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AND WETHODS 'USI NG SEQUENTI AL LATERAL SOLI DI FI CATI ON FOR P Y NGLE R -

POLYCRYSTALLINE SILICON THIN '. FI LM5S AT LOW TEMPERATURESCSRECDEZIEEATI ON S ~
BACKCGRGUNP16¥ssTHE | NVENTION |. ‘Field of the invention. . The present

invention relates to techni ques for sem conductor processi

particularly to sem conductor processinrg which may be perfznmw H‘Immm
tenperatures. 10 I1. T s

Description of the related art, In the 6ﬁQ
sem conduct or processing, there have been several attenpts to use lasers to

convert thin anorphous silicon filns into polycr ] in LLWs.  For
ix?_rrpl eivai n Jaer%ss_ ;$'SE%/1$ A%Nl? MgTHiﬂM IJ‘lsiiﬂéI Eélq%ﬁﬁi%fr II‘]%?’EM’;A ¥GdNEa
ctive- ri x Liqui yst a S L n
over vi ewdof SQMIMISICM&DI%EQ%BE%@%@FN?%I | n.gléié'éhnol ogy is
presented. In such a SXEMEAT FOW TEMPERABURES into a | ong
beam which is typi caﬁw'ro}%ﬁg”?

ong and 500 m crons or greater in
wi dt h. The shaped beamis scanned over a sanple of anorphous silicon to

facilitate nelting thereof and the forrraf'% g B;]gf polycrystalline silicon
upon resolidification of the sanpl$E f conventional exciner |aser

anneal i ng technol ogy to generate 20 polycrystalline silicon is problematic
for several reasons. First, the polycrystalline silicon generated in the

process is typically small g8t GREUND GF THENOWEN {tructure, and having
a nonurd form grain sizes, ore resulting in poor and nonuniform
devi ces andI accoggidgf the ikventiomnuf act uring yiel d. Second, in order to

obt ai n acceptabl e performance |levels,  th deRficdridnetegpioatssing,
produci ng pol ycryst al m'éfﬁFﬂthB’Gﬁt‘%m}ﬁﬁ%gtog%ﬂrl%ég%%& Al so, the_process

generally requires a contyolled: Steh f&eggmg p;h&ihemaj’lbgpﬁfoﬂﬁédé Whous
silicon sanﬁm%m%ipéﬁwlu lgstotsgglé reduct ?on i n throughput r WO Ol

/18855 2 2 &F%@ata&g_ﬂf ~cTrusoon3s6s rates. Accordingly, there exists a need
inthe fiel YD generate higher quality polycrystalline silicon at greater
t hroughput rates. SUMMARY OF THE | NVENTI ON An obj ect of the present

invention is to provide techniques_for growing 5 | arge grained
pol ycr yi al Il.ne dPC%FH@q"éoﬁ’F‘%ﬁéﬁgﬁ icon structures usin

energy-control | able In the field of semiconductor processing, there have begen several attempts
-t0 use laseré to convert thin amorphous silicon ﬁlmsl into polycrystalline ﬁlms F.or

example, in James Im et al,, “Crystalline Si Films for Integrated Acti.ve-Matn?c Liquid-
CrystalDisplays,” 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 typically up to.30 cm long and 500 microns or gre.:a.tcr in vs./id.th.

The shéped beam is scanned over a sample 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 po-lycrystalline;
silicon generated in the process is typically small grained, of a random m1crostr1_1ctflre,

| and having a nonuniform grain sizes, therefore resulting in poor and nonuniform devices
and accordingly, low manufacturing yield. Second, in order to obtain acceg?téble
performance levels, the manufacturing throughput for producing polycrystalline silicon
95 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

AN

*G00002*



| aser pul ses.. A further object of the present invention is Q07 FEB|2%e,

smal I'-scal e translation of a silicon sanple in order to grow | arge grai ned
pol ycr%@l/isgﬁe or single crystal silicon structures on poruUsemméss 10 Yet
anot her object of the present invention is to provide techniques for

growi ng |l ocation controlled |arge grained polycrystalline or single crystal
silicon structures which yield planari Zed thin silicon filnms. Yet a further
obj ect of the present invention is to .provide techniques for growinhg |arge
grai ned pofaysr y #cabtdimgy othesé reists @r peadain $he ifiedh tatganetaly ddghal JHNDLS5
tenperatures, for _exanple at roomtenpe %‘%ure, and wi thout preheating. A
still furtpeycrgpipdioe Sé%‘coflﬁég‘ﬁf‘"%g)ﬁ?u%{e %on is to provide techniques for
coordi nated attenuation of |aser .fluence. In order to achieve these
objectives as well as others that will becone apparent with reference .to

the follow ng specification§ ARCE SHNTHE rovi des an 20 exci ner

| aser for generating a plurality of excinmer | asercapb(ijl sgér&of aﬁ Eredetgrn‘i ned
fluence, an energy démsotigctebiha Riesnnt FYEREINISS PrAbAS Creddre ioh§ T Hénce of

t he exciner |aser | se . beam hanoai nj.z r I.Zi ed

| aser pul ssesianel PR B G R s e e R e O e

honogeni zegasgg)qiﬁgegt ed | aser pulses into patterned beanlets, a sanple stage
g

for receivin e patterned beamets to 25 effect nelting of portions of
any amor phous si | i com thitherf pbigets afithe potsarednventiprdh teortilize smating2ito t he

bean ets, translating .nmeans fqr.conirollably transl ati el af i
posi tion oﬁraﬂﬂél%ﬁhﬁ&ﬂg‘f%ﬁ@% {1 OFIEE FRoBO™ %Igf %8@???8@8&@@1& %Qéﬁglgnd. a
conmput er faqr sﬁaﬁ%ﬁx{cﬁ%gfr@&u& (raglfa?)‘g%a?,g;lé.abl e fluence nodul ati on of the exciner

| aser pul s&Y con rel ative positions of the sanple stage
and magk, and for cooydianathengbjdtt efithe prseqiihsmtige ietogirovide demhniduge fiere
nmodul ation with the relative positions of the oi nsBs? 3 2 FEB 2004
PCT/ LTS00/ 28888¢skenpian §@1§§é1¢§nwgﬁa§¥équop?lﬁélfyé@¥fnﬁr%’cég’g S ABISHA LSO | i con

thin films | e int.a a _§§. . I line silicon thin film by
sequent i al Sflrlggtﬁ%els_ﬂ @ﬁylgfd@%‘léﬁlszgﬁpﬂﬁg S!ﬁ%?@% ati've to the mask and
irradi ation of the sapglsrubierstjétoned fresen ieventinh iy to yionigleftecomques fert

correspondi ng sequential locations thereon. . 5 In a preferred arrangenent,
the exci nergrowisgr large araihed pelysrystalbreioresinglgsenystah §HICORSBIENSY aélglﬁ ity
nodul at or i ncludes a_rotataple wheel, two or (rimr@ btean%aag._tgnuat ors

ci r cunker ertemMBSRArefe fRTEXAMBIE 4 RROTARBPEral Y 248A MOPSF ISy 8nt r ol | abl y

rotating the vheel sugiyf gl SaEAPEAHERLLN ithigs BT biaiidkaliigulsToer

passed t.hrough one of r nore m at t enuat ors. Advant agéously, the

beam at t enuabafisatad stsapadt 6f lhéerdfuepeeoduci ng at least two different |evels
of fluence attenuation. In an. alternatiye .arran %gent t he Fnehr@g density
# 2B

nmodul at or i ncl udes a HQrEes @y@if‘d’leéh%?@tqbtecﬁl"%st%g s pthersthg “B8ut an
[ di cul ar. t . i ;
Sglr isagle;pfe P@:g%r%gg \EF‘B% gerfgr[egg%ﬁ t.{xé)foqi%%&é/ %Pﬁcgﬁ&ﬁ,@%pr%h§ﬁ§/enﬁc§h PodRtes A

