ltéd LdegioR ofgieréﬂF opm _The
beam ets and.the second set of beam pul ses can irradiate an 15 nel t

t he secti onthd¥filphis allpwed tarersalidify prderystallize A:ﬁermusmmsmwmm of the

sanple. Th ter.n s8g t .porf{ions of the
pattern argﬁ %KSO |eggée{(?]§ gcr?%%@%é;ﬁ}e%%n lﬁt\ﬁﬁ%ﬁ& gjx?gﬁ'fabf‘ﬁ‘@iqt?‘?@t set of
beam pul seshé 9ecbmi agtiofibeam pﬂeem;imgwthﬂuéﬂ s‘é@txoﬂéﬁhmkoﬂ% BaxeTRis | ne

patternguc hat line portions of the pattern are the oblique regions of

the ma Ieagtpartigliyovedapsdhe Eféaﬁ?ﬁﬁf was allgwedtoirersgliflify e t here
t hr ough. F%Hfi'@%fa%zet DGsdIRRfalible 068 rficldrABSARA S0 tnk Bl Gl that

transparent portions of thé patt 0 not 1nc e any bl I 'que’r egl ons
t herein. | tthe secanésﬁtpﬁbmp@sqmwladbaﬁemmmw inpdidead, &by maltéd)e pat h

occomanyt oAt dind RN Bl i B mb A0 SE R SR R o0 part of
this disclosure, ill a ref erred, enbqdi nent, of the invention and
serve to explain th:ﬁ'ﬁ# gﬁ%& %?Set"ﬂ’éd??r‘i\?gﬂ?arnbﬁ uisgirgapprrpsiatormd fplb) OF THE
DRAW NES Firgdlf e Sedtion df #2808 itRin HiRCkorH 12 38012l d R6 daBbn af%lgésm%lz Ie) o

projection__irradiation system |i APR 2055 WO 02/42847 PCT
The mask may have a dot-like pattern such that dot portions of the pattern are the

oblique regions of the mask which prevent the first set of beam pulses to irradiate

there through. Also, the mask may have a line pattern such that line portions of the

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 traasparent 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 DESCRIPTION OF THE DRAWINGS

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

urradiation system;
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5 Figure 2 is a schematic bl ock diagram of an exenplary enbodi nent of

proj eayo@fudsht adi ation system according to the presentpdrR)égidpn; Figure 3A
is an exenplary graph which representsc.the energy density pattern at a
silicon filmsanple using the prior ar% projection irradi ati on system5
illustrated in Figure 1; Figure 3B is an exenplary graph which represents
the energy density attern at the silicon filmsanple using the exenplary

proj ection irradi at if3&€ydt 2ffhgratic hlock diagem of snevempdary embedimeat el i n
Figure 2; FH : i -af | . j-at.ion beam pul se
intensity %rgﬁggﬁig@ﬁﬁégﬁéﬁégﬁ gér&g%ﬁétoﬂg?f%frs%ﬁéé%&%@éﬁpl ary sections of a
i accor fance with S a8 S8 SRS Shbod R ererta i esdeetofhe o
pr esent ilpa&élhiaﬁﬁl'silil;&lﬁirﬁﬂdtﬁgléilsih riof A GieMtidnGRadiafith dystedst ration of a
thin fil m.device.  which can be fa%??d(})at ed us?jng theaplr ocesygeiﬁllsl ustrated in
Fi gureé 4 Allusiratertiip Hrguge EA-5E are illustrations of a radiation beam pul se

intensity pattern and the grain structure of exenplary sections of a film
sanpl e at different Figwedlds of excmplar® grpbodsdh regresentaitheeneilzpdensifyt h a

second ex I odi pent_of, the process of the. present invention;

Fi gures 6%%‘1[533?%1%?1 cﬁ%%ﬁﬁﬁ‘%ﬂlg HSPgéﬁ‘??ﬁ FERPE bﬁ‘r“g@anﬁyétﬁ%ﬁ fy 20
pattern ankkfra®@ngingtntionilliiiatiden Figiexenpl ary sections of a filmsanple at
different stages of the LS processing in accordance with a third exenplary

enbodi nent of the  p{ACRSH O ark MuREESRIIF arANER O%in ANL HiGYUES 7 s a flow

di agram representi ng an exenplary LS processing procedure under at |east

parti af coatternpndthegransructinegf axemplgorsotionsfof Bifursempleus idiffer@s t he

my b oSpprec e R aca P Dt porssinthth S5or it iR SR dSelih, 42647
PCT/ USO1/ 4#Bddimenit 6FalpibédsDohSPREsEHY ithention;

Figure 4] is an exemplary top view illustration of a thin film device
which can be fabricated using the process illustrated in Figures 4A-41.

15 Figures 5A-5E are illustrations of a radiation beam pulse intensity
pattern and the grain structure of exemplary sections of a film sample at different
stages of the LS processing in accordance with a second exemplary embodiment of

the process of the present invention;

Figures 6A-6D are illustrations of a radiation beam pulse intensity
20  patiern and the grain structure of exemplary sections of a film sample at different
stages of the LS processing in accordance with a third exemplary embodiment of the

process of the present invention; and

-

Figure 7 is a flow diagram representing an exemplary LS processing
procedure under at least partial control of a computing arrangement of Figure 2 using
25  theprocesses of the present invention of Figures 4A-41, 5A-5E and 6A-6D, as may be
carried out by the system of Figure 2.
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An exenpl ary enbodi nent of a projection irradiation system according to

t he pr havention is shown as a schematic bl ock di i.n Figure 2.

In par?ﬁ?ﬂ%g%gya beam source 200 (e.g.,pa pul sed excinggéﬁgégﬁfﬁgenerates
an excimer 5 | aser beam 201 (conposed of" beam pul ses) whi ch passes through
a beamsplitter 210 to becone tw beans 211, 221. In one exenplary

I npl ementatjon of the present invention, these two split beans 211, 221
may each haPEIRHLFD DESCRIPIION t hat of the original beam201. It is

wi thin the scope of the present invention to possibly wutilize other energy
conbi nati ons with theAsgsempplaryenshatimeniof aphgegioadaadiafigivgefehon 10

il lustrated_ in .Fi 2. Each of. the, b 211, 221 iS ( sed of t of
eam - pul se OIS e Prosqrf fveplion 346 e cinaty Plock direryo m Fiewieck. 212
toward a HerpagRiiEes beddsoiitd 2D (¢! .,aﬁweeekmrﬂgﬁgﬁ%és%nb&%m-

Thereafter, the honbgenized beam Z157°(and its re eam pu?rses) can
be redi rectledr byam 20 (enmpaser of beany pulses) which passes theotighca tbent splifte:e21 0

sem conduct.gnr hchyd s held by a.sample translation stage 250.
It shoul d btg bﬁ%E ed{.‘ﬁ%‘%&& elrg%%?ﬁ‘loggfx%‘ﬂ%lﬁrydglp ‘t”é?qucf’?ﬂEﬁlﬁF@B‘Eri c, or
pol ymeri ¢ finvemsonpicdeawesplit bdawisexd 1§ 201 ﬂlﬁbﬁe@hhhﬁ@ﬂ)%%?me%@wrogs anpl e
260. During, a substanti all é sanme tine interval, the second split beam 221

20 (and i t S0 edgagihepm P Jeis)withim theecorsntthepregeob ynvantion togossily to pass
t hrough a qﬁﬁi%egﬁgren%%/ mr?gl;- 5%(%1%vﬁfﬂ@??ﬁ%@%&@g&t@ﬁ%ﬁe&rﬁ%& g}%ﬁg it beam

221 is aligned wth t S to a econ (and
its pulldes)illustrated ih Figwie 2t Edch bifsthe bearhs g B2 hiscohpoestofimeketbdagam pul ses
225. The nmasked beam pul ses 225 can then be redirected by a second mrror
231 to pas@™tRtough a projection |ens 240. 25 Thereafter, the masked beam

pul ses 225 which passed 1 hro t he projection |l ens 240 are again
redirected to a reve@%ﬁmﬁ?@%g%cagéqrﬁdl{f&tqdmmmor@ﬂ%cmarda

sem conductgmopsard! 2 3 208ich Thé SRpits gﬁgmoééi')?zelﬁrb%lgoflgp %Lx%&ﬁﬁél% and the

reversing unit 241 may be substantially Simlar or sane-as ose descri bed
in the abowempgemzadihean 2ida(amd ite raspectivi bbam pulses) capbe oalirectedrbiy gat i ons nmay

be use t [:L 1] f.the ori.ginal beam 201 APR 200 02[ 42847
PCT/ U_Sgs/ 42%@8 Hi}‘étgg‘f %" %2 g Hgifient o & Srsop °t?’-'oga{“#?ge %ﬁﬂ}/‘\g‘iﬂﬁ Is bldm 201
(and its bésmspmbkasnshdbngtage 250. It should be noted that other samples, such as

metallic, dialectric, or polymeric films may be substituted for the silicon

semiconductor sample 260.

During a substantially same time interval, the second split beam 221

20  (and its respective pulses) can be redirected by a mirror 222 to pass through a mask
230. The mirror is arranged such that the second split beam 221 is aligned with the
mask 230 to allow the second split beam 221 (and its pulses) to be irradiated there
through and become masked beam pulses 225. The masked beam pulses 225 can then

7 be redirected by a second mirror 231 to pass through a projection lens 240,

25  Thereaiter, the masked beam pulses 225 which passed through the projection lens 240
are again redirected to a reversing unit 241 so as to be incident on the semiconductor
sample 260. The mask 230, the projection lens 240 and the reversing unit 241 may be
substantially similar or same as those described in the above-identified '236 Patent.

While other opticai combinations may be used, the splitting of the original beam 201



passed t hrough the mask 230. It should be understood by those skiﬂl I!%eéPRnZUQE‘

t he arwotgagigsbnstead of a pul sed exciner |aser sourcq,m?‘j% /pﬁ source 200
nmay be another known source of 5 short-energy pulses suita Ile or nelting a

thin silicon filmlayer in the manner "described herein below, such as a
pul sed solid state |aser, a chopped conti nuous wave |aser, a pul sed

el ectron begam.or | sed ion beam _etc., wth appropriate nodifications
to the raaﬁﬁﬁﬁd&{e@% HRPRI e isaun) bean 20b(ang isheams anisks b2g. The

transl ati sedRrolibk iRt L ARSIsat | ons of the sanple stage 250 are preferably
controll egﬂﬁy looggcorrputl ng arrangenent 270 (e.g., a conmputer which uses

Intel Pentium(r) 4 I@]’Jg[ jch | oupl e 0 .the beam source 200
and the sanpl e stage (51?%%)&(?%5?%0?(@ p%sgss}cﬁyeglqﬁ?a%ﬁﬁatmtq #g

ar r angene niuls2d @xéitne tiaéi lurde] e Bedh @éﬂr@@mmﬁahﬁﬂém&ﬁaw@wﬂgﬁc&?@ so as to
shift heoghntensmy attern of the first and second beans 211, 221 with

respect’ t SOPHENEEHPRIEcHBRabIe\for melfing a thin siliconifilm layer bdbempuheres gener at ed

by 15 the = ' JDeam i sitw in the range of 10
mh1 oo 1o T3 mg neisafudol A FRuRe s A0 d ol Bt e03 nsec,
and a pul daser, epaisetietootrombean or a piilsed ion bearfetd, Owitlt afy@od@de Hz. Figure 3A

shows is an enpl ary_graph. which represents the energy density pattern at
a silicon I'F‘?‘ﬁﬁ?aé‘&ﬁfﬁ%thg&‘ﬁﬁ‘q\gﬂ’éa@@?@rﬁ%@hﬁﬁoﬁf@@pp%ﬂﬁ@@m%ﬁﬁpoH’hQO system

i 1l ustrat e@néidi ; ' ' | I at es,t ener gy
densi t patt %ﬁis%ﬁ&%og%%%@ﬁ%f& bﬂ!\%%éﬁgfgﬁag? gggg{% réfe%gfymﬁbgnop%&;f% i's no
beam éél | tacempRing amangement 2 Hud.gi,» computer whichawts By Pentinfi® Bi gure 1. As
shown in Ej. 3A, ..n.order f articul ar tions of the silicon thin
filmof t e%%?sébf)yqﬁgﬂ P 9‘%%‘1 ﬁgéeﬂf%ﬁﬁ%g@m‘ﬁggsmlﬁ k1385430t he energy

of the | agids aBolpsssiblé For the bémplitg atran@indat 70 RNAMEH! hemiseabndRioRe! ti ng,
s the damage threshold (Edamage) for the mask 230. Figure

and |ikely_exceeds t ] )
3B shows éﬁ%é%lzépW@F iphifhfhedntepsipynatianod thehrsbensk sgponddeamis2§ 1pat t ern at

the silicemy i ' i t of the oj ecti on
i rradiati gﬁl g@%t%%%ﬁ}#g%t raﬁedﬁ@ﬁ @?’S{J@g’a@&aﬁnﬁm&ﬂ.b@%ﬂ &3 e%%%ﬁ?f‘g%ﬁ*ter 211
i s belhg Hedgameosmei200phevids @ beannintdnsityrinid rangt of 1 denJtend t6 Pl beams 211,

221 i s soPuR bt BBl sl SFTo0lp e Pbempespriiamsioan.

the range of 10 Hz to 104 Hz.

