Description [Title of theinvention] A crystalline film production method and a crystalline film production
apparatus [Technical field] [0001] This invention relates to a crystalline film production method 10
comprising irradiation of an amorphous film with a pulsed laser beam so that said amorphous film is
microcrystallized to form a crystalline film, and a production apparatus therefor. [Background art]
15[0002] To produce crystalline silicon for thin film transistors (TFTs) to be used in flat panel
displays of tHiiS/P& i8R play apparatuses such as liquid crystal display devices, either of the following
two methods is generally used, one is a laser annealing where an amorphous silicon film formed on
the upper layer of a 20 substrate is irradiated with a pulsed laser beam to melt and recrystallize the

film, and theretheris gelighPhase srystallization (SPC) where a similar substrate provided with a upper
layer of the amorphous silicon film is heated in a heating furnace to cause the silicon film to crystallize
and grow in\a sejigcphiase wWithoupmeltingo25[@003lod e presepkinyentorsihave,yerfied shat a fine
polycrystalline film can be produced by a solid phase growth process in which a substrate is irradiated
with a puls@@®TEs@tB&am while maintaining a substrate in a heated state, and proposed this process
(see Patent document 1). [Prior art references] [Patent documents] 5[0004] Patent document 1:
Japanese Unexamined Patent Publication (Kokai) No. 2008-147487

[Technical field]
[0001]
This invention relates to a crystalline film production method
10 comprising irradiation of an amorphous film with a pulsed laser beam so that
said amorphous film is microcrystallized to form a crystalline film, and a

production apparatus therefor.

[Background art]
15 [0002]

To produce crystalline silicon for thin film transistors (TFTs) to be used
in flat panel displays of thin-type display apparatuses such as liquid crystal
display devices, either of the following two methods is generally used, one is a
laser annealing where an amorphous silicon film formed on the upper layer of a

20 substrate is irradiated with a pulsed laser beam to melt and recrystallize the
film, and the other is solid phase crystallization (SPC) where a similar
substrate provided with a upper layer of the amorphous silicon film is heated in
a heating furnace to cause the silicon film to crystallize and grow in a solid
phase without melting.

25 [0003]

The present inventors have verified that a fine polycrystalline film can
be produced by a solid phase growth process in which a substrate is irradiated

with a pulsed laser beam while maintaining a substrate in a heated state, and



[Summary of the invention] 10[Problems to be solved by theinvention] [0005] In recent years, there
is an increasing demand for methods that serve for low cost production of large sized uniform fine
polycrystalline silicon films to be used for manufacturing of OLED (organic light-emitting diode) panels
and 15LCD (liquid crystal display) panels for large TV sets. In an organic EL display panel, which is
recently regarded as likely to be next generation product to replace liquid crystal displays, organic EL
element enfitIHAERSHRLD REFETR SangIPEEPEctPBIBHAESS: A luminescent material of the organic EL
elements is driven by a current drive mechanism, instead of a 20 voltage drive mechanism used in
LCDs, and there are different requirements for TFTs. For TETE formed of amorphous silicon, it is

difficult to dpprgss,its ggf@lréq{@éiéqn that takes place over time. A large drift in the thresh_old \_/oltage
(Vth) occurs to shorten the device life. Polys licon, on the other hand, is a stable material with a long
life. HowevépdhevaiationintEF T characteristics is large 25 in the case of TFTs fabricated with a
polysilicon film. Such a variation in TFT characteristics can take place if there is a significant variation
in the cﬁ’ysté@@ﬂﬁi}] size or if interfaces of crystal grains of crystalline silicon (crystal grain boundaries)
exist in the TFT channel regions. The variation in TFT | . _

Patent document 1! Japanese Unexamined Patent Publication (Kokai) No.

2008-147487

[Summary of the invention]
10 [Problems to be solved by the invention]
[0005]

In recent years, there is an mcreasing demand for methods that serve
for low cost production of large sized uniform fine polverystalline silicon films to
be used for manufacturing of OLED (organic light-emitting diode) panels and

15 LCD (liquid crystal display) panels for large TV sets.
In an organic EL display panel, which is recently regarded as likely to be next
generation product to replace liquid crystal displays, organic EL element emit
light itself to achieve a high screen brightness. A luminescent material of the
organic EL elements is driven by a current drive mechanism, instead of a

20 voltage drive mechanism used in LCDs, and there are different requirements
for TFTs. For TFTs formed of amorphous silicon, it is difficult to depress its
deterioration that takes place over time. A large drift in the threshold voltage
(Vth) occurs to shorten the device life. Polysilicon, on the other hand, is a stable
material with a long life. However, the variation in TFT characteristics is large

25  In the case of TFTs fabricated with a polysilicon film. Such a variation in TFT
characteristics can take place if there is a significant variation in the crystal
grain size or if interfaces of crystal grains of crystalline silicon (crystal grain

boundaries) exist in the TFT channel regions. The variation in TFT



characteristics tends to depend mainly on the crystal grain size and the number of the crystal grain
boundaries existing between the channels. Furthermore, the electron mobility tends to increase with
an increasing crystal grain size. In the case of TFTs for organic EL displays, however, as the electron
mobility by electric field increases, the channel length of the TFT will have to be longer, and size of
each RGB (red, green, blue) pixel will depend on the channel length of the TFT, making it impossible
to achieve &MgRTEESRHELETHS T8 ApReme i M rlichrarhmeraatmguemain forfndenysmbfiims with
a decreased variation in ¢rystal grain size.. 10[0006, It is difficult,however, for the conventional

o SR ?él%ntt%g% e ‘f'ﬁ]e“r‘é},é’s&‘?‘fgvﬁ% ihth S el X B PrBICEEs, which

crystallization metiods o
's one of IheyconneRtionalgpam-AMARNAR HHcon s ence Malied. and then erysiallzed, 1p.and the
crystal grains formed tend to be’large in diameter and also large in the Varmtion crys?é?g‘ra{ln size.
Accordingly;Hbe glecsonimubility dyselaetis field il bethigh-as.descrined abays, ﬁﬂ%&@%&eﬁyi” be a
variation in the number of crystal grains in those TFT channel regions. In addition, these crystal grains
will have rasidohmishiaplet andadiaceti cryistalaalillhaxd 2 differ€RTcrysiaberentationdoAsa result,
these will have large influence on the variation in TFT characteristics. In particular, differences of

crystallinity 38 fikeholooame Blake e fegitirnwhbre) laseelimadiatins odertapes ahd teddongshallinity
differences rtatn haﬁf,llar e,influence on th variatigg in TF}ILC aracteristics. In addition, another
problem cah take place BEHRECH AP Y ELBERE TS SUHERe R HIRatidH (iF JtRtdRET8007]
The crystal G li rystatlizati s (SPG progess) are, small in grain size
and also srr%sa%rﬁizr?&r #\%ggt%ﬁﬂlénd |cat%%cf[r%§% "%{%'}IES@ t%%]sn%(g?%sﬁlesémlﬁé%s{gﬁ%za %8% me %%Ot% solve
the aforementionech pegllemsitAowever, it requires a long crystallization time, and it is difficult to apply
to mass production. A batch-type heat treatment apparatus for simultaneous processing of a number
of subiétratd8@9sied in a heat treatment 5 step that can perform the solid phase crystallization process
(SPC). As many substrates are heated simultaneously, the heating and cooling time increases and the
temperature tend ks yHifTakm v trevsubiitratbs. tohaamtiprAdontinteldiforwomgepbridd of time at
a high tempsgi\a}tu .above the strain point temperature of the glass substrates in the solid phase
growth process?t éSgPéé) 3 ubstrates themselves will suffer shrinkage or expansion to cause
damage to g t cess, rystallization temperature,is higher than the glass
transition prg?r%, é%%%gggmgl gﬁ?pggtlﬁigd?sgtgﬁ?ut%%llc%azgégd% 8%?%ct%iﬁ1%%dl§hﬁr?ﬁagoe? dtigﬁibution in
the glass substiaiers g aresulb.avepHberystiallization is possible draubles.candakes nlage iyexposure
and other steps, 15 making it difficult to prepare devices. Temperature uniformity is' more required with
incredsing imd phecessitg terpesdtunacih genktalbthinepystalliiation speed dépendser thenheating
temperature, and a processing time of 10 to 15 hours is required at 600C, 2 to 3 hours is required at

650C, and S&VélaPtbAs Gkt i Pegififed wr7b@ el iority préntizsingnivhdlisynbressanzto perform
20 processi ithout caysing da e to the glass substrates, making it difficulf to use. this method for
mass prodélg%g:ﬁ”[gg 18 h%ség:egéfﬁﬁﬁgeﬁ%ﬂ?ﬁ%a?ﬁé atcot igff‘?e& i &t iBEckEréhAd
circumstanges, and ibs @i object,of fhe preseniinyeaion ig prgvide a2 cjystalinefilm production
method in which a fine crystalliné film with a small variafion in cryst ][gra"ln Size'Is'pro uced eefficiently
from an ametRboUSAHMWItREW caksing gamage JRdPessubslralljacent crystals will have

20 different crystal orientations. As a result, these will have large influence on the
variation in TFT characteristics. In particular, differences of crystallinity are
likely to take place in regions where laser irradiation overlaps, and these
crystallinity differences can have large influence on the variation in TFT

characteristics. In addition, another problem can take place due to crystal

]
]

defects caused by surface contamination impurities).
10007]
The crystals produced by the solid phase crystallization process (SPC

process) are small in grain size and also small in TFT variation, indicating that