C e excl nmer ses I n dependance of an angle

for medypet vegimdhRs@xfor (rjgeﬁerauhgq platdlitpod ektimetiser phlseobiti pedettniaed
conpensating plate is advantageously provided to conpensate for a dialectic

i nduced shi flterice, anlzaetgyaangptthodulatonfoaaentradlabl medHating Buenee ShEFEAMET t he
energy densjty modul ator includes. one or nor.e.beam a

transl at i nglag¥rapdssserd %’E‘g&ﬂ“i‘%ﬂiwc‘i ?%fné?fa%‘ﬁ&‘%é“ O(Sfr‘fgaﬁgarje}#%% }Lg%gmﬁl a

at t enuat or s 1 _ 8448 LRki forRIBE Kb ridEibied hpdelatqitases 20
t hr ough onep%?&gﬁglggﬁgﬁgg’mn%re ggdrfalgigp ghﬁtat ors or S?sgées t hr oug;h t he

ener gy denspilyesnntiupatcpiedvibeahdets, pessplagtagh fougheisingthsf pattiemedieapdetsnipe

beam attenuators. The translating stage is vable Ln both a diregctiaon
paral | 8 t ocHeqhandiing PFBEItAPS Of EDX EHITRROY 8 it dRpala plgfe el

perpendi cul ar_. to.the path, and.th NEL BaRsidd PRaklve such
that the exﬁ?rﬁféPmbq}P%g%&ﬁ;’&m?%?"&?&ﬁlagﬁgmg% % ﬁgggﬁg or Wrmr e ﬁ[egm
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



25 attenuators or-through none of the one or nore beam attenuators. In
still another alternative arrangenent, the energy density m)dul ator
includes one or nore novabl e beam attenuators being control laplpe d such
that ea tial pulse emtted by the | aser passes th ne nor e
of the g\}rbe&&% re beam attenuators or passes through theﬁgﬁ &&%&ﬁsmy
nodul at or wi t hout passing through any 30 of the one or nore beam
attenuators. 2 7 FEB 200 WO 01118855 4 PCT/ USO0I 23668 I n one preferred
arrangenent, the translating neans includes a mask transl ating stage that

i s transl atsblpte stagdbaid daskhegaarby gidcesst daphbhiasiliasethirefipanaingld iato 40 a
path formed by the honogeni zed beans, and a translating stage notor for
cont r ol | abl single anpplyeryisellinfesitiepnthin ﬁh@ baﬁpwngﬂb@@smoa@f theotamme stage

translatable ctlons er .c ntr of t conput er Iternatlve
- arrangenent® a{tj ?tt%%ﬁ%??ﬁ?f@d oPr? ﬂi’ﬁj%aénl? ﬁé’ S%Féedtbre&ﬁg‘%éﬂ? §Stage,
and has -an g,8hkE 8CLdrRR 6ﬁcﬁﬂ§kz§q‘uh&§hl@6€aﬁbﬂ%@%na Y direction translation
portion permtting noverrent In two orthogonal directions that are

per pendfcul ar to a paliarefened abyngehrenp dicexcinest la:seansh(attsavmidelxemmglaser,

controll able by the conputer for controllably tr t| ng the sanple in -
both of thea“tdréﬁs?%&bld@nﬂfyr by m%ﬁa@rr%@ﬁ? o‘fV @ 9 JRPIR BFAM The

sanpl e tranglahion &aﬂﬁe@%aﬂﬂ @?{Zﬁbh%}xé '&fﬂeﬂéfjemﬁ %n%th%k %%n&&{l‘{lﬁ# ati on

portion, for ermt novene e Ssa I’'n a direct’ion para

the path folroltmﬁgbiye \Twh&:l E\&ihttﬁit@@ﬂxd@q&ﬂtﬁlﬁdlsd‘&ﬁlﬁe@b?ﬁ&ﬂ@afp!asséd‘tﬁrcﬁighlohe
systemis nounted on a anite block. to stabilizing the sanple from
anmbi ent ' vi befdh¢ By ormwe%ﬁ@@@ﬁ@numwénﬁﬁmt@eguslw tmb@é@ affemRders afeapable

proces 0 Sll msa |nto a single or .

ol yor S0t o PSRy ehiRes Fr SiaF R v ISt thisPl? PP BibTins que. | he et hod

i ncludes the steps of Irgé‘:ﬂﬁl"té}hﬁtm eﬁraﬁké&h@dﬂ%eﬁ@rg?ﬁébﬁ%r mbasRforhtt1ags 8f a
predeternmined fluence: controllably modul ating t | uence of the exciner

| aser puI sempltﬁwm@micmcr;gate tieat ‘imothidide aHodtaseammﬂrpeslmMarato appaddéireredi ned
pl ane; kj%% portions of the honobgenj Er’dd nodul at cl nti’;}lser pul se into

pat terned bEaHItXCIMEE PUlsPhip Mgl GoavrraRtyr PHenss mpeylats £ GreRiRRS T S8l e
with the p %ﬂ%

correspond;’j‘a%J Mﬁ? g? ea lgtfésrﬁlegfbé conltﬁ?éo% Hg?‘y ng}%gégﬁﬁg?gcgm & with

respectSt o Ahempahdating @@htbsaﬂi/mtsge@n@ly\ptmdemmeﬁipehsaté foe adfulédtielihéeted
nodul ation to thereby process the anorphous silicon thin filmsanple into a
single or -pﬁllﬁﬁéﬁ%’tw}??éh,si licon thin filmby sequential translation of

he - I | ati ‘h d_beani 2 d d he -
Sampl o by patt orned_bUMHIRE ShrRYREITRG T demnes R bR R o

| ocations t & &@@fore DS AGESATAIGH ¥hd8 trei M pGtage b Edhtliebly ResIReh 2 RGN
constitute part of this disclosure, illustrate several preferred enbodi nent

of the inveoitinore berin semumtare seotpﬂhat eachisequantiat pplsesmifted bie thenhassrtpasses WO

01/ 188 5 BRI EE. DE PTI ON OF THE DRAW NGS 27 FEB 2004, PCTI LJS0Q123668
Fig. 1353 aE‘F?HﬁEt‘?“& HPAY PLIROE DMy SR OF O RASS TS AAFRMED i ?Pea%g%%% ed

modulator without passing through any of the one or more beam attenuators. The
translating stage is movable in both a directior parallel to a path 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 ofthe one or more beam
attenuators or passes through the energy density modulator without passing through any

30  of the one or more beam attenuators.



embodi ment of- the: present invention;, Fig. 2a is an illustrative di agram of
an energy density nodul ator suitable 5 for use in the systemmREB . 1;

Fig. 2b is an il'lustrative diagramtaken al ong section A-A, Lo 28,

Fig. 3 MOBQUI&PHph showing an illustrative fluence profil g\cgﬁjstoﬁ}égﬁ%ser
beam pul ses shaped by the energy density nodul ator of F.ig. 2; Figs. 4-6
are illustrative diagrans of alternative4energy density nodul ators 10
suitable for use in the systemof Fig. 1; Fig 7. is an illustrative diagram
of a masking system SH’} babl ?efgrl%d YSEndethehl8hS Yah8miRd nfdalls idsluddsda mhisks an
illustrative diagramof a sanple translation stage suitable for use in the
syst em of FirghsldingsfagEithpt i Qtrariskatzhie in batls brigone! direatjonsihehansipsgpandsular

F g 10 1's t AIRA dPagAch by . B | RRROERPHY PEHBS L0 ob Srmti T AR oMy 1 the
t f FLg., 1: Fi iS.ia. Ll i Pkl . i .

ol enent eat el plafing e gyt Qg AR BTLU T Bl hablS RIS

DESCRI Pl ON,fer RIBERERRER e RYBERIdYENR SnRafeeiative grtangdrent, the anstaingrmeahs .