Figure 3A shows is an exemplary graph which represents the energy
density pattern at a silicon film sample ﬁsing the prior art projection jrradiation
20 system illustrated in Figure 1. In particular, this graph illustrates the energy density
~ pattern at the plane of the substrate sample 10 when there is no beam sialitter 201, as
provided in the prior art system of Figure 1. As shown in Figure 3A, in order for
particular portions of the silicon thin film of the sample to be fully melted thronghout
its thickness, the energy of the laser pulses (Eme) has to be high enough for such
25  melting, and likely excecds the damage threshold (Egamage) for the mask 230.

Figure 3B shows an exemplary graph which represents the energy
density pattern at the silicon film sample using the exemplary embodiment of the
projection irradiation system illusirated in Figure 2, in which the beam splitter 211 is

~ being used to split the original 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



bel ow t he damage threshol d (Edanage) at the plane of the mask ZSQ.QIAPRI'@@%

manner, sk 230 woul d not be damaged or degraded eam
generate {/42{%% irradiation beamenmtged by the beam@%ﬂ#@g""gﬂﬁ.

Meanwhi | e, the honpbgeni zed beam pul ses 216, which correspond to the pul ses
of the first split beam 211, can irradiate the 5 sanple 260 such that the
i ntensity of the | ses 216 i ot enough to nelt the silicon than film of
the sanpl e %’%lﬁwtthgg%%}gxeﬁlﬁ‘g‘?(%%kh@&‘? Plopgef themask 23 sTntthisghanmien thecond
split beam 32l 3o #HRGt Be itAdeeRbr hMEad Wl oeAm Ahla the.resul tant
conbi nation_of beam pulosees hasg t hlé ‘Ttk?\at‘ Sﬁg"?{t%é%.&%h% S egn%&%‘ﬁ%dlﬁé?rf t he
silicon thi hedt pmattsd bytthe benamsriuece260. Meaowhile e hdreogenidet beddiipaiseess. 10 A

first di ment, .of. th f..th Sent. i nvent i hal |
now be" destP HbSduoR SRR 8 st oG e ot bep 411 paviegiatedhe Fi gur e 4A
shows ans exempIary0 SRHIHRA 18] intdRSinS e fujgR%1s %ﬁ&g& Asudh B @% Ls}ﬂigéﬁ‘br | cat ed

integrated circuit device, which includes ast e sec (and
preferably i Blne hitheseaple260 throvghoof its thizkeedsi Fdxentthé intéisliynof irrseaind Thi s
section 82 y. be osed, of . cert.ai n 15..areas endi in a .horizontal
di rection, &Eﬁ‘?ﬁgg%o%‘ﬁﬁ 8)a %taoghﬁﬁ@trféﬂ‘ af‘hzgff%kéer’ieﬁ'g%f:’t CHPPIERIGIRL  The
section 82, béam pelbds has thetilehsiSatitloR cRbugdhhs nsdid the Sfficbh tltn EiLRRr AR t he

sanpl e 160 have smal | grains and grain boundaries randomy oriented in
various di faEwle Seibthrenghantits epties thigkegshiess of the section 82 may be in the

range of less than 20 nannoneters to 2 pm Qher thicknesses of the
silicontthin filnms andl gexewplert ¢mbodithert ©f thegroass ef thalpresefitdnvertien and ar e

wi thin the he.presgnt i nventi.on. Ei,gyre 4B sh .the section 82
after bei ngsgnlg]?fgégﬁgéa’t&e E%b)?dgw |rfgefen°?E’ﬁlgﬁeﬁﬁ%ﬂaﬁ?ﬁmﬂﬁﬁ%\}gﬁﬁ4 desired

i ntensity pshibtvenn exémplutyereplof of the samelIYeol shch a8h PeiINBD iabrichied iMBkbAN 1S a
"pocka-dot" pattern v‘\gjch,if preferably aligned with certain areas of the
section 82.CUPHY dg¥sk which cludpyilleasbonesactinn §2@nd prfapblyanergtandmes uch

pattern up ' kgt ' : ' 221. In
particul ar Odgﬁ%&%)%?g%%ﬁ%%?ﬁg?ﬂ%g{l%ﬁ% hltarﬁgg‘&hgglg 8% %B,thbaegc %g{FBa% %fc%n\%% ch
consi stl$ of arens @xtendingon e heszantalfdiréstinnc asowell as othert dregpanxadnkdingria siviektivaed

opaque dot-l.i ke regions. Thus he set of. thg,opague r.egions on the mask
230 do not ‘%ﬁef’%%'t e%ﬁ?%%@ﬂ?ﬁ%B@Sﬁﬁ’c&%‘bP{s eﬁﬂ%ﬂ??ﬁ&%’ﬂ P48 there
t hrough so samplwlﬁﬂlﬁweeﬁnan@&iﬂﬁhﬁ%&ﬂﬁb@nﬂa@ﬁe&ﬁﬁd&ﬁ%ﬁ&{éﬁeﬂﬁﬁ%ﬁ&% areas on
the section_82. However, the regions on the mask 230 surrounding the

opaque dot -Gifeidonsdhersins Thetigknereoiihe seesion 82 mayderin dharange ofligss then28 to 0 4
APR 2005 pannometers to 2 pm. Other thicknesses of the silicon thin films and sections thereof

20  are conceivable for use, and are within the scope of the present invention.

Figure 4B shows the section 82 after being irradiated by a first
radiation beam pulse having a desired intensity patiern. In the present exemplary
embodiment, this pattern is a "pocka-dot” pattern which is preferably aligned with
certain areas of the section 82. The mask 230 of Figure 2 can be nsed to effectuate

25  such pattern upon it being irradiated by the second split beam pulses 221. In

' parficular and to add further detail, the mask 230 has a patiern which consists of one
or more sets of I-micrometer orthogonally positioned opaque dot-like regions. Thus,
the set of the opaque regions on the mask 230 do not allow the pulse of the second
split beam 221 to pass there through so as to prevent the irradiation of the

30 comresponding 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
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i rradi gigaaRsk;mel t the respective other areas of the bdQn.fg (el ted
regi ons 50). The resultant beam pul se woul d have an intensity pattern
whi ch includes "shadow' regions 61 corresponding to the opaque dot-Ilike
regions of the mask 230. 5 When the second split beam pul ses 221 are passed

t hrough th 3Q,: Wtk t first.split beam ses irradiating (but
not nelti n%}lé{ﬁ?e% eggt?ﬁ lng%g%tgc:n bfré%‘él pu@sg%ol 1%:@814&3 Br@tmﬁﬁhw%%ﬁ&@&% beam

pul ses 211are@2df thesgetieh 82 Yméltdire@6mas0) 5 Tho festiftmt beRA PuRE whild BNE 2ROt

dot - shaped, unnelted areas 61. According to the exenplary enbodi nent shown

in Fi gure Dfsositnpatigmphichdnddpdes Sshedow’ reginns Gil ¢erespondingi the opaqiient er val s
al ong the ﬁ&ﬂﬂé&%@pﬁs @Tﬂlé%k%%t ion 82. In particular, when the section 82

of the silicon mis Triradiated by a first set of the first and

second split beamp es,. 211,221 (w th the cond spljt beam pu| ses 221

“havi ng fhe i nt ensi t;%Z‘g? fb(?rsﬁcoa'éfs? tetlfmﬁipﬁﬁeﬁai Waﬁ%eg)d,‘m&&}g‘:ﬁ‘eé’iwéh

i rradi at edz3gy withenaifiit etk Beart BeRAGnaMbi g PARRIRHLIARS) B2 lambi§ 2@@,'1%@0' .

t hroughout its entire thickness, while each area of "the section 82 that is

15 bl ockedcompingdefinsiang secondispby beanrpulsee 2k SR 1 2z80platelyinnelt axeas| adfthepar ti al | y

unnel t ed. 3 t |t e rea f the section 82 has the

ori gi nal gsre;ell}?cﬁ{g?#g ol}rdteag%téggqe#em%tee?tafegﬁ%3’25% ° H@tgi%it’??‘(? Fin filmas it

was ori gi nahbodithextshelwn il Eigale DB Wendgieltasd ahs 6D areipb@ded itte@akt €rn, the

shape of whjch éorr spond%ato that of the unnelted areas 61, which may

have aﬁ& JRigpls Lorsthg centenipe of the sgetiog 82q dmpariicwlan, whegdhesestionsd pf

Cr 0ss- sectg S ds [ e large
thO SifiborPihEAflmh §s thdiRe8 by haRkieef Rind RRt téﬁtg!?és}}éﬁ 80ha R{ngle%)

enough so that the nelted surrounding areas o on t m
provi ded ¢li2d @aththe swend spltbeappulsen 22 hevingthe éitensiyiphitery definddhe ar eas

regi ons. 1% bR aTB SR pre? i BRRt bl Reromtcket eSSt SRR PEBEO L e
areas 61 dfniched 8e@igh6nt iBZntwethickp@edviiye choh bRaREEd dtisgBmaf ist he shadow
regi ons sq)?ul d greferabl y remain at |l east partially wunnelted. Turning to

Fi gur é24C blogked by theernages pasisrpat the maske23( 1emags 2t ekt partisly ywoltedied on t he
sanpl e 260rHes:fihie! @ hakeRed/ ' ; |55 :ggg split
beam pul se 2%1,. ’2%% the?%&?%g%ggélggg&g%s?fﬁgg {shgcc{dl on a?%ﬁ%gg%ftted to
cool .and rke S0tigw B2 df the siligpmthin fihe agit wasasiginally foratddy unnel t ed areas 63 of
the section 82 of the silicon

' The shadow regions of the intensity pattern, the shape of which

corresponds to that of the unmelted areas 61, which may have any shape, such as a

20  circle, a square, etc., have a small cross-sectional area. It is preferable for the shadow
regions to be large enough so that the melted surrounding areas of the silicon thin film
provided on the sample 260 does not cause a complete melting of the areas 61 on the
section 82 that are associated with the respective shadow regions. In accordance with
the invention and as described above, the areas 61 of the section 82 overlapped by

25  respective ones of the shadow regions should preferably remain at least partially

unmelied.

