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SOLI DI FI CATI ON FOR PRODUCI NG SI NGLE OR POLYCRYSTALLINE SILICON TH N FI LM5
AT LOW TEMPERSb1/id885 SPECI FI CATI ON 5 BACKGROUND OF THE | NViEEThsbbrIses Fi el d
of the invention. Thepresent invention relates to techniques for

sem conduct or processing, and nore parti cu.il arly to sem conduct or

processi ng which may be perfornmed at low tenperatures. 10 I1. Description
of the related art. In the field of sem conductor processing, there have
been several attenpts to use |asers to convert thin anorphous silicon
films into polycryst B¥YSTEMSIAND METHODSESING SEQUENITAL LATERA., -
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| aser 15 anneal ing techn ﬁ?ﬂ’}? hﬁgﬁsﬁ an exci mer

| aser beamis shaped int%o a 1*Iong eam%\%ﬁgght???%m%mo 30 cm | ong

and 500 mcrons or greater in wdth. The shaped beamis scanned over a

sanpl e of anorphous silicon to facilitate meltin t hereof and the

formati on of polycrystalline silicon mmgbgifi cation of the sanple.

The use of conventional exciner |aser annealing technology to generate 20

polycrystalline silicon is problematic for several reasons. First, the

pol ycrystal IS ne silicon generBAGHGROUNIR OF THERSVENTION cal |y snal |

grai ned, of a rando 1 crostruct.ure, and having a nonuni formgrain sizes,
?‘i ngn)r:%]d;(ggﬁ
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therefore resul © Y E " R¥nuni f orm devi ces and accordingly, |ow
manuf act uring yi el d. SecoTibprdsent@ivéftionlrélaePlodchnidG&IoseicBndueti bRIERREE

| evel s, the manufacturing throughput for producing polycrystalline silicon
25 nust be kept abRorespasticularlyctosemicondnctsnspcsssing whighimaysbeperfonmedat ko

at nosphere and m%f%ﬂﬁﬁ%é”g of the anorphous silicon sanple, which |leads to
a reduction in throughput WO 01/18855 PGIrius00123668 2 rates. Accordingly,
there exists a need in the field to generate higher quality

10 1L Description of the related art.

Inthe field of semiconductor processing, there have been several attempts
to use lasers to convert thin amorphous silicon films into polycrystalline films. For
example, in James Im et al., “Crystalline Si Films for Integrated 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 typically up to 30 ¢m long and 500 microns or greater in width.

. The shaped 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 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 obta.in 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



polycrystalline silicon at greater throughput rates. SUMVARY OF THE

| N\VENTI ON An object of the present invention is to provide techniques for
growing 5 WBa88%ai ned polycrystalline or single cryst a|P‘§‘NSPWg“
structures using energy-controllable [|aser pulses. A further object of the
présent invention is to utilize small-scalpe translation of a silicon
sanple in order to grow |l arge grai ned polycrystalline or single crystal
silicon structyses Ofechilitngha bR exidls ¥Cheed At the fiekDit® Gendthte  Highepr RERMH!
invention is to provide techniques for grow ng |ocation controlled |arge
grai ned pol ycr yelystystalline silicen st @reate thyeughputaptes.con structures which yield
pl anarized thin silicon filnms. Yet a further object of the present
invention is to provide techniques for grow ng |arge grained

pol ycrystalline or single crys ARYCOR THE Nat | ow 15

tenperatures, for exanple at, roomtenperature, and Wt hout, preheatipg. A
still further object of AReObjsetofdhe presepidnysntipn isdo P@W&?ﬁgﬂ’ﬂgﬁe’gﬁm’ms for

obj cct | ves Se. wipr Bab8 pilieridificc WHAPGFsallhott ARkl dnlgl-HS SrdRRe |,

the foll ow ng dmecpdlsesati on, the present invention provides an 20 exciner

| aser for generating a plurality of excinmer |aser pulses of.a predeterm ned
fluence, an energy densi t“yh‘?‘i&‘ﬁ%l"g’?‘&fr°€§? Pt b‘f"le%'nglsnf?dﬂm_éﬁ ?@ﬁf’f“‘ﬁ nce
of the exci mer  yAYRfon i aMifoon éiﬂ&lﬁ&%'g%v?ﬁfgfefg?ﬁnémﬁﬂ:kﬁﬂliﬂ%%rmw at ed

| aser pulses in a predeternned plane, a mask for nmaski'ng portions of the
honogi ni zed noduystal sidicomstmcturgson shessampleo patt er ned bean ets, a sanpl e stage

f i vingt he patt beam et.s tq@.25 effect melfi f. porti f
bor phous 4071 eon thi n 1 XeHATORIT,PEHion i premienton s i BroRsn ket Tore "
bear et's, transgriing dosiiof coh®dlied Maige Odrhiabd YolyErgRaliin iop Girld Eyatl Vificon
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position of the sanple stage with respect to_a position the mask and a
conputer for cometrss which viehkdplaemizedibingiliconifilmence nodul ati on of the

exci mer | aser pul ses andﬁnﬁé G lfggj Al v [ . anpl e
stdge and mask, and for coordi nat f"#g{ eég{eﬁngﬁégﬁﬁggqgg}ﬁgﬁgﬁcgﬁmgﬁgf

fl uence nodul atgrowingi lafget greined Ipalycrstaliingi 61 single adrystd esilifon Ostrut BBz Sat low
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temperatures, for example at room temperature, and without preheating.

A still further object of the present invenﬁc;n is to provide techniques for
coordinated attenuation of laser fluence.

In order to achieve these objectives as well as others that will become
apparent with reference to the following specification, the present invention provides an
20  excimer laser for generating a plurality of excimer laser pulses of a predetermined

fluence, an energy density modulator for controliably modulating fluence of the excimer
laser pulses, a beam homoginizer for homoginizing modulated iaser pulses in a
predetermined plane, a mask for masking portions of the homoginized modulated laser
pulses into patterned beamlets, a sample stage for receivingthe patterned beamlets to
25  effect melting of portions of any amorphous silicon thin film sample placed thereon
corresponding to the beamlets, franslating means for controllably transiating a relative
position of the sample stage with respect to a position of the mask and a computer for
controlling the controliable 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



sanpl e stage -and mask,. to thereby process anorphous silicon thin film
sanple into a single or polycrystalline silicon thin film by sequenti al
trans| aWPOWI8S5 t he sanple stage relative to the . mdei ation of
the sanple by patterned beam ets of varying fluence at correspondi ng
sequential locations thereon. 5 In apeferred arrangenment, the exciner

| aser is aultraviolet excinmer |aser, and the energy density nodul ator

i ncl udes aggmplekape md iRk, to thefeby process antoeshivus siliterthin filnssamplecintd ®r ent i al |y
nounted on the wheel, and a notor, _for controll ab rﬁg ating the wheel

such that eimele ospelyerystiplline sificanthinfilm bysegyentiahtranglation SRR SBEYh one  of

the two or q@[n sk ﬂfﬁfﬁi }E@? PeBRED GHi: tors are
capabl e 16@‘%6?0 ucl ng%g#’ eas'?n:taﬁwo\frﬁ [ ge%&fl evelg of fﬁé‘ﬁ’g?