[Means of solving the problems] [0009] Specifically, the first aspect of the crystalline film
production method of the present invention comprises irradiating an amorphous film formed on a 5
substrate with 1 to 10 shots of a pulsed laser beam with a wavelength of 340 to 358 nm and an energy
density of 130 to 240 rnJ/cm2 so that said amorphous film is heated at a temperature not in excess of
a crystalline melting point and _said amorphous film is crystallized. [0010] 10The crystalline film
production Hpparatiss Brafe phsstianvertat caripRsatcamlstn rRlsebbhm aburseepémed pulsed
laser beam V\I/g %Waigfol\ewng}hrofﬁl{lg to. 358 ntin an optic Ils stem g) lead saaid ’fPUIS§ Léias% eam to
an amorphcg’us ﬂmmf‘or wra&a%c)r%hn%‘ﬁ%ﬁﬁa oro?oga%ﬂ' Séttat SatteRuation rate of S5 ﬁ <B4 [4ser beam

emitted frorapazﬁgd Pulsed Jaserheam seurcesoplahalsaid laser beam hasan.gnerdy density. of 130

to 240 mJ/cm2 at the surface of the amorphous film,and a scanning apparatus to0 move said laser

beam relativelytir saith amerphoisiiina 5o thahevertappingdradiation afsaidamarp s Hemwith said
pulsed laser beam is performed in the range of 1 to 10 shots. 20 WOW According to the present
inventién, sspeiistdahsenbearfoirna thravidlét weselemytisdingetwithironoseatE @hetgyrdensity is
applied to an amorphous film with a moderate number of shots to achieve rapid heating so that the

amorphousTithFiEHE&EHUF 18 A leTPeHARE HEIh BXe A6 Ie el StAMMBD ST NG 5iRt to allow
uniform fine crystallites with little grain size variation, for instance, protrusion-free, fine crystallites with a
size of 50 n%ﬁl%/r ggs,%%(i)n ggr&%&%:earb%zgo&&éls%%ﬁgf) }%i%rgﬁﬁrsourh%%ea%%%\%h%gﬁ Iﬁgefﬁ’ng and
recrystallizalion; Rragcess: lﬁsr{g%éyﬂmwatﬁl@a@awgﬂ@@%lépalaﬁe%g%%tmfsﬁr & a5 nm
when the conventional melting and crystallization processes are used, and the crystal grains will have
a large variedignanddail td tormdlinescryblalswhem the:melting Raskcrystadlization proerssas ar SPC
(solid phase crystallization) process using a heating furnace is 5carried out. According to the present
invenfion, farthetmdee, theramdrphous fiku it beloryskallizedvékmot siodetgocfurteed phvese ciange
since the amorphous film is heated only up to a temperature not in excess of the crystalline melting

point. For inBfaflasonk? theeamdipB30sesificthG sEiba hieatsy dRBRIB SRS ta igRATcERa80 the
regions wheye the pulsed laser beam irradiation overjaps will have the. same crystallinity as in other
bt e i (e g e O
conditions ﬁ%?RJ@Uﬂﬂ}tQﬁB%HE@ﬁ%%%@H?MWﬁﬁkﬂéeﬁ%%@QBQ&H@jP%Eozﬁ%Qﬁ%T erature

compared to the conventional solid phase crystallization process. 15[0012 Use of a pulsed laser

beam instegt:of & c0Htinuawsswaveilasethadi-senesdadiavest thexydenlying swbstate dfm being
heated up to a temperature at which it can be damaged. The present invention does not require the
heatidg of therkibgtratbfifseilf buttheppreséaticventionmagtnot 20Elimintie the hreatingofdte
substrate. It is desirable for the present invention, however, to perform said pulsed laser beam
irradiation Wfﬁ%u’cr}%ﬁﬁﬁ’dlﬁ]é%dbéﬁ"é’f@%mg temperature. In general, the crystallization

speed depends on the heating temperature, and a processing time of 10 to 15

hours is reguired at 600°C, 2 to 3 hours is required at 650°C, and several tens of
minutes 1s required at 700°C. A long processing time is necessary to perform
20 processing without causing damage to the glass substrates, making it difficuit
to use this method for mass production,
[0008]
The present invention has been accomplished in such background
circumstances and it i1s an object of the preselnt Invention to provide a
25  crystalline film production method in which a fine crystalline film with a small
variation in crystal grain size is produced efficiently from an amorphous film

without causing damage to the substrate.

=



[0013] Here, if the amorphous film formed on the substrate has high hydrogen 25 content and is
irradiated with high energy such as by the melting and crystallization process, the Si-H molecular bond
is likely to break and undergo ablation, leading to dehydrogenation. When the process of the invention
is used, the amorphous silicon is converted in the solid phase without easily undergoing ablation,
making it possible to process a non-dehydragenated amorphous film. Described below is the
conditions (s@g FahansvEisnote Wavelength range: 340 to 358 nm A laser beam in
the above W@?{S@ngth range is absorbed efficiently by an amorphous film, particularly by an
amorphous silicon film, and a pulsed laser beam in said wavelength range can directly heat an
amorphous film Thig gliminates g need g%ﬂé@k{%%h@rawgmiﬁéqﬁﬁm%&&@&ﬂéﬁ%%% of
amorphous film. Because the laser beam is sufficiently absorbed by the 10 amorphous film,
furthermoretit i passibledogpravent thepsubsiratefiomibeingnheatednothe taserfbearyand thus
prevent the substrate from suffering damage due to deflection or deformation of the substrate. Here, if
the lasér bearhsiset isvitisdoe d Wabeleryfil ranige dHasdrdlemer hedmcan trdesaiib af adtorphous
film, particularly an amarphous silicon film, 15 though absorbed partially by the amorphous film,

multiple refEefidH v tdka hRREFBA S SHIePIale?, tardthardisra the fiiht ABLOrPpREI PR the

irradiated pgrtions of the amorphous film will depend largely on deviatigon (variation) in the thickness of
i CHOrIOUS TN A FALEPLEART A 1 ATe AR AR WRGEHRR fahge is

the under Iay(E:-Iri be o%%ﬁe amorpeho grfﬂ%l.rﬁ faSer beam in

completely @hgorhed-gh2Q4he surdass layes Qf fhe amorphous film, particularly in the case of the

silicon film. Thus, | is not necessary to take into serious consideration the variation in the thickness of
the under lagen @i producing a polycrystalline film. As the transmission through the amorphous film can
be virtually ignored, furthermore, this method can be applied also to an amorphous film formed on a
metall$urface. [0015henotisniyl ibsofblant pubdisdivartially anarismitstitt hesyltiesp irt mukipieireflection
from the under layer below the silicon (i.e., buffer layer of such as Si02 layer, SiN layer etc.), which will

have an uncRSPAL i de REESShdaffialkeie lighisssSrphsr tate WHlspshy it bedar Bk Selow the

silicon Iaye{zv%%%%ength of 340 to 358 nm, an optical system to lead said pulsed laser beam

to an amorphous film for irradiation, an attenuator to adjust the attenuation
rate of said pulsed laser beam emitted from said pulsed laser beam source so

15 that said laser beam has an energy density of 130 to 240 md/cm? at the surface
of the amorphous film, and a scanning apparatus to move said laser beam
relatively to said amorphous film so that overlapping irradiation of said
amorphous film with said pulsed laser beam is performed in the range of 1 to 10
shots.

20 [0011]

According to the present invention, a pulsed laser beam in a ultraviolet
wavelength range with a moderate energy density is applied to an amorphous
film with a moderate number of shots to achieve rapid heating so that the
amorphous film is heated up to a temperature not in excess of the crystalline

25  melting point to allow uniform fine crystallites with little grain size variation,
for instance, protrusion-free fine crystallites with a size of 50 nm or less, to be
produced by a process that is different from the conventional melting and

recrystallization process. The resulting crystal grains will grow up to a



5 not have a uniform thickness. A similar problem will also take place with the method that uses a
capping layer of 5i02 layer etc. on the silicon layer. In case where a pulsed laser beam with a
wavelength in the infrared range is used, a silicon layer with a thickness of 50 nm or so will hardly
absorb the laser beam, and therefore, a light absorbing layer is commonly provided on 10 the silicon. If
the present case is applied, however, it naturally requires a step to form a light absorbing layer and a
step to remEVEREREr (e B@H@é’a et bed irfdBiafidRen  theviearormidsasihepedsast invshtion
requires th(ecys&a%ﬂ‘lfa?g lised laser beam with a avée]rlg?n%h in the Lﬁltravi,olet raﬁg%lof 340 to 358 nm
15[0016] Energy dersity’ 135 $55540m Icm B 1FAK athorShotE il e Rfatitfe8With & HHIged laser
beam with ri r ery.densi phoys. film),.the amorphous film will
cryotalize i el s o ey Buita et o et g dbou e RO of the

amorphousmanddietNexeess (ebtheiysialine maling peinisJeading taformatian okfing.cystal. If the
energy density is lower, the amorphous film will not be heated sufficiently up to a required

temperaturéalgaeiingito insufficient crystallization or making it difficult to achieve crystallization. If the
energy density is higher, on the other hand, melt 25crystallization or an ablation will occur. Thus, the

pulsed laser Bt Rget s HptI B 6 r BTGP Be dstylirr i ran §hofasomheasniliemm 00171 The

number of shot%:ahitgeglo o For irr diﬂatioglq an amorphous film with a pulsed laser beam, the
number of Shots n 6he region 18 presébed apbrop )Fifﬁfﬁ%eeﬂé‘r"j’y%’i‘é@i%%?% S Bt the

iradiating heaym, IplsMentatignatipadiation {118 BLIOLC, Pl Al s‘@s?flEﬂeeC%{?f%'ﬁéaff}S’%gnumber

temperatures to be averaged, making it possible to produce uniform fthe crystallites.