Turning to Figure 4C, after the section 82 of the silicon thin film
. provided on the sample 260 is irradiated via a first set of the first and second split
beam pulse 211, 221, the melted areas of the section 82 are permitted to cool and re-

30  sohidify. Since the at least partially unmelted areas 63 of the section 82 of the silicon
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grain growth in each of the nelted and re-solidifying regions 55 Is

ef f ect uat edilpy Abadhere-solidification phthe regiens J5earses Phaneifaimhagd af thestdgesior egi on

63 within the, 15 tive-rarsolidification regi on 55. .The .abutting
grain gr ovwlf?r(gfss?%trﬁ%ggeeo%é O%gs'g al %gisgﬂr%%e %‘aﬁ %af]ﬁ‘egé%:qﬁycr%%h’b‘? 8 at Teast
partial |y unemelfs@ebdadueas a@dclestionphe.Oibe RBdtRNY ohfMeksilichs thih &iilh of the nelted
regions as defined, by the wdth of the beanlets (or shaped beam pul ses)

exi ti nd0f r sRPEMONAREIO Swee areps Phbavebarmesrtialypglied apdierrolidified mathi or ned | n
each of tN&nf Jr&inS Bldvilleh iebinOTadk &as%_uéiﬁcaﬁaffeetgie@%s; ﬁ'b%ﬁl!lde@b%gﬁ%t ion of

the nelted regions of the section 82 is conp e spaci et ween the
adj acent atredpectiite gueast2zintd fhe meighttosids ae-sclilifiGBionmegibul Shes swetlestlmat t he
grains grow.n r each such.unnel t.ed ar 63 .abut s.t.he rai.ps grow ng
Prom it e Do apadBhendn st it G of B AR A i eies et rdin  he re.
sol i di fi catdffefmafed biSedihgd @reo GiaAhSatQéast PRTSIBE Bt reion 6B Qvifkiid feON thin
filmis 25 conpleted (i.e., before the nucleation of new grains occurs in

t he intlérvéﬁﬁpﬁﬂl‘?ﬁﬁtﬁégﬁ-‘ﬁ paegio8Sdct eri stic growth di stance of the grains

is the distance that the grains grow before the nucleation of new grains
occurs. Turning to Filhgrabuiiing grae grevah distanse of thegmains giovgrgemsach of t he

fs : |r ?E:o nat”ﬂ io%@ﬁﬁh%a? géakttpaﬂ?aﬁ‘f}?&%&t%& aferd 63 TabpPikit BRI 1O WidiR oPlne! NE

melted regions as defined by the width of the beamlets (or shaped beam puises)
exiting from the mask 230. In this manner, larger grains 62 are formed in each of the

20 re-solidification areas 55 after the re-solidification of the melted regions of the section
82 is completed. The spacing between the adjacent at least partially unmelted areas
63 should be such that the grains growing from each such unmelted area 63 abuis the
grains growing from its two adjacent at least partially unmelted areas 63 before the re-
solidification of the melted regions of the section 82 of the silicon thin film is

25  completed (i.e., before the nucleation of new grains occurs in the intervening spaces).

The characteristic growth distance of the grains is the distance that the grains grow

before the nucleation of new grains occurs.

Turning fo 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



L 4B 2005
30 preferably fixed, the sanple 260 is then repositioned by the mg‘\i L

t ranslwoioon2sst age 250 under the control of the conputidjgyqifargenent 270.
This is done so that the 0 4 APR 215 MD 02/ 42847 PCT/ US01/ 44415 11 shadow
regions 64 of the intensity pattern of a second set of the first and second
split beam pul ses 211, 221 (generated when the second set of the second

Sp||t bea ough t n each be
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section 8 far‘?PFES taenaske? 38} caheach he shghthyshifiedibora distandetessf i r st set
of the fi ‘ﬂﬂg%? 221 abutting_.grain
growt h di st?%ntggml is?t gltag&%tg %Pu %&3?%‘%#1“9’%“‘&% r??é‘}?%ﬁﬁggg
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area 52 (i éﬂ ggé’gﬁ? adoxregions thsatepstyneptern afffeafisheet sBcond set
of first Qﬁgjﬁ@@m g@,grg n_the section
82 of the silicon tﬁi&%& %plthtB ﬂ#ﬁqd%%iﬁrgg%o%%gél\%‘%é%% 345 er ent
secti on \mﬂ:lhdmtmqeﬂm:rgrmgMSﬁ:bnﬁanatlemnpantmﬂyﬁﬁmélmerdmgoﬁﬁﬁaﬁ the

i rradiati th rst he fiyst and second split beam pul ses
211, 221, ?‘gér?"é?ﬁ 1*?1‘#?%%%?&“??‘6‘#“{1%“ U YO STONBE ThiE S Eistieh.  For
exanplie, dpgorpasi Bdfere aeﬁuﬁlﬁqlm&wreféowme&hmegfb gaﬂnﬂﬁ jed fromthe
previ ous pgsition of the shadow reglons ance int é range of

0.01 in tideadhe %QCOI@LF@hOﬁﬁﬁb?ndrSém wilbbﬁangp@mallb&lnemdmdd bmthe

her ei naft gL 3% 88 of dnans! il ng“}%%ﬁj )

microtransiated (i.e EﬂeCSE | nsteacltn ?&hf or ntf%;eor‘;e\% ?%335%‘3“23%%% 260 to
obt ai n thmféimsthﬁeainstﬁ-$cthdaﬁcatmna&héd(fmmedgiﬁmﬂleﬁﬂ-adl@ﬁ‘ioxiByethbIﬁﬁ@.@ﬂdfy pattern
when the ge et of, t firs pl it beam pul ses 211, 221

i rradiat e§1 tcﬁig @F?O&Q% g ﬂgi?@%(h’h?é gﬂ’i‘éf diffsrent form the preyiany pat t er n
of tie seaeded rsdbnof the first and second split beam pul ses 211, 221 are
al so shifted wt respect to that of the intensity pattern of the first

f the fi SGAD, ;T t ed
set of the first anggys n‘fe %fél Jsﬂ&%%e;we%{%lﬁg\ﬁ%@mg@lcmtbg%%g te

beam ets still overlap a I‘ons overlapped by the
respect i vEomihe preyioys pasition etj iwbadeay, regions 61 by a distance in the range of 0.01

m to 10 m. Such minor repositioning shall be referred to hereinafter as a

“microtranslation”. Optionally, the mask 230 may be microtranslated (i.e., instead of

20  or together with) the sample 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 pulses
211, 221 irradiates the section 82. Although the beamlets of the intensity pattern of
the second set of the first and second split beam pulses 211, 221 are also shifted with
respect to that of the intensity pattern of the first set of the first and second split beam

25  pulses 211, 221, the shifted beamlets still overlap all regions of the section 82 not
overlapped by the respective shifted shadow regions 64.

As shown in Figure 4D, afier _the above-described microtranslation of
the sample 260, the system of Figure 2 irradiates the section 82 with the second set of
the first and second split beam pulses 211, 221. This is done so that each region of

30  the section 82 of the silicon thin film that is overlapped by the shified and unblocked
beamlet is melted throughout its entire thickness, and each area of the section 82
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As shown in Figure 4D, after the above-described mcrotranslation of the
sanpl e 28 oxf2e47system of Figure 2 irradi ates the secti orc®a5ei/t4318 he second
set of the first and second split beam pol ses 211, 221. This is done so that
each region of 30 the section 82 of the silicon thin filmthat is overlapped
by the shifted and unbl ocked beam et is nelted throughout its entire

t hi ckness, ang.: ' [t APR 2805 02/ 42847 -
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The shi fted SRR aLeEhangAsEas) TheBinpld ol 55 b Hlo R dq Ruf” ‘
re-solidifi calireciionaodengbés essh engof the elrifted eitddapegiohy 640eaps appalesi ng  one of
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m crotransl a ; 5 ' ' | | JP s \ ect to the
X axis, 10 mﬁgggfﬂﬁg%gﬁogﬁe f@ﬁgbgﬁg}&;sﬁgi?wpt%ﬁg&lcount er?;%zgm se direction are
t aken as posistdond splgrbeamipailsea dpl.@226Dorenanipde, thesaoiplad@) eancse i n t he +A

direction which is:at an angle.of.45 .wth res t.to.the X axis,, FiLgure 4E
Shows. the sectrgldited e %4 Grdtesh yfhisa ity o; vaH BPePHE BEXAIT 260

af ter t heocompegirofifionbf tHe@mpRs 5Pihk dbinterRldcRWise idirkffor @b tAen 28 Bb8Rve, b
followng the irradiation by the second set of the first and second split beam
pul ses 211, Hesampj360 qan be mjerojragslaiad &y the dipdirecipn wiichgs at msangheef 455 1 | be
grown in a . i of new re-solidification regions 55 wupon the
re-soli dificg@?j&ﬁﬁ%gﬂgeac cﬁg}rr%[tepl region of the section 82 after the

irradiation by the sec kit Ston . it Db ses 211,
221. This is because eg%qﬁln%%éeso%w%tﬂgS%Poﬁgés()?ﬂ%@ﬁg%%&g%%Wﬁﬁﬁe{%’g%ﬁf eas 65
after the fi smhpla260 aficrahs tahpletiomdf thi ee-salittificatidfh Of tHednélted refpionadi ati on by the
second s he first nd spl.it beam pul ses 211, 221 contains a

f d ;
smal | er ngéq]-{"@fm%ﬂ’&il ‘%qu%s]bec S.E‘iﬂliflé?trfg&hff fﬁfsbﬁ%ﬂfﬁeﬁﬂ@ it bgam pulseeast .
partial ly unpp teg %&%%ﬁ%eaaf%%eﬂﬂz%?é& Bi‘ihfé%irﬁiﬂs ﬂllaﬁmgl ﬁg@ﬁﬁn%f the first

and second split beam pul ses As I|Tustrate igure 4E, the
growt h of t heongspomling el new re-solidification regions 55" upon the re-solidification of

each melted region of the section 82 after the irradiation by the second set of the first
and second split beam pulses 211, 221. This is because each one of the at least

20  parhially unmelted areas 65 afier the first microtranslation of the sample 260 and the
irradiation by the second set of the first and second split beam pulses 211, 221
contains a smaller number of grains than was contained in each one of the at least
partially unmelted areas 63 after irradiation by the first set of the first and second split
beam pulses 211, 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 arcas 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.,
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areas Wb ot/gsei t her reach the nucl eated areas 52 of tkeraseidqam 82 fornmed
after the re-solidification, or to alkgt the grains growing fromthe
adj acent shifted at least partially unnelted regions 65 to define the new
re-solidification areas 55', the abutting grains having grown by

respective abutting h . dj n rehng again.to Figure 4E, each of
the new 30 re-soli di?%fgfg@%nhgg%a%g’ggcﬁﬁ%% %Ollela%ca ‘HHOF@PB%‘"?%@PE%&ES 66 than
those in thet fpllewedts ifradiatinl thetedf yahe sdtond &08S e & dnlilstsdndaped in Figure
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the X axis. ter the sanple 260 is mcrotranslated in this direction, the
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tw ce. Theamwimtensityipattad defiasthy the giask 3% Butinghd bortbspivheredhd stadowespect i ve
G ai n_gr oVEHOR &1 S Bo% pisp Ui Py Eaat o PO Dy ML adBY SHEOUERT BE Che 11 ot
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the twi ce-shifted shadow regions 6
split beam pulses 211, 2219are giso shthed with respect to that of the intensity pattern

20  of'the second set of the first and second split beam pulses 211, 221, the twice-shifted -

beamlets still overlap all areas of the section 82 not overlapped by a respective one of
the twice-shifted shadow regions 67.