enbodi nent of the present invention will be described. An exciner |aser
110, whi ch imjudee tHematmple tRingkiting Mage, and BxsarsX dirgetien anstatipn posen sk 110
whi ch passes, t hfough an energy densi.ty nodul ator 12 25 scri be it h
greater par fliredHoarianglapen Bwomcr%lt&“r%meé%ﬂ& "Ib?ﬁ;% ngh%ggaa.ﬂixf cqtioa ﬂl?ware
generat oS _2BeitkidiBYbol pRE AT 1f HENAARR Al SaRELAR cEREAIANNEY (14
excimer |asers or excl e asers generating beans at other wavel engths may
be utilizedcompure éarddatiolably thantlhtngtiesantpld visthiofthe triwslatablel diteotions20

acts to rapidly change the energy density of |aser beam 11Q.. The exci per
aser 100 amadinsengy! ihe pemDREE b6 SRMBGAF BUGASHES TAS H08iRENE A Fep

2004 |inked . oy. a.standard co er _i.nt. : i | Q% t : ter
100 to ef f ol Vet PhARafnt BRI hERER AR EARAR S eche 100 ButARY

with the tig.Agepb tﬁ@?&ﬁlﬁf&ﬂie&% HeSHee Aol Bedilctsa deast piferaBlyethredtitadysdnd aser

beam 121 is directed rough beamattenuator and shutter 130, which permt
fi ne cont r olis meentet lva af gremitecl odif tot dtabilimig thetsethple frameambjentvibratient | uence
controlled |laser beam_ 131 is directed,to re(#l ec ir(ljg surfacse 140 andh 1rﬂ'ough
tel escopi ng | enses 1, 4HNeReFeRUBVEHIORAISORE M 5?’31%1?10[ Bﬂpf%cfefé%%?lh%mg@r ace -
143, wheye idyidos e Rt Sth; inB! QPgeAiiAESiliddtMthid Hifin! &h 8 pecTBired

| enses, "whi éﬂléﬁgﬁggﬁ@msgﬂlgggﬁgéjggﬁgg%ﬂﬂgnses, 141 and 142 or ot her% wel |

known | ens eeshhiquidr tt nmtisod iaclidésthd Sepdufipendthting aplaralife afexcomaslasdy pulkses
requirenents of beam honpgeni zes 144, The Beam honogeni zes, . whi ch m‘il%%be a
M crol as be&harpradejermined luguce; canisllablhmofulatipg the, %eg’;the FESFTY 'EF f or m

e e ol AT Bl OGS pRer s g

t hr ough con y*refl ecti'ng surface 147 and passed

through fi el hisHiofilBnonibyie€ alddunkiddsser belsbeiare patferiddecaniltts riadtingam
149 passes through maski ng system 150, which will be described in greater
detai| D@l ovan mmbmumux@@a}ﬁneﬁlm sesplepethdhe pafterneddhpriies ﬁaﬁﬁeﬁbmé‘g@s&%

ot ect ed oftoriots BepFEPriaPeRthe Bi5e Eanisl SR Eu BN RS (P R0

163. Alterna 1 S SRRl DA Hakewilh t@pEado tite @huolee eiddigationnts 163
W t hout i nt Zélirr%g%sé%% rg.rll ect | ons.e The 20 obj e%?i ve lens 162 acts to

demagni fy anilefebg psodebethpahtoephousaiivon Sin filhesainpiuitela pigleorpdpensizbine s
incident on a thin silicon filmsanple 170, suc as 2 fiﬁlm of ané){)garll&uts or
randomy gr asiheen thig @lérp lg)ssgegpmt;—pétrgqlqlqttwrpfﬂ&ﬁ@{n@ relative to the patterne efs

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.



from 100 Angstrons to greater than 5000 Angstrons, deposited opn_a
substrate. In accordance with the preferred invention, the sa ¥ & BBy @004 <
preferably kept at room 25 tenperature and does not have t e- heat ed.
As furth@%loﬂé@ﬁﬁsi bed bel ow, the focused pattern beam 164 igcﬂi@g&?g“

| aterally solidify the thin silicon sanple 170 into a single or uniformy
grained polycrystalline f Im The silicom filmsanple 170 is placed on top
of a sanple translation stage 180, to be described in greater detail bel ow,
which in turn rests on a granite block 190. 30 The granite block 190 is
supported by support system 191, 192, 193, 194, 195,196 which is actively
controllable to mnimze BRIERDESCRIPTION Qff 3HIEB BRAMWIKGIO0 which may be

2 7 FEB 2004 w0 01/1885S 7, PCT/ USOOr 23668 caused by novenent jin the floor.
The granite bl ock nustFigel radungtionsl diagiamefiameiem B asamdancer wish a praterarde,

and prefer a%h%@g%ggg%s&%%nﬁ&h as Laboratory G ade AA per federal

specificati . e 'support ’system may be a commercially available
system from Techni cal Nemigeah illusagti¢O8RaR dfAR en¥dl dandisy ROGM AR kGadbley/
controlled 5 to inhibit the passing of vibrations to the granite block 190.
Cross supporfosudsenwesesysteayef Bigl1]l; 192, 193, 194, 195, 196 nay be incl uded"
for further stability._Referring next to Figs., 2a and 2b, the energy
density nodul ator |20 §& %‘é?&qlﬁéﬁrqweﬁi&g@%&kﬁp@onﬁsﬁﬁ?@ é'a‘gs?lﬂg\ﬁ %a’si de
view of the energy be W At sHR8 [1GR-A R pMdes L gk | beadD
not or 220, and a plur %{?gc%&%ggsm at ?%%g%ors 1 230?&192‘% ESlrritr)t gﬁﬁgzo IS a
standard st ephes shapiedbyahelendrgy deteshy amoduleadeiFig®;t hat the notor. 220 is
able to provide conputer 100 with feedback regarding the angul ar position
of wheel 210, and accoFigpigh gre iltusBathieiiagrams offltemalvesnsrayAcnsit moeewatesy .
Each be at t .0r 2 is.attac 0 the wheel 220 to permt rotation

t her eof W@ﬁﬁg%?g r!lffeig/g}el sg%{egx %@:}% ];(t t enuat or s fabri cated froma

di el ectric coated piecgigdf. i§hhilt@fratiOiag@nPsf dlmaslanyepstetshitanlé 66 136 e
suitable for use as beam attenuators 230. For the | aser beam generated by
t he Lanbda PhysysteovofElg. LPX315i, which is approximately 1.5 x 3 cm a

sui tabl e wheel 210 may.be,approximately 10-2Q cm Jn_diapeter and. i ude
2t | Gast 10 beam att orkig Srcabahs TR Hain 57 a el e RbRREh Se Mpbiiet e
1.5 x 3 cm &EMH&%XE‘&H{'M@.“E wheel 210. Fig. 2b is a diagramtaken al ong
20 cross section A-A" of Fi.g. 2a., showi ng ten beam attenuators 230. The
number bf beam at t enuaFigr $. i280ilhiststéve disgrimdbpeng thafdrimatide and adbidanze of

size, with longer grains requiring nore excinmer pulses to nanufacture, and
accor di ngl y,2 Teuet ipdagregiprwatedi® crysials gisett i on, the energy density

ndor the control of chlpht St dos Gl REAAE R Dok AURTAGAMERR AT

each | aser pykiem &Wipl Btody the eximer |aser 110. For exanple, if ten
excinmer pulses are required to properly irradiate a small region of the
silicon sanple 170 andFighél Badiorediapepgeiluainting theseps igpleaentsd inthesygem ¢ he
wheel 2 o) Fota ten r | utions per second, or 600 rpm in
synchro%‘?ci t%/ijlﬁﬁ‘tbﬁ“?tﬁeen%r 'edr%tnps)l ?é)dgl\n%ﬁgé‘i ons. In this exanple, each | aser
pul se woul d be incident on a different beam attenuator 230 30 when each
attenuator was in a position substantially corresponding to the beam pat h.
In accordance with the } ERRED EMBOBIMENDS ses of the

| t tt td27 EB 2004 WO O 155PCTIIJS 0/ 23668 .
pul se set are attenua ﬁeferring to Fig. 1, a preferred embodiment of the present?nven%onmll

be described. An excimer laser 110, which may be Lambda Physik Model LPX315i,
generates a lasér ‘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. In accordance
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



