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METHODS USI NG SEQUENTI AL LATERAL SCLI DI FI CATION FOR P |6 BINCLE OR
PG‘Y%@@E SILICON THIN FI LM5 AT LOWN TEMPERATURES 6023668 ON 5
BACK THE INVENTION |I. Field of the invention. The present

_invention relates to techni ques for sem conductor processing,
particularly to sem conductor processi rlg whi ch may be perform@mwwmmmlmlmm“
tenperatures. 10 Il. Description of the related art. In the fi 0

. sem conduct or processing, there have been several attenpts to use 1'$&8ts to
convert thin anmorph silic i | ¢l § i . For
exanple, in Jan&‘pﬁﬁﬁﬁsé{‘f?%@bﬁ pgthgﬁ(#}ﬁ@t% LF?I%%M

Acti ve- Mt rd o ki CAPION FORPRODUCING SINUEE BR POLIYCRY STAOBINEAN

overvi ew of ~conventional excinmer [aser 15 annealing technology is
presented, In such SEJCONTHIN EHMSeAT LW TEMBERATIRESI into a | ong
beam which is typically up to 30 cmlong and 500 mcrons or greater in

wi dt h. The shaped beamis scanned over a sanple of anorphous silicon to
facilitate melting thereof and thgpfefifpi@enef pol ycrystalline silicon
upon resolidification of the sanpre. i€ use of conventional excimer |aser
anneal i ng technol ogy to generate 20 polycrystalline silicon is problematic
for several reasons. First, the pol crgstal line silicon generated in the

pr oces$ is typl cal l Yy smal IBACKGROUNDIOR 1 oy ‘..:9.0‘5 tructure, and havi ng
a nonuniformgraln,si.zes, therefore resulting in poor and nonuni form

devi ces ané accglﬁgflﬁ ﬁ]ﬁmYedW%'anuf acturing yield. Second, in order to
obtain acceptabl e peqﬁm PEREn T eRKBh folatéd1s tevhilidhaibi el Goriduc v glopedsidegr
produci ng pol ycrystalli r?e silicon 25 nust. be Kept |ow. Al so, the process
general |y maduorepastiautaty ol deedcatduotop peacessing] whichhmay ibagpesiormpd ab} phous
silicon sanple, which |eads to a reduction in throughput WO 01118855 2 2
7 FEB 2004 t9mperayeisssss rates. Accordingly, there exists a need in the
field to generate higher quality polycrystalline silicon at greater

t hroughput rates. SUMVARY OF THE | NVENTI ON An obj ect of the present

i nventjon B t o [Mserptitn éfthbrdlatedartf or growing 5 |arge grained

pol ycrystalline or single crystal silicon struc

: :
energy-control labl e 118 ﬁ%?@é@icoRdFﬁP‘fm@?esﬂﬁ_ﬁéﬁ?rrgg?‘yetsti?gg_ﬁervégaéﬁ?erf’ﬁ@enti on
: Zr ;Ce) ;£ :a: Iﬁégse;gl%lf/%; ?fg?(%ﬁeftﬁ@%ﬁ#ﬁér@ﬁﬁx&?sgli&nsﬁﬁﬂsci% ﬁ@l?@y?tallﬂlecﬁlﬂﬁf fdr grow

example, in James Im et al., “Crystalline Si Films for Ihtegrated Active-Matrix Liquid-

Crystal Displays,” 11 MRS Bullitin 39 (1996), an overview of conventional excimer laser

15 annealing technology is presented. In such a system, an excimer laser beam is shaped
into a long beam which is fypically up to 30 cm long and 500 microns or greater in width.

The shéped beam is scanned over a sai_nple of amorphous silicon to facilitate melting
thereof and the formation of polycrystalline silicon upon resolidification of the sample.

The use of conventional excimer laser annealing technology to generate

20  polycrystalline silicon is problematic for several reasons. First, the polycrystalline
silicon generated in the process is typically small grained, of a random microstructure,

| and having a nonuniform grain sizes, therefore resulting in poor and nonuniform devices

and accordingly, low manufacturing yield. Second, in order to obtain acceptable
performance levels, the manufacturing throughput for producing polycrystalline silicon

25  must be kept low. Also, the process generally requires a controlled atmosphere and

preheating of the amorphous silicon sample, which leads to a reduction in throughput
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crystal silicon structures on the sanple. 10 Yet another. object .of the
present invention is to provide techniques for grow ng Izo?:aétEiBozoﬂbont roll ed
. | ar ge v ai/e38s pol ycrystalline or single crystal siliconPETfUSE42366%5 whi ch
yield planarized thin silicon filns. Yet a further object of the present
_invention is to provide techni ques for,grow ng | arge grained -
polycrystalline or single crystal siliton structures at |ow 15

tenperatures, for exanple at roomtenpgerature nd w t hout .preheat.ing. A

cstill furrates objeosdingy, dhge fpade it DY dht %nﬁﬁi@ ‘Pogeﬁ%%? é‘égfieéc%ﬁt“bhes f or
coordi nat ed,_at t t - LeREEed N Order to achieve these

obj ecti Veg&ggryﬁ?&%@%@ﬁ%éﬁfﬁ?gﬁw il Eaé%sorre apparent with reference to

the followi ng specification, the present invention provides an 20 exci ner

| aser for generating a plurality of exciner |aser pulses of a predeterm ned
fluence, an energy densityShMMARY dBMBMIEN| v nodul ating fluence of

19 Olf &) ela
th i | , h i N 3 L0 7] ted _
| aser pulses | a pranEREsHERSPSR et G b Bl LGy BRRMNGL T,
homogisni z qgﬁg?%g{eg;jt%ﬁyc}ﬁ%ﬁne% LBgR chystddsillabh |Fdadeinnig dﬁbfgfy-ébn&%ﬂ%le st age

for receivi t'er'ned beanml ets to 25 effect nelting of portions of any
anor phous lsset pulees. t hin fil m sanpl e placed thereon corresponding to the

beam ets, translatin ns for cantroll ab t ransl.atjng.a relati

position of the sanpgeg‘ggﬁrgéglﬁf”( W?r‘é‘éﬁgﬁsten{ émff“ 8§i‘§it8ng%ﬁzq-ﬁg’a¥}é5§§eand a
conputer for o i exci mer
| aser pul §%§ISI§§§# % ﬁélsf.h'gg%%%??lg?{pggﬁl@gﬂlog{ {ab%@%ggﬁe‘?‘?gwﬁ?’?w {i'?]é;&s%ﬂ%ee st age
and nmask, @yg@alfsg{coﬁ@ﬁ—u&hmtdnnge sdnpsleci mer pul se generation and fluence

modul ation with the relative positions of the 2 7 FEB %go , 011 2.8855 3
PCT/ USD0123668 sanpl ¥etanather ghischekthe prasentiBy@HPn bt Oore: MBS 1Y | i con

Sequent | a1 EF0 PENAG osAH G SR Bk, REPHEL B3 PhyslfasCht sl CRaly st
irradiati cg@mgtfmgsmamggm@¥1aymp@atﬁh@g¢obmmhet s of varying fluence at

correspondi ng sequential 1ocations thereon. 5 In apreferred arrangenent,
the excimer |aser isYetd further ehjeat of shei present inventionds to previdertechyyques fefi t v
nodul at or i ncludes a rotatable |, twa _or nore, beam ai.t Q

ci rcunf er SHPVHIE ;M%lﬁﬁ“@ d??ll“ﬁgsqaﬁ%lo,r §fﬁa{°a° t?l)lsﬁmr@& gt%%ﬁ#?%ﬁ@ﬁ?’y
rotatjsg t BuSAI, ahd Rilidet SEhdaipg. by the | aser
passe!ipt hrtgﬁlgﬁﬁgﬁés’gw‘{%@?ﬁq’gﬁé%ﬁ eam at t enuat}gr s. Advant ageously, the
beam att enuat ors ar eaceiflftutieer bbjeaf ofthegresémgmantibreisto providedtietlirdqesstfod evel s
of fluence attenuation. In an alternative arrangerilent, the energy density
modul at or gosedinated agennation phlaser fiiear@ctic plate that is rotatabl e about an
axi s per pendi cul ar tﬁ} 8dgfak hagh%%?tﬂeégyob'{lﬁv@(&é ngrl ab'4 that QilP'be&Imd O
variably fluence nod e theexci mer pul'ses I'n dependance of an angle
formed bet ygarenk Rethexfeidies ot sdlovdh@spreaification,aks wreseint inveati droprovities dn
conpensating plate is advantageously provided to conpensate far a dialectic
i nduc@@ shefcimenlasercfortgeneraing e, plurality of sxeiater Jasce PHISES PE 2PTeEFEEMBRTE | t he