at t enuat i oflyehde abcorfesponidingtseqtential lavatiensaiwreort he ener gy density nodul at or
includes a nultilayer dialecti c%% at e that bout .an axi s

[ t bl
perpend! cul ar to a pHyapreferredagran ?ﬁg‘ewwﬁﬁgtgymﬁ‘%ﬁmefro vari abl y

fluence mo h afﬂss' tieihciudes §0RASRWhed! 1w 0R Ribre bbah Med
bet ween tth%;?ﬁcélarereér}E%u se pa(t) and tcheesaxi s of rotation. 15 A conpensating

plate is adttemiatoge cinaimferentintiychaourntesl ow iiewber caridoa motel, foreeantiollabiyiuced
shift in the bea th, nat her alfernati arrangenent... ener
density md@?‘éﬁﬁfﬁég’ﬁ?ﬁ%ﬁtg’ﬁ?ﬁ@e&}‘ péﬁsﬁgglﬁ%égtb?’ gbrﬁ??r seg}}gmiﬁoglgnsﬁéti ng
stage for GRiHetwb bithbré bbdn?Rtenadtbid JARVRtAgBGusly) the BRam aberuatons drecupabler s such

t hat each sequential pulse emtted by the |aser passes 20 through one of

t he ond0or ofproduting at least by different lovelypfdlenceraienaiant he ener gy density

nodul at or wi t hout pags] A ﬁn g f nuat or s.
The translating stagrgwgte}%ég% e %X%Ig’tthé gﬁﬁ ec%lloﬁg%g?%fﬁlgua%%ga pat h
formed by thétiRyer didéctic platsthat is futatable abont bn axis papariimiiar vd apath dornded pat h,
and the beam attenuators are positipnagﬁe such that_the ,exciﬁ;a%dgul ses

pass t hroudty thaexeimer palsesyin grder o, warigbly fluenee modulate the, exciger p h none of
t he one or ' ' angenent,
dgg%@%%ﬁ:}ggét‘tgg&w 158 éebimeR pRIsBdth Ald1RE BAL bf4BraBbs. angeNen

t he energy I ncl udes one or nore novabl e beam attenuators
bei ng d6nt rAtémxnyatingplate is advantapenusly provideddo campensste foy b dialestis indueedby t he

| aser. passes.thrpough one or nore of the one or nore beam attenuators or
_passes thr o%‘bfﬁmt‘ﬁ%g‘*@mag‘b density nodul ator without passing through any 30
of the one or nore bessotiet Attriatices Aranjihend tibRREgy Rausityinoddldfi68udes

one or more beam attenuators and a translating stage for controllably translating the one

or more beam attenuators such that each sequential pulse emitted by the laser passes
20  through one of the one or more beam attenuators or passes through the energy density

modulator without passing through any of the one or more beam attenuators. The

translating stage is movable in both a direction parallel to a path formed by the excimer

pulses and a direction perpendicular to the path, and the beam attenuators are

positionable 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 ofthe one or more beam attenuators.
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4 In one preferred arrangenent, the translating neans includes a mask
translating stage that is translatable in both orthogonal directions that
are perpendweudlasssst o a path formed by the honogi ni zed beRE/USAHRISEH
transl ati ng stage notor forr controllably transiating the mask translating
stage in both of the translatable directigns 5 under control of the
conputer. In an alternative arrangenent, the translating nmeans . i ncludes

the sanple translating S%o%%@%ﬁ%@éﬁd%mwﬁaﬁliﬁéﬂ&g aPRadki on

and a Y direction trans tting novenent 1n two
ort hogonal di r amanslating stdge thatis drangiatableindiothdrthogdnal direptiens thad aremerpeydicila

patterned beaniets bei onfrol l.able by the ¢ ter for contr.ollably
translating t héosaaﬁg"’i“ﬁdgﬁf ﬁ’%&'?%?@%ﬁt%ﬂﬁ & %ﬁoﬂgﬁ@% r
control of the GeEEllebR trandiffhgtRERhsk thandll fh B4tRSLthEBnslelstilé ditseabnsy
include a Z direction translation portion, Tor permtting novenent of the

sanpl e i n aSdi runder eontrolefith¢ tesnputes. tIhanpiternativeramanigement, itke tsanslating ogans .
beanl ets. Mst .pr.ef er,abl he,entire s €M <, u n_a._grani bl ock
Lo Stabilizing °§§}‘?ﬁf"éf’lf’}'8ﬁ“3 is{éﬁ?’aé‘ﬁffa??‘ﬁ?“@‘?ﬁ?ﬁ%@é‘ﬁ“g’m%i?on
al so provides riebiRmtrahSltRnGoeiohl pefmitthg3haveRBR &S twoldrthd gdral girectibhsthdt atem

sanple into a single or polycrystalline silicon thin film In a preferred

t echni que, t he pemendigulante p pathdommed by thapatterned heamiets and being sputrqliable py the

of exci ner | aser eAgL ) , . ating
the fluence of ctoﬁ‘ghteggérr?géﬂqﬁgsgr aﬁ@e@g%c#%g{%@}?ﬁggwﬁn@%%é{&g% aser
pul ses in a0 pr amdércsontrslf thelcamputen B The sanplexeanklativitstaple nidyeadbitionaly ihcladk

nodul at ed | aser 0 patterned beam.ets, irradjating 20 an anorphous

I i nt
silicon thin fiﬂﬁﬁ%%?ﬁé»gwqﬁﬁnm@%afmm%ﬂmamowmwwm% of
[ h ' : I
Panel o ot e Bty deheeRleahne, S0 RARIY eI g |

translating th respec 0 the pattern ets an
respect to the isomounted breal granitk blatk torstabilizing ithersefnplefronc snkienthvibratiom: phous
silicon thin film sanple line .silicon,thin

L nto a .single.or oé%cr S
fil-m by sequential trans 1?’8??“8?"‘?“&8“ & or Rropepsipg 45 3memhauyy
beanl et's 2%5andilidoh &h Aich Sinplé infSa SASE bEpdlerRBAlRsNREn RHRAIE! B aPrefti@éd| NY

fluence at corresponding sequential |ocatlons thereon. The acconpanying

drawi ngs, whi cHechniguethemethedineludesthe stepsof generatinggpiurality of exnimer tiserpulseur e,

il lustrate several ferr odi o L on ve.to

explain the pr idr’ial%@r@,m@ﬁlgﬁ%éﬁ@%ﬂ?%&@%@%@E%SE?P E@%ﬂ%%ﬁ%%ééser
pulses; homoginizing the modulated laser pulses in a predetermined plane; masking
portions of the homoginized modulated laser pulses into patterned beamlets, irradiating