8 in order to planarize the thin silicon filmbeing irradiated.
Accordingly, in the foregoing exanple, the first seven beam a§t7ep¢|@2@rs 230
woul d cauﬁ/]%({]?l % little beam attenuation, while the eight ni nt é '
tenth beam att¥8flat ors woul d cause i ncreasi ng fluence atte VB3P0 he

i nci dent beam pul ses 111. 5 Thus, as shown in Fig 3, the energy density
nodul at or 120 changes the fluence profilegof the | aser beam pul ses emtted
by excinmer laser 110. If the exinmer laser is emtting | aser beam pul ses
having a fl uenged o B4endwd %H&pufeh%teﬂﬁé@yonﬁeaﬁint}blmdéll:ﬁxhﬁﬁte}%@o TBYrAE Set
up to freely pass the first seven pulses to attentuate the el ght pulse to
250 mi/ cn?, tchatreliofthe epateyalensity200dutatoc ) inanchriance ovithl the gyngddfader pliges
tenth 10 pul se. is nerely an exanple and those

our se, e foregqin . BX¢
skilled in t ﬂénaf%dm F“%bi@ai@ﬁéﬂga%%étlﬁ%ﬁr Yeppe he b i ABested Shepugh digam y
achi evabl e byuchangi . Qf ] L. 21 nd t.h
dielectric c%lgfta I ng Od%ﬁgggtﬁer;l? pgﬁ'&lé’ i gﬁh%tZﬂgg&%@é&graﬁggﬁe%%b%&ﬁwﬂdu@edt he
ener gy densi tlyserrbehmh.at or 120 shown with reference to Fig. 4, greater
flexibility in configuri n%blt he attenuation profile is 15 achieved where the
attenuator is coated witheThienes qantiofgdlases beathdB bistdirected td reflbétingfsurfaveml40abl e

transmttance endi on.the incjden ngl e of .the incident, beam pul se.
Thus, a. var iaggﬁgo%%ef%ﬁﬁop é‘}ﬁﬁg’?%? (f%,szlm 426%{’?"6“%301 ?/“@Pé%ﬁ?‘PHPSFm?‘qelif’i s
posi tioned t aviepCRisdErebRAIBIBALD DEAMhOHbEGS2er 144 ThARE LD i eam
"in accordance with thCe angl egt het a. Th%&z%tenuat ed bgac%l%{eﬁ%?%@ghgﬁ)b
back onto théehwaplamiconbex lsassildg and i éghotherdell krmonplens edrifipgrgyionk eact 0

which i s, nmoved b tor, 412 so that the beam aftenuator 410 and
compensatd ng Sg%y%ggaéef%ﬁa@ %?tm&tﬁggsq reguizerRtES ol beam hemspganizer d44hclhischeam

axis. As wt q;]'TFgE ] 10 2 e ttenuat oy i

r ot at ed unde?’obﬁgeﬁgﬁfﬁ) ro gb aiy“; g?rpg\ﬁglgl%l{go%apohos@%eﬁf%ﬁﬁg ¢ Hseest%f‘ﬂaﬁ%rsbc?m he
| aser beam pub gsia nemily wusicorbyflidiRe iroheblahe bf RArabgknitAGoAl TROHGhbOShisAUSaMH DY
t he energy density nmodul ator 120. 25 Referring.next to Figs. 5a and Sh, a

t ransl at i onall46idrgseddianygh sondsasingilens 143 raftesfed by seflagting surfach d4 3 sd passef
Fig. 1 wll i . shown in Fiqg. Sa, the enbodi nent includes
a transl ati nggr\sg?ggfeig@%ﬂstgﬁdm}@%%og%?gf%ebae%“attenuators 520, 530, S40 of
vari ed ast enuation are Fielcafifsted béhnd PAS s @MhrohRembEaRS LA 85 G Laeg, way! d
be positioned by conputer 100 sach t hat If%ﬁe Iagegl?%leamg yl% 1 gsoe’s notwggss
t hr ough any de@escribed svareaterdethil hehgy t Patermidibeain] stelidi areoutput femn thetoagkings
the end of a gul Sﬁ éyche,%éhe transl atjng Sstage is noved so_that the beam
111 passes t IOt HieReIe boredleaiing s > 160, pgssed thsqugh ag eye leng gl 7efderted
PCT/ USQCQ 236 : ' i ngl : he .y ahe
conput er syn?ﬁﬁ%ﬁ?‘?}a ¢ egﬁow%%eganffﬁgt%@@g%@r%’nﬁ%ct?ﬁqggéngﬁ zggéq@}i%g Astﬂ/g ’[&heat
each sequent ibahmixadowbt baaliteseedpaaisetsedthedergh 68 hathoanihesrmediatdteflé@mRECThe/ €

attenuatjons. One drawback of this enbodinent is that the stage will be
posi tiordd t SLIRERYSrismS | 6Aeete tRidemagmEy andiiecusthe pattern beam IiSdnedi atel y 5

succeedi ng pul se cycl e. L, Lhis drawack can be overcome if the

attenuating stage incl ujaieg(s)%%{\%d&a%ﬁr&g%e%ﬁ Y\@d‘gbs_rlgg e%tfor’f?ﬁ’é’afi °°’é£1h§ﬁ8mlfi n

Fig 5b. The Ugamdch&@%ﬂ@bﬁmﬁ&%b@@sﬂop&nﬂ@rﬁl}l branrd fp’oq)y Ali8€ §hichA PardGiy"
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path when attenuation is desir towards the end of a pulse cycle, and
nmoved out of frawe 1Q@yAngstromes tbegreaterathian 600 ghiigstroms, depiositat pon wibstmate.  In

succeedi ng cycl e, as indicated by, the diyection, and translated in the X
di rection 10 af’fborgﬁncien‘_?”tt e B@S?Q¥%Wvﬁﬁ‘¥?% ©AAEPEe a’tSeUe%éég’rlr‘é Peagoont ed.
Referri ne i Ls1Rh a ﬁﬁﬂﬁ ]

sui t abl 225 for )f%nslg&iaﬁh?aﬁlg%ggg?%\éo 40%633.11 é_ik%&:l'l IA“r§1ow ég%(lség@?%éeléé%@gg&&g&{
enbodi nent i petteddramelsaiahisddantataalle oladiey the tgachicoh syiplen 70SntoRvsail€ of O

be positioned either in the path 610, 620, 630 of incident beam 111 or
out si de of t haifpEak grainpd palycrysilines®lm. The 1 S attenuators may be novabl e
in a direction perpendicul ar tq..the bea ath, or. may be pivoting or
rotatable to nove in an cc?@fco %F‘ﬁémé’i%ﬁ@ai) .Ce‘ﬁﬂnWﬁ@%aé%ﬁfF%ﬁlﬁﬂ%ﬁta&%o
posi tions eaqlso,aabt&méaérpcredﬁﬁ%Peafté}%ta_fim1+@,5@mcﬁ%§mdl%éstéj&}?é Plte BARE 190,

t hrough any attenuator during the initial excinmer pulses. Tgwargls the end
of a pul¥e cyldegranitedlebiflissuppartistsy tipportyseeanadbriS2} H3bEs4M9ed Ssevititiat
t he beam 111 passes thro gg one or 20 nore attenuations to becone_an