d it dul at i.ncl
Crans at | niueteegs SsrdsntiPoppaaRy? R slrdRERy R oA Bl ARURE 8 e gttt
at t enuat or . sUpMstdal vRARMMERGKARE Tbr RUMSEineAhd tresiulited Nesek gamiespasses 20

t hrough one of "the one or nore beam attenuators or passes th:ou?h t he
ener gy dengiedgterrothetl plame, ainasiofar maskingpgrtiansef ghe homoginizedmoghlatesklasepr e

b . Th | gt [ bl e [,n both di [
paral | ol { BN PRATEOPRPE ok YR Bareh (Pokes YLt pitpe phfed 8"

i cul t : : tds b h
e N e R s

at t enuat or goREspbhdiaN e tHrRamdéts,thmshtifg alcan®foe controtiably eransdatorgsa refativet i | |
another alternative arrangenent, the energy density nodul afor
position of the sample stage with respect to a position of the mask and a computer for

controlling the controllable fluence modulation of the excimer laser pulses and the
controllable relative positions of the sample stage and mask, and for coordinating

30  excimer pulse generation and fluence modulation with the relative positions of the



i ncl udes one or nore novabl e beam attenuators being controllably noved such
t hat each sequential pulse emtted by the | aser passes throu one or nore
. of the one or nore beam attenuators or passes through the -érﬁ’;lféggm'densi ty
modul aton Widsbout passing through any 30 of the one or npEe REHiHees
_attenuators. 2 7 FEB Z00 WO 01118855 4 PCT/ US40l 23668 I n one preferred
arrangenent, the translating neans includes a nask translating stage that
is translatable in both orthogonal direttions that are perpendicular to a
-path formed by the honogini zed beans, and a translating stage notor for
cont r ol | abkample atagk abd ngasky & tmssby prevesy amorphous sijjeon thihilm semplehato a

transl at abl e direcﬁions S un |ternative

er control of the co ter. Jn an
ar r angenenfingieips RO %@’c‘?%@‘ﬁﬁ%‘h %‘LF Ry Isﬁﬂ‘éﬁé‘tlﬁﬁgg‘ggﬁﬁpé’ft@%ﬁﬂp}f F138° st age,
and has an Jul L O ' I hddesdabfl ;ation
portion pefgrgat tcitﬁgth?m@g%rl{e%gﬂ%d%%ny t %g%lr]gﬁ@doﬁa\e&ceﬁegns théalttS tc{afﬁ\gfyllﬁé
per pendi culflaende@t dopedpbndiap Refhehiialtibentions thersond beani ets and being -
controllable by the conputer for controllably transl %E}i ng the sa

le .in
both of the transl at dbpBreffirredarpagement heRICHNEIIAICE 1512 fanﬂst%mnB’é% The

sanple translatian sta (4l i ngl g difecli nsl ation
portion, fS?CIi 3%? ﬁpft[gf& n%%ﬁénncg ?Atéef ?‘%%ﬂgcng{ng‘fc‘%@% glh |1f E‘i’?i&énﬁgﬁ gﬁ}gl to
the path fgréReiddy cilmPaédtRIpadoRaadiont the Wikl MEhemat yiortdoausniblye
systemis nounted on a granité block to stabilizitlg the sanple from

anbi ent vi botatingthe whieel spcletheteach sequentiabpula¢ sitied by ithkdasenpass dugh one
processi ng anor phous, 15 silicon thin filmsanple into a single or

pol ycryst a|0?}qﬁéwg P\P FOE-DeaR) Ffteppatars. Advantageously, lfeéaﬁ“eaﬂaé?rslagf'ecaﬁé?lﬁod

inclu t ¥ ' Siboper | aser pul ses of a
pr ede?@rsm %gafoﬁﬁgﬁexﬁéﬁfé}&%&ﬁ{oﬁ%{ff&ggﬁgﬂggﬁﬁﬁﬁéﬁ%ﬁ?he fluence of the exciner
| aser pul ses; honogi Mhannifetiativé aeahgemient) tHeasergypddnsitg moduktorgnelddesanm ned

pl ane; masking, port.ions of the honogeni zed nodyl ated | .aser pul ses into
pat t er ned siitioye lialegtic plate thalgs Mataweéﬁewpq{b@gs e?rPF'eJdﬂﬁWﬁ Bath ?ﬁrwﬁm e

v~rith the et s f ' [ : :
corres pondibﬁgth% %&%r&ﬁxgs{%,e{ns?ﬁgrng) g%g%b}mhg%%mt%?%ng gllte?ér%u{‘%gﬁ‘ggéﬁp’f]e wth
respect to depéhdanée eianeegRaamhel erieth the é}h:ixlh@ﬁ?ﬂ@é pith ahd'greRizofebtaten.

modul ation to thereby process the anorphous silicon thin filmsanple into a
si ngl el’or potympensating plate isadviantagequsiyrprovided tocoseppnsate forla dizlaetin iaduced of

the sanpl e gﬁ{athvg to the patterned beanmlets 25 and irradiation of the
sanpl e by patt@thedcdRaA et s of varying fluence at corresponding sequenti al
l'ocations thereon. T*Iﬁaﬁ&tﬁ@fﬂ?@ﬁﬁéﬁ@&ax%?%&&?ﬁhe\éﬂér@?d@r[sﬁykﬂtfd%[d@&ﬁﬁélﬁ@esaﬂd
constitute part of this disclosure, i1llustrate several preferred enbodi nent
of the i nvemtioomoanbeageattanuatorsandladianstating gtagafor portsolizblyt translating the ene. 2

? FEB 200a WD 01/,18855 S BRI EF SCRI PTI ON OF . THE DRA 1 USOO 23668
Fig I i saePrf”&?fStheéﬂ’a?“e&P%t_@Fsaﬁﬂcgj%‘aé eg%f%?%%%@%*ﬁ%@%‘ﬁgﬁ%ma red
enbodi gEgnt C}Q{gm%ﬂ%n?%?gﬁrgne' d?‘ﬁ?&&-'b?{l-'g aftbhatd@ of Padis tHrbiph! thaehgy Geagtyam of

an energy sty nodul ator suitab
modulator without passing through any of the one or more beam attenuators. The

translating stage is movable in both a directiorn parallel to a patﬁ formed by the excimer
pulses and a direction perpendicular to the path, and the beam attenuators are
positionabic such that the excimer pulses pass through one of the one or more beam
25 attenuators or through none of the one or more beam attenuators.
| In still another alternative arrangement, the energy density modulator
includes one or more movable beam attenuators being controllably moved such that each
sequential pulse emitted by the laser passes through one or more of the one or more beam
attenuators or passes through the energy density modulator without passing through any

30 of the one or more beam attenuators.



