Description [Title of the invention] A crystalline film production method and production apparatus
[Technical field] This invention relates to a crystalline film production method comprising
irradiation of an amorphous film with a laser beam to microcrystallize it to form a crystalline film, and a
production apparatus therefor. 10 [Background art] [0002] To produce crystalline silicon for thin
film transistors (TFTs) to be used in the fiat panel displays of thin-type display units such as liquid
crystal display devices, either of the following two methods is generally used: preparing a 15 substrate
provided with a upper layer of amorphous silicon film, and irradiating said amorphous silicon film with a
pulsed lasgr beam to-melt and recrystallize it (laser annealing); or preparing a substrate provided with
a upper Iz @r%ﬁ%&%us silicon film, and heating it in a preheating furnace to cause the silicon film
to crystalliZetanef grewrensalid phase without melting (SPC: solid phase 20crystallization). [0003]
The present inventors have verified that a fine_polycrystalline film can be produced by a solid phase
growth prodessial ?cﬁ%‘r%‘f?&?ﬁﬁiﬁh@ﬁﬁ?% Wﬁf@%‘ﬁﬁ’tﬂnaaﬁ@%%t%ser beam while maintaining
the substrate in a heated 25 state, and proposed this process (see Patent document 1). [Prior art
references] [Patent documents] [0004] Patent document 1: Japanese Unexamined Patent Publication
No. Zoos!1avagizastigitary of the invention] [Problems to be solved by the invention] [0005]

[

0001]
This invention relates to a crystalline film production method comprising
irradiation of an amorphous film with a laser beam to microcrystallize it to form a
crystalline film, and a production apparatus therefor.
10 [Background art]
[0002]

To produce crystalline silicon for thin film transistors (TFTs) to be used in
the flat panel displays of thin-type display units such as liquid crystal display
devices, either of the following two methods is generally used! preparing a

15 substrate provided with a upper layer of amorphous silicon film, and irradiating
said amorphous silicon film with a pulsed laser beam to melt and recrystallize it
(laser annealing); or preparing a substrate provided with a upper iay.er of
amorphous silicon film, and heating it in a preheating furnace to cause the silicon
film to crystallize and grow in a solid phase without melting (SPC: solid phase

20 crystallization).

[0003]

The present mventors have verified that a fine polycrystalline film can be
produced by a solid phase growth process in which a noncrystalline film is
irradiated with a pulsed laser beam while maintaining the substrate in a heated

25  state, and proposed this process (see Patent document 1).

[Prior art references]

[Patent documents]



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 LCD 10(liquid crystal display) panels for large "IV sets. In the organic
EL display panel, which is recently regarded as likely to be the next generation product to replace
liquid crystal displays, the organic EL element emit light itself to achieve a high screen brightness. The
luminescent material of organic EL elements is driven by the current drive mechanism, instead of the
voltage drive mechanism used in LCDs, and there are different requirements for TFTs. For TFTs
formed fr?\%ﬁ orphous silicon, it is difficult to depress its deterioration with age and a large drift of the
threshold ‘%e (Vth) occurs to shorten the device life. Polysilicon, on the other hand, is a stable

material it anloagcife:ddeweyepathesvaatieriil dddTreharactaisties:is laxge e casesof TFTs 20
formed from the polysilicon film. Such a variation in TFT characteristics can take place if there is a

significant variation in the crystal grain diameter or if the interfaces of crystal grains of crystalline
silicon (crpg;@hg{% heupdares) gxist in the TFT channel regions. The variation in TFT characteristics
tends to depend mainly on the size of the crystal grains and the number of the crystal grain 25
boundarid&existing betweenhe khahaelsvdrdithdrmore, the electron mobility tends to increase with

an increa%rgg)g ystal grain diameter. In the case of TFTs for organic EL displays, however, as the
electron mobility of field electrons Increases, the channel length of the TFT will have to be longer, and
the size of each R Begradh, vears, there is an increasing demand for methods that serve for

low cost production of large sized uniform fine polyerystaliine silicon films to be
used for manufacturing of OLED (organic light-emitting diode) panels and LCD
16 (liquid crystal dispiéy) panels for large TV sets.