20  an amorphous silicon thin film sample with the patterned beamlets to effect melting of
portions thereof corresponding to the beamlets; and controllably translating the sample
with respect to the patterned beamiets and with respect to the controlled modulation to
thereby process the amorphous silicon thin film sample into a single or polycrystalline
silicon thin film by sequential translation of the sample relative to the patterned beamlets

25  andirradiation 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.
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5 BRIEF DESCRI PTION OF THE DRAWNGS Fig. | is a functional diagramof a

systemin accordance with a preferred enbodinent of the present invention;
Fig. 2awOeussss | | ustrative diagram of an ener gy’ densi tRCT/ESO0R¥6®Hr suit abl e

5 for use in the systemof Fig. 1; Fig. 2b is an illustrative diagramtaken
al ong section A-A of Fig. 2a; Fi g. s a graph showing an illustrative
fluence profile of the | aser beam pulses shaped by the energy density
nodul ator of Fig. 2; Figs. 4-6 are illustrative.diagrans .of alternative

energy density nmodulators 10 swtabl e for use in the systemof Fig. 1; Fig
7. is an illustrative GBRIEEF : QETHE DRAWINGS t abl e for use in the

systemof Fig. 1, F| ust I a | ve di agram.of a.sa ansl ati on
stage suitable for el Fﬁ%‘f“ﬁﬁ"@ Tgwl\‘gdﬁ @ nge
|IIustrat|mﬁ&ﬁm@m¢eﬂﬁ ont; OF rratlon and avoi dance of a nount in the
region where two crystals neet; Fig. 10 is a flow diagramillustrating the
basi ¢ steps i npl enerﬁlwaumnﬂestramsdlmmfmgwrgy density nmpdglator spitable a | ow
dlagrarglll ustr% ?ﬁt%@s i npl enented in the system 20 of Fig. 1 with
ener gy-den . SCRI PTI ON OF PREFERRED EMBODI MENTS Referring
to Fig. 1, a preferrlﬁg 2016 eslilBtRdtive Hiapgiaen @kardoig secic A0 of Fig. Pa; be
described. An exciner, | aser 110, which_may be Lanbda Physi k Mddel LPX315i,
generates a | aser beféiﬁﬁﬁ‘i@%ﬁéﬁ?ﬁ%%@“ﬁﬂ“&ﬁ@%ﬁp@ﬁ&‘éﬁhﬂﬁﬂw nmodul at or
120, 25 de d‘@é I el ow. Wile the Lanbda Physik
exci mer E‘ﬂg Q r?glrb t%éegga %‘tls?rg I 0 elt&l?ggryﬁ gi a wavel ength of 308 nm

nor e povverful ex0| nefFigs. dsbareillustrativedidgrams of alteenativeeergyalensity nivdalatorat ot her

wavel engt hs ngé be utilized. Ip_accordance wth the present invention, the
modul at%r T9iE f?’s“sf"bn?h&ﬁ}'%? o nge the energy density of |aser beam 110.

The exciner |aser 11gaNGs &iAhshatdEMaghh JTADMsRIG Ssystetl) si@tableGBcite IO 01/ 18855
PCT/ US00/ 23668

the system of Fig. 1;

Fig. 8 is anillustrative diagram of a sample translation stage suitable for

use in the system of Fig. 1;
15 Fig. 9. is an illustrative diagram showing the formation and avoidance of

amount in the region where two crystals meet;

Fig. 10 is a flow diagram illustrating the basic steps implemented in the
system of Fig. 1; and

Fig. 11 is a flow diagram illustrating the steps implemented in the system

- 20 ofFig. 1 with energy-density modulation.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Fig. 1, a preferred embodiment of the present invention will

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. 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



&
6 |inked by a standard conputer interface connection 101 to a conputer 100
to effect control ofthe energy density nodul ator 120 in accordance wth
the timng okbawessspul ses generated by |laser 110. The nodetpusseser beam
121 is directed through beam attenuator and shutter 130, which permt fine
control over the fluence of the nodulated 5 | aser beam The fl uence
controlled laser beam 131 is directed to r&flecti ng surface 140 and
t hrough tel escoping, enses, 141 and 142 _to becoge jncident on refl ecting
surface 143,  whhed o2 findard combuter ipierfoeg omes Srfoppiter 40 torpigect
tel escoping | enamwmgae,@yuensﬁfmbmaﬁgg1@0%&9&}1@&6%@9%%@0@% s Of
the 'aser beamt

ot her well known | ens configurations, act to 10 shape’ o]
mat ch the requi geneetedsbylas¢seH hBheomedulated lagerdbeaffn k2 Ibisatirected ritapagh beam

whi ch may be a [ A eni zer. 144 cguses, the | asgr be 0
gain nearly uni %@#ﬁg ce W“ﬁﬂ’&%‘%‘f“‘r‘?&@@@ﬂﬁ% 'i’eﬂﬁ”t%h%mﬂ&‘%&éni zed
beam 146 i $ paks@deihy ough condensing | ens 145, reflected by reflecting
surface 147 and passed through field | ens 148, which collimtes the beam

15 The col | i mat ed beam 1/defuencecontraHed later bramid3 his dirgatedsareflectingshifade 190 | |
be d i bed | J R 5 t
Prom the maski nad S BieRingig difes P4t gt B Eelba o e ebtnB bR 1AL o

through an eye whasitifdirectedthraughdehm Rimhogesizirda4.| Tie teledcbpitg ehSes, Which Ray sed
t hrough an objective_ lens 163. Alternativelé‘,F the beam ets could be

directed to an BHjodameropysxdensesd 4} and;f2ior ptherwelbamonndens senfigurations actthe 20
obj ective lygns - i (.1 5 The
f ocused patl'? ern%é%ﬁ?%%?@gﬁ?ﬁ?@%%%r%ﬂ@ﬁ?ﬁf%ﬁﬁh@%& “mqgg'ms s udi)
such as a fil m héimegenizeiwhich oray beadictolas e hexfogenizsCiadstanbdsitieclaser bédaon

ranging from 100 Angstro t reater than, 5000 Angstrons, deposited on a
substrate. In % ‘@%ﬁ“&‘f@’ @@?&HWW’%,&W@W@M i s

preferably kept 14ispReAiigSughBRRASHAIERS 1a39eﬂ&%b9gégg§]t1ﬁx§mff&e@$7 8{(9%?40}8@ ed.