i ncreasi ngly? P‘Eté"ﬁf}’a?@ﬁmglé I toominimizg i bratian @& the gianite dlagksid0ewhich dudyabs on
profile. The computer synchronizes the novenent of the attenuators 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 sane attenuation, or to vary the 25 attenuation scheme in any other
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stage 720 whi.ch is controlled by X and Y axis notors 730 und tFI%%
direction of WO 01/18855 10 2 7 FEB 200 PCT/ USOOr 23668 corrg& er 1%963
I\/bvenenthj‘Ol?l@@sSXY transl ation stage 720 permts crystal grpOWMUS0MRISER n t he
silicon sanple 170, as will be described below Alternatively, the mask
could rest upon a fixed open frane stage,,wth beamtranslation being
effected by the sanple translator 180. As’ described in detail in comonly

assi gned. co-pending application S serial, number 091200,.533, fil.ed on
hl ovenber 27Zauggidy, mprementds thesflocs. The giaRiEHLIPek Pﬁ‘é@?"‘p‘g?gf@ﬂ “E)aynufae%é‘?gﬁoce,

pal yoryst al 19E od4 PEaRnavt A a an b e MR & B A R dE R

pol ycryst al 113Y& 2 a"s ormgraini structure,
whi | e the cheysanREFR)SRSISEPaEIeThe bhighoprsystusimanbod cnunatcialy available
controlled; large"single crystal silicon regions. Z O Referring next t@
Fig. 8, the satept fotrBerhhivel Mesufagguinggiprperation syhipe i psFgHEl Hesogiolledhe

- oxanpl o an ASremBE eSS aaobpent g gnih otk 1 Gl EebRAL e Flogt uaes
X and Y di ' t t ' iligbl e b t
100 A separ Bk T2l Pt Pt | e e by comuter

100, is preferably incRegeting ibe tb FigsidaiandRbs thepdnergy densisy mesitkagorol20tine z
direction translator 830 in the path of nasked bea perati, on, the

64. In.o
conput er 100desoribechinsmprredaeteil.chigtire 8¢ shawsside H@%%@W‘E@(r@?@t wgAulaiosge

oul ses goner GG Belide R medarner 910 RuBF LR STEBBIY drBEubl il |07
in sili qgn 2936 anfeSmd P 22611t hetantiha steppet molor AAdiiAclodasesh svcoler esatthet o

the incident pulse 164, or alternatively, the |location of the pulse 164 is
noved with raspedRitivatlhe sanideconpoter hbQwith feaddrek regprdingthe Angitlargositon
order to grow.l arge qgraiped silicop stryctures | - a td
occurs in beP@\n‘é’gﬁge?égha%&:E‘?% m%léﬂ : RﬂSH%‘?npcﬁleeg@ ggera?A aﬁfnﬁ‘%{%%hie?’bf iq%!é:ﬁbﬁu se
of the pul se ﬁ@&ua?o? 43@515 Qﬂg&eﬁ%‘ﬂ{ebﬁﬁeé?)ﬂbh@ peRRR k& atlor/ therddd. ERfHAmMBIIAE i S
absor bed by fhe sanpl'e, a small area of the Sanple is caused to nelt and
resol i dify i ayAladletenst alenuggisfabricuted fadrad disledtiecoatéd piate qfisilipendioxadgen se

set. OF course, the nunber of pulses in a pulse set \ggll define the size of
the graild t haagoesiundlqsidscue sitablg foR upprsedm AEEUAABA3Ong the growth of

| arger sized crystals. FE R LAl RYR Ak SLHET UESSs BAYLRAbENT RS 5

varyi ng from appr oxi nat rons m crons be produced from
a single pul $@ich i aghrouinatBls 15188 Est 2adtablARIL IBRAPbEdpp2dkifiat] P 00-20 cm-
PCTI US00/ 23668 that crystal structures which obtain |Iengths 'of 10s, . of
mcrons may he dipemsersarsdinplada at inastalf) beare attenuatiif 23¢, eaeh beingeat least shghtly

surface protrusions ar_the |l ast place,in,t : : 1 di

| ast pul ses -(;qxrgar %G‘PE %éanaF’_éCLﬁP?fg’rl?ﬁf%ﬁt 8_.W}ﬁgf2el(er ﬁé’ajtbolggidg%rhgéwc%%%en
a 5 siligpn thig sédt{o%‘/?- O ik hadh@kRE M bantattepxaiorEr30l as@muBibes f bavi ng
sufficient energy to effect conplete nelt through of the film 900, a |iquid
area 912 is fapen®doisn3behoveamill dependlondheatosiasd @ain siZp] with fmgergrpstsatquineht s
921, 922 formand grow into the narrow ng I ig@i d area ,322 until all liquid
silicon has OROWtesFImeaylsss IpBARUBFNES 1BE 2P0 G381, B91° DM ERPIon i s
denser when in the |iauid A0ass HaRelaRy D hORIAEH 120 PARGmd hach Diguze Of
the 10 . . silicon filmincreasés as e sificon solidifies, thereby
formng a nowlerA&Bin ey rchrbidzédRasfisraindestB3OntrOBAf ceeput@3P00 tnaceerance

with the preséent invention, one or nore attenuated pulses are appli eg’Pt.?
the thin2§il ndesized henuatiowof ¢ash lasonpulpoepitiofdiydhe eHEeH %Fﬂ&- & OF EYAPRIF| i ne
silicon structures have been for or near_ the end of the

such struct uré8 ?XG_L@GRB@@?S@FF@“PHQE YRIOP lmélfaf% %rgﬁl?ﬁeﬁl%f?{éﬁ%g@%ég%ﬁs@F
pulse is appl ﬁﬂﬂ{ itet id Q4R deB af 11D HLILOWNES] 28 0ORRIUNE b84dtatetine
top surface 01‘ t élqp%?%l?{s?ualg%e ]i ed 9@%} el gavi ng nei ghboring crystals 9S0,
951 adj 0i ni NQatadn fehlublohd Perssiont ar €00 HithdnkyhaworSiinceith thedaserpwlsbemissions.

| ateral crystal growth of crystals 950, 951, _éhe cry %fals row u%)vvardz%(ao,
961 to form cinytbissxapplm gashy [26f1 RbseeveHd PeABE G O Cmt Gegny AUPRIHALoT
pronou nC%i m)yvgén gafsc% attenuator was in a position substantially corresponding to the beam path. In

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



20 than nmount 941. Referring next to Figs. 10 and 11, the ste%)g EER 2t ed by
conputer 100 to control the crystal growh process in accq %Sﬂ%&h t he
pr esent i(ﬁléﬁ%.ﬁém wi |l now be described. Fig. 10 is a flow dliagram

illustr g e -basic steps inplenented in the systemof Fig. 1. The
various el ectronics of the systemshowm ign Fig. 1 are initialized 25 1000
by the conputer to initiate the process. Athin silicon filmsanple is then

| oaded onto the sanple trans|ation stage.| 005, qchdde ip@teefdrdgoiatg such
| oadi ng nmay iberde'rtd;émamﬁﬁmﬂl@rsﬂﬁ@ﬁgﬁwg’ﬁmgjn?%{eg‘rr%%l? %gd uérl:%er t he control

of conputer 100. Next, the sanpl | bwm@@a@g@nd,srm\wdammnmon,
initial posiqxh@ﬁlelﬁlférskﬁmeé’rs]b%&}e%{éﬁgéggan alignment with resg‘ect to

reference featuras he: sl enth e annataustospiosld cBI5e ABRSH Ba R ¢ he

system are f%g}f %85%" %ﬁlﬁecessary. The laser is then stabilized 102S to

a desired e Mati @Vef thaidideapbeam polses Bile, 'as needed to fully nelt the
Ngted

silicon WO 01/18855 12 2 7 FEB 2004 P 23683 ninpiter 120 dmogesdhnce
with thesparticul ar pr&besés APWHY, lgc3ar%rlg{e§§%t : %‘8 necessary, the