Figure 4G illustrates the re-solidified section 82 of the silicon thin film
provided on the sample 260 after being irradiated by the third set of the first and
25  second split beam pulses 211, 221, and shows the completion of the re-solidification
of the melted areas. Because the twice-shifted at least partially unmelted areas 71
each contain a smaller number of grains than was contained in the once-shifted at
least partially unmelted areas 65, there will be an equal or smaller number of grains
that will be grown in a corresponding one of new re-solidification areas 69 upon the
30  completion of the re-solidification of each melted area of the section 82 (after the

section 82 is irradiated by the third set of the first and second split beam pulses 211,
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Figure 4G illustrates the re-solidified section 82 of the sili cog ‘ihﬁ\“rﬁfzwﬁm
provi deg tdye sanple 260 after being irradiated by t | et of the
first an(?qgg sZcond split beam pul ses 2311, 221, and shovvslt[p ‘éﬁéglﬁpl etion of
the re-solidification of the nelted areas. Because the tw ce-shifted at
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(after the nedeatddome32,ios to atnuh ghagmsegtowingt fvem bidjiacct deice eiifiedat kehgtst and
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new re-solidification. ar 6 he-abutting 5 grains having grown by
respective Sﬁ“@ﬁ‘f“ﬁﬁ“ﬁ?ﬁﬁﬁ?ﬁ%&?ﬁamﬁg&ﬁ% . Each of the new :
re-solidification arggas 69 has fewer d.larger grains 68 than the previous
re- solidification af'S4@s5ew i l%ﬁﬁﬁ:éﬁm%&w@gﬂbﬂ_&@fﬂwﬁwm to
Figure 2H, @fsbﬁaiﬁ%@%itb.,%hbﬁﬁlg%éMaﬂoh%ﬁﬁ&&ﬁlﬁ@e&%d;éﬁxesli g?fg%cb% %;llﬁd

(i.e., following the irradiation by the third set of t Ssecond
split 119 beammnulscedl 2P i9pampletedh tipd sangdd 26Q ey bafipther B6&-otraysidied f ur t her

m crotransl ' [ c o _the.first and d spli.t beam pul ses

ns oot i et lpb SEREGH sbebph Bticneaion 8¢ 2RO SR s BR R g

grai n gr owtdistatce e deancthe bargdsh sbiittinggiabi growitbdistatbddl 4t 80 in@fiiatibeby i r st and
ner, the thrice- shifted

d lifg. I 11, 221.. t hi
cocond epl | ST es At 22t Lo s JRISE, LS Cor ShEed s
15 second sgifiei sHERW RiStcHRB3%Fthe i%%%m?yﬁédeﬁpéf@%)ghﬁfs&fcﬁﬂﬁe gV thin a

respective one of the re-solidificati'on areas . I'n the exenpl ary
enbodi nént setdndsplibheastn puisesiZ]dy 22 Usyerlaphe didferant nico withfn a réspedtiverone of

m crotransl.ation,.i,n- a,.direction is at ,-135 wi.th r ci to_.the axi s,
Tha the- ar oRefRrighcdnh RS 60 m mt ExGhold Siiedt SRR SR RS 4R 003 i
to 10 in. Ahééitectibe of afitifer 2G6rotandlitivndh hakebidred id & -1 Bioswidh Fe6dck N by the
.above noted, 20 di stance, . the section 82 of the silicon thin filmis

i rradi at ed ﬂéﬁ;,Xtapg@, angl the dlistance gf thefarther microtranslation is in the range of 0.01 m

to 10 m. After the sample 260 is microtranslated in this direction by the above noted
20  distance, the section 82 of the silicon thin film is itradiated by the fourth set of the
first and second split beam pulses 211, 221 having the same intensity pattern as that of

the third set of the first and second split beam pulses 211, 221 illustrated in Figure 4F,
but where the 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 pulses 211, 221, along with the
completion of the re-solidification of each melted area. The at least partially
unmelted-areas 73 overlapped or irradiated by respective ones of the thrice-shifted
shadow regions 63 (i.e., the thrice-shifted at least partially unmelted areas) each

30 contain a-single grain. Thus, there would likely be an equal or greater number of the

grains that will be grown in a corresponding one of the new re-solidification areas 70
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first and second split beam pul ses 211, 221 having the sane intensi t'@FR 2005
pattempoasikivat of the third set of the first and segefaisepliuis beam pul ses
211, 221 illustrated in Figure 4F, byt where the shadow regions 72 and the
respective intensity pattern each have been shifted thri ce with respect
to the section 82. 25 Figure 41 show the re-solidified section 82 after it

is.irradi ated by th .fo%rﬂéh seii{l‘ the]{'rst and second split beam pul ses
211, 221, BOBHE RO piod A o the mielSCgers e sEHOM 831 Agach
mel ted ar qfystrht iAFihRest tRAEbiRl ddthe lthigd ﬁ?a;cgg%eréﬁ)ég'\éﬁréa@iﬂ)gﬁgoﬁ r
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areas 73 taIci)& g%églgrbg@%w Ffes“gg‘&‘i“ﬁ“m@@&&f“s apfoare cﬁ?’e F%e ‘étjﬁﬁ? the grains
growi ng f sevtioA $2ae it loédioh @F tifd irhin@duadary. R Shoul® bP ahddratbby thdfyke! t ed ar eas
73 to define the newre-solidification. areas 70. Each of the new

re-sol i di PR 83Anayt keaibjrgtedfto mose etdess of ihamigratsanslatippgiredigiion andye ng gr own
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shoul d be desield laigagirict arystdiline smctiroilluSiRatedin Higms b jirethcacktion 8wre or | ess
of the mcrotranslation, irradiation and re 10 solidification steps, as
descri bed with ref epdiee thetconiplgivhed tblbéle-deseribsed 1 padtleaiing foldtaislesi r ed

| ong-grained ¢rystal.line structure illystrat In. Figure_ 41 in the section
82.  Aftef*{H %@%WWCW%%WH%éiPE&’SGH{%H cﬁé‘?sﬁhﬁ@?@bleobt ain a
desired -QE&%@*lbb'ﬁ%nﬂﬁ@&ﬂ) ShEMGEMHA HALS BRoce&ld BBreRe 1 ekz%]ﬁgl%' gcon thin
film the sanple 260 may be translated to a next section for LS processing

t her eilh. = Fagple 260 piay trapglated 15 —K fhaseieorp@Ethichiy atdirgpisdrathetlisii3 K Witk ect i on

(which is Lrestion. . 148+ {th respect.to th axis) for a
di st ance F%% ltl{os&ltﬁr}ggﬁ%);%%?/ ssﬁn{:]l‘%ﬁay?rrr%%agg' s?ﬁggﬁyflﬁgﬁer Yer of the
| ongest diiainatee of tirtiveest dikancs stewsal the sidé wiatle of hesobblildifiteseay sfage of t he

section 82. .In_this_manner, t{]he trans)ated intensity pattern generated by
the firstSesHep 82. In this manner, the translated mtensity pattem generated by the first and

' second split beam pulses 211, 221 irradiates a neighboring section of the silicon thin
20  film provided on the samiple 260 with is provided at an offset and —45° from the re-
solidified areas of the section 82.

Figure 4] 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 9:2, 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-5E. For
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siliconyidin4$ filmprovi ded on the sanple 260 with is at an
of fset and -45 fromthe re- solidified eas of the sec |on %]g S'EI gure 47
shows a top view of exenplary thin filmitransistor devices 90, 90" which
can be fabricated using the exenplary process illustrated in Figures 4A- A4l
and descri bed above,. Each of the transistor devices 90, 90' includes a

source ( S) PEIOSeS phiHystgion,ghe sameropligyration efthe pestign 83 of e silippn thinn
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confi gur at i grembouteniscbel waosanted mtthmdost diretiong.hin  fi | m provi ded on the
sanpl e 260 used to describe the first exenplary enbodi nent of the process
(as illustrated in Fi RefesngdiyFigyreiss, ﬁmedcthmr&idfth@slﬂém:ﬂnﬂﬂm e present

embodi nent of 1he SS acgcor e present .invention. As in the
first 5 exe%‘”fé”r‘?ﬂg}%ﬁﬁq i g%%l ssgﬁ tbazm pdsssizd b %22 haymgam | y has
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Referring to Figure 5B, the section 82 o t e silicon t mis
i rradi at@d b?;engnlmmreask%ﬂ indfluddse relativaly nardow epayud stig whmbwammnhéabbﬁll
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opaque stri ﬁowmﬂbmepoﬂmwwmdoﬂwsphtmlmmrm& ﬁﬂ?ﬂ%p&s%eﬁ he mask.

The opaque strip i$ conflgured such that it _does not | ow t he portion of
the second Epyah, Baisthsiransparont segmens sirongding theonsque sitipaflew noensgh,
while the t g}mE{g t tions
of the secoﬁgﬂggﬁoﬁﬂb am pu seseggg% to egﬂaﬁe?%?gfﬁggﬁ%tﬁeé%&rﬁhgﬁvﬁﬁgﬁ

Accor di Hyl yihewbamdisplit brenspder2l 1sip kpplicd da thipulage2 AR thei igteagift pa&td:m af t his
tripol ke CRATOWRP OIS Rl b iy e B PR M Bye 1 ps
of the maskihd3Paqudstasiifith®matio23d)anbéidientd £@isRaowirkgionb 83] tht aRshdty
patterm 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 intensity 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
throughoﬁt 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 Widel $0
that the thermal diffusion from the melted areas 85, 86 in the section 82 does not



pattern of the first radiation beam pul ses, as defined by the rragklkz@ﬁ 2803
al so iwgaesyy the beamets that irradiate all areas qfcffig1aga51 on 82 not
over | apped by the shadow 20 regi ons 8317 Advant ageously, the width of the
shadow regions 83 can be in the range of 0.01 into 5 in. Initially, the
sanple 260 is positioned so that the shadow regions 83 of the intensity

pattern of i) |.r St segond it beam pul ses 211, 221
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silicon thregidusi8th Adfter Upanadieiiorghy the fidit aked thyfilshdi deb&ild 98t b&im the first
and second split beam pultses 211 221, each of areas 85, 86 of the section
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respect? vepshessing. r egi on 83 remains at | east partially unnelted. The shadow
regions 30 83 of the intensity pattern of the second split beam pul ses 211

are sufficiently w dewsing dowedo Fifige 5Uetponl thelbddingiana rd QMitORARE R ar eas
85, 86 in the section 82 does not 0 4 APR 2005 02/ 42847 PCT/ USQOL/ 4441
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unmel t ed regivemity Bdm(encleoid efitheati)st partislheunmelnidiaedas 82 el arlase t he
origi rain structure of .the sectiqn. before the LS 5 prqcessing.
Tur ni @ ngﬁgwﬁf‘ Qﬂﬁ"é}ﬂgé}e?ﬂﬁfy ’[hﬁ’éff’cﬁg%%if?f‘é (éﬁdg‘reél-u%f‘—‘ieﬂ PRl grap aregd. t he
mel ted ar emShi8 tnanB6r, tHe reRBLidEAEAH RS 8 $84re Fligneli it A BLiQsPVWihhe first

set of the first and second split beam pul ses 211, 221, a lateral growth of
t he gr ai nseagh pre ofctha re-slidifipation greps Hm3Sdering agespectivegont 73, @dof Igpgart i al | y

unnel t ed : Ega-g mii U1y el t and then
re-soli di?tfrgsgﬁ(g]%ﬁg‘%%tp e nh@&ggﬁgﬁq—%n& Cﬂl?%]r H?Hglﬁesélgl)ﬁ.hrgﬁp Ctttﬂi%ge manner, the
re-solidifdectidni&n areas 87, 88 are forned in the section 82 with each one
of the re-solidification areas 87, 88 having a respective row 73, 74 of

| ar geris crystal graiTaniighbwgs FigurbSDEieE tRScoatpl@ivhed i rel ligHlcafi®ty! €s Wit h
respect to the section 8%. ) 1@ Tur ni ng now to Figure 5D, after the
conpl eti orPEdie pplted areas 5, §¢ i the sechign 82 that follows the 1rradiation by the first set