of shots is Borlargeathe-amerphous HlmuepRde; hm%upet@@b@\gef&h@&!yéﬁaw%@'@@FJSQQI”L
possibly causing melting or ablation. With an increasing number of shots, furthermore, a longer
processing titheowillsbetheq uirath e astimgy-to Hioweisefidienay hEAR0 18-Degrea afaryistalinty! 60 to
95% It is preferable that the degree of crystallinity is adjusted to 60 to 95% under the
aforementiGiiSd cHRIitSHB FoFWatRIERGH, gy aBMInL AT uNMBaABIShELS A1 thertegred of

crystallinity is less than 60%, it will be 15 difficult o develop a film with good characteristics to be used
SRR S uT R BRI 6108t RO ARG AcHedaR R

in thin film transistors, e
s it o s AT Sl e BB D T o
crystallites t3fgerature compared to the conventional solid phase crystallization process.
15 [0012]
Use of a pulsed laser beam instead of a continuocus-wave laser beam
serves to prevent the underlying substrate from being heated up to a
temperature at which it can be damaged. The present invention does not
require the heating of the substrate itself, but the present invention may not
20 eliminate the heating of the substrate. It is desirable for the present invention,
however, to perform said pulsed laser beam irradiation without heating the
substrate.
[0013]
Here, if the amorphous film formed on the substrate has high hydrogen
25  content and is irradiated with high energy such as by the melting and
crystallization process, the 8i-H molecular bond is likely to break and undergo

ablation, leading to dehydrogenation. When the process of the invention is used,

the amorphous silicon is converted in the solid phase without easily undergoing



20 degree of crystallinity will easily exceed 95% if pulsed laser beam irradiation continues above the
crystalline melting point. The degree of crystallinity is specifically determined from the area of the
crystalline peak and that of the noncrystalline peak in Raman spectrometry (peak area of crystalline Si!
(peak area of noncrystalline Si + peak area of 25crystalline Si)). [0019] Here, it is preferable that
the pulse widt %half-wid h) of the pwul,sed laser beam used is in the range of 5 to 100 ns. If the pulse

width is too 9%h b PRI dErtS LRl ihaaasts by ABaTeRe fMifhaip 904 e Serature

above the melting pint..pRssibly causing melting or ablation. If.the pulse width.is too large, the
maximum power d?%ﬁ%@vﬁﬁ%gg}ggs}éﬁ %%esgfbrf)a J(flﬁall &%% eé#l%% 0ﬁeezﬁ?n]dlﬁﬁ’%l%nt'emperature where
solid phasejgrystallization can take place. [00201 It is preferable, furthermore, that the pulse

frequency of the pulsed laser beam used is in the range of 6 to 10 kHz. A pulsed laser beam with an

appropriately inghepigide fregiee riey (G kg Hhor more) will serve for efficient crystallization because
the shot interval can be shortened and the heat developed by pulsed laser beam irradiation can be
retained in the amofphviss fiirinAnetbessivety high pielsetiretpency-onltherbthiefiandnidilikely to
cause melting and abrﬁltion. 0021] 151t is preferable that the short axis width of said pulsed laser beam

is in the rarfje BFCBARM SN, PariaurlanisotkeAsu e aderseaiionrélaireandnsobmisehort axis
heating paristiay Salto o1 LA MERSGE it T SOt i At 156 TIGE Yt Eoa g speed
has to be ingaased der afficient erystallization:jeading o '%rgﬁ.{sgg%%fgﬁé}ﬁt; 1806211 tlfecaf‘“‘”g
the pulsed laser beam relatively to the amorphous film allows said amorphous film'to crystallize in the
plane directiom:pdichecaiining Buayhe: the laser beam is sufficiently absorbed by the
10 amorphous film, furthermore, it is possible to prevent the substrate from being
heated by the laser beam and thus prevent the substrate from suffering
damage due to deflection or deformation of the substrate.
Here, if the laser beam used is in such a wavelength range that the laser beam
can transmit an amorphous film, particularly an amorphous silicon film,
15 though absorbed partially by the amorphous film, multiple reflection will take
place from a under layer, And therefore, the light absorption rate in the
irradiated portions of the amorphous film will depend largely on deviation
(variation) in the thickness of the under layer below the amorphous film. A
laser beam in the aforementioned wavelength range is completely absorbed at
20 the surface layer of the amorphous film, particularly in the case of the silicon
film. Thus, it is not necessary to take into serious consideration the variation in
the thickness of the under layer in producing a polycrystalline film. As the
transmission through the amorphous film can be virtually ignored, furthermore,
this method can be applied also to an amorphous film formed on a metal

surface.

bo
ot

[0015]
In case of crystallization carried out by using a laser beam with a

wavelength in the visible range, a silicon layer with a thickness of 50 nm or so

-1



25 achieved by moving the pulsed laser beam, moving the amorphous film, or moving both. Said
scanning is preferably performed at a speed of 50 to 1000 mm/sec. If this scanning speed is too small,
the maximum power density will increase to heat the amorphous film up to a temperature above the
crystalline melting point, possibly causing melting or ablation. If the scanning speed is too large, the
maximum power density wil] decrease, possibly failing to achieve heating up to a temperature where

solid phase™ystRf%afBAERA ik Hiackispozartiall e msanprodiictistFabpaatis dntHEplesent

invention uses a solid-state laser saurce to produce a pulsed laser beam in the ultravjolet range,
serving to ei%l egi%%éf?:?lol%lsé% e%lrlr%?r}i ga i%’[t)e%%%)av W%;}gee ength'r h%‘e.%ﬁ%gfa %}r%legésélc?&r with
high maintasehiity eandsineorp is gt AINGANLINE 1 CYSIAIE/IMAUAN. |14 pagaiblR (o
irradiate an amorphous film with a pulsed laser beam after appropriate energy density adjustment by
an energy adipsipientidevice da enseireifroguetionhef wniferms finersialse B @RETgY2digstiment
device may be designed so that the output of the solid-state laser source is controlled to achieve a
predetérmiméd nergp densimotibek 15-attenaatiohurapedfithe puldeddaseritveaimemitted fiom the
solid-state laser squrce is controlled for energy densit% adjustment. Said pulsed laser beam is
relatively sé%ﬁ?{é‘bd, 5%}%13 LS TrR BBPAF A {6 the @i brRb a5Cilvs: tdhallamielaiisiform crystals to be

produced at an appropriate degree of crystallinity in large regjons of the amgrphous film, The scanning
serves to set an ap%%o%%ﬁﬁew ]b%lgepflrlg%eu%g%f’/%s%&?axi‘g th B Pur dlfés%greb]é’ih?}‘é d

scanning spgad.sesthat the, %@H&%ﬁr%&é%ﬁﬂﬂ 9%{8&'&%@@&#@%{1}%@&%@ 154180 A, SaId
S am IS move y m

scanning apparatus may be designed so that the pulsed laser be oving the optical

system thatkellimeatelsdhe palsediasefdveamiosiby Aneving:tbadable nauptingniheamamipoys film. 25
[Effect of theinvention] [0024] Thus, as described above, the method of the present invention serves to

heat dA amidrpholisolilm fd beyptaitienticara iempeiadrdinetincexcessoithlcnystallire meltimg point
by preparing an amorphous film on a substrate layer and applying 1 to 10 shots of pulsed laser beam
irradiation WitHE Rai€hgth I3he® s hanha sherglodensry oit 3dtey 206 muleadlasBolve the
5 aforementioned procl?le_. the present invention can produce an extremely uniform film that contains
Loeamrradiaion, S : . .
crystals with such'a small average grain size that two or more crystal grains can be incorporated in a

TFT channel region. gl deyelnped TETs. G.ink il s becaming smaler and fhe size of the

regions for channel formation (channel length, channel width) is also becoming 10 smaller. ,Eccordingly

there is an linereasiig demand dagahmettied datcaniallowrasiabieorystading film with a small average
grain size to be produced uniformly over the entire surface of a substrate. In particular, there is
incredsing Hu&btor a crystallization technique that can minimize the difference in TFT characteristics

between a%lacent regions, and this need can be fully met
nergy density: 130 to 240md/cm?

If an amorphous film is irradiated with a pulsed laser beam with an
appropriate degree of energy density (at the amorphous film), the amorphous
film will crystallize in the solid phase or after being heated to a temperature

20 above the melting point of the amorphous and not in excess of the crystalline
melting point,. leading to formation of fine crystal. If the energy density is lower,
the amorphous film will not be heated sufficiently up to a required temperature,
leading to insufficient crystallization or making it difficult to achieve
crystallization. If the energy density is higher, on the other hand, melt

25 crystallization or an ablation will occur. Thus, the pulsed laser beam used
should have an energy density in the range of 130 to 240md/ecm?.