5 for use in the systemof Fig. 1; Fig. 2b is an illustrative diagramtaken
al ong section A-A' of Fig. 2a; Fig. 3 is a graph showing ad 7 FEB0ati ve
_fluence profile of the | aser beam pul ses shaped by the e Rty

nodul at%B"UFssﬁf’g. 2, Figs. 4-6 are illustrative diagr arrsﬁlg?ﬁ?ﬁo?@%{r%\gti ve
~energy density nodul ators 10 suitable for use in the systemof Fig. 1; Fig
7. is an illustrative diagramof a maskdéng systemsuitable for use in the
systemof Fig. 1; Fig. 8 is an illustrative diagram of a sanple translation
-stage suitable for usg dnB gréred ShafgeMent the tdansthtify Mens Incliudesad mask
illustrative diagram showing the formation and avoi dance of a nount in the
regi on whetranslatingstygstthatds treuslatatle dgn bath orthogoral directions thatrrse perprandiauiaig t he

B ot P B R b Bl Heas oo o Eifelile A By’ B9,
ener gy- dengptyor %@é@@ﬁ %&3 E%*sgt%lﬁgémEBﬁf BERE? (RMBEX N AVENE dirBed s | ng

to Fig. |, apre present invention wll be

descri l3ed. uAdercoonitrok bf keseomphitér, InharchlterngtiveeartaagtrdentPrhestrinsiAsthg| means315i

generates a | aser beam 110 whi ch passes thrgugh an energcé densit Qul at or

120, 25 dedrslndssdhegampleiranslatingsiage; and has an X dirchop trogsld IR Physi k

exci mer | asgr gener n_ul t | : : m
Fctigzﬁr@?a%ﬁggg% n e%ﬁtﬁh%oggﬁgﬁtq}l t@o \‘)ﬁK@ (ﬁﬁg e&{ongt}ﬁgaﬂ

nore power r excl asers generati ng beans at ot her

wavel engt h?e?é)idiéﬁlaﬂd' 4 R dormdd 10O baa&] Méahllets Bd peing ebhrollabieby die, t he
nodul at or 120 acts.to rapidly change the ene(gé density of |aser beam 110.
The exci nercotrgaiter fari@nimotlaklydrapylatiog dhe sampielin betbrof thotrandatablenlirectppns

01118855 6 2.7 FEB 2004 PCT/ US00/.23668 |inked. .b st andar,d. conpult er
interfdte dﬁ‘ﬂﬁre‘iq“it@ﬁog@i CORgPYLeL r;%ﬁtsé?‘_p W“F%@g F@é? Wrﬁa@ﬂdﬂfmaﬁ? ﬁrécef‘é%er gy
density no : 1At n L4 B bkl ipHlasest

gener at ed %’;i ?ggg}&%swﬂg?)%% gdt%éngtsl% Ogba%ﬁlt%lfqglesé%?@gét ed th%oonugh
beam at t enymiaile]l atte path férated b3Ghe pdtieerredbeamiets. iNow podferablyl, the\eatire dystefrl uence
of the nodul ated 5 | aser beam_ The fl uence conaégl | ed J.aser., beam 13 | is

directed tdsmoupkdinoEranity Bloek 1ogabilang fhesagple BPRTBYFRG IPEEs 141 and
{hr ough beam homogent SAETE R BHGARE sk M Eiendins S fopBb B

t hrough beam honobgeni zer

pi ano- ¢onvaRlidodnthstilfidanilelintd 4 shigleodriyplycmatallikasitivon thirs fitmnin g prefesreds,
act to 10 shape the laser beamto match the requirenents of beam
honogeni zertedhmiqueTthe meshod inolwdesthe steps of gsnetmtingy Piveallly pf @cimexlasss puises

Ehe ot ane: of aiegEEHTEd MiRnce RehmalL osBRtiRe A Rshor Be Bk BtimitR M,
condensi ng ﬁ.\_ﬁ&%; ilxétfi_io%irngi;:f feeRloNlafeRNh &S Hulkgs $/hiRER tekmina Hlaﬁ@;sﬁlﬁ%lifg@ rough

field |l ens 148, whic imates the beam 15 The collimted beam

passes t hr opgtiomesfitheborsygineed bi@lulam laserpitlsks into pasteendddwdmilets griediating
detail _helow. Patterned beamets | 1.are output. fromthe masking system
150, a8 ec%H“WE’P\é?T?r‘ eqmﬁa\{l"fw F%@%@l}%ﬁ%@%ﬂ‘?ﬁﬂaﬂéﬁ Sietiggtmeling oo 1
refl ected offq; F RSk _ joQRd satgplk€NS
163, Al er et o B 1 B R o A "o
wi t hout i nt edtheelpatictotied paeimeadeamldieafDwithrespectte theomtbbizd anddnldtmn to

demagni fy and focus the pattern beam 151. The focused pa&tern beam 164 is
i nci dent ~ onthgrabyipsoesss thegmarphenssiligongdhin film sample into a single or polycrystalline

silicon thin film by sequential translation of the samiple relative to the patterned beamlets

25 and irradiation of the sample by patterned beamlets of varying fluence at corresponding
'sequential locations thereon.

The accompanying drawings, which are incorporated and constitute part

of this disclosure, illustrate several preferred embodiment of the invention and serve to

explain the principles of the invention.



170, such as a filmof anorphous or randomy grained polycrystalline

silicon ranging from 100 Angstrons to greater than 5000 mbsﬁﬁﬁ)mﬁ’*

: dep03|t ubstrate. In accordance with the preferregt n, the
sanpl e ?‘%&lrhs?g?osrsef erably kept at room 25 tenperature and doe’ggnot ls(%ave to

_be pre-heated. As further described below, the focused pattern beam 164 is

used to laterally solidify the thin siliscon sanple 170 into a single or

uni formy grained polycrystalline film The silicon filmsanmple 170 is

- placed on top of a sanple translation stage 180, to be described in greater

detail below, which in turn rests on a ranlte block 1 0. 30 The granite

bl ock 190 is supported bBRskinih (e 2o’ AN | 96 whi ch

whi ch my be 2 7 FERSbY %%%@e%%%@%&%%%@a@ el orent

in the floogmbomeﬂrgmhé&ebé@%eﬁugﬁ be precision manufactured to have a
flat surface, and preferably is of a high grade such as Laboratory G ade AA

per federal Specifi caFigodasaGillustegue diagramupfisoicnergy siensityrmodtatonsuitable
cConmer cj aI |y avaj l bI e %g hem from Techni cal Manuf acturing Corporation,

whi ch i Ell"r'?ft‘inc,t REF ed 5 to inhibit the passing of vibrations to
t he grani te bl ock 190 207 4, 195,
196 nmay be included fgltg(?urt#frmgt?%{?% d@%ﬂiﬁ%&é%ﬁ% ;s%%tég(ntlﬁt% éFfiqgié ilaga and
2b, the energy densi t91grmdulgiaphchBzﬁngandhrstmmkmdihmnepmmedﬁhaldserHéagure 2a
shows a side view of the ener gy beam npdul at or, 120, whi ch includes a net al
wheel 210, Prisasshaped, Yéﬁleaerﬁ}’GF%‘WtI?OQ}ﬁatﬂ'egrﬁlat%enuators 10 230. The notor

220 is a standard ste f

rotor 220" 1 o abi o to. AR SR Bt al R nobilfrer
angul aqoposglﬁﬂagm f@fugm;;eﬂlle Shfem 8fFigagcor di ngly, the position of each beam
attenuat or - 230. Each beam attenuator 230 is attached to the wheel 220 to

pernmit rotation therebBig7.Csmmdlesteativy diagesn ofd magdngrsysierasuiable forfuabin cat ed
froma di eltglctrl C cg:i)_.t q pi ece of ‘silicon dioxide or 15 magnesiumfloride.
are suitabl BEFECULE 2 heam attenuators 230. For the |aser beam gener at ed
by the Lambda Physik Mggslls hﬂfﬁéﬁhﬁvé’ﬂih@&n‘&aQ%ﬁE&dﬁ%ﬁbﬂstigésﬁtagleffm a
sui t abl e wheel 210 may be approxi mately 10-20 cm in dianeter and include
at | east 1Oussenthestystenuaf Figs1;230, each be| ng at Ieast slightly Ilar ger t han
1.5 x cm circunscribing th 10. Fi i di a | ong
20 croié section A- Ai: 8#@“61§%§ﬁatl‘é°rfﬁwrﬁﬁsbgwl ﬁf%{ﬂ%‘ﬂﬁg'e@?‘ém eo he
nui ri ber of H’x%ﬁm&xt{h%r}gégﬁ%e?é&vo SER et.! depend on the desired grain
size) with ?onger grains requiring re excimer pulses to manufacture, and
accordi ngly, nore beaFigl0§na fibardiagram iliparatihg die bastwestepsdingpyentianal injthe
nodul at or 120 and excimer_ | aser 110 are operated in a synchroni zed manner
under the c®tepfBR- do#sut er 100 to achieve the 25 desired attenuation of
each | aser pulse emt i o