attenuation of the las Lsoflidaehaituscineriago ] 1 Nk the @RBALESH | on
of the sanpl gu?@"’@&fﬂ@ﬁ%@%ﬁ%@%@a predet er ni ng&;&z&&ﬂa@g i@@ ensity
predeterm ne%ﬁg&l{tﬁﬁ%ilg@r bedim aatesdaning sifloanechefl 4] | e B Y o s
t he sanpl e. e shutter is opened 1040 'to,e R Breh@ath ettt i on
and accor di nghoduldter OOmaenkesat He t@@&%maﬁ%qheﬁ%é?\éq%@éﬁfﬁafaﬁtgati l(zgmzpr%t(i‘ess.
Sanpl e translation_and jrradiation i &1 iahd thasmpleeslyiblvick ¢l ten
crystallizat ip@heHQQS%é’éﬁ“@o%&‘g plug%BlBZ?gg?/ at’ which time. the .@g ut L—i:{
cl oses the shu te'%@{&qﬁs%t@@sfo?erga | igtnievely ERampleand thpseoeilled M !
sanpl e h]eR/e.-tPé1 . .. designated for crystall iﬁ,"j‘ti ggbj&ean b€ nubder of
repositi oned gfe%iatéﬂﬁﬁomaﬂﬂumemrgﬁkaﬂeieféllbf6 OP8Eeds” s or épeat ed on t he
new area. |If no further areas_ haye bgean L ognatsktratediasdral | i zation, the
| aser is shut-amhﬁatmww,Wh%ézﬁ%ﬁ‘&‘gg\ﬁéﬁ?qgcgﬁg%gg%mﬁl 1075, and the process is
corpl et ed 1080 O COUT e, . ROEERSh el ortieiecpristsicamorelstys ebryee
or. if the present invenhtton s utilized for, batchmgro essin tigfx‘ﬁ%ﬁl%olga
1 010, and 1%@%@:&“3%@1%%, preatee fleaibility on ©@aHA %@?%?ﬁ?ﬁi& i's a
flow diagramiflTustrating the steps, i nplenmented if:. VSEREHRS sifitable for
Wi th enengy- deqséved whotelthe hﬁmﬂaﬁfelﬁscoffgow{-gh fl’l‘b’ﬂl %‘??@1@50 - 13\30 %;1 e
i dentical to those descr.j bed ,abov | hedge dfehdingidehtbehurpice pSus,
1000- 1040, anﬂm@éﬁ)vwgéﬁaqcﬁd@@grn&o&tpﬁ{ﬂ%gﬁent ener g -d,ensil%)11 dul atiqn,
the attenuatign of the 20 exciBea10 asmroljed tyesemmatorstidl MIROGUPPES P 155

h .varia . . g
pr edef i ned _maﬁn@f‘ SO0 as to be synchronized wi_th hoth Jrﬁgc%'m&e% {Beta.
| aser pul ses epdidd®Gedy phises 1 saxd wrajtepprie eteam BASTIS oS t1 on of th(;:1
silicon sanple being irradiated.. I.n c¢ iQf Wettbabhaxik @yegssing, thtdugh 2
ability to var’ghetmnrlﬁﬁéba%mv\ﬁqc’ﬁ ‘158%@1%%?%8&% i(Igir@sﬁ.éareh rrlglved to i ”pgtgtémo
energy density nodul ati g _ att @rdalyirnoomdtilisathabmedramea Ry
desi rabl e2q o mw&a%‘éﬁgé’g%tgﬁ%} "exi bi | i ibt; The. f or_@gro'i g FEQ&%@éam axis, As
illustrates thgldgfoiﬂgs‘cin%ti% plite ¥0E aresteoniriosing 208keH 3t FIEEEions and
alterations to the described enbodi nents w | td16d thdsahs kodttad d
in the art in withthotmbedmepbdRMRGE %-r%i‘?f’. beﬁ&?%%ﬁﬁ%? g%m le the

f oregoi ng describes a l e s Is Q3 bﬁﬂ@n@amp@lg@,emmeﬁ@yﬂwelaser
advant ageous t@f(&r%ﬁertslﬁ@?%éy%%&n%}%&v}&thi ﬁéa vacuum chanbe{ r a chanber

with a control gf@ﬁ%ﬁ&%&@ﬂaﬁonwmd&@ the aserp densityy raedulaier 2(Sas, with the
chamber Iy2|5ng e J.[rpi?esrlrii;;ggttg{?iag%.e S'aa%?g,rata{lgl%aor?gl energy density modulator

suitable for use in the system of Fig. 1 will now be described. As shown in Fig. 5a, the

embodiment includes a translating stage 5 10 to which several beam attenuators 520,530,

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

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

. 0,
translating stage is moved so that the beam 111 passes through attenuations 520, 53



27 FEB 200f WD 011.18855 13 PCT/ USO0r 13668 honogeni zers may be utili zed,
such as a fly's eye honogeni zer. Instead of using a stacked XV fe Bk at or ,
nmore pregd §Gskdsansl ators having additional degrees of frepgdpmsogyscbe
utilized. Moreover, in order to insure that the excimer pul ses are properly
focused on the sanple, an active focusing systemnmay be utilized. It w.ll
thus be appreciated that ,: 5 those skil1ed in the art wll be able to

devi se nunerous systens and net hods which, although not explicitly shown or
descri bed HetOgtnbecomroatyincteasipglyratiephased bgam h2l.i Eg@ﬁ@mphtemdl@cenmabe

within the spirit and scope of the inventjon. 2 7 FEB 2009 1 ~4 CLAIMS 1.
A system fdPg}S%%soré}g}iﬁegngﬁ?aé%rs%ﬂ%éé SPf %ﬂea(cﬁi Sﬁq‘??qtﬁfg’éﬂﬁ%épl‘%? 828 ngl e
or POl yeryshalghifie Sldut:Gnd sfediivt BhterfiaBAL. DriiraRbdd) offis PRI edrds T
for generating-a plurality o xcimer laser pulses of a predeterm ned
fluence; ( bhatthasagawilple shaitkiney tomakitiatlp niternatd thafitsy poloeipf thd ithmedamtaly
excinmer |aser, for controllably nodul ating said fluence of said exciner

| aser pdil sescetpdingplneyslsi Howerenbis drawkack capbg evereomeiftherb ppiteing siage

optically coupl 0 i d r i ( . fQr .2 aid
modul at ed | ReReEGhT SadoE etk s SE PR dol TR B Y TGRSR A DS ©
coupl ed to $57 GhnhRPI:THOHBDRThEect thObeart BAR KWHef aRefUation s d¥siré@iddvards the
honogeni zed nodul ated | aser pulses into patterned 1 S beanlets; (e) a

sanpl e st agend ot pulse ¢yels eug meved outsefithe way Rf thedreamenssh §66 grismiodnjstiorr ned
beam ets to geffect |ting of portjong of .any. anorphous sjligco t.hin film
sanmpl e pl ac%fga PSR %gﬁﬂil‘i?’é’é ERteH DY es)'a@‘&"‘%‘@ﬁ’.rﬁlgtt&nsfafe) llnrtg?lgﬁ éif‘?cﬂan
means, 160up!o_e%- 1o B65i86n WALIE n6h abifiafiiUeamE ARSASIEA of 20 said sanple
stage and said mask; for controllably translating a relative position of
sai d sanpl e stage wi t RefaspgaexttoFg. fasnbvable ohltsplatt amasdy, deasitly fhgjiulator
conputer, coupled to said excinmer_ |aser, sajd ener ensi ty, nodul at or, and
sai d trans| sifakle feplsesn thesystearaiig. 1 wigl noxy be %ﬁlﬂ*?%ly |T%6|eélb2§1m¢luéwf§%d%s

nmodul ation of sakd excirrier |aser. pul.ses Sal I e r pve
positions O§ev§§?:§g¥g%ﬁegg%‘t§ gg%a% noé V@‘élélhﬁnrﬁ(gﬂaglca%ﬁ f%ogﬂt%gbﬁﬁﬁgtlpﬁgé géttlhd
exci mer pul sg1@e20r 880 @R irRidkns Bedin 111 UeRGatsiARAM At ibeAmVibat i 638 6211 @Bt IThe
positions of said sanple stagg and said nmask, to thereby process said