As further described bel ow "the focused pattern 4 1s use
lateral |y sol i dtbrgughfildilens48, whichoeolliraated the beadn.i nt o a single or unifornly

grai ned polycrystalline fhlm..The,silican film s le, 170 .1 s ace top
of a sanpl elgt ransl ation &(ghm%g%g eﬂ_%@@“ﬁ%@hﬁ%‘i‘gm @’H&cﬂ?”ﬁp
bel ow, whi ch i nbé desaribee aigeaefddlailbens Paubthableatiifh 151 34 bl Sifile faslth Ck
190 is supported by support system 191, 192, 193, 194, 195, 196 whi ch

systein 150, reflected by reflecting surface 160, passed through an eye lens 161, reflected

off reflecting surface 162 and passed through an objective lens 163. Alternatively, the

beamlets could be directed to an objective lens 163 without intermediate reflections. The

20 objective lens 162 acts to demagnify and focus the pattern beam 151.

The focused pattern beam 164 is incident on a thin silicon film sample

s D

170, such as a film of amorphous or randomly grained polycrystalline silicon ranging

from 100 Angstroms to greater than 5000 Angstroms, deposited on a substrate. In

accordance with the preferred invention, the sample 170 is preferably kept at room

25  temperature and does nothave to be pre-heated. As further described below, the focused

pattern beam 164 is used to laterally solidify the thin silicon sample 170 into a single or
uniformly grained polycrystalline film.

The silicon film sample 170 is placed on top of a sample translation stage

180, to be described in greater detail below, 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 minimize vibration of the granite block 190 which may be



Is actively controllable to mnimze vibration of the granite bl ock 190
whi ch may be WO 01/18855 PCT/ US00/ 23668 7 caused by novenent in the floor.

The gr awotogr1gss®Cck nust be preci sion manufactured to hpeyBushohids surf ace,
and preferably is of a high grade such as Laboratory G ade AA per federal

specification GGG P-463c. The support C§yst emmay be a commercially avail abl e
system from Techni cal Manufacturi ng rporation, which is pneunmatically

controll ed | ahi hi _ S4 .. yhbrations ta.the granite block 190.
Cr oss suppgé\sés&?#é@\%%l&f fengge Hﬁ%l?%%te ,iml‘gfli,;le ﬂr§‘§§1°’l§'3g 9 ncl uded
for furt hehavetafiit burface, dndfpesferably is\sDe higlogrhdeisuch 8L Adkatery GradleA 8RF 9Y

density nodul at or ,%20, is described in nore detail. Figure 2a shows a side
vi ew of th&éﬁlﬁpﬁﬁ' grtiomGRfai-4636-The support systearmaybs a pommencialist aveilatleel 210,

not or 220, |l il glﬁlﬁpﬁﬁ Hé; JThe noto 20 is a
standard sts%;%%?o%otor S‘;r‘\ I ncl ude %ﬁ%@%@c@%%q@%& 220 is
a]l?l \(/th t (5|- pr2 mmhibltdmppasﬁngqf&ﬂﬂaﬁm:hﬁm&ﬁa@bcke;w.r@bﬁggpﬁﬁtsaﬁﬂ&ﬁretg@osizg i)on
of whee CLOr : e. ppsifio each beam attenuator :
Each beam @h@%&?@o@%%?égmEemﬁlﬁ?%ﬁﬁggﬁh@%hﬂﬂzzo to permit rotation
thereof. Commer ci al | Beferit 'nbﬂ%?ié%?%'hﬂi(}fmé%effg dées@nﬁ{':ﬁ r 12878 2

e or mag

dielectric coated piece of silicon dioxi esiumtloride are
sui t abl e f describagl inamaore detaikt Figure-Racshows 88ide Fiew ofithe emesgy bdaamuiodidaer at ed by

Sut abl o et it iligess e oo 21 330 36F 8 iy of tewmremiis | ) ude
at | eat 10300 dNe Aidi 2040k Standkid st d&drlrgag%%a%eaﬁ eﬁéghmlﬁ(attdéﬁrger t han

1.5 x 3 cm circunscribing the wheel 210. Fi Is a diagram en al ong

20 cross s&@tarda0isaple topropidg computer 198 swishifepdback regasdingithe engikirpositi@80. The

nunber of ] e on t lred grain

size, with ongfé?i%?g#%&r e&é?’gl}lggmr@rage%(hc% aq%ﬂﬁ%ﬁ?o%éhh‘fa&bt ure, and

accor di ngl gttenoatoe23teis mitadked tithie ovirel 220 t0 pertit fobition th@edt Torhindd IR t Y
operated in a synchroni zed manner

modul ator 12Q and excinmer |gser 110 are, 2d < I ol
under the ﬁﬁﬁ?ﬁsg"%‘? att@em}msz? “f%& g‘&“‘&@ﬁ‘% qopted piece ¢fsilicpndioxideenuat i on - of
each | Bser naghesfiuffliddeife Siltabioriith BbeahBEhuntctP23gor example, if ten

' adi at

excimer pulses are required to properly irr e a small region of the
silicon sanple 170 Eordhe laserdeatn gencrited by thenkambdathysikModeb EPX313i00 Hz, the

wheel 210 n.reyvol.utiQps r secqond, . or 600 rpm in
synchr oni c%h\% #ﬁn e %lgg'g?‘%tp)clﬁ’ggméﬁésv&eSlréa maly be approximately 10-20 em

in diameter and include at least 10 beam attenuators 230, each being at least slightly

)
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larger than 1.5 x 3 cm, circumscribing the wheel 210. Fig. 2b is a diagram taken along
20  cross section A-A’ of Fig. 2a., showing ten beam attenuators 230. The number of beam
attenuators 230 chosen will depend on the desired grain size, with longer grains requiring
more excimer pulses to manufacture, and accordingly, more beam attenuators.
In operation, the energy density modulator 120 and 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
atten 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



In this exanple, each [aser pulse would be incident on a different beam
attenuat or 230 30 when each attenuator was in a position substantially
corr espondi ngobmgske beam path. 'In accordance with the prBEHHS0023668n1t i on,
the last |aser pulses of the pulse set are attenuated WO 41/18855

PCT/ USOCO' 23668 8 in order+to planarize thg thin silicon film being

i rradi ated. Accordingly, in the foregoing exanple, the first seven beam

attenuators 230.%? ﬁl%ﬁﬁe Fpg@attéap | I hd b

ei ghth, ninth an éerg?ﬂ eamﬁgﬁﬂeﬁiﬁ%‘%@r@b&%g caus%%%gé% t?fegen e
attenuati on of ekenple)dhedirstisevendeanpatienastors 230 would base nar listhoheamiatterfiation§, t he
energy density modul ator, 120 changes. the fl uencew}%r file ofthe Iﬁ%ebeam

pul ses emitted Mipilethe sighth angtgnth beam pitennatars, ¢ jngreasipg | aser
beam pul ses havi : dﬁlFbeﬁ i the energy density nodul ator
120 may be set Sggi“gt“ﬁ eely plgésnst%fgﬁ%ﬂﬁée%g?l'seven pul ses, to attenuate the
ei ght pulsesto 250 ml/ cnPhusidsshowminFigd) the encrgy2Bpsitpihodtatort2® changes the
conpletely block the tenth 1 | se. caurse, the for [ i s. merely an
exanpl e and tho@é‘%‘iﬁ?{‘{ﬂ@%@%ﬁ&%ﬁ%? ngﬁ‘glﬁlreé‘@i“éff Igse[rﬁg@ lgg‘ﬁ@?mqef[?é ce
profiles are eagi bMitfegd 1aSrHb@ fitses Raving Ahich@ SRIU0SHI/EN2, Ak lAegR densityon

wheel 210 and the dielectric coating on each attenuator. In an alternative
enbodi ment of t meodelatar 330 ey bé s uprteolindelyt pass the Girst bevem pulsgs; te afteruatedheeighto