exci mer pul ses are retgtéj M@g‘b’% i/liulgrégtg(ﬁ]& %)Steg?hr%%sﬁ%ég{nodﬁégﬁfs %e

si |l i conpsanpf B 1Y%me§g'}ed@9sﬁymdula@@ﬁr emts |laser pulses at 100 Hz, the
wheel 210 vvoulg be rotated at ten revolutions per second, or 600 rpm in
synchronicity with the laser pul se enissions. I nthis exarrpl e, each | aser
pul se woul d be inciden hea ] 0. 30 when each
attenuator was in a pogm ----- T—t+0 the beam path.
I'n accordance with th?e@érﬁﬁ@ﬂi FignY%fBrbféﬂedExlﬁBoéhﬁ%t bﬁﬁ@ﬁrd@b‘ﬁﬁﬁﬁm‘%n%ﬁ

pul se set are attenuat ed

be described. An excimer laser 110, which may be Lambda Physik Model LPX315i,

generates a laser beam 110 which passes through an energy density modulator 120,
25  described with greater particularity below. While the Lambda Physik excimer laser
generates an ultraviolet beam at a wavelength of 308 nm, more powerful excimer lasers
or excimer lasers_ generating beams at other wavelengths may be utilized. Inaccordance
with the present invention, the modulator 120 acts.to rapidly change the energy density

of laser beam 110. The excimer laser 110 and energy density modulator 120 are each



wo ain8ess 2 7 FEB 2004 PGTI USCO 723668 s in order to planarize the thin

silicon filmbeing irradiated. Accordingly, in the foregoi ,*e, the
. first sevamohfgss attenuators 230 woul d cause no or little gegiat i on,

while the eighth, ninth and tenth beam attenuators woul- d cause I ncreasing
fluence attenuation of the incident beam pul ses 111. 5 Thus, as shown in
Fig 3, the energy density nodul ator 120 dhanges the fluence profile of the
| aser beam pulse s emtted by excinmer laser 110. If the exiner laser is
.enitting | asknkedeyna stahdard doayiutey iateffaceeommector3001 t0) 4 @ofhputend 0016 le@éct

density nodul ato 0 may be set yp to freely pass the first seven pul ses,
to attenuat e®HE I %%éﬁ?n% ‘S@SWQEEIaWJ/l ¢0rin acgerdangeyith the tidng of lawopulesc ne,

and to conpl Il t 0 e, &he foregoj is
nerely an ex: ng_agedghgqt eéggosmv{]g%ﬂpféﬂdﬁgs%rgeayﬁ\} ﬁ?féwﬂ%‘&‘i‘eﬂt‘éﬂ%ﬁh[&mer
fl uence profattennater endeshatteryl 30; Whishaiermittfihe @BAREN dVar tHRSTURHEADSS the fnodulated
attenuators on wheel 210 and the dielectric coating on each attenuator. In

an al t erhat i PETEEYBdI nent of the energy density nodul ator 120 shown with
reference to Fig. 4, er flexihility.in figuri t he attenuatjon
profile is 15 achi evem?eémfﬁoé’%ghﬁétbﬁmﬁga] °§@gaﬁ”ieﬁe‘§“lﬁﬁufﬁacq Hber ed
di el ectric saridtidhgh fef: y Rk 14 12(th BEGn ' B Sudellehggnt
angl e of the | nci.qglgl_te Sg%ﬁgpul se. !I'%lﬁ}issngggarl a%ﬁgﬁggg%g%@%ghgg’#g%%i%’
control | ed byhere#gs divacted thibligh begm homogerizertl 44 r Thelelscoping basds, WAy ses

| | I and t ttepuate the beamin accordance with the angle theta. The
attenuated b olpgqlq-gong% lrgsgs lﬁééﬂgﬁﬁf or other welhknowm lenpgonfigueatiopssast tough a

20 conpeggsatdpgs, j [ r 2 so.that t eam
attenuator 410 an %ﬁ%ﬁ%%ﬁg’hé %{%ﬁﬁ%% §P éf%g%@ggweéﬁéﬁegﬁﬁ cAm
respect to tlendgeaivenxitich hay be biMichdachdaathsmogentZae W4 | AAusdsThe taserlBgmbeam
attenuator is rotated under the control of conputer 100 to synchronize the
timng of tHEepEEarlyantormflsence intheplaneigfhomegenization] The homogérszed beam

fo Flos. Sa HeiesMiniodn EORIARERASHAY rORGH B enceltepditese T8 fradaaess: or
use in the shsiugfield Ehg148, whitH cd1BMaRkS tilosand bed. As shown in Fig. Sa, the

enbodi nent i ncludes a translati ng stage S 10 to which several beam
attenualdrs 520, 530, Farrodlimated beain 349 passesthrongmmasking systeenl 1 50, whihewidlt i on,

t he transl aty ng st.age woul d, be sitjoned c uter 100 such that the

| aser beam 1?1&8‘53% HRre Slrs%ct'i“h&gﬁ‘@hbweﬂ%a@ﬂ{gmaﬁ%ﬁmﬂﬂ?ff%theﬁ'@aﬁkmgti al
exci mer pul U - r | at | t is
v so ¢ hap et ecidty SRele el P, PSSy bl a3 R T Gerl

01/ 18855 9 2ffrefleBimDdurfAcT Il 61580 passe€bthroulh, ant 6bjérRive NEnsalE3i mféﬁ'&iv@g{ Yhe

attenuated heam 121. E_ge .conput er synchroni zes the novenent of the
transl ating $ S HFpctadde anabyRctivedensdon arithoxtintrsmediateseflientionssThe

thr ougd he GRSt 164 169 Sek 5 BERLNE 24 BBUALE QBRem e Jisguback of thi s

enbodi ment is"that the stage w posi Xirilally attenuate

the first pulse of theThefoedsedtpaktyrbbenne toLH inGident! §iea BiE sBicoh AR pld Ni S
drawback can he overcone if the attenuati ng, stage includes two orthogonal

degrees of fY/dedikasastilanefiamprphpngostandamly greinedtpolysysialling sifison cangirye

positioned tg i rsect the beam path n attenuation,is desired towards

the end of aﬁ%ﬂl}lq_tgg %?/‘C rems I LR f\’/e@aﬂ §fA’i5§'§?Wéy “cﬂos‘ct?fg°béa%b§tﬁ§tﬁ 580

prior to inidccaidhmit Withahe pEISEY HFehIG, the f’s‘émbfédvbafs?qef%)‘abtl%#(t 8 JoBft 1 on,
I'al posit I'Te non

and translated in the X direction 10 to an init 1 on
att enuatdd Uemneratireantkdoes not haRefochepireeatedt As furliegdestribed balvwthe focused

mufti-plate ener densi.ty nodul ator suj.table for use in the systemof Fig.
1 will now bpgaﬁa@g}clelmb 18 %I*Ffél t@xadﬁ‘@ﬁﬁéﬂlt‘ ‘bh&FG@B§1l§@0éﬂapletigﬁr‘(m§tat5§lﬁh@br s,
each of whi Glaif &nﬁ% a?l?r?é ioned either in the path 610, 620, 630
of incident b(lagm 1 %&e@gh@g%te 0 1?]'{1@ beam path 611, 621, 631. The 15
attenuators may be noVEHYsilidon flnthahftd 1 T0s PRIcBEOSopf dkarhPletRasiRBaTI R N,

or may be pivoting or rotatable to nove in and out of the beam path. Tn
operati on, é&%p@t@rdeiweﬂdgigrwtmsle@@]cbﬂ@w;wmmmm uests ethagranite blaekd®0beam

| 11 doegy not . 0 any attenuator durin Lniti xcinmer pul ses.
Towar ds” t he Tél{r%?%}l{elg)ﬁ%%ﬁggl %@P%{teﬁyesu@l}%ﬁsé‘?‘g&éﬂggé’ ]I[qt‘?e?éﬁjggrl}%&héc}t o be
moved so t hd atthelpeatolhblendSaREmiR IMaHoR BE 1 i 'fibd 9
becone. an increasingly attenuated beam 12% in }geg%%%égﬁrcogkambpﬁp@% S|éred
nodul ati on profile. The conputer synchronizes the novenent of the
attenuat ors such that each sequential exciner pul se passes through the
center of all attenuators that are placed in the beampath. It should be

understood that in operation, it may be desirable to pass several exciner
pul ses through the same attenuation, or to vary the 25 attenuation schene
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detail. Honobgeni zed and col umat ed beam 149, passes throug? 'Zm?EP 20dy° whi ch
contains a pattern thereon. The mask 710 may be a chrome of dielectric