[0017]

The number of shots: 1 to 10



15 by the present invention. In addition, this also serves to remove impurities from the film surface.
According to the present invention, furthermore, the cost for both equipment and maintenance can be
reduced, leading to an increased operating rate for the processing, and in turn, an increased
productivity 20[0025] The process of the present invention can perform processing at a
temperature not in excess of the transijtion point of the substrate (glass etc.), or at a considerably low

temperature even i CRSEEARHEROR i8laPByRME R ST oM IR WIHEBf [y 3Rt aRfh ot film to

be crystallized by applying.a laser 25 beam to heat it.up o a high te er . At the same.time, it
also servesntlol%bregeg u‘i%&%&?a’{ﬂtgél Withtsize losf%](fﬁ%lggﬁegg %h%g&p@%f}ﬁagﬁ gﬁ,e&(ﬁg%li‘t’é’%]\%’th size

of 50 nm orless 4an e profuced:imiedions Wherk laseniadiation Avsrians deffestive, fos production

of large area crystallization). Moreover, it can minimize the shape changes in the substrate
(deflection, defermiationaiiternalsiress)t dihe substiate is shghtlysheated atdbesamentimg, serving to
remove impurities existing in the amorphous film and contamination on its surface. Brief description of
the draing% fe026] tmitetect] Thisosholisadongialtieal section of a solid-state ultraviolet laser
annealing apparatus, that constitutes a production apparatus in an 10 embodiment of the present
invention. [Figure %@#ﬁiIﬁﬂﬁiﬂ‘?i’éW%@Wﬁ%’f&@rébﬁ%%ﬁhﬁﬁ%‘fsf#mcﬁﬁéé%}ﬁ%eﬁu@éd laser
beam under various Eg)ductiop ?ﬁqgitionﬁiin ExaerIes. Filr%l%i 3 Similafr}lgé is show

EM
photographi’sO of thin films irradiated with a pﬁ%éjdj taserbas Narols oA T8 EHons in

other Exampies. 15(5igues Ah Salathe i shows SEN ahglseraphn ot pin s rpdigtecin

pulsed laser beam under various production conditions in other Examples. [Figure 51 Similarly this

shows resuits afRarodnispectiomet ydBestfieaedfor. carrying out the inventio 20[0027] An
embodiment of the present invention is described below with reference to Figure 1. The crystalline film
produétion A8ERdd of this embodiment focuses on a

Degree of crystallinity: 60 to 95%

It 1s preferable that the degree of erystallinity is adjusted to 60 to 95%
under the aforementioned conditions for wavelength, energy density, and
number of shots. If the degree of crystallinity is less than 60%, it will be

15 difficult to develop a film with good characteristics to be used in thin film
transistors, etc. A degree of crystallinity of 60% or more will not be achieved if
the amorphous film are not deposited a sufficient energy. If the degree of
crystallinity is more than 95%, on the other hand, the crystallite size will
become large, making it difficult to produce fine, uniform crystallites. The

20 degree of crystallinity will easily exceed 95% if pulsed laser beam irradiation
continues above the crystalline melting point.

The degree of crystallinity is specifically determined from the area of
the crystalline peak and that of the noncrystalline peak in Raman spectrometry
(peak area of crystalline Si/ (peak area of noncrystaliine Si + peak area of

25  crystalline Si)).

[0019]
Here, it 1s preferable that the puise width (half-width) of the pulsed

laser beam used is in the range of 5 to 100 ns. If the pulse width is too small,

9



substrate 8 to be used in the TFT device in a flat panel display, and as an 25 amorphous film, a thin
amorphous silicon film 8a has been formed on said substrate 8. The thin amorphous silicon film 8a is
formed with a common method on the substrate 8, and dehydrogenation is omitted. This description,
however, is not intended to limit the properties of the substrate or amorphous film used for the present
invention. [0028] . Figure 1 shows a solid-state ultraviolet laser annealing apparatus 1 used for the

crystalline flifi? BROCRABHOR BT 4R HE B LS ARAER T tResrdstift VBB Thécsenarsate:
utraviolet 133 ANASAING, ARPAANE h AR IS eRIAAG BT RIRAIIAD AR OR

invention. travi annealiig apparatus 1 comprise

laser oscillator;2thak emitsia pulsashiaser Beam withwavelenath of, 340 40 358,051, AUl freguency of

6 to 10 kHz, and pulse width 5 10to 100 ns, installed on a vibration-free base 6, and said solid-state
ultraviolet lasér @seillatati2eprovides foomraloircuitlZa-tospiatipuce: pulss siaNalst08291n talAn
attenuator (attenuation unit) 3 is provided on the output side of the solid-state ultraviolet laser oscillator
2, and @n optiEedl fiber cable 5 is connected 15 to the output side of the attenuator 3 via a coupler 4.
The transmﬁétiré(@fnd of the optical fiber cable 5 is connected to an optical system 7 that comprises
condenser 70a and 70b, and beam homogenizers 71a and 71b, etc., provided between the

condenser lenses 70a and 70b. On the qutgoing sidg of the optical system 7, a substrate placing table
9 is installed for plazi[(gnlé tﬂléef%rs%%gtrayelogl ﬁ%(%%tié’a a§y§ &m clléc’("lse}{ %%useélﬁ}ia{)% ﬁ\%ﬁ%@eﬁe Ised

laser beam)intoranEestanguipronlipgar-haamqawith. 4 shqrtaxis width of 1.0 mmorless.  Said

substrate placing table 9 is movable in the plane direction (X-Y direction) of the substrate placing table
9, and provided with asbaaningeapparaiusill for highspseddnovesept bitie subsisatésplating table
9 in said 25plane direction. [0030] Described below is a thin amorphous silicon film crystallization
methd@ usipy Baitesotitlstate e fpavibiat taseramtelira apphratusse. the shot interval can be

shortened and the heat developed by pulsed laser beam irradiation can be
retained in the amorphous film. An excessively high puise frequency. on the
other hand, is likely to cause melting and ablation.
[0021]

i5 1t is preferable that the short axis width of said pulsed laser beam is in
the range of 1.0 mm or less.

Scanning the pulsed laser beam in the direction of the short axis width
relatively to the amorphous film serves for crystaliization over a large region
while Irradiating and heating particular parts of the amorphous film. If the

20 short axis width is too large, the scanning speed has to be increased for efficient
crystallization, leading to larger equipment cost.
[0022]

Scanning the pulsed laser beam relatively to the amorphous film allows

said amorphous film to crystallize in the plane direction. Said scanning may be

25 achieved by moving the pulsed laser beam, moving the amorphous film, or
moving both. Said scanning is preferably performed at a speed of 50 to 1000
mim/sec.

If this scanning speed is too small, the maximum power density will

10



First, the substrate placing table 9 carries a substrate 8 on which a layer of thin amorphous silicon film
8a is formed. In this embodiment, heating of said substrate 8 with a heater etc. is not performed. The
control circuit 2a generates pulse signals to produce a pulsed laser 5 beam with a prescribed pulse
frequency (6 to 10 kHz ) and a pulse width of 5 to 100 ns. , and the pulse signals are used by the
solid-state ultraviolet laser oscillator 2 to emit a pulsed laser beam with a wavelength of 340 to 358 nm

[00311 The!PeisaaqdSeh tiiahh & ReEPRERSHLE ohE-MatelaMROTISIIEsePA g4l Ititsh 2 Harehes the

attenuator 3 ; %@% r?tten"fr?%ed %tsﬁ)ﬁ)recdaete{minedl ttenu:d'gi%? rate wégltih assinrg.throu h the attenuator
3. Said attenUAatior rateis adjuated S8 hatthe pulssdfaser Badh Wil haVe SR &iergs Hetsiyrequired

for the presgpbinvention atthe, Brosessirgiplane, %16&@&%%@&,%;@@9{@? %M%f im% Jgpyation

rate type. 15The pulsed laser beam with an adjusted energy density Is transmitte ugh the optical
fiber cable hangrptigducedintgthe apticalisysienlid. phihke oplicalsysiamn/cdhe Pisgthlaser beam is

shaped by the condenser lenses 70a and 70b and beam homogenizers 71a and 71b, etc., into a
rectangularl8PRRear beam with a short axis width of 1.0 mm or less, which is emitted toward the 20
substrate 8 to achieve irradiation with an energy density of 130 to 240 mcl/cm2 at the processing

plane. [00321  SafdSubfatB BIEHIRLRIY IS RBIed byt SESANg APPSR 105p5the short
axis directi%&?cfi_ss%jidgéinear beam al%n y‘(l) surface 0 silicon film 8a. As a

f the thin 25 amorphou
result, a large region o TRe STTaSE r‘cheogrgﬁ%% ﬁ?c%rﬁﬂl%?‘%éﬂ?ﬁ?’da Sl RAf relative

€ surface of the s}all%?t%iﬁ%l

scanning bysaidpulsed.iaset,beam-Herepthe,speed of mavement by dhe seanping @BB@%%%‘? is

adjusted so that the scanning speed of the pulsed laser beam’is 50 to 1000 mm/$ec, and 1 to 10

shots of ovedappinguiftadiation bidherpulsedilasei heam @rpappliesh-onel regiosrel the: thine
amorphous silicon film 8a Said number of shots is determined based on the frequency of said pulse,
pulseWidth;rsont bikisiwidth tofthé tpsl pedddsertbearn dant: scanningspesdiditheiphlsqolizser 5
beam. [0033] Said irradiation with the pulsed laser beam serves to heat only the thin amorphous

silicon film #58h (e dtbstitiE sHOPACRIBIE IS BBTy FSEIny atish UDURRG thistep, theehay
amorphous silicon film 8a is 10 heated at a t%%}:%?er%ature{not {r? excess of the pquir/%:stalii}ne melting point
(for instance. -above %dgeé 6 about T400EY FHE RE Aty EAN BE peHbHEE Bither dat% $8fiFarature
not in excesgo R Amareussiting ali-anal aderagiatie Ahoye e amerreys meling point
and not in excess of the crystalline melting point. 15The thin crystalline film produced by sai
irradiation cont@ins niteidrolled to achieve a predetermined energy density, or the
15 attenuation rate of the pulsed laser beam emitted from the solid-state laser
source 1s controlled for energy density adjustment. Said pulsed laser beam is
relatively scanned, by a scanning apparatus, to the amorphous film to allow
fine, uniform crystals to be produced at an appropriate degree of crystallinity in
large regions of the amorphous film. The scanning serves to set an appropriate
20 pulse frequency, short axis width of the pulsed laser beam, and scanning speed
so that the number of shots in one region of the amorphous film is 1 to 10.
Said scanning apparatus may be designed so that the pulsed laser beam

15 moved by moving the optical system that collimates the pulsed laser beam or

by moving the table mounting the amorphous film.