Fig. 4, greater fl|exilli i nconfiquri t t ' ' | 15
achi eved where t eﬁ’tiyg H’bfé%‘ag’ rt}feémrl}'gggl@%l{"\r))ﬁ%? Hﬁ&u%ﬁi%?érb@?tg@@{:&é{t@ﬁe;ﬁﬁhc
sui tabl e T ofg varguRb! Of budes tHe'fbrdpdify ARG al @xatiplt and thosy skilled intel=ct will t he
i nci dent beam pul se. Thus, a variable beam attenuator 410 controlled by

step notor 411 iappreeiate thayatber flusnpeprefiles arejepsilypehievabled changiag the pymberiof; o

attenuate the bgﬁgﬂ f. ?‘ﬁ ?%ﬁ%n%ﬁe!ﬁ' FeTalely x{‘% attenuat ed beam
121 is brought bac g’n ot g eam axl s‘}élgénpas{slﬁ%% t ?%%%LZO conpensati ng
pl ate 420 which is noved Imanahérpativé émbedimedaf the beergadensittrhaiunladrd 20 sibdm and

conpensating plate 420 are at opposing angl es wi th respect to ,the am
axis. As with tith BERNE iR iE. Sn8tRAter fexpility ;m o the atemption awqﬁ%ls
rotated undes thgp.cant f %ﬁﬁ%’t’é&t I : fifa9ibd GicldlRict duithbl8 f&f t he
| aser beam ?fn s%ghlgfryiat%e tt)t% %ﬁ e asigrcoét%(gﬁtgnﬁﬁl?ﬁlg aattentje'at i gn caused by

t he .ener gy densivasiabiotansaitancekizpendiy oRttiednaidentpngleof theincikiegtbeam palse.nthush
atransl ati onal ener. ensi nod tor ..suitable for.use i he, system of
Fig. | will now gng%lg g?% gtéé'(-m%gr g*@m@“e#l?ygs%%go{o{ ﬁ(L.P s posliondtf 1o Ehe
. incident beam pulses 111 and to attenuate the beam in accordance with the angle theta.
The attennated beam 121 is brought back onto the beam axis by passing through a
20  compensating plate 420 which is moved by motor 412 so that the beam attenuator 410

and compensating plate 420 are at opposing angles with respect to the beam axis. As
with the embodiment shown in Fig. 2, the beam attenuator is rotated under the control
of computer 100 to synchronize the timing of the laser beam pulses emitted by the laser
110 and the attenuation caused by the energy density modulator 120.

25 Referring nextto Figs. Saand 5b, atranslational energy density modulator
suitable for use in the system of Fig. 1 will now be described. As shown in Fig. 5a, the
embodiment inchudes a translating stage 510 to which several beam attenuators 520, 530,
540 of varied attenuation are attached. In operation, 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 puises. Towards the end of a pulse cycle, the
translating stage is moved so that the beam 111 passes through attenuations 520, 530,



enbodi ment i ncludes atranslating stage 510 to which several beam
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oper at yypndas transl ating stage woul d be positionedp@yussmbeger 100 such
that the |laser beam 111 does not pass through any 30 attenuator during the
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computer causes the attenuators to be moved so that the beam 111 passes through one or
more attenuations to become an increasingly attenuated beam 121 in accordance with the
desired modulation profile. The computer synchronizes the movement of the attenuators
such that each sequential excimer pulse passes through the center of all attenuators that
are placed in the beam path. It should be understood that in operation, it may be
desirable to pass several excimer pulses through the same attenuation, or to vary the
attenuation scheme in any othér manner to achieve the desired attenuation profile.
Referring next to Fig. 7, the masking system 150 is described in more
detail. Homogenized and columnated beam 149, passes through 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

~ 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

i



25 attenuation schene in any other manner to achi eve the desired
attenuation profile. Referring next to Fig. 7, the nmasking system 150 is
descri bed i nygyigssssiet ai | . Honogeni zed and col umat ed beampCFAISoq2Is68e S

t hrough mask 710 which contains a pattern thereon. The mask 710 nmay be a
chrome or dielectric coated fused silica fd ab, and should include a
pattern, such as an array of slits or chevrons, which have 30 been etched
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fixed open frang s W f h t. | |, g L5 ect eds mpl e
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180 is described,_ jn npre detail. The stage may include a linear notor/ air
bearing transl atiliSPR €LY for exanple an Aerotech ATS 8000 nodel stage.

Thus, the Aggotech stage Rpyetry ‘ﬁéx%o?%@!& ﬂﬁagfpfec&ainam&nrs@dgélle@ﬁr&s&i%&mSZO,

and is controll able by conputer 100. separate Z direction translator
830, al so cont r ahdreidéteil.b{The stagamney inthdle ailineqrraéter/ airl beatingctrandlation Sthge, fér

i ] le 170 i t ed the Z direction t | at or. 830 i th
of masked beam SRS ph AR AT F000 Fod gt DhsbORERES et e URrbn:
of eitherthe sanplgectibh aasdlabris 310,582098ndLi8 Qostfollable byRsiaphieA 100, aAisephrat Zg€

720 in accordance with the timng of the pul ses generated by excimer |aser

110 -to ef fect t Idirectionitiapslatey 830 also epntsoliable try compitent{0pis preforphly inchuded. FThener
o | 0 . _ ST
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samul e 170 thrgegh mask transl ation stage.

Inoperation, the computer 100 controls the movement of either the sample
translation stage 180 or the mask translation stage 720 in accordance with the timing of
the pulses generated by excimer laser 110 to effect the desired crystal growth in silicon

20  sample 170. Either the sample 170 is moved with respect to the incident pulse 164, or
alternatively, the location of the pulse 164 is moved with respect to the sample 170
through mask translation stage.

In order to grow large grained silicon structures, small-scale translation
occurs in between each excimer pulse of a pulse set until the final pulse of the pulse set

25  has been absorbed by the sample 170. As each pulse is absorbed by the sample, a small
area of the sample is caused to melt and resolidify into a crystal region initiated by the
initial pulse of a pulse set. Of course, the number of pulses in a pulse set will define the
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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of they 9 $et 25 has been absorbed by t'he sanpl e dgchdusodassggich pul se is
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be no lateral crystal growth of crystals 950, 951, the crystals grow upward 960, 961 to

form crystal boundary which either has no mount or a far less pronounced mount 962

20 than mount 941.