. coat ed fwismnssssl i ca sl ab, and should include a pattern, sREHUS¥?23668array of
slits or chevrons, which have 30 been etched fromthe coating. The mask 710
‘rests upon an open franme XY translation.stage 720 which is controlled by X
and Y axis notors 730 under the direction of 2 7 FEB 200 WO 01118855 10

PCT/ US00/ 23668 100 f. Y i
pornits. cr R GrBRR ORI TG T Fan Siprus Rt age el iRRded |
bel ow. Al U Q88 Ir4e bictadel End B fer R0 Aot #Tigh 408 stcH ioTuborneny GradTmssbage,

w th beam transl ation being effected by the sanple translator 180. As
descri bed ifadetel spetificatian@GERPy63s Thg seporteystpmmuiyrig eqopimeraially avalabls i al

nunber 09/200, 533, filed on Novenber 27, 1996, the discl osure of gl\_hf'lcdﬂ S

i ncor por at exystsym fremeFeshaicahMagpigcturing (arperation, X@“ﬁh’él&’n@‘r’f&m‘?@yﬁ?@ ole
roductLon of. |l.ar.ae qarai DO, ' R ' i al |
T or i or ool B i ahE Gy BRSHE MhErahiFyIBtk | S ToRuBgord Betpelmkd @l 1Y
production pf1 l192atg30mo4,a95! 094 dy bk udiededifogfuether statiility. si | i con regions. 10

Referring next to Fig. 8, t he sanmpl e transl ation stage 180 ia described in
more detail. The stagRefeming nextidd&iss. 2rand2bibesnereyidentibampeaglator dd8 %t i on

stage, .for,ex e an_Aerategh ATS 8000 el . X ch
stage i ncl u@eégggga’t‘?ofn?mdﬁ?% tfl(gH“t faaﬁéqwaf’t%gge g‘fg} g%gﬁe I%gg blcéﬁggﬁt?{l%}) abl e
by conput er 1%{9%&&1 RAREEE Srefal WHeRFL 1 () PdtbrrIMD), A4S Fﬁl%lity af beart aftériatdrabl e
by conputer 100, s preferably included. The 15 silicon sanple 170 is

rested10n tH%0.Z Thermotor B0 tis aswmhdirdrstepper mntor laod peclhdesfanrensder soghahthe4. | n
operation, the caonputer 100 controls e ement of either the sanple
transl at i onm9tg20182Plgto Rrﬁ@dﬁﬁgwp’t‘@éﬁm& ‘quﬁg“r‘?g&%dﬁgafg’@gi ¥ garré?gﬁggnwi th
the timng I e i BSg{ f €Gth b&en
desired crygf‘g}lgegr%pvt %&fﬁ&gﬁﬁl@gh&fg% Eig?‘{’ngfg%ﬁ%. El ?%%lgat:oﬁezggaﬁgl }ébl?o S
moved W th p@&Rask 280 it Btadhad itel eiet wheel 220 16 fernit raudticar thateod.e Cpmnodreially

| ocation of the [)ul se 164 is noved with respect ~to the Séq?nﬁilge é.?O. hr ough
mask trans| availghleheameattennatersfabriqatsdframa diglesinerostaddaiecsiof siigan Siox res,

smal | - gcal e_transl aty on, OCCUr.S, i Ne | ' pul se of a pul se set
unti | tﬁﬁe fmgpesb‘ﬁfp&or@te af%%m%meggpgée%%aﬁgagéﬁgéﬁgs2@2'0r bed by the sanple
170. As each pul se is s heek hiant BénesasPbe thell amBid Phystla Mddel IPX3A6)l e i s
caused to nelt and resolidify into a crgsta region initiated by the

initial pul séhicfisapprokiseatelytl,5 X3 copasuiteblerthseldlPaaay bsrappraxdmatelil G2Gemse
t will defi th [ f, th | h that b d i, t h

Ul ses enabi® Agme Sdneids ot ealol bea BhertiAPry 298 <A Blne afdad Tty

structures -*P%géﬂﬂaﬁ eRgl f‘s‘?m‘,’@i&é’drﬁ%ri%fr%rﬂs@%@&&lﬁﬁlf‘?é.ﬁb\?xﬁ)aQia%téﬁa@él&ﬂ%ldr@ 2

m crons nay produced froma sing ul se, It should be understood WO
01/ 18858 11 crost s&EdnZppc oPETY. BSORRBGE Eert team attepsatats 2501 Tbe nnmbendfi hehm

pul aes. | | n oRaeRaters 230 BRasen il Aghe] DB HIRAEP B HOSI2%, WE: REET PR
B e i T
with an exciner |aser pupefativaythegnepy demitg mModatesrd20tand excimer laser 110 are
operated in a synchronized manner under the control of computer 100 to achieve the
25 _desired attenuation of each laser pulse emitted by the eximer laser 110. For example, if
ten excimer pulses are required to properly irradiate a small region of the silicon sample
170 and the excimer laser emits laser pulses at 100 Hz, the wheel 210 would be rotated
at ten revolutions per second, or 600 rpm, in synchronicity with the laser pulse emissions.
In this example, each laser pulse would be incident on a different beam attenuator 230

30  when each attenuator was in a position substantially corresponding to the beam path. In

accordance with the present invention, the last laser pulses of the pulse set are attenuated



effect conplete nelt through of the film900, a liquid aria €§2¢ formed
in between two solid areas 911, 912. Two crystal fonts 92 gé@and
. grow i nWWO eXE88sfarrowi ng |liquid area 922 until all liquid BTS2

crystallized as .part of crystals 930g 931. Since silicon is denser when in

“the liquid phase than when in the solid ghase, the volune of the | O .
silicon filmincreases as the silicon solidifies, thereby formng a nount

933 where the t o .al -1 - . . 101,25 VW :
prosent | nvBruieo PkBd e byl R Plind Repidu JRGRIATELTIE Rk |
film eithegxahpiertnt hest seved besh veEniatort b30Wonld caise@lor tittksticatd tteAuaidn, con
structures have been fornmed or near the end of the formation of such
struct ur es. whileRbé eightincninth ®idytentlpeam aftenygtesp vaguld cavseutnceaasingsbuense| se

is applied to the silicon.film 940 in region of a nmount 941 , the top
surface of ?ﬁ%‘“’faPPN’kg‘elm‘aﬂ?‘l’tirgéﬁné’é‘iffs“e]gvi ng nei ghboring crystals 950, 951

adj oi ni g at the bo“%ﬁ%fsﬁeﬁn?ﬁ Fig thd LiBrgySidisfy niefat6 A (éhanged tht er al
crystal growh of crystals 950, 951,” the cryStals grow upward 960, 961 to
f or m cryst alflusncetafile ofthediseebedmepulbesemitiedipuexcimer laser 41 0.1 ke eximenlaseced
mount 962 20 than mount 941. Referring Qﬁl)ét to g s.., 10, and 11, tge st eps
execut ed by it emitingrlasepbeam puspsriavingha tiepes af @‘?Mf r e RNSIgY, density

accordance w th,the present | j i i El S a

f1 ow di agr arﬂl?‘iq"lleﬁ%rt ]r%trf‘%g? %eetq%ggﬁg&gtp\é%és&ﬁ ?f%%/yéc'rrerrlltleg i htla&qrgnsgg%heejnﬁq%t Fig.
1. The vari Qusseed 256 It tef nihthepuisesd 200 HiIBMP, afid i epomplerlyeblodk theabmthed 25
1000 by the conputer to initiate the process. Athin silicon filmsanple is