anor phdds skttéroeters may Hei mavabderpl @ direationgpespengicalagrto e gﬁzﬂmgﬂ'@l prmaydel i con
thin filmby. sequential.transl| ation, of i d sanpl tage relative. t aid
“mask and | r PRANEE PO BrDSE SRR oy op e Bt BB vt G Trmiisig B ¢
fluence at .g?ﬁﬁ@ﬁdoemﬂ ALY AL Mat RS MsePBBarh NEIeABes notlpass MERugAChy! ~ 2.
The system claim1l1, wherein said excinmer laser is a ultraviolet exeiner

| aser for genamatdrndprigt thavihitabtxdmer pelsed. a¥ewapis| theend Df ahelss yygtlenthef

claim 1, wherein said energy density nodul ator cqnprises: 5 &%) ahrotatable
wheel ; (b) EXBPBier pasises the afenpatanipdicgravedisp dhatths, HiliRpstasibrouah 8¢ Yaj d
wheel ; gand (¢ ' ' - to
o d cmput aiore Rufefbes GEEARY SRk L, SOUD Rtk RA I SR OfAnEopR R
sequenti al pudicd o eatdd rdfiley Thatsmp@sssynplasazdsthh rmvgmeansf thd atemuiatotsvo or
nore beam attenuators. 4. The system of claim 3) wherein said two or nore

beam at t enugbdy babeashsapuniial xripraulssipagseathrpegdsthe capterpt slbrtamualoayBps of
L;:Jgnfﬁnagf’ %?ﬁl;s{eajc%&e]g‘r}n%%%?dm TQ&.SYtséh%'M)E ({Jg?%rmo%d t eiélenggfr?tﬁor! 82 %la 008 of

enuat or s doeés no énuat e a uence aﬁ/d at

lleast one digtfieaRdto phisARVELPEXGRALSHillsds tHRNRA tAE bandatieiatiod; orlidevay shem of
claim1l1, wherein said energy density nodul ator conprises a ?0 multilayer

di el ect2i ¢ phathwmtioopthemd Inyanymipdredartner tedoliieyx chavdesired stenuatidn poefdeabl e
about an axis perpendicular to a path_formed by said i.mer pul ses, and
variably fl uenge ﬁoqul%?éeﬁﬁ‘gs%ﬁxélt%??kﬁi' ﬁeﬁleﬁm%‘é‘g@ Fwt%ggﬁdgﬁﬁ%’%fe HhTRAGI e
“fot~rned betd%’%?{.‘ %?dngog%ﬁl%g%ﬁ &%:ﬁﬁat@@%@aﬁ”gz;f agse%hﬁou%ial &%@%h@%hiéﬁ 7.

*The system o aim ut her conprising a ensating plate, optically

coupl ed to sahfinsl pattedy Hereind| B in@skpT Bt @iay hera dhesrpe os dieldvyrid osated fused
translation of said excinmer pul se path caused by said nultilayer dialectic

plate, 8. Thdicyibeandihosldinpiude a pritarmistclsed an asvagiofslit enshevyorrowhicthaie
conpri Sgp- %%erg g?chgg' from thg%ggﬂrpg?aﬂeartn%& HH 1266 ’upgxq (zjm open frame XY translation

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



(b) a translating stage, nechanically coupled to each of sai d} treg 04 nore
beam transl ators and coupled to said conputer, for controll gb %15 sl ating
said one or nore beam attenuators such that each sequenti aﬂCT/U%OO %)EB 2004
16 pul seygwiisssd by said | aser passes through one of said one or nore bheam
attenuators or passes through said energy density nodul ator w thout passing
t hrough any of said one or nore beam attEhuators. 5 9. The systemof claim

8, wherein said translating stage is novable in both a. di i pasidid el
to a path forned b?_{l ﬁaM%V égjl{&&hmmﬁslamﬁagﬁﬂf CF‘BHS%&?%E%%%UI ar to
said path, #QEPHHE 8 n"sard one or nore beba? attq@%@g&ﬂﬁ%@ﬂmq\xl@mﬁbl e
such t hat Sa‘bdsﬁéﬁﬁ% RpUIT9ess wilkee d45EBRTHPONE OF sai d ohe or nore beam
attenuators OF rou ?I none of said Oggm;?&raﬁgﬁﬁorbﬁeﬂﬁfgaﬁffeemdabbﬁ@ §PR€
The system of (ﬁllgifmd.opmét@%s"%%‘i’dmgh Fgy density nodul at or .cor;géﬁéﬁ%none
or more movable beam atten atrgge%hin%%i B0cdnamenlyRseIgREft ependifg I hg
control | abl ytramslater B h ASHECSTRAT sequenti al pul ig?ﬁen‘}‘t td?s%lot%ﬁreséf Higser
passes through, one rerrggyﬁ)oosﬁ?éﬁ'léﬂ on@aem®sF &/pedmal't enuators or passes
15 through s&MF &gy density’ modul at or, wi t houty RASSEE thet frodugionay 1asge
sai d one or qg{?g?&g@m@{mamedmém:l_ﬁlﬁ h&"&Stemof claim1, furt [ the
conprising a'shutter optically. co L,{n[%ql SBitanteepnmforeranin Srueyrs A eam
honogeni zes ag&ﬁinﬁépmycmsﬁé}*%ﬂbcéﬁ entrated ?0 beans to a%sla}r%}érs\%gggcnym
placed in an open positi gﬁﬁ%{},meélﬂ%gﬂoagcmdlamthﬁge el en pl aced
in a closed pdSVIANAHEYB**The system of claim |, further conprising

tel escopi ng | eps tdps. optically coupling said beam attenuator to saigd
beam honogeni'?ggm{;{r%glds;%api ng sai d ?5. atd enuaf g_mmomtagaﬂsmss@ﬁsang%g%
homogeni zgs.  z 7 FEB Refering 18X 19 é%jsgyg{%em ?f claim1, wher Ei%n ss%gé] for
transl ating means conprises: é}gﬁ)a'%%F&&amhéﬁsxhamr/ngrbﬁgggtr@ ‘a?ﬁp T 5
coupl ed to samcbresigtel. ahtf FRE dtable in both or-the;‘gon 'chg{aég?ﬁdlmth
are perpendi cul ar i?gatﬂa grg;é@thqrmmommgmﬁb%m_ Wobeans and 5 (bt) a
transl ating ste&geP o[? mechani cal ly coupl e&oti?olﬁgy%m{ertmans‘mwﬁge Z
stage and coup{;g@egt@orﬁammorm&ﬂt%l%?@%?d ESAETRIT S I'y trans] ati n%meg sk
transl ating stage in both oé ‘fg‘iﬁd t{\@@ﬂ@égpb@nﬂmeemﬁ,weﬁ?fml ol "of
sai d conput er . difedtion raratos 345 Crai m I, V\herei&@ai trﬁp?ﬂ;ﬁ&él&ﬁbﬁ%ns
conprises said sanple HT Zz@isqgi&ggrﬁﬁla@@ircaﬁmm%? ar e_sparrp e

transl ati A st&b%oQ'??Erf | an direction translation portion and a Y
direction tran? tion portion) each being coupled to said conputer and t
each other) saifd X and Y direction trans!tegtlb@&n%[stmmsvmcmfmhﬁgthﬁa-gwg%t
in two orthogonal direct ilnnpenaﬂal’é:ﬂéﬁcé’“‘_i%l perpendi cular to_a at.&r%?cd%gggy
said patterned beam ets ang (ggi_tggn%gg%gglgtmsmng@éh@cw iy

control | ably t nemslehe? pges § nple in both of. sg}kd trg@g@gﬁ@?}@minsﬂicon
di recti ons unde .cqntgggne f, 68y Sxctmeplasarl 10 16 etfef SISHEM P 14
wherein said sdpPBE Y aNsIati on st age furt her s 20, comREd to@ke meifledt pelee 6 OF
transl ati o5, por {0 19QUBltect thosaepig 128 AT ET MRITES at | east one of 581 hoX
nd Y direfliontransl ation portio £ Oke 064 18 frioivad wityespet 1A% AT

a ozﬁhe f)ﬁ’lsc

sanpl e in a dirsedrhativeparthd 1992508 %530  pat h formed by said patterned

peam ets. through mask translation stage. |
large grained silicon structures, small-s