Referring next to Figs. 10 and 11, the steps exec;uted by computer 100 to
control the crystal growth process in accordance with the preseht invention will now be
described. Fig. 10 is a flow diagram illustrating the basic $téps implemente& 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 ﬁ_l_ﬂz sample is then loaded
onto the sample translation stage 1005. It should be noted i:hat'such loading may be
either manual or robotically implemented under the control of c'emputer 100. Next, the
sample translation stage is moved into an initial position 1015, which may include an
alignpment with respect to reference features on the sample. The various optical

30  components 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 Eilicon



control the crystal growth process in accordance with the present invention
W It now be described. Fig. 10 is a flow diagramillustrating the basic
steps i npl enpwioadsssy the systemof Fig. 1. The various el ®CTASHIZIH t he
systemshow n.in Fig. 1 are initialized 25 1000 by the conputer to initiate
the.process. Athin silicon filmsanple izl then | oaded onto the sanple
transl ation stage 1005. It should be note 2that such | oading may be either

manual or robotically inmplesent under. t he cantyal of. ¢o er 100. . Next,
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may include an afdnugtivioTitheadePpul s iCfirdelst Ajdstiqosoce features on the sanple.
The various optical 30 conponents of the systemare focused 1020 if
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‘sequent i al | at ecoystalizhtioni Has bedn comppted d 830; .1055 mpihich timethatdimputerrvibses the
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designated for crystallization, '

_ e I's repositioned 1065, 1066 and
‘the crystallizexystalizptioncproesss és repgatest erd thennevh areae if ne durther fareas haver bésor

-areas have been, desjgnated for.crystall.izati the |l aser.is s

1070, the har dmg?sgqateggrpf@{ysﬂ}mu%%?ase%@#%gfvpb%ggggw@ F&ﬁ%ﬁ‘@%&fjﬁaso.
O course, if paAdepratessds cadplefed 2080. OPERIRSifipfocediitgi ofaddifional karhples is
present invention is utilized for batch processing, steps 1005 1010, and
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energy-density n%%ﬁffﬁabt%lsl)n. et pg&ﬁbgcht%%yst :rrPd ?155' g 1|18\(I)M ;?e
identical to those descrikigdldbofiew dingramikisantinpthe steps ihpleménied inthesystan
1000-1040, and  1950-1080. 11 erdor Lo 1 fpl egent, cpergys densiy Trgyhat on
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 1145 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 being irradiated. In connection with the foregoing, the
ability to vary the rate at which beam 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 within a vacuum charﬁber or achamber with a controlled atmosphere, such as one

housing an inert gas, with the chamber lying atop the translation stage. Other types of



20 excinmer |aser pul ses are nodul ated 1145 in a predefined manner so as to
be synchronized wth both the timng of the laser pulses enmtted by t he

| aser WOM®ASSES | nst ant aneous position of the silicon BCHPIN2IES ng
irradiated. In connection with the foregoing, the ability to vary the rate
at whi ch beam attenuators are noved {9 inpact energy density nodulation
over the attenuation nodul ation cycle may be desirable to achieve greater
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exci mer pul ses are properly focused on the sanple, an active focusing

systemmay be utilized. It will thus be appreciated that 5 those skilled in
the art will be able to devise nunerous systens and net hods whi ch,

al t hough not explicitly shown or described herein, enbody the principles
ofthe invention and are thus within the spirit and scope of the invention.
wo 01118855 PCT/ USOOr 23668 1 (111111111111 HE 11M 11 .1111 14 * CL MS
CLAIM5 1. A systemfor processing an anorphous silicon thin film sanple
into a single or polycrystalline silicon thin film conprising: (a) an
exci mer | aser for generating a plurality of excinmer |aser pulses of a 5
predeterm ned fluence; (b) an energy density nodul ator, optically coupled
to said exciner laser, for controllably nodulating said fluence of said
exci nmer |aser pulses enitted g )



by 'said exciner |aser; (c) a beam honogenizer, optically coupled to said
energy density nodul ator, 10 for honogi ni zi ng said nodul ated | aser_ pul ses
in a predet ewoiOMaESp| ane; (d) a nask, optically coupled t SCTISHPAS,
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portions of any a 15 thin filmsanple placed thereon
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more of the group consisting of said se@a&&tage and sai d mask, for
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sanpl e stage.and said masémd oIS (dinating said exciner pulse
generation aﬁd said fluen Abdul at1on with said relative positions of
sai d sanpl e stage angbpai dnemdeeh@tytmﬂum apticatiysoupsled td s&if or

siliconthin filmsanple into asingle ofpo I’Sta|le.SI| con . .thin fjilm
by sequential transl atlonc‘éﬁm’aﬁbﬂmé’ sé‘% * ‘f agglpalse #%nd

irradiati on of said sanpl F %gld beam ets of varying fluence at
correspondi ng sequenti al %catlons thereon. This Sheet Has-to Repl aced |
LEELii Tl 11 @1l bbédnt handgirizek,lopti¢ally coupléd tb bdid eneyyy dmslty@mlatpﬂ_ M

PGT/ USOO 13668 15 2. Th sterr of cl.a erei.n said r Iaser i's
a ul travi ol és exci ner | asg‘f’% ’ﬂ‘gi“lli’ltﬁdﬁ%¥5‘flﬁ%§<ﬁe {’gd jane

pul ses. 3. The syst egypf smhmbﬂucan@&hﬁleat&said%@ﬂmmﬂmsbﬁmasmgtpbatm
conpri ses:

' of said homoginized modulated laser pulses into patterned beamlets,

(&) a sample stage, optically coupled to said mask, for receiving said
patterned beamlets to effect melting of portions of any amorphous silicon
15 thin film sample placed thereon corresponding to said beamlets;
® translating means, coupled to one or more of the group consisting of 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
(2)  acomputer, coupled to said excimer laser, said energy density modulator,
20 and said translating means, for controlling said controllable fluence
modulation of said excimer laser pulses and said controllable relative
positions of said sample stage and said mask, and for coordinating said
excimer pulse generation and said fluence modulation with said relative
positions of said sample stage and said mask, to thereby process said
25 amorphous silicon thin film sample into 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 beamlets of varying

fluence at corresponding sequential locations thereon.
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(a) a rotatable wheel; 5 nore beam attenuators circunferentially
nounted on said WneHm M\H{mﬂmtor, mechani cal |y coupl ed to said wheel
and cowplogdssks sai diif it Sy 1sof «control | abl'y rot atpguspghsbegheel such _
t hat each sequential pulse emtted by said | aser passed through one of
said two or nore beam 10 attenuatorz5 4. The system of claim3, wherein