In the organic EL display panel, which is recently regarded as likely to be
the next generation product to replace liguid crystal displays, the organic EL
element emit light itself to achieve a high screen brightness. The luminescent
material of organic EL elements is driven by the current drive mechanism, instead

15  of the voltage drive mechanism used in LCDs, and there are different requirements
for TFTs. For THETs formed from amorphous silicon, it is difficult to depress its
deterioration with age and a large drift of 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 in the case of TFTs

20  formed from the polysilicon film. Such a variation in TFT characteristics can take
place if there 13 a significant variation in the crystal grain diameter or if the
interfaces of erystal grains of crystalline silicon {crystal grain boundaries) exist in
the TET channel regions. The variation in TFT characteristics tends to depend
mainly on the size of the crystal grains and the number of the crystal grain

25  boundaries existing between the channels. Furthermore, the electron mobility
tends to increase with an increasing crystal grain diameter. In the case of TFTs for
organic EL displays, however, as the electron mobility of field electrons increases,

the channel length of the TFT will have to be longer, and the size of each RGB (red,



green, blue) pixel will depend on the TFT's channel length, making it impossible to achieve a high
resolution. This is why there is such an increasing demand for fine crystal films with a decreased
variation in crystal grain diameter. [00061 5It is difficult, however, for the conventional crystallization
methods to solve these problems. The reason is that in the laser annealing process, which is one of
the conventional ones, amorphous silicon is once melted and then recrystallized, and the formed
crystal grains tend to large in diameter. Accordingly the electron mobility of field electrons will be high
as described above, and there will be a 10 significant variation in the number of crystal grains in those
TFT channel regjgns. In.addition,.these, crystal grains will have random shapes and adjacent crystals
wil have SEHCALN dif '%&%ﬁ%ﬁ@&éﬁsgﬁé SRR RS ARV AT TGRS En the
variation inchiek €haragteristics: dio Partculas, wifferapeesdn.crystalliniyaseiliehuta 1akerplaggdn
regions where laser irradiation overlaps, and 15 these crystallinity differences can ha large influence
on the vafBS iR BHAr dcfentniese fnvadiiion Bhethees e TiEameaRe place due to crystal
defects caysggiby surface contamination (impurities). [00071 The crystals produced by the solid phase
crystallization process (SPC process) are 20 small in grain diameter and also small in TFT variation,
indicating that it is ithe ¢nbsnrdficetive crysiaflivationnvetiotd soiweaheaforemeriiodedprobiem.

However, j reguiep alongrrysializarion me, and It js difieult o apply o mass production, A, -
batch-type eat freatment apparatus for simultaneous processing of two or more su stratés id'used in
the heat ttbatmentsiep thhtean perfeimitbesselidcphasec2merystilizaiing (BRLrprogassiifanany
substrates are g; ed simultaneously, the temperature Willqﬁe ununiform in the substrates as the
heating aﬁ&‘%& n fi’?ﬁ%&kﬁ@é@ S RREAERY L HHRTURY R R I6/y e HIgine ?é’f%tl’ion

temperatuig igbave dheistraisigaihienaparauraehthe dlass,substratesdn thessplid-phase gowth
process, the glass substrates themselves will suffer shrinkage or expansion to cause damage to the

glastlsubSHAEK ARt a SR igc e e oAt alisasnperiiors iShigrarimeh teighiss
transition RPNt 1 & Ml iamperatuie. distibwtion.6an ﬁa%%é%ﬁ8@%@@5‘&%%@&%%9Wﬁ

distribution in the glass substrates. As a result, even if crystallization is possible, troubles can take
place in ekposurigsibpianty olh@estapsrisakingriediffitioltto preparessdbvitkesAwibhen tenperature

uniformity. issrequired with an ingreasing_pr. sing temperature..In general, the crystallization speed
depends é%%ltﬁ%é}%’éaﬁﬁg%%b’%% E}f%{la%rg g%iiééﬂsgs’fﬁﬁcg ‘ﬁrﬁse%llg?'l(g%gﬁg %%Ir%lat tfrf?cs) 3hours at
10 650C, andtséiieia) ters] dfahinuteskat OOCiaretaquir echespectivatyAilongnpseeeissingatime is
necessary,to perform processing.without causing damage tq the glass substrates, making it difficult to
Use Whis HiBgR6d FFHEE Bro gﬁ%ﬁ?fﬁéo‘éﬁ‘%&ﬁ@éﬁﬁoff’@%%%vféa iﬁ&eﬁﬁ&éwroahﬁfd’?
circumstagloaswidhitie.aimoi d& amviding: s ystalios filnnorodugtian-ngtbad andprpduetion
apparatus in which a fine crystalline film with a limited variation in crystal grains diameter is produced
efficiently HEf thEYaTHEFRFOLRIREWINOER (BTG dafhage to the substrates. 20 [Means of solving the
problems] {30691 Specifically, the crystalline film production method of the invention comprises