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 shified 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 shified shadow regions 76. Except for the shifiing of the shadow regions
76 and the_: beamlets, the intensity pattern of the second set of the first and second split
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the X axis, or the mask 230 (shown in igure 2) may be mcrostranslated in
the -Mdirection at -45 with respect to the X 20 axis, to cause the shadow
regions 76 og theli n?g@liy attern 8{9 a_second set of the first and
second spl i t"BERHHE 15 thesame as)thab ok firg getrd thes fivshargd seeprtbsplidspect i ve
ones of thepdhRWnIsE329f, doe grains in the section 82. It should be
understood by those skilled in the art that either the sanple 260, the

mask 230 or both may b ' | at ay t he - 0 gi ons-
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of the shifted. shadow, regions 76. Excag&t for the shifting of the shadow
regions 76 P&ﬁﬁ'ﬁy mamslied: Eack at feast napfiallyammeltsd arcas adigmsadiscentapgliedset of
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pul ses 211, 221 is~the sane as thaf of the first set e’Tirst and
second dfI i tgraib bevndsuies sminpilargprangles with reshect o thestetionsd Zathamtheadraihb e

sanpl e 260 qr e 230 both), ..t sectj,on 82.i.s itradiated by the
second set %fld %ﬁ%ﬂ E&?ns éfflsn0 sée%%ﬁgsss?tﬁnk@éé‘R\mth?%?"h‘%‘%ﬂtfn %ﬁe This is
done becausenet@d breas 89, 73 in thiesestinrt $RMMAR Laper sralp adll byed the giwth bethebean et
Is nelted throughout_its entire thickness, while:-each area of the section

82 over | apsEmptegallyga sach digestion Fopy the gbleastimitindly Smamedind pecgs 8htowmds emi ns
at | east  Datd ekttt IRl 58 of FRGBciHn §2285haliBE bichioh %o YRl € thrfloas

adj oins adjacent nelted areas. Because the at [east partially @nnelted
areas wilpl comsdsnllhsirageely gepresestediin Figife HEal fiedyeisotidificeior of thi: ngeltedr ger
angles with res t e section .th t he .grglns . and ai n_houndari es
of the ori gPtaf 92’2@(‘1“8‘@@‘?7‘”%%?\"?%&%0@- ?6?@8%3#%5@%?30?%5&% d areas
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grains laterally in each direction fromthe at |east partially unnmelted
areas 85 t oWaf@anslation 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 fo Figures SA—SE,. 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
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beam pul sesor@idonddliranspargittregioms\305] 3(fsartdlid S5p3 Bvefths nask 230 dTlat maksk

conpl etely |ted and re-solidjfjed areas O APR 2005 02/ 42847

peT) UK / 223iised efbyermplacy rpbestiment O K Rraress AeGRRORE 1@ WE PRSEs | at cd

i ntensity jRpédtRhMoBLRR hav@shyVpahirebions insid Akt Sa&pAEntREGhs BeampUl ses 211,
221 irradi ates a neighboring section of the silicon thin film provided on

t he sanpl e3196819. witaordinglypwih iheawe af theslis308e310aths seamdispihbeaphpuise

re-solidifj : B ' ) | ar odj ment of
the pr ocecid a3 SPH fiavh Wi BAGHIGN e Aot RS OB T ot i
r ef er ence d¢fahdiligsBes 36@obhe thask2ROS exenpl ary enbodi nent of the process,
as shown in Figure 6A, the mask 230 includes at |least two sets of slits
300, 350=whi ch have Twespgabive FORReE OB, the (e contiFiratidh 6f e SeOlidiOS NG
correspondi ng_transparent reqgi ons 305, 309 and 315, 319 of the nask 230.
The mask 1he stigon,Sanifilo proyided opdhs sammie 260esatl fdescrbe thedirgrapdseeondccor di ng

to the pr eéc%ﬂﬂgla_ﬂf Qﬁﬂﬁéﬁiﬁa@ﬁg%gﬁz% P10desfIBY AnRMYed RRFHLAd Q- 2Nd 81588 the
transparent regions 305, 309,
respectively) is used herein to describe the present embodiment of the process

according to the present invention, As in the first and second exemplary embodiment
20  of the process, the section 82 inifially has small grains and grain boundaries that are
oriented in random directions. Iuitially, areas 320, 328, 330, 338 of the section §2 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 bythe pof.tion 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. After the irradiation by the first set of



315, 319. Accordingly, with the use of the slits 300, 310, the s@c&né?%dﬂ%
beam pul se 221 is shaped to have the irradiation pattern substantially
correspRdiE*fo the pattern of the sljits 300, 310 of HHéUsHEH1230. 15
Turning now to Figure 6B, the same confd%uration of the section 82 of the
silicon thin filmprovided on the sanple 260 used to describe the first and
second exenplary enbodi nents of the process (as illustrated in Figures
4A- 41 and Sthefist and expad splitdleyh pulsetiSE] 2DErthé areb03 100 $28,i330, 33Bearpr esent
enbodi ment of the process. according to the present invention. As in the
first and s@elpkthrvghortdbsir eBeENGBRS- 20 of the process, the section 82
initially has small glr_l;ai ns and grain boundaries that are oriented in
I n

random di rections. aregfiey, theaideast partiallymenelizd greag 329,589 ¢hesweetioron 82 of
the silicon Lo £ e~ rradi b r t e first and second
split beam Sip% tHe gliod i giph ﬁegg‘%hﬁsﬁgﬂgux é‘i\ﬁs‘”‘.ef‘é/f%g’t?“gieﬁ{egsﬂ?féfi ned by the.

exenpl ary egiRshoRahis to e AthexstpatalRAdmdedardas 329,380 e AGH, aftér thar ti cul ar,
the areas 320, 328 are irradiated 25 the portiaon of the intensit

b
pattern of iiadiaierteeeof by ithe frsbset ﬁ@géélstmswmn@ PpliilbéamWEB%a”bQZth slits
305, 309 of h i ' th

portion 019 ?%gﬁlﬁ%?ﬁgl@%b Sg?’?' gph?josﬁh?ﬁisegég%%%ég%?#@rdﬁ%%%mpg-z1 V\ﬁi ch

are shapediatesal et lof the ddihs o8h®s amftwhilidy fracakh@Rfkcleafidareast320, 839 | que

regi ons of the mask .230 pre he_secon | i ea |ses 221 from

i rradi ati ng°VAg rﬁ?ﬁ?&?’%%‘?”%ég]éé 38@%“’?&@?3?#8‘2@/&%#@% iAtedi atel y
adj acenfp t 030ph$2:AR86.33320y HiLfhanrsOthe 235olidifl@%8n 2A4£850, 328, 303384 at

| east partlalfy unnel ted. After the irradiation by the first Set of 0 4 APR

20@ WD 02/fameaizinpinTsagiop B avjthpacip ong ¢fdbe re-sntidifipatien atsatiS2h P8 awd3df.pul ses
211, 221, t , . I r . fheir entire
t hi ckness. #ﬁé]?g%g?‘grg,%Qspﬁ%%%tmﬁ'ggg%’%%gra??§ %’;3% 3?&%%%&%%@%9 339 of
the section 82 of thg.siliconthin filmre-solidify.and,crystallize to
f orm nucl eat ed ar eas ‘5 ¢ ?8%1%18@?91 tb%ret'ﬁogldiﬁ)c 8%8?%5??%3%1‘?5%%I-ted
areas -329, $3%ndAB6,0%38dh ey sebhién 51, ah@ &R iR tHehehdiafiorlyy the Firétisesdf thet  of
the first and second split beam pul ses 211, 221, the nelted areas 320,

328, 3309, I8 9nd seepmdsplit besm pulsesFd |, 2l thesample 2fi0rig tranglated mdhe Myt er a
wth of t | : : %2[3 339
tg :‘:)\a/ar d (r)es p%%%%%@?g?%%%%&t%%%x{%ﬁ%r%f%? e gﬁﬁg’ﬁtuggfggﬁe reasyol I fying

ar eas 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 shified 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 patierm of the second set of the first and second split beam pulses 211, 221 to
slightly overlap at least one row 324, 334. It shonld be understood that the intensity
25  pattern 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 beamn pulses 211, 221. His 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



10 320, 328, 330, 338. In this manner, the re-solidification area$ 320,
328, 380028887 are forned in the section 82 wth each peia @i lhe
re-solidification areas 320, 328 and 380, 338 having two respective rows
322, 324 and 332, 334 of larger crystal grains. After the conpletion of the
re-solidification of the nelted areas 320, 328 and 330, 338 in the section
82, and follow ng thgei Latl.on the fiJst set of e 15 first and
second split beam pu géeétﬁ‘%%%,%%ﬂol% fe Iﬁ%’f@ %@&Iﬁ@ﬂﬁéﬂ’r@{a@et@hﬁm the M
direction atasBab, M3, B50,83peE thd RcfidE82{wiidhSare 8¥erlaBBed By the 289t {dOWN i N
Figure 2) may, be.mcros-translated in the -Mdirection at -45 wWth respect

to the X dijuslateddirgiand secang sphit hagm pulteciisi 231) pestirrediatedfbydhs erdintioset  of t he

first and C ' I 1.to be. shi tqQ overlap at
| east one %ﬁ?‘?‘&g tﬁﬁéﬁcéﬁﬁ?gg%%ﬁ &tsaﬁggécép%%ﬁ%fjté’f?ﬁlé’&ls%hg’égé' gﬁd‘{‘&s% and .
330, 338 ithe trhas 330; 828133623380 ti: newpiredse0 842, 344, GUE LY B2 sbBifon JresPect i ve

I't shoul d be understood by those skilled in the

;(ra'? t 1(:a LZt 32‘?-’2%3&%%2% arlotely meled throygha their thishpessndy drsussedns| at ed t o
cause the y,.d i t first .and second

pl it boak parSHE Uy (PG Sk Rkt bR RRRI, BFthe Hek PR Bt BRI SAP00 s34
i it e e 5 eyt i £,
first set ifaFlef’%?ﬁe(i}( F%@Te%h)dthg éﬁ%ﬁggééﬁifn%é‘};ﬂréﬁél@%"‘?‘ﬁ%_tb@i adjagents gl so

wi t hi not hareag 9% 3af7 k@ 104:e588h1Y %&kﬁ?t@i%ﬁé 6C Qﬁ?\*v@ﬁl%%%f)% Z,%?R{h%ﬁ“ of a

second set of the first and second spli eam pul ses 0 slightly
overl ap a tharempletelimdiedaieas340] 325 844 346 hawe r8R4lidigisd afiér telivex r e- sol i di fi ed

areas 320; L0 qth tion : i 1lrn 2005 WO

02/ 42847 Bﬁ%@gﬁfﬂ%ﬁg%%%Rﬁhélrwﬁhee%h%'ﬁsseﬁ%?ﬂ(#%ofﬂ?%ﬁh‘)%? 60 or the
mask 230 exeas B4R, 1347 witeh weregastiaBgQnel@d2, 350, 352 of the section 82 (which
are overl apped by the relatively translated first and second split beam

pul se 211, 221) ar e Asishowh & BIbuRY6T) Moh tiadisalidiBRati RASEE MY miRg second
set. of the first and second split beam pul ses 211, 221. As with 5 the areas

320, 323, arsap3403342, 39de340cin the seption §8, thearpas 3By 343 neseidifyled sacleston of t he

silicon thi 4l t t hi.ckness

G scusg ey el i Bafhs SOU lchialed Weds 3 D WHNOM b AHF BB | e s
230 pr evenfthe heltsd amasi 346, (B4R 345 346 patdrsliystoRAd the oespbettvedieatets\f thdse ar eas
343, 347 (a?lfeast ?gﬁ), §2£,t§42’n 3A§62 )M' %hg rs]a:rf"\lng gme, the grains of the solidified and not re-

metlted portions of the areas 320, 328, 330, 338 will also seed the grain growth of the