[Effect of the invention]

[0024]

Thus, as described above, the method of the present invention serves to

11



fine, high-quality crystals with a crystal grain size of 50 nm or less and free of protrusions such as
those resulting from the conventional solid phase crystal growth process. Typical preferable ones
include those with an average grain of 20 nm or less and a standard deviation of 10 nm or less. The
crystal grain size 20 can be measured by the atomic force microscopy (AFM). The degree of
crystallinity .of the resulting crysta%l, can be calcylated from the ratio between the crystalline peak area

and the nonérSERIAEHERDAS T HEe h REG By HHe Rathdn SERRAEBISy Nehid daghss of dijetallinity
is preferabl %. Said thin crystalling film.can be used effectively as material for organic 25 EL
displays. T%gggﬁggﬁér%%éﬁ% , Oévr%g\% r?lrseﬁ%{ Timitea f6'the eiélouussé\éﬁé)f/]l "Cah %%Eﬁéégféf"f%gfy&her liquid

crystal displays apgiolactronic malelialsor pulde SHRsIAERAGRIIBRIR INHAIH srahadipgptmoves in

order to perform relative scanning of pulsed laser beam, but instead, the optical system that
collimates thé pifsed |asér beana mhy:hermovéehata highistiieed to perfamesuchielagive sganning of
a pulsed laser beam. Example 1 [00341 Described below are Examples of the present invention in
compafisorfipRRTEORipEIefve wiiapleshe pagsenrperimentinas carrigdalitcin whicharthirely
amorphous silicon fil forr%q on the surface of a glass substrate with a common method was

10irradiated WitA S ptiB d-HiteF BEARE SRESIR S BiliEs Blte LR SISk PISERERANBAIRgBpD AR 1 as

described in said e iment. The pulsed laser beam used in saj periment had a wavelength
of 355 nm in tﬁegblt%%%g{ ?fasé%ie,garaﬁtrﬁssoé: ?r}‘(legnueerllrclf/oc}jp gllﬁﬁezjsazﬁld %aécéi?e(%% 1'6 éﬁ%ggci e

energy densitew@s adinsigs toertatendagenerayidensity valye hy.controlling the atienyaior 3.

The pulsed laser beam was shaped by the optical system so that it is circular at the processing plane,
and the amarphousfsilichardfitel dorthe substehtenwas isradintedwithdhe pitlspd:laser beammunser

various conditions for the energy density, beam size, and number of shots at the processing plane. 20
The atfiorphiid silicderams telatdd e e amvsrtedanto T Astah sifidon saBvaitatib thof thisiimHdiated thin
film was carried gyt based qn SEM photographs as shown in Figure 2. The conditions and evaluation
results are %hBW?t? h fﬁ%fé%?lf%%%SW%naa PEaHd 1YSEPBBaRT Hith B eridrdyrdesiy etd
7omJiem2 yag s forirpdiation ofalhin i, cryptals Q110 10,20 M S SOWRIN eve i
increasing need for a crystallization technique that can minimize the difference
in TFT characteristics between adjacent regions, and this need can be fully met
15 by the present invention. In addition, this also serves to remove impurities
from the film surface.
According to the present invention, furthermore, the cost for both
equipment and maintenance can be reduced, leading to an increased operating
rate for the processing, and in turn, an increased productivity.
20 [0025]
The process of the present invention can perform processing at a
temperature not in excess of the transition point of the substrate (glass etc.), or
at a considerably low temperature even in cases where it is above the transition
point, allowing only the amorphous film to be crystallized by applying a laser
25  beam to heat it up to a high temperature. At the same time, it also serves to
produce crystallites with size of 50 nm or less quickly. In addition, crystallites

with size of 50 nm or less can be produced in regions where laser irradiation

overlaps (effective for production of large area crystaliization).
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Photograph 1 were produced after 8000 shots. This process, however, was not industrially useful
because the number of shots was too large and a long period of processing time was required. On the
other hand, crystallization of a thin amorphous film was not achieved at an energy density of 70
mJ/cm2 and 800 shots. This is because the energy density was too low to cause crystallization even
at an increased 5 number of shots. Subsequently when the energy density of the pulsed laser
beam was increaset {5 AAE 161, 156 aRHPO0OHI/cHR2, it shaRBescristalbovesapfoddeed as

shown in Phgtograph 2 to 6. Subsequently when the.energy density of the pulsed laser beam was 10
increased tg%g%ﬁ?&%éﬁ%?ﬁ?%%ﬁ%@g 5 GtS tgf%gegﬂg‘?ﬁ%aéﬁdééi}@@%g}%ﬁﬁ?é MeltiSy point

and melted dniga Malt-crysiallized statg, faili lop fine. cryst own in, Phatograph 7.
Ablation took place as shown in Photog?:sf%hE%lgv]‘[\}/ﬁfaqr]l9 %%ge%egﬁé?%"dxe%g% gﬁtﬁ%ﬁu sed %s%r%l?gm was

further increased:10 2600nem2s 15Fhus, production of uniform and fine crystals is possible only when
the conditions for the energy density of the pulsed laser beam, pulse width, and number of shots were
set up appropriately. [00361 As obvious from these photographs, the thin polycrystalline silicon film 20
produced by the methad of the present invention was small in crystal grain size variation and uniformly
polycrystall @&%@%?%%Hﬂr@f%dé@mééﬁng that it was a high quality thin polycrystalline silicon
film. At the time, it was also found that similar uniform crystallites were formed in regions
subjected to over}lapping irradiation. The crystal grains were small, i.e. 50 nm or less, and 25 free of

protrusionsiibuscunifarmand fine crysialinessilicondims,were progucsd, indigating that;it was
possible to provide silicon films with little variation in TFT characteristics. 6%3’;&
annealing apparatus that constitutes a production apparatus in an
10 embodiment of the present invention.
[Figure 2] Similarly, this shows SEM photographs of thin films irradiated with
a pulsed laser beam under various production conditions in Kxamples.
[Figure 3] Similarly, this shows SEM photographs of thin films irradiated with
a pulsed laser beam under various production conditions in other Examples.
15 [Figure 4} Similarly, this shows SEM photographs of thin films irradiated with

a pulsed laser beam under various production conditions in other Examples.

[Figure 5} Similarly, this shows results of Raman spectrometry.

[Best mode for carrying out the invention]
20 [0027]
An embodiment of the present invention is described below with
reference to Figure 1.
The crystalline film production method of thiz embodiment focuses on a
substrate 8 to be used in the TFT device in a flat panel display, and as an
25  amorphous film, a thin amorphous silicon film 8a has been formed on said
substrate 8. The thin amorphous silicon film 8a is formed with a common
method on the substrate 8, and dehydrogenation is omitted.

This description, however, is not intended to limit the properties of the
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[Table 1119 C CA [00381 Described below are other Examples of the present invention in
comparison with Comparative examples. An experiment was carried out, in which a thin amorphous
silicon film formed 5 on the surface of a glass substrate with a common method was irradiated with a
pulsed laser beam using the solid-state ultraviolet laser annealing apparatus 1 as described in said
embodiment. The pulsed laser beam used in said experiment had a wavelength of 355 nm in the
ultraviolet raHSY BuerReiRpa o B d gadHPr e RT5ReRNIRIR D80 ns (nsec). The pulse energy
10 density justed to an intended energy density value by controlling the attenuator 3. The
number of shots was adjusted to an intended number controlling the stage speed. The energy density

and the number of shots-usediarthe vasiausigst S@R@Hvﬁﬁénaﬁ%s%lo‘é(ﬂﬁ%gﬁ?ﬁ%i %p%%f}aﬁsus

measurements of the degree of crystallinity made below are also shown in Tab e pulsed

laser beamuwuad shapeidebyithe afitical Systeprsaithebit isedtangulan Bt theyacessing planeg, and the
amorphous silicon film on the substrate was irradiated. The amorphous silicon was heated and
converted iRt yStalsiiosmEvalbation o thistirradiatsddhin fllmavas waekdéthgutbasedion SEM
photographs as shown in Figures 3 and 4 and Raman 20 spectrometry as shown in Figure 5. The
degree of cR/SHfiAfy Ras SacHIARSI HBRPRRAHAH 2P SEPSHEH? AEdoiny e Eiaequation (1): peak
area of crystalline S geggla € a(%fe nogt%rglst ggclellSi + peak area of crystalline Si). Specifically, in

ative examplés: aarﬁélﬁaslblégtr th s CarRBEPBSEfofthin film

the following Examples and Comparative examp

specimens Wity a thiekness, 2R Rf:50 0m bydrradiating af.an A jgn lasenbeam, witha wavelength of