irradiation of an amorphous film layer formed on a substrate with a continuous-wave laser beam with a
wavelengihef@ et snoodicitths Visibtelid phase crystallization process (SPC process) are

20 small in grain diameter and also small in TFT variation, indicating that it is the
most effective crystaliization method to solve the aforementioned problem. However,
it requires a long crystallization time, and it 1s difficult to apply to mass production.
A batch-type heat freatment apparatus for simultaneous processing of two or more
substrates is used in the heat treatment step that can perform the solid phase

25  crystallization (SPC) process. If many substrates are heated simultaneously, the
temperature will be ununiform in the substrates as the heating and cooling time
increases. If heating is continued for a long period of time at a high temperature

above the strain point temperature of the glass substrates in the solid phase growth



25 range so that said amorphous film is heated up to a temperature not in excess of the melting point
in order to crystallize said amorphous film [0010] The crystalline film production apparatus of the
invention comprises a laser oscillator to emit a continuous-wave laser beam with a wavelength of 510
to 540 nm in the visible range, an optical system to shape a laser beam emitted from said laser
oscillator and lead it to an amorphous film, a scanning apparatus to cause a relative movement of said
amorphous film to said laser beam in the direction of the amorphous film surface , and an attenuator to
adjust the power density of said laser beam so that the amorphous film is heated and crystallized at a
temperature not in excess of the meltin%gpoint as the laser beam is being scanned by said scanning

apparatusPAREF S OIRHS &4 1 BRTERB RO HRAMFE{06 S 1T DReicer SRk R fi%6 PR/ERHBRSIAE6MRALSHS-Wave
laser beamdmthe vigiblgranggds appligd4e.an amarphoys film, 50.that said Jaser.beam jis ahsgrbed

effectively by the amorphous film to heat the amorphous film rapidly up to a temperature not in excess
of the melkfgRBiktLHaking iZheEsibato Alowalmforiaiiéoystalsinsuch asthbsdohberamuor less,
with litle grainsiagyariatendo el 2 piaddare Bygpracess hat s dillerendiom, the sonventional
melting and recrystallization process. When using the conventiona meﬁ%g an crysfafﬁzéjtlon process
and the SPIE«(Selid<Pirse. Crystatization) procéssincelpeaating & prehesiingfonbase cHie rgsulting

crystal graips will inevitably have a large yariation in grain size. In the process of the invention
preheating %Cﬁo]tnng(}:(gggg?% Z%QI% N itf?)tn% to t%ég%séa%}%%ﬁﬁé Mﬁ?&ﬁg Y a Vﬁ‘iﬁsthé
continuous:ylave lasenbeararand ihtamerphous:ilincan bevprecessedeificiantly whitecaniwolling the
heating of the substrate on which the amorphous film is formed. According to the invention,

furthermof 8 tRE EAITE 1eR| SPERAlIiInRY i EEHRVETHRD ifnRede fegiordswhEret e (A8aFBEam
overlaps, ieading:a.a0 improyesta% uaiformitydn theucase gf the convestignal laser anpgaling;process,

crystals of a different structure are formed in those regions where the laser beam overlaps, leading to

a detfeadtf0hiforRtnERY erghtititity WnERsFscassTAG 4n amsorsouretlimedpgartictiar Ankorghous

silicon, the underlying substrate will not be easily damaged at an.increased temperature. if

continuou%wave Iaésner beam Is at jusftkgg tg) have a é%grt a%lsltle‘ﬁétthoo %1 a%"oé){f%&stgfngﬁ%%ed in
the directivhsf shdStrereaxisdbiachievieftjuidk heatinghin partiewdaf; damageaithe substrate can be
avoided completely if the laser 5 beam is scanned relative to the substrate at a high speed to

shorten the irradiation time. Though preheating of the substrate is not necessary for the invention, the

invention does ncTldenyiherinaararation 0fa step fnidreating dhesubstiatese s wilh agdifign.dgecause
of direct heating of an amorphous film, in particular amorphous silicon, by applying a laser beam that is

easily abdUDEH AL O 16 Hove Sda PPttty it e R taBer GuedrbedPRyBHoN e aidtphous
film. [0012] fine Itds;Brefarable thatihe,amorpheus flayisapamorphays silicon,filgwith a thickness of