20 areas 340, 342, 344, 346 laterally toward the respective centers of these areas 340,
342, 344, 346. In this manner, the grains exiending from the solidified and not re-
melted portions of the areas 320, 328, 336, 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
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Iy,

i medi ately adjacent to the areas 340, 342 and 344, 346, respective

these adifgg 10 areas 343, 347 are at least partially t _ Figure 6C
shows t?lue salr%% 7’e 260 when the conpl et el,% nel ted areas 5%@4%91%44 346
d

have re-solidified after being irradiaf by the first and second split
beam pul ses 211, 221. Also shown are the areas 343, 347 which were
partially nelted. As shown in_Figure 6D, upon the re-solidification of the
fully nelt edirectpnapdqeontinge until fhpentive samplebasiheen freadiated indhe 82pnethe ar eas

ar ons 343, St poeBRfadf s T MG HRbullf (BbRM%ePor bEpraty cae sd0

342, 344, 34@otcﬁh§’ttﬁthbprésavﬁn€bnﬁbﬂ. respective centers of these areas 340,
342, 344, 346. At the sane time, the grains of the solidified and not re-

mel ted portions of thejgenss 346w d Rosertft idcbmBl PP 8 0ckaklifz 01 21 1
grow h of the 20 areas 340; 342, 344, 34b laterally toward the respective.

centers df piesedrapedss ablegst pagipd corgpter RaBol using the pravasseeef the lpeesgntai ns

extending fry he Ldifke ot, He~Nelte ortionsg,of the, areas 320,
So5e 5300 R of ekt Al S0E End GACOR, Sk i d Ul bY g yStem ST 544
346 so as tBightyIn Inkiep 500y BeHakdvide gorBpdifentloif el uteReE Ripuk @, 5k as the
respective centers-352, 356 and 362, 366 of the re-solidified areas of the
section 82 banpspures200 and thehemppgenizer 24 Juarecirsiipitielispbatdeasbin prst bietheed ar eas

340, 342 an o ti f ' | he I ows
324, 334 wi T Mngah @R A9, IELSmic DRY R16IES ohBaNO SRS sefiubdfy O
t hi s malher stagd@50US spEpddés $i shgulifbetnvéedsbattsicnlo8ding enaytiegienforme@ sfilised | ong
crystalline grain structure. in.t section 82.0f the silicon thin filmas
Gesor | bed" FBURBI S PRt SiRe BT o RiRE seyscae bR Wbl of
shoul d be Uﬂﬁé@éﬁb@@%&:ﬁ%m&ﬂ@ﬂ Nk, Ahd Dehpl tridReiDANRILE 2865 mbvddle +M
direction or the mask 230 in the -M G APR 2005 WO 02/ 42847 PCT/ USQ /14415

22 direct i opreiemply: sadar trecantro] of thp sompytinearmagehent 348, toapinitipl pesitiared i n

t he manner . posg, R | t i .

embodi nent %lg Fe?f\%bbrocegglﬁgié\%%tgb&i ﬁ%ﬁéogl%ﬁg%glreéggﬁ‘%}%%g@%i?%ﬁ tgufe 7 is
a fl ow Idi agusiler thepoesehifithgcanpwiograpaagemdnS2 0 ficaseopy focusphdaligementunder

o Least el ale SOPULEL CO oL SR LIBRIRCETese e eErt
system of  predetermined pulse energy level, pulse duration and repetition rate. Then, the
ilradiatior.ll-laser beam 201 is directed fo the beam splitter 210 to genérate the first split
beam pﬁlse 211 and the second split beam pulse 221 in step 525. In step 530, the
20  second split beam 221 1s 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-~41 and
5A-5E, and the corresponding séctions 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  1is 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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Figure 2. In step 500, the hardware conponents of the system of Figure Such
as t he WeHRM&IGur ce 200 and t he honogeni zer 213, are fikGHUBMH4H41Al | zed at

| east in part by the conputing arranged®nt 270. The sanple 260 is |oaded onto
the sanple translation 10 stage 250 in step 505. It should be noted that such
| oadi ng may be performed either manually or automatically using known sanpl e
| oadi ng apppratssingisdetureleo ggns3lo tefperfbingedo e hbRGeRM I TdRIBMPI270. Next,

t he sanpl e tr&m | ation stage 250 i s npved, preferably under the control of
the conputi #§ -a%ﬁ@@ﬁéh?l’ processinghinsibgen soampleied farithmsaniple 26@3h&10. Vari ous

ot her optic d@%f@j&ﬂﬁé& i ual | I under the
control of '?e conput ngntg%?%%gg%%??%égﬁgg(%%gg%igﬁ‘?%o%aﬁé}éafﬁﬁt%f?i gnnent in
step 515, i {stepc®dysardthe procest epmbfes. t he i rradi ation/l aser beam 201 is
stabilized at a predeterm ned pul se energy |evel, pulse duration and
repetitipn rate. ThenThé RRegdind meieh ARIHASEE p LOthk tninfiggt €d to the beam
splitter 210 to generate the first split beam pul se 211 and the second split
beam pul se 2Y2MORTOSEBGAMS anq HlicgRREgRs HGRWE deaded embewmgntspyiltberppaneRl | s

aligned wt . and; I t. beam pul s 1.is irradiated
t hr ough thetbrrﬁﬁg% %Séﬁt%%%orm gnéﬁ‘ggﬁég?%ggﬁ?%?% : .ep(?l?ilpgt g’éﬁgg?, if the
current sechboys eafbotilinens Bayleen d6ddribed wivedspent toseqiasial dlt&apsblidaatighf i ed, this
current section of the sanple 260 is irradiated with the first split beam

pul se 211 aRdPPREQIARST BEbHARRTeesIDS tgmigReshsish 4 MigRoemashipingat t ern 25
control {gd ot$-|ﬁﬁlaﬁ'3%|%na§ggrg-?égtm%egt t?&ltﬁﬁ(ﬁfegﬁnciﬁéﬁﬁo YL !(dﬁsc%‘%gd gan be

m crotranslated as descri bov reference to e processes
i |1 ustr at edIntematiogal patent Apdlicationino. PCTHESO 7% enddbEr esianabipligati®@ct i ons agai n

det orm ned GREVG: Bade 3 B sT1R 0gs3pisshdng fuSE Aot o 58 nat need to
be subj ect egte ot ateShpeigasfeféhcel TheS@riohdRaskepiles 200 iROndi dehans! at ed

using the sanple translation stage 250 so that the next_ section thereof is

al i gned wi t PRHERIS deprihed am thesbevavpigpnet paientApplitalion can plsobp piiligedwitg45) | and
the LS {5 AR, LISE\ 4}@,,11] I: [ rned to
step 53f55 it oﬁgéi%gﬁsf ord %%é%%ﬁ%{ﬁéeext s%xg:uﬁjlﬂbn 0 lzltﬁﬁéésés)g‘%?%&g% E%t &gsﬁer W se,
the LS procsslkidng theagt yelbbe sderfsl devisst nbmerdul ey sempirel R6Mods Whichhar dwar e
Componen S O S Sl b SV RS M, Wb e iR O (step

mnvention and are thus within the spirit and scope of the invention.




5 The foregoing nerely.illustrates the principles of the inventibr. APR 2003
Var i ousygQgidsi£ations and alterations to the described i ts will be
apparent to those skilled in the art ij}f vi ew of the teachings herein. For
exanpl e, while the above enbodi nent hds been described with respect to

sequential lateral solidification, it may apply to other materials
processi ng techni gues, _such as m cro-nmachini ng, 10 photo-abl ation, and
m cro-patt Hyues, including those described in |nternational

pat ent application no. PCT/US01/12799 and U.S. patent application serial
nos. 09/ 390, 535, 09/390, 537 and 09/526, 585, the entire disclosures of which
are incorporated herein by referenge. The xarious sk patterns and

tensi Ly beam EIFEEE HELEHRBad oA B SRret Fofs GBS a R oPs
applicatiorpfcan al so be utilized with 15, the process and systemof the
present invention. It will thus be appreciated that those. skilled in the
art will5 be abl dak o denirelling emiradiation psamrgsnematdr e dsadistiatheamal t hough
not explicigt own descr | herei n, enbody the principles of the
“invention é’ﬁéf%gégt}e]alfrﬁ%éééﬁl?%frﬁpﬁ nsrfcl)tle’rit and scope of the invention. 0 4
APR 2005 WO 02/(#283 gefeatinig$0d {rftiftion Béarthlbalsel fnt&h FréfRe: dfsepakatedbBiRCESS
for processing a silicon thin filmon a sanple, conprising the steps of 5
(a) cont rolPRiseymp secerdiseh of sppardedhegaiatlsesor to enit irradiati on beam
pul ses at a predgter g neder epptd L ; i |¥.r.adi ation
beam pul ses i nt aa filﬂr)st se‘fa%fﬁlé{e%g?%%%ahegg&r%ﬁ u s?ggd g%giageeasﬂéfc%a%% set of
separ atiéd hekastpoitions thefrenf througlna diadgtd predéce splusadity of beasdes;aindd beam

pul ses to irradiate and.pas 10 | east portions thereof through a mask
Lo produce a pl (Dal | PYPYfinG s el scLRpepap g s gmaigs FPOtEEBRIPEE of
separ at ed hepmop uh$RadaclatliBRt BEAGER:S of Be sili¥Bh RER fAdwhikRdbALL Rt | east
one section of the silicon thin film wherein, when the second set of

separ at ed Isecend getiof sepassted beran pelsed aaddhe benmietssawaiianpously axndistethelnt at

| east one [ t I::1 - 1 bl i separ at ed
beam pul sezﬁééngggﬁ%egﬁi%%@%%%é %e@é%%g% Nt ggl%l%% aé%%latb §£m\/\;? ?‘%ﬁs IS

suf fi cilént ahdiledlehmidiepratide aasnbireddntensinowhich ds sffitienito afelt the asliehdtcon thin

filmthroughout an entire i cknesg .of the ) )
%ne {Jrrad?ate section of the s%i{c]:on ﬁun 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

preventing 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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section. 2. The process according to claim1l, wherein the first suet% S\TR 2005

separ g/ pggm pul ses has a corresponding intensity pbrgRoiS4isoner than an
intensity required to 20 danmage or degrade the mask. 3. The process

according to claim1l, wherein step (c) includes the substep of preventing
the second set of separated beam pul ses from being forwarded to the mask.

4. The process according to.cl.aim.3, erein _the preyenti substep is

per f or med%(':_by i @F(Eclef‘ﬁga%f;?@msgetEf(?%ﬂsleW SIFBHEBB%‘?gaﬁt%H&ée@WE%P%QEB away from
the mask pirhdisted @nd ARltePRcHEOCOMNHe 8i@coPfhi® BRR A8 G R EAMR-QINHGInd €achi ng t he
mask. 5. The process according to, claim1l, wherein the second set of

separ at edcﬁéﬁﬁ&z%ul ses has a corresponding intensity which is | ower than an
intensity required to nelt the at | east one section of the silicon thin

filmthroughou | i r . )5 WO 02/ 42847
PCT/ US01/ 4415%52‘?%%%%%‘%%%?@%3%F g?ilmgprgén%ctﬁgiaﬁﬁ %? wherein, during
step (8), the at |e@yt onfer stopr(dymad £fter dckettidd efths sititomipfimi ke silicon

thin filmis _gl | owed tq,..re-sol if'gl f?{hand crystalljze. 7. The process
accor di ng SplytiBesand caysigllizesyigsnsiagng thesserple Webaitag besmlets gnd grersgpondt ep ()

and after i i ot At Redid - i o] f 4 “QEQ-
crystalli §%§?Sﬁ%§%ﬁ%ﬁiﬁéﬁ?§ﬁgﬁe SO Fﬁ%&?ﬁgﬁb%%%ne%%ﬁ% t emsecond
set of sepwrfattbet soetam ghidasigmriiatly ovgdaps thesddiien s et aflowéd folre-selidifycon t hi n
film where#n tﬂﬁiez further section at |east partially overlaps the section
that was AP OWE8™8 re-solidify and crystallize. 10 8. The process
according to claim7, further conprising the step of: (f) after step (d)

and bgf or . St eWhé BlocesH 26 MRNS LRt MY filriher SamRlsthesBe sfePak: t he beanl ets and
t he second set of separated beam pul ses i nge .at | east one previously

npl . !
irradi ated, fully t edafisrstepddy and hederesisg (8 paerafrpnsiatingibe sanmle ¥ t he
section ?&']i' L k T!:t'b%mgﬁ i o claimS8,
wherein -t Eieat %%g’e etééscgir?(}h?ﬁée%o{slde%:%ﬁgg%g?ﬂ %df S plgér%g'?%gﬂl%ggfr]g%%lgg%s irradi ate
and f ul |.ypresiauslylisadietetlj folly ofeliefaresolidifion abdenysteilized podion of the section
of the silicon thin film.