514.5 nm and output of 2 mW condensed to a 1 mm diameter. The résults of Raman spectrometly
shown in Figurekingicatbhatia sharppealabfctystaleaexists feand2d crrldwhiledRergpxists no

significant peak for amorphous Si near 480 cm-1.
10 to 100 ns, installed on a vibration-free base 6, and said solid-state ultraviolet
laser oscillator 2 provides a control circuit 2a to produce pulse signals.
[0029]
An attenuator {attenuation unit) 3 is provided on the output side of the
solid-state ultraviolet laser oscillator 2, and an optical fiber cable 5 is connected
15 to the output side of the attenuator 3 via a coupler 4. The transmitting end of
the optical fiber cable 5 is connected to an optical system 7 that comprises
condenser lenses 70a and 70b, and beam homogenizers 71a and 71b, etc.,
provided between the condenser lenses 70a and 70b. On the outgoing side of the
optical system 7, a substrate placing table 9 is installed for placing the
20 substrate 8. The optical system 7 is set up so that it shapes a pulsed laser beam
into a rectangular or linear beam with a short axis width of 1.0 mm or less.
Said substrate placing table 9 is movable in the plane direction (X-Y
direction) of the substrate placing table 9, and provided with a scanning
apparatus 10 for high speed movement of the substrate placing table 9 in said
25  plane direction.
[0030]
Described below is a thin amorphous silicon film erystallization method

using said solid-state ultraviolet laser annealing apparatus 1.
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Furthermore, Gaussian fitting was performed with the least square method to separate two peak
waveforms, and these peaks were substituted in said equation (1) to calculate the degree of
crystallinity. Figure 5 shows results of Example 3 described below and the result of above calculations
indicate that the degree of crystallinity is about 88%. [0039] (Example 2) A pulsed laser beam was
adjusted to have an_energy densijty of 10 130mJ/cm2 and a pulse frequency of 6 kHz. Fine crystallites

e it
with a diameter of %”68{2 }iﬁ%s\ﬁg%%%gaaﬂ%gtiﬁﬁbﬁﬁn%r%ﬁ%d uith e EFre & @ﬁid"ﬁﬁ@é&]aser
beam, as s Towrll&?f %ﬁ?ﬁoz%%%h %%15%@9%15?&%@ %n%t%{,r}x%c(gt?g %@é;%%ﬁ%%%%& %‘%{tgﬁw was

- Claye
85%. Slmllar?]es ts were obtained when'the pulse frequency was a

(Example 3)f sa i) RHISQIaser Radm was adivstedio haye a1 -gneray density of 140mJ/em2 and a
pulse frequency of 6 kHz. Fine crystallites with a diameter of 10 to 20 nm were formed in a thin film

irradiated with 6 sh@ts«otsatdguised 2Qlasenbearss as:dhowiaia Rhetegrmhird b Ramanispeetrometry
indicated that the degree of crystallinity was 88%. Similar results were obtained when the pulse
frequeficy Wasaidjiisted tors ki O pudp¢Erampiow) #5& dulddddasen beapmivasadilstédtohave an
energy density of 150mJ/cm?2 and a pulse frequency of 6 kHz. Fine crystallites with a diameter of 10

to 20 nm welPfdtined3hG 1R RMSFradftal vitls 6 SREt BT Bata Slidee HserHEAMO S JREHN in

Photograph 12:.Raman spectrometry indicated that the degree of crystallinity was %%Similar results
were obtainoe% 1%%2?’1}“ ta%]éwpﬁ%%tf{ri ﬁ%’ﬁgi\?vsa% %é)]%g%e‘gl%g ‘l%‘.’? gggr%ﬁé)"l%) A &J‘Ised laser
beam was ggljjssted to have an energy density of

The pulsed laser beam emitted from the solid-state ultraviolet laser

10 oscillator 2 reaches the attenuator 3§ and attenuated at a predetermined
attenuation rate while passing through the attenuator 3. Said attenuation rate
15 adjusted so that the pulsed laser beam will have an energy density required
for the present invention at the processing plane. The attenuator 3 may he of a
variable atienuation rate type.

15 The pulsed laser beam with an adjusted energy density is transmitted
through the optical fiber cable 5 and introduced into the optical system 7. In the
optical system 7, the pulsed laser beam is shaped by the condenser lenses 70a
and 70b and beam homogenizers 71a and 71b, etc., into a rectangular or linear
beam with a short axis width of 1.0 mm or less, which is emitted toward the

20 substrate 8 to achieve irradiation with an energy density of 130 to 240 md/cm?
at the processing plane.

[0032]
Said substrate placing table 9 18 moved by the scanning apparatus 10 in
the short axis direction of said linear beam along the surface of the thin

256 amorphous silicon film 8a. As a result, a large region of the surface of the said
thin amorphous silicon film 8a is irradiated with relative scanning by said
pulsed laser beam. Here, the speed of movement by the scanning apparatus is

adjusted so that the scanning speed of the pulsed laser beam ig 50 to 1000



160mJ/cm2 and a pulse frequency of 6 kHz. Fine crystallites with a diameter of 20 to 30 nm were
formed in a thin film irradiated with 6 shots of said pulsed laser beam, as shown in Photograph 13.
Raman spectrometry indicated that the degree of crystallinity was 90%. Similar results were obtained
when the 10 pulse frequency was adjusted to 8 kHz. [0043] (Example 6) A pulsed laser beam
was adjusted to have a ener%)dens_ity of 180mJ/cm2 and a pulse frequency of 6 kHz. Fine

crystallites With'8eGiafistet 5 15 7016536 RN ETRHG S8 LR it headialerPWRR S SK8 of said

pulsed laser beam..as shown in Photo h 14. Raman spectrometry indicated that the degree of
crystalIinity%‘gsagg‘}oe.%|r%i?a11rerég§ff'snw(9egr%eﬁgb a%ﬁe%%é’é N6 Sh%én%rgig ecgaéy \/\faééil fd]llrj%%&g gS kKHz.
[00441 20 (EHRRIE dDtermiNRUISELIRSET PRAMWAS AL 10:NAE.AN SRRIO% BRS¢

200mJ/cm2 and a pulse frequency of 6 kHz. Fine crystallites with a diameter of 40 to 50 nm were

formed in adkin fitiditiadiatkd witls6dshets.ohsaith pulsedslases beam«as howe in Rketogsaph 15.
Raman spectrometry indicated that the degree of crystallinity was 95%. Similar results were obtained
when the pligEfrequency was adjusted to 8 kHz. [00451 (Comparative example 1) A pulsed
laser beam was adjusted to have an energy density of 250melicm2 and a pulse frequency of 6 kHz. A
thin film irra{m&%eo’i with 6 shots of said pulsed laser beam was heated up to a temperature above the

meling pontand anyated i Tl el s Alnglodorcp s eyt o

shown in Photograp . Raman spectrometry indica egr

Simila resiyis i abtaioag et NYbesof s was, desiease 19 [904GHConpaiative

example 2) 10A pulsed laser beam was adjusted to have an energy density of 260mJ/cm2 and a pulse
frequency gfdyidrizs vA him filon irfadisied with G:ehots bf setidrulsed-jasaibeansuffered ablation as
shown in Photograph 17. [0047]
10 heated at a temperature not in excess of the erystalline melting point {(for
instance, above 1000°C to about 1400°C). The heating can be performed either
at a temperature not mm excess of the amorphous melting point, or at a
temperature above the amorphous melting point and not in excess of the
crystalline melting point.
15 The thin crystalline film produced by said irradiation contains uniform,
fine, high-quality crystals with a crystal grain size of 50 nm or less and free of
protrusions such as those resulting from the conventional solid phase crystal
growth process. Typical preferable ones include those with an average grain of
20 nm or less and a standard deviation of 10 nm or less. The crystal grain size
20 can be measured by the atomic force microscopy (AFM). The degree of
crystallinity of the resulting crystals can be calculated from the ratio between
the crystalline peak area and the noncrystalline peak area determined by the
Raman spectroscopy. Said degree of crystallinity is preferably 80 to 95%.
Said thin crystalline film can be used effectively as material for organic
25 ElL displays. The present invention, however, is not limited to these uses and
can be useful for other liguid crystal displays and electronic materials.

The substrate placing table in said embodiment moves in order to

perform relative scanning of pulsed laser beam, but instead, the optical system
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(Comparative example 3) 15A pulsed laser beam was adjusted to have an energy density of
120mJ/cm2 and a pulse frequency of 8 kHz. Crystallization actually took place in a thin film irradiated
with 8 shots of said pulsed laser beam. Some crystalline parts were etched undesirably, however,
when the film was subjected to a Secco etching process, as shown in Photograph 18. Raman 20

spectrometyy indicated that the degree of crystallinity was 54%. [Q048] (Example 8) A pulsed laser

beam was %jﬁ ’s‘fggll%lﬁ%ﬁfegﬁﬁ gﬁ)‘g?&g g}%ﬁ?é)l/ e&‘ﬁ‘ié%mb Ui p %?bﬁ%%?&&%?gf 2 Fine

crystallites wi ' : in a thin film irradiated with 2 shots of said
M%%Q!&EE‘%}%%%?%&%% | Welefoppedi

pulsed laser beam, as shown in Photog 19. Raman spectrometry indicated that the degree of
crystallinity was 75%. [0049] (Example 9) A pulsed laser beam was adjusted to have an energy
density of 180mJ/cm2 and a pulse frequency of 8 kHz. Fine crystallites with a diameter of 10 to 20 urn
were formeldsmmphinifilm irradiated with 2 shots of said pulsed 5 laser beam, as shown in Photograph
20. Raman spectrometry indicated that the degree of crystallinity was 78%. [0050] (Comparative
exampfe 4) WosiHilar experiment was carried out with a different laser from that 10 used in above

experiment, that is, Xe%bl imer laser that produces a beam with a wavelength of 308 nm and a
pulse width of 20 ngecg.af éagfﬁégma%}é‘? § QUjtRE BTG R ARSIy ALy HFE86 mJ/cm2

and a pulsqwf{ﬁg@%qﬁig ﬂa%@@e"é%‘a%%‘f@sﬁlm was crystallized with 8 shots of pulsed laser beam
irradiation and then subjected to a Secco etching process for SEM 15 observation. As a result, the

crystalline parts wesgesepes sititeh-aRamancspeairomeyikiicated thatdhsriggrearbarygiallinity
was 54%. This suggests that crystallization took place only in the surface layer because the
wavelengti@ftivel beanmtvassshifatd006 14 glass substrate with a common method was
10 irradiated with a pulsed laser beam using the solid-state ultraviolet laser
annealing apparatus 1 as described in said embodiment.