50 to 200 nm A beam in said wavelength range is absorbed at a high rate by an amorphous silicon film
to serve fBFeHRERMt Qﬁﬁ@p@@ﬁ}gteﬁm@tid eTpaorphous film without causing damage to the

substrates,

20 [Means of solving the problems]
[0009]
Specifically, the crystalline film production method of the invention
compriges Irradiation of an amorphous film layer formed on a substrate with a
continuous-wave laser beam with a wavelength of 510 to 540 nm in the visible
25  range so that said amorphous film is heated up to a temperature not in excess of the
melting point in order to crystallize said amorphous film.

[0010]

The crystalline film production apparatus of the invention comprises a laser



15 amorphous silicon film should preferably be in said thickness range because the heating can easily
influence the substrate if the thickness is less than 50 nm, whereas sufficient crystallization will not
achieved over the entire film if it is more than 200 nm. However, the absorption rate of amorphous
silicon for visible light changes with the 20 film thickness, and therefore, an appropriate film thickness
for efficient absorption should be identified. [0013] When irradiating an amorphous film with a
continuous-wave laser beam in said wavelength range, the power density of said laser beam is
preferably in the 25 range of 55 to 290kW/cm2 at the irradiated surface. The amorphous film will not

be sufficientl ated, making crystallization difficult,.if the power density is lower. If the power density
o 100 gt BN TSP HA R ARTSELE AR ECai B NI N6 LR pE S e the

melting peinthanddhit tegethemith theriacters, shakes:it gifficoltte, pracuce fingrceystal-geains.
Thus the power density of the laser beam is preferably in said range [00141 When performing
laser beafPfifadfiationheithaetbeamprerdiaph Has SHEAIBIHIATGL oG s Belasks By Vfradiating

partial regions.afdhe amarphoysfilpn e amarrhous flm can. be.partially heated.Janidly without

allowing the substrate to be affected by the heat. Crystallization can take place in large regions of the
amorphousHitip ke fdsersbatareis athived isrovethinttheddirection ofsaidlsheitasisididhesshort axis

length is very. large; r, the scanning speed need 10to be increased to proceed the .
crystalIizgé%)%n%ﬁgggr%?ﬁgza%%%? %%Si%%%algglg %tdegll parrﬁ%ér?trggi%ﬁﬁSfﬁ% & gel%gg]ﬁa\%eué%élr? ﬁi:h% of the
laser bearxtethefmierphelisfin @ltows: sdid dmerpheus fiknhia ceystallize inithesditeetionohthe

amorphous film surface, Said scapning may be achieved by moving the laser beam, moving the
amorphod¥d’ ﬁﬁﬁ?g?%ﬁngat?&%??#f’s %ﬁ%ﬁ%ﬁf ly performed at a speed of 50 to 1000
mm/sec. [p01lf}the scanning speed is too small, the irradiation duration will increase to cause the

amorphous film heating_up to a temperature above the crystalline 20 melting point, possibly causing
meltig or ablatioft OB REdAnikG SPeedivloAargRI N BiaNB riarfa s Laddheags Pessibly

fa;ilitr:g_ to aghigye;heatingdip 19 atemperaiis whats slid fahase grystallization gan ake plage; [Effect
ot elnvegftflg(g]ively by the amorphous film to heat the amorphous film rapidly up to a
temperature not in excess of the melting point, making it possible to allow uniform
fine crystals, such as those of 50 nm or less, with little grain size variation to be
15  produced by a process that is different from the conventional melting and
recrystallization process. When using the conventional melting and crystallization
process and the SPC (Solid Phase Crystallization) process incorporating a
preheating furnace, the resulting crystal grains will inevitably have a large
variation in grain size. In the process of the invention, preheating is not necessary
20  in addition to the heating of the amorphous film by applying the continuous-wave
laser beam, and the amorphous film can be processed efficiently while controlling
the heating of the substrate on which the amorphous film is formed.
According to the invention, furthermore, the same level of crystallinity is achieved
also in those regions where the laser beam overlaps, leading to an improved
25  uniformity. In the case of the conventional laser annealing process, crystals of a
different structure are formed in those regions where the laser beam overlaps,

leading to a decreased uniformity in crystallinity.