said two or nore beam attenuators are-“capable of producing at |east two
different ] eve of fluence attenuatipn..5. ,The syste f claiym 3, wherein -
at | east dne oﬁgmﬂg"qﬂf” %F?ﬁ!ﬁﬁdfgxw@gﬁﬁﬁmﬁﬁlPﬁuate beam
fl uence and at fé,%ﬁgmﬁ{%e,,]%ﬁgﬁ&@h@q&%gr causes 15 fluence

attenuation: 6. e systemof claim1, wherein said energy density
nodul at or conprises a nultilayer dialectic plate, optically coupled to

sai d excinger |aser and gqtatabl.e .about an axi.s pe ndi cul.arto a path
formed by %ai d 108 vien of high G wheri i enefi density odir comprbtsry cal
exci nmer - pul ses @)n dapsiadblecheclf an angle formed 20 between sai d exciner
pul se path and said axis of rotation. 7, The systemof 'claim®6, further
conpri 8i ng a cd&Ppente prigonsbgare attenyptorsgircymicgentiplizmouniedon spidiwhael| ayer
dial ectic plate, for_.conpensating for translation of said excinmer pulse
path caused by said nmultilayer dialectic plate. 8. The systemof claim1,
wherein sai d eey gy achoter,t mechadichliyt ooupledr saié swheel and lepupled torsaidor e beam
attenuators; and This Shee}o Has ‘5‘%&9 Re Iacecti. 1@&11 1111172121223 Y0l bl
wo oi nasss | 1111 11 £Pmputen forsentr goigting g Wﬁe sych that eagh; sagpeatial g e
mechani cal |y coupl e efRfie i3 Bl 38R s and
coupled to said co hlgtsgr, fgrbs’%:%ﬁt&rbéglp ab %@gﬁg?atl %sbg?‘g}%&ﬁghor nor e
beam d0t enuat or s suefiternuators.each sequential pulse enitted by said | aser
passes through one of said one or nore beam5 attenuators or passes through
sai d energy density nodul ator w thout _

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.

5. 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

15 fluence attenuation:

6.  The system of claim 1, wherein said energy density modulator comprises a
multilayer dialectic plate, optically coupled to said excimer laser and rotatable
about an axis perpendicularto a path formed by said excimer pulses, and variably
fluence modulating said excimer pulses in.dependance of an angle formed

20 between said excimer pulse path and said axis of rotation.

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:

25 (b)  one or more beam attenuators; and
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passi ng through any of Tsﬁ|’‘d’ﬁrﬁ’E—rrgr’(;’l_:)'elam attenuators. 9. The system of
clatm 8, wherein said trapgggnt m;m‘;m!l novabl e in both a direction
paral l el to WQolpiddsd ormaammm Skl pul ses and a di r ectsov23ses
perpendi cul ar to said paths a&nd'whirein 'said one or nore beam attenuators

are. 10 positionable such that said exciner,pul ses pass through one of said
one or nore beam attenuators or through nohe of said one or nore beam

attenuators : 10. The.systemof. claim1, , wherei n saj e . sj t

nodul at or conpri ses HHe o?gaﬂ?%gg 5% sReeha é:f’?pé%%te%@%{)péc/%%g{he%r I%%resai d
conputer, and being contgeh dahdatoeVad Sowpled fdtsaidacdmfiret) dor icontratlablye
emtted by said | aser passes 15 through one or nore of said one or nopre
beam attenuators or passetansiatinggid ens or mase beayyatisapators suckibat eashsequentitl o ut
passi ng through any of sajd _one. - ‘ . tem
of claim1, further corrpr? int ‘%%SW%GE?Q%%Q%@E@E%%%&%%élageeb}%{na
attenuator t® said beam hgteagitors 2e passes thpqughi said ergrayadetisint inodulatoe evithewtns t o
pass 20 through when placed in an_open_position and bl ocking said
attenuating beans when ppaisiagithropgh apy gkaid qns or mo .ea@za.ﬁeﬂm@?%ystem of
claim1l1, further conprising telescoping |ense optics optically coupling
said beam attenuator to said beam honogi ni zer and shaping said attenuated
beans to match $ai d [Thesystawoficlaim 8 whedsinl id Thmslaing tstage i movableninl bothhaer ei n

said transl ating neans conprises:; This, She Has Been Replaced ti#l1ill
11~~~11~11 WO 01/ 18838"011?2 Eltflii’ié‘l *’FRF‘ﬁ’Y |s?‘§|\"r"F‘F’}°F P BLTSERR 17
(a) a mask transl ati ' f ' ‘

Bgrm g&@&&lﬁm,%h khefeit/SicP6hel ? nfodé BeafPattenuARd are

transl atable in both | ditections that are perpendicular to a path
formed by sa®d honogipositiedblosushthat said exdimerpulses pass through ope efseidame or more

hani cal | | ed,t i d Kat | ating., 5 C t id
Computer 1 or oot r oPFR RS ar ol ol bf Hidape 3t PHRLRAR B BIEG. T Dot

of said transl atable directions under control of

10,  Thesystem of claim 1, wherein said energy density modulator comprises one or
more movable beam attenuators, coupled to said computer, and being
controilably moved such that each sequential pulse emitted by said laser passes

15 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 homoginizer and permitting said attenuated beams to pass
20 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 lense optics optically
coupling said beam attenuator to said beam homoginizer and shaping said
attenuated beams to match said beam homoginizer.

25 13.  The system of claim 1, wherein said translating means comprises:
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said conputer. 14. The system m 1, wherein said translating neans
conprises said sa Ijl UH “r‘ﬂlstage and wherein said sanple ]

t r ans| WOIOHE888% age direction transl RCTYSHPI6 on and a Y
direction transl atlon portlon each being coupled to said conputer and to
each other, said X and Y direction translation portions permtting '
novenment in two orthogonal directions that are perpendicular to a path
formed by -'Sai_dﬁ apat t£hiaskl thadMing! stagy) dndeBiricallg Octiupled! ®haid iyaskabll conput er
for controllably transl at| ng said sarrpl e in both of said translatable 15
di rections under cdrnsliatab ghcah disectionssthatpreperpandicylasto anath m 14,

wherein said sanpl et . conprises a Z direction
transl ati on portion, ou% sg%ﬁ“?’o gal c’aggéririb%?@r and to at |east one of said
X and Y directfpdn tzmanshangstagepmtbn,medwﬁcaﬂympluﬂmsai@mMﬁng)f sai d
sanple in a directi aII to,,said path for aid tterned

beant éts. 20 16. niassgg mcma fod wﬁ@a%ﬁ gg nite

bl ock, mechani cal | yu&@fdﬁﬁfﬂagetxﬁ méfshrdmlaablemre&ﬁm uﬂdhr%m&fdl'%ft her eof
opposite to a side to which said sanple 1s applied, for stabilizing said
sanpl e from anbi entsaiddemputesn. 17. A net hod for processing an anor phous
silicon thin filmsanple into- a single or polycrystalline silicon thin
film conprising the steps of. 25 (a) generating a sequence of exciner

laser pul 38s; The systehi 6fdldimbl, YvhieRah! baid trigsltia ﬁhlmcdmpnsbam s@glée in said
sequence to a predeterm ned fluence; This Sheet Has Been_ Repl aced

NRRRRERRERRE |leanng istage,) angpWhereinosaisl sample translating: stage includes an X1 pC, |
66$ 1 h t
o adelter i heq Speh b AT £ direlt rﬂ@%%‘hﬁﬁ%h%a?%l%elﬁﬁﬁﬁﬁﬁie' e

controlled | asecruptudlteeaadnompﬁemhﬂ&qe&h%&ma@@ﬁmﬁ&ed@cﬁaqumhﬁomf fl uence

control |l ed pul ses of 5 patterned beani
P por% perrmtt?ngmovementmtwoortﬁogonal directions that are perpendicular

to a path formed by said patterned beamlets and being controllable by said
computer for controllably translating said sample in both of said translatable

15 directions under control of said computer.