The pulsed laser beam used in said experiment had a wavelength of 355
nm in the ultraviolet range, a pulse frequency of 8 kHz, and a pulse width of 80
nsec. The energy density was adjusted to an intended energy density value by

15 controlling the attenuator 3.

The pulsed laser beam was shaped by the optical system so that it is
circular at the processing plane, and the amorphous silicon film on the
substrate was irradiated with the pulsed laser beam under various conditions
for the energy density, beam size, and number of shots at the processing plane.

20  The amorphous silicon was heated and converted into crystal silicon.
Evaluation of this irradiated thin film was carried out based on SEM
photographs as shown in Figure 2. The conditions and evaluation results are
shown 1n Table 1.

[0035]

25 When a puised laser beam with an energy density of 7T0mdJ/cm? was
used for irradiation of a thin film, crystals of 10 to 20 nm as shown in
Photograph 1 were produced after 8000 shots. This process, however, was not

mdustrially useful because the number of shots was too large and a long period



20 (Comparative example 5) A similar experiment was carried out with a different laser from that used
in above experiment, that is, a XeC1 excimer laser that produces a beam with a wavelength of 308 nm
and a pulse width of 20 nsec. The pulsed laser beam was adjusted to have an energy density of
200mJ/cm2 and a pulse 25 frequency of 300 Hz. A thin film irradiated with 8 shots of said pulsed laser
beam was hljgzated u%{.%(}) a temperature above the crystalline melting point and converted into a

melt-crystaftizBEH T 1B aeVTor BHIfSi™ crystals, as shown in Photograph 21. Raman
spectrometry indicatad fhat 16 JegraeO eI KA 2L nlQORAL AR 2hint $E ot
achieved at an energy density of 70 md/em? and 800 shots. This is because the
energy density was too low to cause crystallization even at an increased
5 number of shots.

Subsequently, when the energy density of the pulsed laser beam was
increased to 140, 160, 180, and 200md/cm?, uniform and fine crystals were
produced as shown in Photograph 2 to 6.

subsequently, when the energy density of the pulsed laser beam was

10 increased to 250md/em?2, the film was heated up to a temperature above the
crystalline melting point and melted into a melt-crystallized state, failing to
develop fine crystals, as shown in Photograph 7.

Ablation took place as shown in Photograph 8 when the energy density
of the pulsed laser beam was further increased to 260md/cm2.

15 Thus, production of uniform and fine crystals is possible only when the
conditions for the energy density of tﬁe pulsed laser beam, pulse width, and
number of shots were set up appropriately.

[0036]

As obvious from these photographs, the thin polycrvstalline silicon film

20 produced by the method of the present invention was small in crystal grain size
variation and uniformly polycrystallized over the entire surface, indicating that
1t was a high quality thin polycrystalline silicon film. At the same time, it was
also found that similar uniform crystallites were formed in regions subjected to
overlapping irradiation. The crystal grains were small, i.e. 50 nm or less, and

25  free of protrusions. Thus, uniform and fine crystalline silicon films were
produced, indicating that it was possible to provide silicon films with little
variation in TFT characteristics.

[0037]
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[0038]

Described below are other Examples of the present invention in

comparison with Comparative examples.
An experiment was carried out, in which a thin amorphous silicon film formed
on the surface of a glass substrate with a common method was irradiated with
a pulsed laser beam wusing the solid-state ultraviolet laser annealing
apparatus 1 as described in said embodiment. The pulsed laser beam used in
said experiment had a wavelength of 355 nm in the ultraviolet range, a pulse
frequency of 6 to 8 kHz, and a pulse width of 80 ns (nsec). The pulse energy
density was adjusted to an intended energy density value by controlling the
attenuator 3. The number of shots was adjusted to an intended number
controlling the stage speed. The energy density and the number of shots used
for the various test specimens are shown in Table 2. The measurements of the
degree of crystallinity made below are also shown in Table 2.

The pulsed laser beam was shaped by the optical system so that it is
rectangular at the processing plane, and the amorphous silicon film on the
substrate was irradiated. The amorphous silicon was heated and converted
mto crystal silicon. Evaluation of this irradiated thin film was carried out
based on SEM photographs as shown in Figures 3 and 4 and Raman
spectrometry as shown in Figure 5. The degree of crystallinity was calculated
from Raman spectrometry according to an equation (1)! peak area of
crystalline Si/(peak area of noncrystalline Si + peak area of crystalline Si).

Specifically, in the following Examples and Comparative examples,
Raman spectrometry was carried out for thin film specimens with a thickness
of 50 nm by irradiating of an Ar ion laser beam with a wavelength of 514.5 nm
and output of 2 mW condensed toc a 1 mm diameter. The results of Raman
spectrometry shown in Figure 5 indicate that a sharp peak of crystal Si exists

near 520 cm-1 while there exists no significant peak for amorphous Si near
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480 em-1.

Furthermore, Gaussian fitting was performed with the least square
method to separate two peak waveforms, and these peaks were substituted in
said equation (1) to calculate the degree of crystallinity.

Figure 5 shows results of Example 3 described below and the result of
above calculations indicate that the degree of crystallinity is about 88%.

[0039]
(Example 2)

A pulsed laser beam was adjusted to have an energy density of
130md/em? and a pulse frequency of 6 kHz. Fine crystallites with a diameter of
10 to 20 nm were formed in a thin film irradiated with 6 shots of said puléeé
laser beam, as shown in Photograph 10. Raman spectrometry indicated that
the degree of crystallinity was 85%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

[0040]
(Example 3)

A pulsed laser beam was adjusted to have an energy density of
140md/cm? and a pulse frequency of 6 kHz. Fine crystallites with a diameter of
10 to 20 nm were formed in a thin film irradiated with 6 shots of said pulsed
iaser beam, as shown in Photograph 11. Raman spectrometry indicated that
the degree of crystallinity was 88%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

[0041]

(Example 4)

A pulsed laser beam was adjusted to have an energy density of
150md/em? and a pulse frequency of 6 kHz. Fine crystallites with a diameter of
10 to 20 nm were formed in a thin film irradiated with 6 shots of said pulsed

laser beam, as shown in Photograph 12. Raman spectrometry indicated that

22
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the degree of cryvstallinity was 90%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

{0042]

(Example 5)

A pulsed laser beam was adjusted to have an energy density of
160md/cm? and a pulse frequency of 6 kHz. Fine crystallites with a diameter of
20 to 30 nm were formed in a thin film irradiated with 6 shots of said pulsed
laser beam, as shown in Photograph 13. Raman spectrometry indicated that
the degree of crystallinity was 90%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

[0043]
(Example 6)

A pulsed laser beam was adjusted to have an energy density of
180md/em? and a pulse frequency of 6 kHz. Fine crystallites with a diameter of
20 to 30 nm were formed in a thin film irradiated with 6 shots of said pulsed
laser beam, as shown in Photograph 14, Raman spectrometry indicated that
the degree of crystallinity was 95%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

[0044]
(Example 7)

A pulsed laser beam was adjusted to have an energy density of
200md/em* and a pulse fretiuency of 6 kHz. Fine crystallites with a diameter of
40 to 50 nm were formed in a thin film irradiated with 6 shots of said pulsed
laser beam, as shown in Photograph 15. Raman spectrometry indicated that
the degree of crystallinity was 95%. Similar results were obtained when the
pulse frequency was adjusted to 8 kHz.

[0045]

(Comparative example 1)

23
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A pulsed laser beam was adjusted to have an energy density of
250md/cm? and a pulse frequency of 6 kHz. A thin film irradiated with 6 shots
of said pulsed laser beam was heated up to a temperature above the melting
point and converted into a melt-crystallized state, failing to develop uniform
crystals, as shown in Photograph 16. Raman spectrometry indicated that the
degree of crystallinity was 97%. Similar results were obtained when the
number of shots was decreased to 1.

[0046]
(Comparative example 2)

A pulsed laser beam was adjusted to have an energy density of
260mdJ/cm? and a pulse frequency of 6 kHz. A thin film irradiated with 6 shots
of said pulsed laser beam suffered ablation as shown in Photograph 17.

[0047]
(Comparative example 3)

A pulsed laser beam was adjusted to have an energy density of
120md/cm? and a pulse frequency of 8 kHz. Crystallization actually took
place in a thin film irradiated with 8 shots of said pulsed laser beam. Some
crystalline parts were etched undesirably, however, when the film was
subjected to a Secco etching process, as shown in Photograph 18. Raman
spectrometry indicated that the degree of crystallinity was 54%.

[0048]
(Example 8)

A pulsed laser beam was adjusted to have an energy density of
160md/cm? and a pulse frequency of 8 kHz. Fine crystallites with a diameter of
10 to 20 nm were formed in a thin film irradiated with 2 shots of said pulsed
laser beam, as shown in Photograph 19. Raman spectrometry indicated that
the degree of crystallinity was 75%.

[0049]

24
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(Example 9)

A pulsed laser beam was adjusted to have an energy density of
180mdJ/em? and a pulse frequency of 8 kHz. Fine crystallites with a diameter of
10 to 20 nm were formed in a thin film irradiated with 2 shots of said pulsed
laser beam, as shown in Photograph 20. Raman spectrometry indicated that
the degree of crystallinity was 78%.