When processing an amorphous film, in particular amorphous silicon, the



[0016] Thus, as described above, the crystalline film production method of the invention serves to
irradiate an amorphous film formed on a substrate with a continuous-wave laser beam with a
wavelength of 510 to 540 nm in the visible range to heat said amorphous film so that said amorphous
film is crystallized at a temperature not in excess of the melting point. Thus, it is possible to perform
processing at a temperature not in excess of the transition point of the substrate, 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 beam to heat it up to a high temperature. Concurrently it also

serves to produce. crystallites of 50 Qm or less in a short time. In addition, fine crystallites of 50 nm or
less can b@’ﬁ?ﬁ‘éﬁ% THREHRHS Wit R 1ake Cit Bt Ao SRR bR MRETRASTST BTBMFCASHIS afge sized

crystals). Mexeavet.dtworks dashasien thedradiatipr.1R-AWration a pinimize.the shape phanges in
the substrate (deflection, deformation, internal stress). The glass substrate is slightly heated at the

same timdeserdiy E@%‘hﬁb\iﬁé Wﬁﬁuﬁi¥§§fé@@stﬂfgtilﬁettﬁéﬂa?ﬁoﬁf§ﬁ0@% SifbervfilrEall dontandndtion on its
surface. Furthermore gihg | g%t'ceﬂe,ss&%%%ge%%éh%%mﬂioggséﬁo nd@%@i@@fﬂ%‘&% cogt and

perform processing at a high operating rate, leading to an 15increa roductivity. [Brief (flesgéription
of theddrahsags | fO8ETne fRiglas i Thidshowstaaengitadingh sgctiohtofsh cortintiouzvedvet 8olid-state
laser 20 type a gg!il%% unitthat is used in an ﬁngbotdiment nd in a prod gtiﬂg method.in th
embodiment of the Inve |on.(3[[ﬁl|gu7eO ]gfﬁmﬂ%ﬁ%ﬁses So%%%ﬁ/ﬁ% 6?05¢ép S of thiftHiiths f*idiated
with a lasenhesfnindcsampleleny {higliteod) Similailythisshows BV phetographs-afdhin films
irradiated with a 25 laser. heam in Example. [Best mode for carrying out theinvention] [00181 An
embodiment of tiﬁe“p HetBRtoR s dedirise S Bl it refamad i Eigire 10 Parggalakystaliine

film produgtignmethod fdhis emhadinent facuses-onthe substrate.gdabe ysadin the TETdevice in

a flat panel display and as said amorphous film, a thin amorphous silicon film 6a has been formed on
said 'SubsHEE B AT dBEERESh PROWRY ér Las siothaaidd sy sinfinthecpropamibe st flaisubstrate or
amorphoqg(gii@] used for the invention. The thin amorphous silicon film 6a has been formed with a
common method on the substrate 6. 100191 10Figure 1 shows a continuous-wave solid-state laser
type annealing unit 0nrséerfdri¢hderydtalinefitrhprediiotion method irhansembodinfént oithe:

invention._The contin ‘waye solid-state laser type annealing-unit 10 works as.a crystalline film
productioﬁhall(gf)%?g?u%%mg fﬁé/%n %hf‘l‘%%ac%ﬁ” m%ggswﬁgsgﬁg@ |B-is?ar{€elé§éﬁ'§/%r@ S%r%éazﬁ' g(E)hit 10
comprises#@d Byvisiblersoniibvausiliave Eser eseilatorid: thifidsa cantindeusvayeselidstate laser

R S SR bt S L b A S i ol
heating can easily influence the substrate if the thickness is less than 50 nm,
whereas sufficient crystallization will not achieved over the entire film if it is more
than 200 nm.