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

20 16. Thesystemofclaim 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.

17. A method for processing an amorphous silicon thin film sample into-a single or
polycrystalline silicon thin film, comprising the steps of:
25 (a)  generating a sequence of excimer laser pulses;
(b)  controllably modulating each excimer laser pulse in said sequence to a

predetermined fluence;
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(e) irradiating an armrp] ‘ ' gy fil msanmple with said sequence of
fl uence controlled patterm@lammmt‘ﬂl““effect mel ting of | her eof
corr espondi WO PYISBHch f| contwsold ed patterned beam etp‘gllcj %‘@B?sﬁisai d
sequence of pul ses of patterned beam ets; and 10 (f) controllably
sequentially translating said sanple rel al8 ve to each of said fluence
controlled pul se of patterned beamlets to thereby process said anprphous
silicon thin film s¢pl ehoméginizingi cagh ematulated Jasery puls¢ 1in naids jspquense it [ n
film 18. The method of clagim17, erein said step of generating a
sequence of excinmer 15 Pﬁgﬁ?mﬁ‘éﬁdé’ ®conpri ses generating a sequence

ul traviol et exciner seﬁ,ag&l,%sﬁbm b9 each MEmBEihized! figdnce tantrollddlaserpalseinn sai d
nodul ating step comgr)?ses con rol?ngbly rotating two _or m)re(&e m
attenuators circunferent said ssquamnerto genesaic 2 segence pi Huengp cantr léglﬁ’“}ts?ﬁa?f each
of said sequential pul se}s}@tgasg%s t?{sough one of said two or nore beam
attenuat ors? 20 20. The aile] 8?"11 aim 19, wherein said nodul ating step
further conprises pggsi Ngradfuling a®afsphdusailichmthi filp dammple with siddeqoence of nor e
beam attenuators having at least two different leyels qof f

attenuation. 21. The net Agenceeomtoledpattomedheamistsio °Hnﬁlﬁ%?’lé’lfj’fet’r%§se@f"§ﬁf

conpri ses passing said ?%F Bhﬁq q@g&@ ' ferrRH bRt giise stdai
rotatable multilayer dialectfc plra gmﬁ atr‘l:b voél%i@g% y tl uengeﬂ%nodul ating
each of said sequential kapeticefipoles of pattbepedibeamlets; aid an angl e for nmed
between a path forned by said sequence of |aser ,gulses d said dialectic
pl ate. Thi $0sheet HAD Beepntrallably sequentially tmgisylﬁsqgaeﬁ? Ve@ﬁfaﬁ}if’ﬁ 5 |
011 11121 1121121121172 1 ig W&g@@? tfethed Deam i3ty 0 HREYY PRbcesd sbidn 21,
wherein said nodul ating gug%cg%{rl er corrprPases conpensati ng frg? .
transl ation ofsai d pul se amatghoussiliven tHiryfilsresanhplolinto a single or pedyerystailing sitigomt e
23. The nethod of claim %}1‘7* ﬁX)\Qerei n sai d nodul ati ng step conpri ses
controllably 5 translat™g™Me or nore beam attenuators such that each
sequenti al pul se passes

18.  The method of claim 17, wherein said step of generating a sequence of excimer

15 laser pulses comprises generating a sequence ultraviolet excimer laser pulses.

19.  The method of claim 17, wherein said modulating step comprises controllably
rotating two or more beam attenuators circumferentially mounted on a rotatable
wheel such that each of said sequential pulses passes through one of said two or

more beam attenuators.

20 20. Themethod of claim 19, wherein said modulating step further comprises passing
said sequential laser pulses through two or more beam attenuators having at least

two different levels of fluence attenuation.

21.  The method of claim 17, wherein said modulating step comprises passing said

each of said sequential laser pulses through a rotatable multilayer dialectic plate,

25 and variably fluence modulating each of said sequential laser pulses in
dependance of an angle formed between a path formed by said sequence of laser

pulses and said dialectic plate.
S

et Has Been Replacec

"



through none or on nore beam attenuators. 24. The net hod of
claim17, wherein gm“ Wmﬂ'ma tep conprises passing said |aser pul'ses
throquOOHéB!!ﬁ mor e Coé vabl e beam att enuaRGHUS08AN68 t hat each
sequenti al pul se passes through none, one or nore of said one or nore beam
10 attenuators. 25. The nethod of clygim 17, wherein said translating step
conprises controllably translating a position of said patterned beam ets
in two orthogonal directions perpendicular to a path fornmed by said
patterned beam ets. 26. The nethod of claim17, wherein said translating
step conpi2. seTheanethod lofilslajm 215 whezein | saidi mgd'datptgsm@ﬂhﬂr ®mplisﬁsarrpl ein

beant ot 8. 27 CPRESRERHEIT wRSaRaohoa piispebieatbel Bl o Pt sl o

conprises contgigel ably translating a position of said sanple in two
ort hogonal directions perpendicular to a path fornmed by said patterned
beam ets and in a direction parallel to said 20 path formed by said

pat t er nedypearyglsemd b EP whRinHaR inREBAG Skp dobphibe'dbbirbtably 111 111

5 translating one or more beam attenuators such that each sequential pulse passes

through none or one of said one or more beam attenuators.

24.  The method of claim 17, wherein said modulating step comprises passing said
laser pulses through one or more controllably movable beam attenuators such that
each sequential pulse passes through none, one or more of said one or more beam

10 attenuators.

25.  The method of claim 17, wherein said translating step comprises controllably
translating a position of said patterned beamlets in two orthogonal directions
perpendicular to a path formed by said patterned beamlets.

26.  The method of claim 17, wherein said translating step comprises controllably
15 translating a position of said sample in two orthogonal directions perpendicular
to a path formed by said patterned beamlets.

27.  The method of claim 17, wherein said translating step comprises controllably
translating a position of said sample in two orthogonal directions perpendicular
to a path formed by said patterned beamlets and in a direction parallel to said

20 path formed by said patterned beamlets.
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