15 9 The process according to claim 8, wherein the beamiets 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 ﬁough.

12.  The process according to claim 7, wherein the mask has a transparent pattem
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 pulsés to irradiate there through.
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a mcrotranslated | ocation of inpingenent on the sanple. 10. Th rﬁr@t s
accor di ].aim 8, wherein the nmask has a dot-like p rn.such that
dot port“ﬁ)o‘%zgug7 the pattern are oblique gegi ons of the %@@S@W&? pr event
certain 20 portions of the first set o? separated beam pul ses to irradi ate
there through. 11. The process according to claim@8, wherein the mask has a
line pattern_such that |ine portions of the pattern are oblique regions of
the mask whildh preposessdernrasassingasilicem thinfile pe afsample, setpudingsipateased beam
pul ses to ipradiate there through. 12. The process according to claim?7,
wherein the rask has a transparent pattern 25 such that transparent
portions of the gatt econtealingin iradlatidebedh benieatoCo-@RSmENEb Pidvidd £@e Obl i que
regi ons capable of preventing certain portions of the first set of
separated BRLIRCADT &8 of iradiapion beany Pelpes at a prRdsigghined renetifipRIgigB5 WO
02/ 428475 PCT/ USCyily444 QS Sm sing.a silicon thin
filmon % sanpl gﬁ)com}%wﬁnﬁﬁgﬁégéps %T.Pg{sg?{og%%@% %dr?éésaiﬁl?arspﬁdi ation
beam gener apaticathaogehengh & ouapk bvprdéudeiaStralingnd beambung as@t s of irradiation

beam pul ses at a redetet&;ﬁé\ dre titig)n r%tug; 5 (t%) forwarding the first
set of beam pul s&¢ t oPIFH SOCHRG S € gsndithe beammletsio imeingst
through a nBgkinb@id AdeEort &bﬁ%ﬁﬁ%f%&siﬁ@o@&%ﬁﬂ,%he?&ﬂ, &gér?  BE 2Bl UG 1 gf

second set of beam pul ses and. eam ets to I'nplnge rrradi a

| east one sefhdaonpwfestand the Heamdets sitrinttahdonsly mmibate ithe atlbehotdeeci@cond set

of bea ul ses..,and .f.he..beanl et s .si t aneously jrradi t he .at | east one
secti onni,cgf %S{bﬁ:gng‘npieﬁcp@nﬁ?ﬁﬁ?nfiis }n#bp%pggg%%@téggegﬁegségmn%pses and t he
beam et s prethisifedint&Rithinhidh ik BifGoRhE ty 1l BB ot RasiYhE ii®atd tRLBRbE e at

| east one irradiated sectign of the _silicon thin filmthroughout an entire
t hi ckness ofili¢arethineflm gyougheut aneatigs hickaesspf thersgrtig-t o cl ai m 13, wherein
step (a) includes the substeps of 1. emtting irradiation beam pul ses at a
predet er m ned 1 eppi hideOR alrfidk o cBR 13,1 whe8R MR : jaklgn beam
pul ses into the fi rgt ) set ofr_ b@a_m‘3 pul Ses an teﬁté );ig%ltgﬁ% ﬂslé%a%ﬁ%ggm

pul ses. 15. The procebs acooittagigradmtioh beam pulsesitepeedetemimddappdtition | S

per for mpd pgiop, o

ii. separating the irradiation beam pulses into the first set of beam

pulses and the second set of beam pulses.

i5. 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.



the irradi ati on beam pul ses reaching the mask. 20 16. The procesg !ho%nﬁaﬂﬁb
to cl alvmedAzssherein the first set of beam pul ses has @r6Q8L88R0NdI Ng
intensity which is lower than an intengity 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 pul ses from bei ng

f orwar ded th hg. .process_acgording to ¢laim 16, wherein

t he preveng?'ng %%E@E%SS%QCO}%% oocrqar%gﬂf%yﬁ’gf% isﬁﬁ’r‘gﬁﬁt BRPUSEE b beam
pul ses away chresponding imakitpwhidh i$ Rwehthan 98 6A8HI Sbquitd REARIAM S88ast eachi ng
the mask. U Il AFB; 20U5 WO 02/ 42847 PCT/ US01/ 4441 27 19. The process
accor di ng % Erushehithe sifipen b filnnérepgheowtdheatire thitkesss theresfs has  a

corresponding intensity which is lower than an intensity required to nelt

the at |ea ' : e 514 ' ] rogghout the entire
t hi ckness %dﬁer gg%.ﬁ%g%sg %ﬁg%g%%&%ﬁ%%%@g%eﬂ%ﬁ@%&gﬁ E‘%}l%,g aﬁ#f&‘?tgflﬁ, during
step (&), irfadiated dndasdlted sectioh of theailicat ddn did inaldved t5 eebélptfQngt he silicon
thin filmis allowed to re-solidify and crystallize. 21. The process
accor di ng T¥%®¥4¢-m 20, further conprising the step of: (d) after step (c)
and after the section of the silicon thin filmre-solidifies and

crystal li zes, tTmnsbadst Aok &S 0S Qurthd il?éaﬁa_, and t he second
set of 10 beam pul'ses i npi ndﬁgg a further se%%?%}%l}%o t?esgzgi%ff‘l con thin film
wherein the far(gher aficpstep () and afierdba seotion ofthe yilioow thiim fitm réreolsbifies on t hat

was al | owe I di crystal lLi.ze. 22 Th rocess according to
claim 21, a&&}c&s&aﬁﬁ%eg% \iaﬁnnéa}%ﬁgmg%éésgﬁﬁt ﬁ(&%@&@?ﬁt@@f@ﬁﬁe%ogas tr{:ﬁﬁbef ore step
(d), ][mﬁ r diekﬁe@:lll b ﬁmgingémeﬁﬁaﬁpilmﬁamomaemcaéaﬁmﬁ@aam réhgl;@ﬂﬁtclil%h? Islecond
set of beam pul ses inpi.nge at |east qne previously irradiated, fully

nel ted, r é‘-e%tg‘l’ﬁ %?‘?W‘é"ﬁg’ etlaRsihe pestion Bt vanlayrediip ge-sedidifiamdof t he
silicon th iten 23. The process according to claim22, wherein the

beam ets and the second set of beampulses irradiate and fully nelt the

section of the silicon thin filmfroma 20 mcrotranslated |ocation of
i mpi ngenmerd?- on ThsPrewapaceording 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  microtraunslated 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  that line 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.



24. The process according to claim 22, wherein the nmask has a do@-iﬁiﬁ%ﬁz 2005

pattern hat. dot portions of the pattern are obl'gﬁﬁ {.Q@ns of the
mask vm}vc(:)ﬁ(ﬁ%?gé@ent certain portions ofasg he first set o? egdr’%]ﬁg‘lljllbses to
irradi ate there through. 25. The process according to claim?22, wherein the
mask has a |line pattern such 25 that line portions of the pattern are

obl i que regiQns t he mask ich preyent, certain ortions of the first
set. of beanfBut sale PERrP Aerdine & nBREXEintth FemaslibR witme et pokernoa 7
PCT/ USQl / 144idh thad3radpare SHERh di i : j mask
has a transparent Qatteﬁﬁoﬂgggﬁsfﬁg? traﬁgggtr%gltug%)glr)ﬁ%\?gl%ﬁhﬁfeeﬂbg??ern do
not i ncl ude®blduegerionsaagbaie of preventing cetign pottiong véthediystastoiimpmijudsesf
preventing 9ei§-rta jagcfﬁgrr tﬂigo‘g@gof the first set of beam pulses to irradiate
therethrougqn. HeR 9 m for processing a silicon thin filmon a
sanple, conprising: a nenory storing a conmputer program and a processing
ar r angengnt 2xecAtsysigmtfoeprocdtshng @rsiliton #ia fillhGnResah@lecbprising! | owi ng st eps:
(a) controlling an irradi ati on beam generator to emt irradiation 10 beam
pul ses at a pred@PERMNENREDSQNPRGHDIPGHABY and) causing the irradi ati on beam

pul ses to be sep o i f | s and a
second set of se%gl?’g%g’éfg%‘gg%%%ﬂq Eé?uﬂl?%?%fcgfﬂm%%%gﬁgg%ﬁﬁn tg%t of
separ at ed bfdlowigses:to irradiate 15 and pass at |east portions thereof
t hrough a mask to produce a plurality of heam ets, and (d), causing the
second set of separat g b oRplHng a8 utfat e%ﬁ‘@é’ﬁ%ﬂf’@mzﬁﬂ?’ﬂ'@@%nd
irradiaje at |east one seqieinfMesalSpreabteikidBd tdpefitibn 4@, 20 wherein, when
the second set of separated beam pul ses and the beanlets,” when both

si nul taneously irradi@ e tdewsiag thedmediaderebensrpiless tofberstparated idoafgstin film
the second set. of separaf | ses-.and beanl ets pr.ovid conbi ned
intensity which 1is suffi cﬁeggﬁ'sgﬁ%m&atﬁfgﬁﬁglsgf a?&;%gﬁcogﬁuéetioﬁ?ﬁi?id section
of the silicon thin film 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 simuitaneously irradiate the at leas.t 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 sef.:tion.