However, the absorption rate of amorphous silicon for visible light changes with the
20 film thickness, and therefore, an appropriate film thickness for efficient absorption
should be identified.
[0013]
When irradiating an amorphous film with a continuous-wave laser beam in
said wavelength range, the power density of said laser beam is preferably in the
25 range of 55 to 290kW/cm? at the irradiated surface. The amorphous film will not be
sufficiently heated, making crystallization difficult, if the power density is lower. If

the power density is too high, on the other hand, the amorphous film can be heated

up to a temperature above the melting point, and this, together with other factors,



[0020] A laser shutter 2, which switches between to permit or shut the passage of a 20 laser beam la
is provided on the output side of the visible continuous-wave laser oscillator 1, and an attenuator
(attenuation unit) 3 is provided subsequent to said laser shutter 2. For the invention, there are no
specific limitations on the attenuator 3 if it can attenuate the laser beam at a required attenuation rate.
Total reflection mirrors 40a, 40b, and 40c are provided on the output side of the 25 attenuator 3, and
condenser lenses 41a and 41b-are provided in the deflected direction of the total reflection mirror 40c.
These total reflection mirrors 40a to 40c and the condenser lenses 41a and 41b constitute an optical

system 4, and said gptical system 4 further contains beam homogenizers etc, that are not included in
i, THIRREat) AR e T T B o b e T Tmoar.
or other presesibed keamishapeswithr-a:short axis of 5 to 100 pm. On the outgoing side of the optical

system 4, a substrate placing table 7 is installed to place the substrate 6 on it. The substrate placing
table 7 is Wﬁ% le in the plane 5 direction (X-Y direction) of said placing table, and provided with a

scanning apparatygnetinciAadin Figures) for high speathmevement-of saifd sybstiale plaging table

7 in said plane direction. [00211 A description of a crystallization method for thin amorphous
silicon 10ilariuging saidtdontihliomswavie solidsstate daseny peraniasinersmt 1Ddsigiventivelow.

First,asqbﬁstra 6 on which a layer of thin amorphous silicon film 6a.4s formed is placed on the
ubstate TG b s B LR oD s SRt Blaseenite,,
performedubsi cantinbioudfuave lasehbémmrwilhyatwlvelengtlvof 54R4@ B4 nmlis-@mitted firom the

visible continuous-wave laser oscillator. 1, and the laser shutter 2 is opened to permit the Jaser beam la
Matdtigh ety e sy e it R e e
laser 20 ageiffateril repghesiberatientaionB wasthe [rsee shutterdrand isatientateskatianced
predetermined attenuation rate while passing through it. Said attenuation rate is adjusted so that the

lasetbeat Wil HAGE 2epOWRr RISKERY rduirBertatiirativvestiori et the Sraddusity piarecreréssttenuator
3 may beof auarablg,attenuation rate type so that the power density can be changed. For the
invention, however, the output 25 adjustment may be achieved by controlling the power density of the
laser beaHi@&biirce without using an attenuator. The continuous-wave laser beam la with an adjusted
power density is gefieeted as,iLis igM5eter Py, teialeflacin Mg 408 49k and 40cindne
optical system
amorphous film to crystallize in the direction of the amorphous film surface. Said
15  scanning may be achieved by moving the laser beam, moving the amorphous film,
or moving both. This scanning is preferably performed at a speed of 50 te 1000
mm/sec.
If the scanning speed is too small, the irradiation duration will increase to
cause the amorphous film heating up to a temperature above the crystalline
20  melting point, possibly causing melting or ablation. If the scanning speed is too

large, the irradiation duration will decrease, possibly failing to achieve heating up

to a temperature where solid phase crystallization can take place.

[Effect of the invention]
[0016]

o
o

Thus, as described above, the crystalline film production method of the
invention serves to irradiate an amorphous film formed on a substrate with a