[0050]
{Comparative example 4)

A similar experiment was carried out with a different laser from that
used in above experiment, that is, a XeCl excimer laser that produces a beam
with a wavelength of 308 nm and a pulse width of 20 nsec. The pulsed laser
beam was adjusted to have an energy density of180 md/ecm? and a pulse
frequency of 300 Hz. A thin film was crystallized with 8 shots of pulsed laser
beam irradiation and then subjected to a Secco etching process for SEM
observation. As a result, the crystalline parts were etched entirely. Raman
spectrometry indicated that the degree of crystallinity was 54%. This suggests
that crystallization took place only in the surface layer because the
wavelength of the beam was short.

[0051]
(Comparative example 5)

A similar experiment was carried out with a different laser from that
used in above experiment, that is, a XeCl excimer laser that produces a beam
with a wavelength of 308 nm and a pulse width of 20 nsec. The pulsed laser
beam was adjusted to have an energy density of 200md/ecm? and a pulse
frequency of 300 Hz. A thin film irradiated with 8 shots of said pulsed laser
beam was heated up to a temperature above the crystalline melting point and
converted into a melt-crystallization, failing to develop uniform crvstals, as

shown in Photograph 21. Raman spectrometry indicated that the degree of

25
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crystallinity was 97%.
[0052]
[Table 2]
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[0053]

The average grain size was 15 nm and the standard deviation ¢ was 7
nm in Example 3. The average crystal grain size was 72 nm and the standard
deviation o was 42 nm in Comparative example 1.

[0054]

As obvious from Figure 5 and the photographs in Figures 3 and 4, the
thin polycrystalline silicon films produced according to the present invention
were small in the crystal grain size variation and high in the degree of
crystallinity. It was also found that they were uniformly polycrystallized over
the entire surface, and that similar uniform crystallites were formed in regions
subjected to overlapping laser irradiation. The crystal grains were small, i.e. 50
nm or less, and free of protrusions. Thus, uniform crystalline silicon films were
produced, indicating that it is possible to provide silicon films with small
variation in TFT characteristics.

[0055]

Thus, the present invention has been described with reference to said
embodiment and Examples, but the invention is not limited to the scope of said
description. It is naturally possible to make appropriate changes as long as they

do not deviate from the scope of the present invention.

Explanation of numerals

[0056]

1 solid-state ultraviolet laser annealing apparatus
2 solid-state ultraviolet laser oscillator

3 attenuator ( attenuation unit )

4 coupler

5 optical fiber cable

6 vibration-free base

25



= v-cC -cc [0053] The average grain size was 15 nm and the standard deviation o was 7 nm in
Example 3. The average crystal grain size was 72 nm and the standard deviation o was 42 nm in
Comparative example 1. 5[0054] As obvious from Figure 5 and the photographs in Figures 3 and
4, the thin polycrystalline silicon films produced according to the present invention were small in the
crystal grain size varigtion and high in the degree of crystallinity. It was also found that they were
uniformly pdlycrystém%bc&qo%‘é?tﬁlg the entire surface, and that similar uniform crystallites were formed
in regions sy@&ecte%g@é/ﬁé@pﬁigfg laser irradiation. The crystal grains were small, i.e. 50 nm or less,
and free of protrusions. Thus, unitorm crystalline silicon films were produced, indicating that it is
possible to ppevide siigmfibpgamith small variation in TFT characteristics. 15[0055] Thus, the
present invention has been described with reference to said embodiment and Examples, but the
invention isict limitedhto thenscope nfrsaid description. It is naturally possible to make appropriate
changes as long as they do not deviate from the scope of the present invention. 20 Explanation of
numerdls 100861 18SRskeagRaRIGist laser annealing apparatus 2solid-state ultraviolet laser
oscillator Z%Battenuatgg t(rg'%[gnuation unit )

su
8a thin amorphous silicon film
S substrate placing table
10 scanning apparatus

10
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4coupler 5optical fiber cable 6vibration-free base optical system 70acondenser lens 70bcondenser
lens 71abeam homogenizer 5 71bbeam homogenizer 8substrate Sathin amorphous silicon film
9substrate placing table 10scanning apparatus 10 CLAIMS [Claim 1] A crystalline film production
method comprising irradiating an amorphous film layer formed on a substrate with 1 to 10 shots of a

pulsed las
so that sai

&

with a wavelength of 340 to 358 nm and an energy density of 130 to 240 mJ/cm2
ous film is heated and crystallized at a temperature not in excess of the crystalline

melting poimky .5, 1]

10
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A crystalline film production method comprising irradiating an
amorphous film layer formed on a substrate with 1 to 10 shots of a pulsed laser
beam with a wavelength of 340 to 358 nm and an energy density of 130 to 240
md/cm? so that said amorphous film is heated and crystallized at a temperature
not in excess of the crystalline melting point.

[Claim 2]

A crystalline film production method according to Claim 1, wherein said
pulsed laser beam heats said amorphous film either at a temperature not in
excess of amorphous melting point or at a temperature above said amorphous
melting point and not in excess of the crystalline melting point.

[Claim 3]

A crystalline film production method according to Claim 1 or 2, wherein
said crystallization is performed up to a degree of crystallinity in the range of
60 to 95%.

[Claim 4}

A crystalline film production method according to in any one of Claims 1
to 3, wherein a pulse width of said pulsed laser beam is in the range of 5 to 100
ns.

[Claim 5]

A crystalline film production method according to in any of Claims 1 to
4, wherein a pulse frequency of said pulsed laser beam is in the range of 6 to 10
kHz.

[Claim 6]

Acrystalline film production method according to in any one of Claims 1

to 5, wherein a short axis width of said puised laser beam used for irradiation of

said amorphous film is 1.0 mm or less.

30



[Claim 2] A crystalline film production method according to Claim 1, wherein said 10 pulsed laser beam
heats said amorphous film either at a temperature not in excess of amorphous melting point or at a
temperature above said amorphous melting point and not in excess of the crystalline melting point.

[Claim 3] A crystalline film production method according to Claim 1 or 2, wherein 15said
crystallizatitﬁmis. e%?rmed up to a degree of crystallinity in the range of 60 to 95%. [Claim 4] A
crystalline f ?Jlr%d ction method according to in any one of Claims 1 to 3, wherein a pulse width of

said pused laser begm s NS LA 10400 200, Clam Bl Acastaline fim produstio

. { I L
method according to in“any of Claims 1 to érein a pufsé frequeéncy of amis in

the range of SowRdktim 25IRIMERton A SB/SRYINaIIRY RrRdueianmeained Aseording fn i any one

of Claims 1 to 5, wherein a short axis width of said pulsed laser beam used forirradiation of said
amorphouslfikaridda0rramsan fesmof@laims Al im atAcrysialline fillndareduction Toethag.aceerding to in
any one of Claims 1 to 6, wherein said irradiation is performed with relative scanning of said pulsed
laser beamlfolakm %]morphous film at a scanning speed of 50 to 1000 mm/sec. 5[Claim 8] A

crystalline film prodyction rgrﬁthod ccordiag to in Claim 7, wherein said pulsed laser beam is shaped
by an optical systert o4 B?ﬁn{ﬁﬁérpc?i’ HEEPBeRtARd S5PELHHN MG R SARIBYED BYRSIRIG the

o) S s Ca . g it nalod oo o
produced by:said estallizatianid scanning is achieved by moving the optical system at a
high speed.

10 [Claim 9]

Acrystalline film production method according to in any one of Claims 1
to 8, wherein crystallites with a size of 50 nm or less and free of protrusions are
produced by said crystallization.

[Claim 10]

15 A crystaliine film production apparatus comprising a pulsed laser beam
source to emit a pulsed laser beam with a wavelength of 340 to 358 nm, an
optical system to lead said pulsed laser beam to an amorphous film for
wrradiation, an attenuator to adjust the attenuation rate of said pulsed laser
beam emitted from said pulsed laser beam source so that said laser beam has

20 an energy density of 130 to 240 md/cm? at the surface of the amorphous film,
and a scanning apparatus to move relatively said laser beam to said amorphous
film so that overlapping irradiation of said amorphous film with said pulsed
lager beam is performed in the range of 1 to 10 shots,

[Claim 11]

25 A crystalline film production apparatus according to in Claim 10,
wherein said pulsed laser beam source emits a pulsed laser beam with a pulse
frequency of 6 to 10 kHz.

[Claim 12]

a1



[Claim 10] 15A crystalline film production apparatus comprising a pulsed laser beam source to emit a
pulsed laser beam with a wavelength of 340 to 358 nm, an optical system to lead said pulsed laser
beam to an amorphous film for irradiation, an attenuator to adjust the attenuation rate of said pulsed
laser beam emitted from said pulsed laser beam source so that said laser beam has 20 an energy

density of 130 to 24 mJ/cm@itt %urfacg of the amorphous film, and a scanning apparatus to move
relatively said laser'b&A%Y 18'8218 SHTBrpRBHEGHA S S BRA i aPERAE RS 6B ald #hokbhous film

with said pulsed laser.beamsnerarmedin e angs,af o shots [olaim L 2oa crystaline film
production apparatus according td in Claim X0, wherein said pulse 45&r beam SouUrte emisa pulsed
laser beamivyith: 2 s, fieaHanek @it tladQ kg JCiaim iR or 14 crystalline film production
apparatus according to Claim 10 or 11, wherein said optical system shapes said pulsed laser beam
into a rectabgldanat3ihear beam, with a short axis width of 1.0 mm or less. [Claim 13] A crystalline
film production apparatus according to in any one of Claims 10 to 12, wherein said pulsed laser beam
source’emits a puls%dclléégéﬁﬂéﬁ?nf%m PSS AREhAeIPE 16 100 Aecording to in any one of

Claims 10 to 12, wherein said pulsed laser beam source emits a pulsed laser

beam with a pulse width of 5 to 100 ns.