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 splitier which
separates the irradiation beam puises into the first set of separated beam pulses and

the second set of separated beam pulses.



t hroughout an entire thickness of the section. 25 28. The systemﬂafécéE'%liZgég3
to cl &Ye2!84F urt her conprising a beamsplitter arranged/uson4a1yicinity of
t he processing arrangenent, wherein t#€ processing arrangenent causes the
irradi ati on beam pul ses to be forwarded to the beamsplitter which
separates the irradi ati on beampul ses into the first set of separated beam
pul ses and9. t heTtaesystan asedrding t6 epah 2BeRhdeAThOBSESpIitlr f 1HBRL005 WO

02/ 42847 PCT/ USQJ/ 44115 29 29. The system according to clalm28, wherein
the beam pFireans i 2 ath gEthe dgadigting heammulses foputhh neisks he i rradi ati on beam
pul ses fromthe mask. 30. The system according to claim 27, wherein the
first set gf s I o e . Lng. intensity which is
| ower thaﬁ%an ieﬂ?esﬁgsti&tﬂya%‘g%’%éﬁ%ﬁ’g‘ﬁ%%%‘%g@@‘%?%g?%%ﬁt FH5k. 31. The
syst em ac Quisds ha & enekpinding intendityrwhich islewer has a6 imensityréfigRARGt  execut es
t he cogputer program.t reyent the second set of separated beam pul ses
from bgi néla?lf)‘g‘?/\%&éegﬁad?ghe%ﬁés sk. 32. The systemaccording to claim 31,
wherein the second set of separated beam 10 ' pul ses from bei ng forwarded
to the mask. by T \edtdrh Bedkdifg &ER& i %1%0}% BEans es away from
the mask prior to ﬁ\e secondgset Q%?zi'gi)%e?%{le (Ea)gérsnggﬁl ses eg[?gélgchi ng the
mask. 33. exprates s eomputer ererag to prevenl the Stondwadoésepatdied bamopulsset  of
separ at ed . S corresponding intensity which is | ower than an
i nt ensi tyﬁggﬁj%?éwgéﬁ@ﬁm%?%e at | east one section of the silicon thin
filmthroughout the entire thickness thereof. 34. The system according to
cl ai m 27, 33her Fha systineaccatdihemsdlainn®], ek din thedbeddiaet 6§ deb@fbdtgabm il mis

irradjated,, t at Jeast © irradi ated_and nelted section of the silicon
thin # |nP?‘§eS§?‘Bb&’é’a‘gg%“"fﬂé&§dP ithf gskingdixeriag ghe sepend sptof spparatsdst em

accor di nghé i g b A1t j ecutes the
Obddh SUIBETEWRA froMh BleGhabl ﬂ?ﬁ)r{ﬂf 26 85&nA%e g?s@@étigﬂé:ﬁ Bam %g@

conmputer programto performthe followng furt af ter
~ substep (epckangithefmesk. t he section of the silicon thin filmre-

’

33.  The system according to claim 27, wherein the second set of separated beam

pﬁlses 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 fitm, wherein the

25 further section at least partially overlaps the section that was

allowed to re-solidify and crystallize.



solidifies and crystallizes, causing a translation of the sanpl el‘] 30’5!?{‘@5
t he be e d the second set of separated beam pul se i.opi.nge a further
secti o?lwgf(b?lﬁ%[}si licon thin film vvherei38 the further ]E%W%HQ%P | east
partially overlaps the section that was~“allowed to re-solidify and
crystallize. 0 4 A? R 2005 WD 02/ 42847 PCT/ USO /44415 30 36. The system
according to claim35, wherein the processing arrangenent executes the
conput er pr 8§r amlts speemacearding t¢ elriny 35 righerein thearoesssipg aBageineaf t er subst ep

(d) and bef Si.n Lerot ranslk.agion of the sanple so
that the beg%wfcgfeg%g%\%ﬂ?éug&pgé%gﬁ‘ Ogglt%%? fgglilor“éﬁl%tﬂrhj&éﬁt\eﬁul ses inpinge at
| east one previously{)rradfiat step (&)laﬁdﬁeﬁoteﬁsﬁbsté;e(egpéahﬁh?iaed and .
crystallized portion of the section of the silicon'thin film 37. The

system according to clai m Jecrofipesiation of e ssunle sottbat ghebeaniets sudthe set of

separ at ed beam pul ses irrag] I |t the.section of the silicon.
thin fi I% from 10 a nmi cro?%%%gfgﬁgééﬁ%%éq%%"Flsegﬁ‘BPW% BSt8PC ¢t he sanpl e.
38. The system according t erevicusipidadiaeticfuily tetibd reRsikdios ai d9ttalkizke
pattern such that dot portions qf the pattern_are oblique regions of the
mask whi ch prevent cert ai BOPHOROf Bisseefion ofdhe silicon thiafilsy. separat ed beam
pul ses to irradiate there through. 39. The system according to cl ai m 36,
wherein t hesymskThagydeh WSAk KPORPIC Wholctn R oabi ACafOhL b0BT1 0 dehe
pattern are oblique Tegions of the mask I ch prevent certairn portions of
the first ssapaafedsmeny pitlend tyadiate pud Sdly mdt theseatioatod thehdli@nt thindfilghfro#h0. The
system gccordi.ng, to.cl aj m 35 erein t sk has a transparent pattern
such tha t?%%r%g?%s%%eﬁ%}cﬁl%o W%‘?eﬁg‘ﬁ@‘?ﬁi&not i ncl ude oblique
regions therein, the oblique regions capable of preventing certain
portions thgs.fir¥he stennhccoefing o cainbdd whepkin tisinssk huoa dor-Bikh witterd her e

t hrough. 41. system f.or cessing a,silicon thin filman _ a sanple,
conpri si ng: S“cﬁ ﬂ??)é et portipnt &Fge Batﬁeﬁ‘hﬁ?toé’i‘qﬁ ’5@0&%’% thganask 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 pattein

such that transparent portions of the pattern do not include oblique regions therein, the

oblique regions capable of preventing certain pbrtions the first set of separated beam
20  pulses to irradiate there through.

41. A system for processing a silicon thin fitm 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 anﬁngement to provide first
and second sets of irradiation beam pulses at a predetermined

repetition rate,



‘ . . U APR 2005
a processing arrangenent executing the computer programto performthe
f ol | owwvngzataps: 25 (a) controlling an irradi ati on begpgeneaaor
arrangenent to provide first and second sets of irradiati on beam pul ses at
a predetermned repetition rate, APR 2005 WD 02/ 42847 PCT/ USO1/ 44415 31
(b) causing the first set of beam pul ses to be irradi ated and pass at |east

a portion therggf thro a sk roquc lurality of beaniets, and
(c) causing the&gecoggéms%%{ah%jﬁm Se%ﬂf%&%s%'ﬂ?e ﬁ%ﬁ? ﬁgﬁlﬁ’g%{frﬁnétpésscgﬁ?%f‘ nge and
irradiate at |east opgticetHetedfiRbudhEmadd tb pesdubdh Prukilltiof feallekeidy When
t he second set of -beam pul ses and the beanlets sinultaneously irradiate

the at |east on€)sectdusigdie sependsset pichsamemilsss fnd thetbrankedondpige avd beam
pul ses and the beamﬁfaﬁia?éﬁgéagfox%sg&m&%#ﬁ%o%% which is sufficient to
iate

nelt the at least oneirra section o e silTreon thin film

t hroughout an ewhérem, whit #ieesndisetidf®ears alseand thdbdidaletERbmsitsbangt@ccor di ng
to claim4l, wherein the processing arrangenent causes the irradiation
beam gener’Fediatethe ahlsashene sachonaf e silican in Phy hesaerpdipei efbeam pulses

predet er m Bacing BRI pAEA Emififed BT/ PREMARIRGUNNT ol L AL, fU

t her conprising abeamsplitter arranged1 Inavicinity of the processing

ar r angenenine imadinied sedtiva gf tlecisenign dimdhgeghent ad Bntira tiselsmeshef ther adi at i on
beam pul ses to be forwarded to the beamsplitter which separates the

i rradiati dfi“®%m pul ses into the first set of beams pul ses and the second
set of beam pul ses. 44. The system according to claim41l, wherein the beam

splitti@r i42, | OCEHeadstetits@RiF) tb Bladn M3} Wh@tintheprotésablbatia0fdReRtds ses from
t he mask. 20 45, The system according to claim43, V\/ﬁergiﬁ%bthe beam

splitter SBpHPgiationbran seperalgr arBRISRAmepil Tadiation beanhBulsesade set of beam
pul ses and, rﬁ&g&] &ﬁfu wheam pulses prior to the irradiation beam

pul ses re}gﬁ% t enfgn%s .H%G? The system according to claim4l, wherein the
first set of beam pulses has a corresponding intensity which is |ower than
an i ntensi4By r ctheisysigmtagcerdingde claim 41, €T 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
cor.respoﬁiiing 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 to prevent the second set of beam pulses from being

forwarded to the mask.



25 degrade the mask. 47. The system according to claim41, whertgif*] Nﬁ% 2003

proces ngenent executes the conputer program-t nt__t he second
set of g)g’rznﬂ%%?ses frombeing forwardeg,to the mask. opiﬁ’{]%ﬁmiaoo WO

02/ 42847 PCT/ USQ /44415 32 48. The system according to claim47, wherein
t he second set of beam pulses from being forwarded to the mask by

di verting tgg seiﬁgd ?et of heam pul ses away fromthe mask prior to the
second set 0f beatlt PrIERCCP ﬁorfgalf‘}fg’mﬁnﬂ@ﬁem%ygf@ﬁm@dwsﬁm to
claim4l, wWighekdwhilRdsse ’ correspondi ng

intensity whi c% is | ower ﬁltg%rfﬁgk d?Jnet ernsi t%"éﬁﬁ?@g"”?‘%‘ p%éﬁe?a‘tvﬁ%ggf“ | east

one sect i onthsfmaskeriet toithosecohd setof beam puisesgleaiting the neazki r e t hi ckness
t hereof . 50. The system according to claim41l, wherein, when at |east one

ti f i ] thin.filmis jrradiated, the at t
Fradiatod Sa it AR Reid 4 hREH BE nedondiopodte s mbRes o
re-sol i i fya edtebspondih@intdngy whith3dlowtd m&m@%ﬁ@%ﬁ%&é&&&aﬁ&%ﬁé&

wherein the processing arrangement executes the conputer programto
per f or m t heOHegtertny ¢fghe silie thrangzhol) the atire thiokmsse fhefeof. and after the
section of the silicon thin filmre- solidifies and crystallizes, causing a

transl ationgpf t Sﬁéﬁm &91-441 . | e ngd. t he second t of beam
pul ses i npi nge a’h?eu t era%csec ghlﬁpm?hgﬁ%QQ’&%ﬁg?ﬁ}eﬁgﬁnfaﬁ?&\mé)?&en t he
further sectilicn thin filesis irradiated, ithd dtyeaayend iapdistddandeadicdneitimiofms al | owed
to re-solidif d .crystalljze. 52, The system according to claim51,
wher ei n theSﬂb‘)li’ng@sqlegaﬁ?‘ﬁ?ft@ﬁéﬁPﬁdl@Wﬁ% conmputer programto
performthe follow ng further step: 20 (e) after substep (c) and before

subst e o( d)51. cauRidWyst8miicEraingad Sladth 50N whérein 6 pRRERSy SParigBAkntt N beant et's
and the second set of beam pulses inpinge at |east one préviously

i rradi at ed, *PeHeSthaspmper pregues) toderforn thefpllowingsfusthir steet portion of the
section of the %Hj | CQfpef Qib@te{y '(aJ:)rQnd 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 petform the following further step:

20 (ey  after substep (c) and before substep (d), causing a microtransiation of
the sample so that the beamlets and the second set of beam pulses
mmapinge at least one previously irradiated, fulty 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 pulses irradiate and fully melt the section of the silicon thin film from a

mcrotranslated location of the sample.



’ fi
53. The system according to claim52, wherein the beanl ets and t% éggo@éﬁ
set ofwO2%4i8¢am pul ses irradiate and fully nelt the sectriwdn/efiig he silicon
thin filmfroma mcrotranslated | oca3 on of the sanple. 0 4 APR 2035 WO
02/ 42847 PCT/ USQ /44415 33 54. The system according to claim52, wherein
the mask has a dot-like pattern such that dot portions of the pattern are

obl i que regj on - Whi ch. RV . certain. portiqns of the first
set of be:%'pulsgﬂéésy{ts%&l #?%ngln%%%{%ﬁgrs g’ ﬁﬁ%rgﬁlgtﬁ? H%l.‘h%%a%%&é’ﬁ“%cordi ng to
clai m 52, sshtleit dott poeticrR K tHegattaml ard SbIRplclregiBnS st Matih@hichiph&epor ti ons of
the pattern are oblique regions of the mask which prevent cértain portions
of the fir?fta’éléfoﬂi‘)?nsgg% tf sebef hegmy pulsea ftoiredigie there thrasghh. 56. The system
according to claimb51, wherein the mask has a transparent pattern such
that transgare i ' L [ egi ons
therein, the %ﬁﬁgﬁlg&gﬁr@%&%g}pﬁa F%F%ff‘]“g@ég‘gﬁ’ﬁhgg&? grﬁlegj:%#%%?fl? ons of the
first Set thit livegortius efthe paiferh ard ol adgiortshefitiee tbskowlyioh prevent certain

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.