In order to grow .
xcimer pulse of a pulse set until the final pulse of the pulse set

ulse is absorbed by the sample, a small

stal region initiated by the

cale translation

occurs in between eache

25  has been absorbed by the sample 170. Aseachp

e is caused to melt and resolidify into a cry

area of the sampl s in a pulse set will define the

pulse set. Of course, the number of pulse

initial pulse of 2 s enabling the growth of larger

ith more pulse
that can be produced, wit ‘
n ngths varying from approx1mately

gle pulse, it should be understood

size of the grai °P
sized crystals. Thus, since crystal structures having le

30  0.5micronsto?2 microns may be produced from a sin



?5 1 6. The systemof claim 14) further conprising a granit -(bfl book
mechani cally coupled to said translating neans on a side é,_pgg sc&Pposite
to a side t %/gni ch said sanple is applied, for stabili zi ald sanple from
anbi en‘qu/(?lf}%g I on. 2 7 FES 200 ~s 17. The systemof claim11, wherein said
sequential |ocations of said sanple areI irradi ated by a sequence of said
exci nmer | aser pul ses, whereon a first Ié)cati on of said sequential |ocations
i's irradiated by a first laser 5 pul se, of .the se fhe SR radchyT®r

| aser pul s@st coorl vinesteien whiceoaid 1PRght Pf)ﬁw&s B%Smgéé}?%@ggt})gﬁal I ocy;isi ons

is irradiated by a second | aser pul se of the sequence of exciner said |aser
pul ses, answtabbsseb Al BYSSai d second pul se i nmedi at el i foll ow ﬁg an elrp ssion
of said first laser pylserid8oid Bafaygtarosomsaical e 1ast p3es dp Ay HBnput er
coordi nates said excinmer pulse generation ang i%ifd 11 y(ﬁgfgg %g)_dgg AHeQR W th
sai d rel at iyesiposhd laorpuless of aipdissaeyrre aBeagEdant SHE ' “during the

irradiation of said sanple, 19. The system 1B v g\/g@ﬂf@idﬁta&irgiyto
conput gy C@Qtodhm}ainé'lém&é)iods@@éi%ﬂw%%ﬁxci@ergté‘%egh)glts%n ‘aRd said fluence

modul ation with said relative,pesi.td of lis@d drea@ipliefosmad in batdeaH™® mask
inreal-ti r@fecmmpﬁﬁfé%";@@%%gg%?geé}lﬁo’ é\,hlgr ein the mask |ncludes a
pattern which Sggéaszyhgg[@yrrejo &yithlsfrod 921, 92PHierm\ead &FP BN B MY

the mask i fCrtides a pattern whi ch has an arr.ay, of 30.931. Since
. A AYF. AS . ifuidareASDE uARERNEqUiGBINCOEN 2 Caystallieed %ya%&?iée%ﬁlse 030,99L, Sinee Lo
ob]  when in the solid phase, the volume ofthe
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ca] ca] ca] cal.\f@]; 102930} 9B cajeetdia] cal eLAW 4: eq}. {, } xsnid_Z]]] ca] ca]lga]sca] ca
]l e e il el kil slsaliab oo cr]
&, &<&&&& a' ' ' 5(b(| » )LY) )l A sthidia cajsngle &
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a] ca] ca] ca] ca! unmvvvewwxx, ~S~X7~ | gfv ' itiajosabea) ¢
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B& () -!168B&' {)ooHhOB&ofpuldt bo@siigly theviNaessi H9BE 1)1 &) -yl0%& %)e-
' ¢ sample translation stage 1005. It should be noted that such loading may
] of computer 100. Next, the

rein

onto th

either manual or robotically implemented under the contro
ed into an initial position 1015, which may include an

sample translation stage is mov . '
e sample. The various optical

alignment with respect to reference features on th

. . tived
30 components of the system are focused 1020 if necessary. The laser is then stabilize

1025 to a desired energy level and reputation rate, as needed to fully melt the silicon
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)b@ V! s10%&sKepd 8nd 09Mredgterhfivgd divectibf, id Acdddaréd QA tHd QA AY& o hicture of

)eLdEb@? ! 10%% sgrﬁple. The shutter is opened 1040 to expose thé sample to irradiation and
| ‘accordingly, to commence the sequential latere_l_l solidification process.

Sample translation and irradiation continues until that the desired
crystallization has been competed 1050, 1051, at which time the computer closes the
shutter and stops translation 1055,-1060. If other areas on the sample have been

10 . designated for crystallization, the sample is repositioned 1065, 1066 and the
crystallization proces§ is repeated on the new area. If no furthér areas have been
désignated for crystallization, the iééef 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. 111is a flow diagram illustrating the steps implemented in the system
of Fig. 1 with energy-density modulation. Steps 110(5 - 1140, and 1150 - 1180 are
identical to those described above with reference to Fig. 10 for steps 1000-1040, and
1050-1080. 1In order to implement energy-density modulation, the attenuation of the

20 excimer laser pulses are modulated 1 145 ina predefined manner so as to be synchronized
with both the 'tirnin_g. 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 beax;n 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 sample withina vacuum chamlber or achamber with a controlled atmosphere, such asone

housing an inert gas, with the chamber lying atop the translation stage. Other types of
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10 ©) a beam homogenizer, optically coupled to said energy density
modulator, for homogenizing said modulated laser pulses in a
predetermined plane;

(d) a rﬁask. obtically 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 corresponciiné to said beamlets;

(f) 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 excimier laser pulses and said controllable
relative positions of said"sample stage and said mask, and for
c00tdinatir;.g said excimer pulse géneration'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 samnple 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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% ! 109%<& () -sf#10%& ( )zt 10%& () H#10%<& ()-b\\\"]1}]] ?_dEpC 10° .
102°1 10%8 () - &3%?‘5*%%?%&%4“?%&#%&&@*%@ 1%“"(56%&1 ) - +10%& () - *9! 10%& () -
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104#10% & () i%SF! 135%% &5 @f gi‘@&?&” jeimFa Hepesey(Jensifnogigatey comprises:
@, 10% &5() - bcdc¢gxded Fot481@ wheel; |
(b) two or more beam attenuators circumferentially mounted on said
wheel: and
(¢)  amotor, mechanically coupled to said wheel and coupled to said
computer, for controllably rotating said wheel such that each sequential pulse

10 emirted 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 5, The system of claim 3. wherein at least one of said two or more beamn
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 cxbimer 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 (a) one or more beam attenuators; and .
(b) a translating 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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y said excimer pulses and a direction
perpendicular to said path, and wherein said one or more beamn attenuators are
positionable such that said excimer pulses pass through one of said one or
more beam attenuators or through none 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 comﬁuter, and bein'g
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 1, further comprising a shutter optically coupling said
beam attenuator to said beam homogenizer and permining 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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a translaung stage motor mechanically coupled to said mask
| translating stage and coupled to said computer, for controllably
translating said mask translating stage in both of said translatable

directions under control of said computer.

10 14, The system of claim 1, wherein said wranslating means comprises said sample
translating stage, and wherein said sample translating'stage includes an X
direction translation portion and a Y direction translation portien, 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 perpcndicular 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 1o said translating means on a side thereof opposite to a side to which

said sample is applied., for stabilizing said sample from ambient vibration.
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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 18.  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.

19.  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.

20.  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.