t hen | oded putseo Qftpoussenthe forcgaing|ismensly engyamplpomd theseskillgddinghe agval t hat

such | oadi ng may. be ej ther_ nmanual Qr robot.j cally Ji.npl enent. r.fh
control of %ﬁﬁ%@&migﬁger yence Pﬁoéﬁgsaﬁle@lyr%fh%‘%(lﬁ llrg})%H c@?ﬁ%@gltﬂggﬂ%\r}g% 0ﬁ.nt 0
an initial peshihés oﬁ%ﬁelmmtﬂ@mdlé&li&aﬁﬁﬂ@o%wﬂmmw_th respect to
reference features on the sanple. The various optical 30 conponents of the
system are focused 1028 ah blteraatiesambyodinen of tieenengy dehsity sodilator F20khv025 t o
a desired.energy level and reputation rate, as needed to ful I% m&*l%l t he
silicon \Wovith refewgsee toFiz. #, prasterofienteility tsoenfizveing the Ateauatipnprofieisnce

with the part] 0£.ESS] . . j- d : _ d ]

at t enuati on a(g%“%? %&é‘w}%éeegl%pﬁegg%tsfgg ?ﬁn%f 3" lgld? Slg%ltelégfé%gg Kéxt%/s%lﬁ%ﬁ% 'oarti on
of the sanplwriable¢animitanct dépsndingbn theficidai angle ofttle ipidedt boath pulsa Thus,
predeterm ned direction, .in accordance with the desired mcrostructure of 5
the sanpl e. arvasiablrubgas: attenuaies4d@ copirolledobi iigp seotemdl Lsigpasiionsd;te reeeive i on

and accordi ngl. 0 _CO n t he seguenti.al, | at.er dL4d gat cess.
Sanple tr ans’ﬁ&‘#‘&#eﬁw&wﬁg? 33? -&‘Pﬁfb"n"ﬁg%’ﬂ{&ue ﬁ%ebs‘fdi nﬁiaﬁk?%%deﬂk‘féﬁ ggséng[eéaﬂ =
crystal | i zatTNat@Mated BramorPetsekohPftOback Gado iRt beak &Xis byFasking theyugHtLr

cl oses the shutter and stops translation 1055,.1060. If other areas on the
sanpl e 2Ave dGmepentfinggdiatgda0 edhi¢lors moovedibal motond 1 sg thahthedwaml astenyator 410
reposi tioned 1065, 1066 and t crystalljization ocess. } s, repeated on the
ne\F/)v area. |f W%Wgﬁl%taéaﬁé‘%gtb‘&m?s‘ﬂgéf‘%ﬁpg rFW%h/@‘FiEWﬂH' 5 the

laser is s huggﬁftﬁé &QE&imER&h?%Wg. 2, $Shetdin ARWRatdr Brrétat@d"'dn&eli' hdERERSS | S

conpl eted 10 course, It proceSsing of additional sanples is desired

or if the pref@niputerie0ts syncheonie the fiedng of the setbepmomissienyitedbethe 1d€05; 1

O 10, and 15 1035 - 1065 can be repeated on_each s le. Fig. | | is a flow
81039”@5%

di agram i | | ui® and the atteruiatior gaused by dhseneesy density, 2% Fig. 1 with

ener gy-densi ty nodul at LR, .St A - : =

i denti cgs to those des g?%%i%%% %Qéﬁﬂ%déﬁg? g%@s@atp@%ﬁ&g;g%ﬁglgfﬁm §9Lélgts°r
1000- 1040, aggltabR5r 188 the $ys@NFEE Fig01 Wil heweiaidesdbiegy Adehsivin Figl hathe on,
the attenuati on of the 20 excinmer |aser pulses are npdul ated 1145 in a

predef i ned nemhedimsot insluties ateansiatiog stagé $Hto which several beam attenuators 520, 530,

540 of varied attenuation are attached. In Qperation, the translating stage would be

positioned by computer 100 such that the laser beam 111 does not pass through any
30  attenuator during the initial excimer pulses. Towards the end of a pulse cycle, the

translating stage is moved so that the beam 111 passes through attenuations 520, 530,



with both the timng of the |aser pulses emtted by the |laser and the

i nst ant aneous position of the silicon sanple being irradi2al &&B 2004
. connectwomngssh the foregoing, the ability to vary the rRC®US0028668h beam
attenuators are noved to inpact energy density nodul ati on over the
~attenuation-nodul ati on cycle may be desirable to achieve greater 25
flexibility The foregoing nerely illusttates the principles of the

i nvention. _Various nodificatjons and alterations.to the descri bed
. embodi ment 34t PEERIME B HICEIFING %ﬁ%a%%eifzm 1oL} he GemBRter SYRCPrQAEEshe he

t eachi ngs i - %%ﬁr@ , i QJ L

sitting ongg('?xbg?]ts@? on's lzi%es,tgggtﬂﬁas&agg]fagé%g‘ngte g%ﬂgﬁ“z %{(3391%? 3@35? Ege%%o
sanpl e Wi t {hrough thacentsr sfraabspedive attedanibas. Ove draabaaknéfrthisleptbodimagpher e,
such as one housing an inert gas, with the chanber |Iying atop the

t ransl at i ofhasthagiage wilhbe pesjtinned ¢ maxiyally aftergptrthe Srsepulsepefthe gogediately

~ 3~ h i bg.utilized h | v ,
Pormoger s oTiecrsltamASe L HotRler Pisdranbdch ton B R Bpdic shupalive siee
transl at or ;chais Bgo 8ARbIINANEgrAR BF BBSIRN, o SRAWR M PRYSHDeTHétdehinethslabdig eover

in order to insure that the excinmer pulses are properly focused on the
sanpl e, an53%c¢inke Hositionedtp istestcettherbganbpath when atienuativn v desiredtosvaods the

appreci ated { hat those skilledq in e art will be able tq devise .numerous
syst ens ot aF e pilee m?%ﬁpggm Y flﬁgﬁ wax of %h@@w Tt R0 BHoEOdBR e
herein, e NELNGL - j by ’ kAt hing:the .
spirit angJB g%g%égggqlﬂg hga%’%!\?g?ﬁl?%%& Wt%%&%ggb%@f%{sa%%(ﬂ}%%?em for
pr oced$i ngtcam imitia] position sihileaon attbrvatdd Yeams arpdesiredt 0 a si ngl e or

polycrystalline silicon thin film conprising: 5 (a) an exciner |aser for
generating a plural i RefgringrextieFig dagnoyablemyltbplae speeaydeasity medulgtonence;

(b) an ene I.LY: Ol dr: ORL.[ 6 C . aid .exci ner ser,
O T g R L
emtted bys&rid bR dtRAGatbAS 84ch oFVHiEh istndRdIB BBDERRoheH citRéih R path
.coupled to said energy density nodul ator) for honbgenizing said nodul at ed
| aser pul s€%0,i620a 630 ef éncident heaim gl hoe putsite of thadeamqpth 641, 621c 63p! ddet o
sai d am honogeni zer,, for sking. portions qf said,  honpgenized nodul at ed
aser 1501 s AL BV ba Rev Bl E difdion petandie o ik Rl Bechc i Fabey

- coupl ed t 0pERkids ¥R sktatabRto HRARIY b0 Rith ARG dothyRitdraeb
melting of portrons of any anorphous silicon thin fil'msanple placed _
t her eon copogtpmndacigattenuatar dudie thdt ahes lasef pedmalidl doésngotneass throughpngd t o
one or nore of the group consjsting of 20 said sanpl e stage and sai d nmask)

for cont r oRftEmator: quing Keiipigiah exdmsr pylsespod Pwarss 1¢ eadiod vt 6vdeate wit h

respect to ! I : talh, sai d
exei mer | aser Hggk%g%@%aéa&&gﬁdg?ﬁ{% enrg%d%g })'l}a,?ﬂ%%aﬁd p[agéa%ﬁgx}: §ﬁ¥*§1§“en°§ans,
for caitr olndragttaniatofadbecdnhedi iacraSingdly af@matedbehmtl0in Adcofdahce Witk tHeer

| aser pul ses and said controllable relative positions of saidlsanple stage
and sai d nmé§rredmedyligionsspfile; The porgpuen unelwenizes themoyemgetrd it atisAuataiid sai d

[ ence, TOLeon AR SLALE ASAL UL O AL R SR udlr

sai d mask. 'OCEess sai into a

single or ped yricydtimithd Béans ipathcOMt $HduM bé hiitd¥tod8 GHANN Gheritich) S Alaly e Of
said sanple stage relative to said nmask and irradiation of said sairzple by

patterned ifesimtie $o phssayverahexdierpudessahrangh ths puneattenustiquertt toatary dat i ons
Lhereohs bl AR b e Tl 58 e sk s ol e
. modul ator corpri ses: ST Pigtl e MBI SR 1S0H MsolBRE i dhore
, attenuat or gletail c Hoheogenizedlang cobumtatetl daaraal49, wasseb thaagh mask 710 which
contains a pattern thereon. The mask 710 may be a chrome or dielectric coated fused
silica slab, and should include a pattern, such as an array of slits or chevrons, which have
30 been etched from the coating. The mask 710 rests upon an open frame XY translation

stage 720 which is controlled by X and Y axis motors 730 under the direction of




(c) a notor, mechanically coupled to said wheel and coupl §d h:%bss i d
conputer) for controllably rotating said wheel such that ab e@hﬁnti al

. pul se 1Q,&piidsesl by said | aser passed through one of sai dptnwsos23e68 € beam
attenuators. 4. 'The systemof claim 3, wherein said two or nore beam
~attenuators are capable of producing at |east two different |evels of -

fl uence attenuation. 15 5. The system ofl0cl ai m 3. wherein at Least one of
said two or nore beam attenuators dons not attenuate beam fluence and at

.l east one didnfimrtemii00aMeementof theXYdnslationstege!2&prrmits erystabgroprib withen em of

claiml, wherejn said e gy d i dul at or rises,.a 20,multil ayer
diel ectric Fé’cllé’,onGﬁ‘f‘.l’@;l%lroyx%ﬁﬁgg%@/*gg%@?egmgxcAﬁ .atllvglg'e}heéﬂﬁsl?%)[uﬁ Eﬁ#e
about an axitip%np%&‘é@%%'!ﬁ%hé aa%e Rt bELE TafsIorP Bbide SFRLAERbPHeSREpland
vari ably fl uence nodufating sald excinmer pulses in dépendenceé of an angle
formed bet weenlaed U8 xAk zesdribed|in elefxdlt in aninedy dissignesl af-pendlizg applicafién 7.

The systemof claim®6, further conprising a conpensating plate, optjcally
coupl ed5t o sexiall nmber 09428P,583 afiledt one November %FP@&wgl&]gléﬂpﬁgeforw chis

transl ation, of sai d, exciser | se ..C e [ ' : [ ctic
bl ate s CTeow e BY ek Bt MG i RHY el BA D BHEN oI
conpri ses; 3QifeApoPReyMlIADSHcHERVIRE 4 SUbdRhAAISy ufifehnd Bhindstiucaineviild e
stage, nmechanical'ly coupled to each of said two or nore beam-transl ators
and coupl edcheyremamiaycoagiuemablesftbe progtuctian dflocstian conttolled.gresafingloseystdl nor e
beam attenuaﬁ,ors such that each sequenti al 2 7 FEB 200g 16 pul se emtted
by said | as#*HPaEEESt hr ough one of said one or nore beam attenuators or
‘passes jphrough sai d epgrgyy ﬁ@r&'-t&-l“i%‘%dﬁle%a&blé’&éd%%nﬁﬁ &1 8@ist fEriiHa iany of
sai d one or nore beam attentators. 9. The systemof cFaim8, wherein said
transl at i ngnsiredetails Thevaigecmay iindide @ lidéaranstorraipbeaingeatansiatian stagh, forr med
by. said excirner pul ses and _a directjon perpendicular to said th , d

wher ei n sai @xanple gn ArsetecthATM 80P andet sage. o Sp%iﬁqr@fﬁ%téges‘é?&ﬁ‘ Eh &t n ai d

exci mer pul . pass .thr h e S Al I~ t e or
t hr ough non?e‘g?gc lgfldxa&ﬁ%ﬂ%? S?rg’r Beiqbé%@nlgf&éﬁoalg 1c‘)er o4 ?%ﬁa"g&aml(ﬁeks%§ éﬁrﬁr %’f
claim1, whaireitibnStedndla@tR30Yalsteeuhitioylable By lcainutes Q0D)is preferabil® invludsd; The
movabl e beam attenuators, coupled to said conputer, and being controllably
noved ddch siligon sample 20 irmstedipn thelZedirestipn traslapr &%ﬁlath%@éhog@ beamough
one or rmrelg said one or nore beam attenuators or passes through said
ener gy densi'ty nodul ator w thout passing through airy of said one or nore
beam attenuators. 11. _Ighgeraﬁéﬁ,%ec% teRil 00 dontrbWtheWRbvEGREM bE SitHRgtHR saplet €F
optically coupling sai eam attenuator to said beam honogeni zer and
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are size of the grain that can be produced, with more pulses enabling the growth of larger

sized crystals. Thus, since crystal structures having lengths varying from approximately

30 0.5 microns to 2 microns may be produced from a single pulse, it should be understood
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control the crystal growth process in accordance with the present invention will now be

described. Fig. 10 is a flow diagram illustrating the basic steps implemented in the
system of Fig. 1. The various electronics of the system shown in Fig. 1 are initialized
25 1000 by the computer to initiate the process. A thin silicon film sample is then loaded
6nto the sample translation stage 1005. It should be noted that such loading may be
either manual or robotically implemented under the control of computer 100. Next, the
sample translation stage is moved into an initial position 1015, which may include an
alignment with respect to reference features on the sample. The various optical
30 coﬁponcnts of the system are focused 1020 if necessary. The laser is then stabilized

1025 to a desired energy level and reputation rate, as needed to fully melt the silicon
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10f - #1994 &'_ c(e)sfgnated for crystgllization, the sample is repositioned 1065, 1066 and the

crystallization process is repeated on the new area. If no further areas have been

désignated for crystallization, the Iéser is shut off 1070, the hardware is shut down 1075,

and the process is completed 1080. Of course, if processing of additional samples is

desired or if the present invention is utilized for batch processing, steps 1005, 1010, and
15 - 1035 - 1065 can be repeated on each sample.

Fig. 11 is aflow diagram illustrating the steps implemented in the system
of Fig. 1 with energy-density modulation. Steps 11.0(l) - 1140, and 1150 - 1180 are
identical to those described above with reference to Fig. 10 for steps 1000-1040, and
1050-1080. In order to implement energy-density modulation, the attenuation of the

20  excimer laser pulses are modulated 1 145 in a predefined manner so as to be synchronized
with both the 'timing. of the laser pulses emitted by the laser and the instantaneous
position of the silicon sample béing irradiated. In connection with the foregoing, the
ability to vary the rate at which beafn attenuators are moved to impact energy density
-modulation over the attenuation-modulation cycle may be desirable to achieve greater

25 ﬂexibility

The foregoing merely illustrates the principles of the invention. Various
modifications and alterations to the described embodiments will be apparent to those
skilled in the art in view of the teachings herein. For example, while the foregoing
describes a sample sitting on a translation stage, it may be advantageous to place the

30  samplewithinavacuum chaniber or achamber with a controlled atmosphere, such as one

housing an inert gas, with the chamber lying atop the translation stage. Other types of
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5  those skilled in the art will be able to devise numerous systems and methods which,

although not explicitly shown or described herein, embody the principles of the invention

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



1 109& ()-ff109%& ()- S 109%&' ()-10%& ()- &10%& ()-(()f))))dEbC 10y&10%& () -
$: 10%&' () -, #10%&' ()-fs! #10%&' ()- Y 10%&' ()- MLOY%&' ()-) @ m***+{+dEbC
.10, @! 109 ()-0! 10%& ()- .910%& ()-S-10% ()- f)16% ()- 27 FEB 2004
1098 () -{++)-*-+-,-8- -V-bC 103"10% & ()-5&10% & ()-&10% & ()- 10 10
110, 5' 1 109%&' () - 3#109%&’ () - ./\//0dEbC*10S 10% & ()-S 10% & ()- SL
10% & ()- ML0% & () - &510%&'() @'!10% & ()-0\011?333dEbC 10) 10% & () -
3(10% & ()-f!110% & ()-#10% & ()-S! %KIRY ) - f #10% & () - 3#4s44! 5} 55dELC
.10310% & ()- yS2'110% & ()-0#10% & ()-y. ! 10% & ()-y9-!110% & ()- +

10% & () -55J6666667xnmbC 10" -109%& ()- 10: 10: 10::'110% & ()- 9#10% & () -
17 10% & ()L , st e oypwm&emm@:mh%%n(ﬁjmsaml@moeymgle or

|08 ) SO AN b SO QBB O5TOC, p
, :<<<C_£ dEnmbC 19)C05) 'af O%fine) laser fOogRh¢rating%s plOdry Of excims A@y@nlegsof 21 109&' () -
_ prédetermined fluence;

(b)  anenergy density modulator, optically coupled to said excimer laser,
for controllably modulating said fluence of said excimer laser pulses
emitted by said excimer laser;

10 | (c) a beam homogenizer, optically coupled to said energy density
modulator, for homogenizing said modulated laser pulses in a
predetermined plane;

(d) a rﬁask. optically coupled to said beam homogenizer, for masking
portions of said homogenized modulated laser pulses into patterned

15 beamlets;

(e) a sample stage, optically coupled to said mask. for receiving said
patterned beamlets to effect melting of portions of any amorphous
silicon thin film sample placed thereon correspondidg to said beamlets;

€3] translating means, coupled to one or more of the group consisting of

20 said sample stage and said mask, for controllably translating a relative
position of said sample stage with respect to a position of said mask;
and _

(g) a computer, coupled to said excimer laser, said energy density
modulator, and said translating means, for controlling said controllable

25 : fluence modulation of said excimer laser pulses and said controllable
relative posmons of sald sarnple stage and sa1d mask, and for
coordmatmg said excimer pulse generation ‘and said fluence
modulation with said relative positions of said sample stage and said
mask. to thereby process said amorphous silicon thin film sample into

50 a single or polycrystalline silicon thin film by sequential translation of
said sample stage relative to said mask and irradiation of said sample
by patterned beamléts of varying fluence at corresponding sequential

locations thereon.
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P& 110% () $M))10 /etg\fvcg %r more beam attenuators circumferentially mounted on said

wheel: and
(c) a motor, mechanically coupled to said wheel and coupled to said
computer, for controllably rotating said whee| such that each sequential pulse

10 emitted by said laser passed through one of said two or more beam attenuators.

4. The system of claim 3, wherein said two or more beam attenuators are capable

of producing at least two different levels of fluence attenuation.

15 8. The system of claim 3. wherein at least one of said two or more beam
attenuators does not attenuate beam fluence and at least one different

attenuator causes fluence attenuation.

- 6. The system of claim 1, wherein said energy density modulator comprises a
20 multilayer dielectric plate, optically coupled to said ekcimer laser and
rotatable about an axis perpendicular to a path formed by said excimer pulses,
and variably fluence modulating said excimer pulses in dependence of an

angle formed between said excimer pulse path and said axis of rotation.

25 7. The system of claim 6, further comprising a compensating plate, optically
coupled to said multilayer dialectic plate, for compensating for translation of
said excimer pulse path caused by said multilayer dialectic plate.

8. The system of claim 1, wherein said energy density modulator comprises:
30 (@)  one or more beam attenuators; and _
(b}  atranslating stage, mechanically coupled to each of said two or more
beam translators and coupled to said computer, for controllably

translating said one or more beam attenuators such that each sequential
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direction parallel toa path formed by said excimer pulses and a direction
perpendicular to said path, and wherein said one or more beam attenuators are
positionable such that said excimer pulses pass through one of said one or
more beam attenuators or through nene of said one or more beam attenuators :
10
10. - The system of claim 1, wherein said energy density modulator comprises one
or more movable beam attenuators, coupled to said computer, and being
controllably moved such that each sequential pulse emitted by said laser
passes through one or more of said one or more beam attenuators or passes
through said energy density modulator without passing through any of said

one or more beam attenuators.

11. The system of claim !, further comprising a shutter optically coupling said
beam attenuator to said beamn homogenizer and permitting said attenuated
20 beams to pass through when placed in an open position and blocking said

attenuating beams when placed in a closed position.

12. The system of claim 1, further comprising telescoping lens optics optically
coupling said beam attenuaror to said beam homogenizer and shaping said

25 attenuated beams to match said beam homogenizer.
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- translating said mask translating stage in both of said translatable

directions under control of said computer.

10 14, The system of claim I, wherein said translating means comprises said sample
translating stage, and wherein said sample translat'mg'stage includes an X
direction translation portion and a Y direction translation portion, each being
coupled to said computer and to each other, said X and Y direction translation
portions permitting movement in two orthogonal directions that are

15 perpendicular to a path formed by said patternéd beamlets and being
controllable by said computer for controllably translating said sample in both

of said translatable directions under control of said computer.

15, The system of claim 14, wherein said sample translation stage further
20 comprises a Z direction translation portion, coupled to said computer and to at
least one of said X and Y direction translation portions, for permitting
movement of said sample in a direction parallel to said path formed by said

patterned beamlets.

25 16, The system of claim 14, further comprising a granite block, mechanically
coupled to said translating means on a side thereof opposite to a side to which

said sample is applied. for stabilizing said sample from ambient vibration.



' 10% 0&' ()- 10% o0& ()- 10% o0& ()-, T10% o& ()-syl0% o&' () - :10@6o&f()-

10", q4vdE7T@! 3s10% o0& ()- 10% o0& ()- "10% o0& ()- yY10% o& () - .

- L10% 0& ()-L3 10% o0& ()-v>aB7@! y2f 10% o0& ()-010% o& [(z-&%%l?% 0& ()._’Z
10% 0& ()- '&10% o0& ()-!(y# "10% 0' o0& ()-'aB7@! y2f 10 b 9@'1_0% 0& ()'-'

3. 10% 0& ()-,z 10% o0& ()- '&10% o0& ()-! 430% o& ()- Normal" "Headi ng 13]0"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c

"Headi ng 73]i¢" " i 83] ¢ "Heading 93] c"A "Default Paragraph
- Font #N' +* 3[ >1ﬁ8| \ slﬁ-‘%%&%?mogfg 1‘</Fcol] A _“abcdef ghL > H$x" %&O () { +V- 03579;

= ! i.l knorf L~/ ~"Jqgvi | kl mopqr st uvwxyz ~6Ti mes New
RomanAr 8l Cour | ¢ R RAROTHICE P BLRAENITTIE e imadiated by s sbquence of
I"#$9R ()*+,-./0123456789: ; N
<=>? @\BCDEFGHI J KISNNERCIRST lagvpouises] ~  abcdef ghi j kI mopgr st uvwxyz{| } ~
whereon a first location of said sequential locations is irradiated by a first laser
5 pulse of the sequence of said excimer laser pulses, and
wherein a second locations of said sequential locations is irradiated by a second

laser pulse of the sequence of excimer said laser pulses, an emission of said

second pulse immediately following an emission of said first laser pulse.

10 21.  The system of claim 1, wherein said computer coordinates said excimer pulse
generation and said fluence modulation with said relative positions of said

sample stage and said mask during the irradiation of said sample.

22.  The system of claim 1, wherein said computer coordinates said excimer pulse
15 generation and said fluence modulation with said relative positions of said

sample stage and said mask in real-time.

23. The system of claim 1, wherein the mask includes a pattern which has an array
of slits.
20
21.  The system of claim 1, wherein the mask includes a pattern which has an array

of chevrons.