continuous-wave laser beam with a wavelength of 510 to 540 nm in the visible

-1



4, and then it is condensed by the condenser lenses 41a and 41b. During this step, it passes through a
beam homogenizer etc. that are not included in Figure. In said optical system 4, the continuous-wave
laser beam la is shaped into a rectangular or linear laser beam with a short axis of 100m or less, and
then the continuous-wave laser beam la is emitted toward the substrate 6 with a power density of 55 to
290 kW/cmz2 at the irradiation surface. [0023] Said substrate placing table 7 is scanned by the
scanning apparatus in the short axis direction of said laser beam along the surface of the thin
amorphous 10 silicon film 6a. As a result, a large region of the surface of the said thin amorphous
silicon film 6aris Tirrgldi ted .\gith saidﬁonti?.l]lous-v%%v% Iasgr beam , with einl% scanned relatively Here,
the scanmiAg Speed of tha SoAtHIBIY Wale Tader BRafi1s SIS 208 T 6607 HMISER &b that the
continuous-wavesaser beanrsdiadiated fhdhadhimameiphomrhsilican filnp6a:wilh beipg.g6anned at a
high speed on the thin amorphous silicon film 6a. [00241 Said irradiation with the continuous-wave
laser beahT PSS S0 hEAPBRIF THEAMA AMBTSABH S o AR Shibitaid 85 Kelfeve

quick prodyciion of;afpalysrysialing.film Lurng fbis step, be thinamerphays.siligen filn,egiisheated
20 at a temperature not in excess of its melting point (for instance, 1,000C to 1,200C). The thin

crystallinefilint proldrces loy: baldereadiztdio s ntbim scubiferms b zéighv ity oa stidswitrearsrystal
grain size of or less, and,is free ion se . regulting from the cQ jonal
solid phag'lf(@e9 cggg?gll Ergﬁtr?%rggﬁ%ﬁzg@r sert %%ﬂ?%staﬁ%#g ﬁ?ﬁﬁg n Bjée %E%J)d %?%egtg%vgl{%/ %gg rﬁg{?egrial for
organic Etrdisplayss Dhénventiohe ssawevehoig notbmitedddithesefusesranth Hare befugetulbfor other
liquid cryﬁtal disg)la)és and electronic devices. The su str‘naﬁteplar%in\?. table innfaid %gn;?o iment moves
relatively f-8rd&F o paH8HRSCanting SRS AT Taddi BedMANEVEHe AT BItIRsISET the oftical
system thadblidnaiesthepulsedlasarbeds). mayrbevmoviedwelitively aicadigh spaeeaio pesiorm such
scanning-like pulsed laser beam movement. Example 1 [0025] Described below is Example for the

inveHtion SRR A BHEEAR L GthaRP\GReRes tHin ESorpRate it erh s HRIHESR of 50
nm formeg,pn-the suiface o6, glass substiate With A REMMER:L method dsiiradiated.with 2+

continuous-wave laser beam using a continuous-wave solid-state laser type anneaﬁng unit 10 as used
in said enibBYiMteRRP Uit Risecaaringonst ravasdrheam ysadiis alcespeiimsnabaveca Weavelength
of 532 ”%&%@&V'@Bﬁﬁ%ﬁ%@r@f@@ sharsd, thseeR%F‘sc%%%E%’D&éot%o%Lé%%panpee&mc}é"é’ch £ha
rectangular cross section of 7' pm x 2 mm or 65 pm x 2 mm at

maintenance cost and perform processing at a high operating rate, leading to an

15  increased productivity.

[Brief description of the drawings]

10017}

[Figure 1] This shows a longitudinal section of a continuous-wave solid-state laser
20  type annealing unit that is used in an embodiment and in a production method in

the embodiment of the invention.

[Figure 2] Similarly, this shows SEM photographs of thin films irradiated with a

lager beam in Example.

[Figure 3] Similarly, this shows SEM photographs of thin films irradiated with a

25  laser peam in Example.

[Best mode for carrying out the invention]

[0018]



15 the processing surface. The laser beam is also adjusted by the attenuator 3 to have a power
density as shown in Table 1 at the processing plane. The laser beam is irradiated to said amorphous
silicon film with relatively scanning to said amorphous silicon film by moving the substrate placing table
at different scanning speeds (stage speeds) as shown in Table 1. 20[0026] SEM photographs of thin
films (No. a to j) irradiated with a laser beam under various conditions are shown in Figures 2 and 3.
Of the thin films, the specimens of No. b, c, d, f, g, h, and i are small in the variation in the crystal grain
diameter and polycrystallized uniformly over the entire surface, 25 and indicating that a high-quality
thin polycrystallinggilicog f#mS are %t% ained. Th {:Igs]taatli rains.were sr‘&akl)l in the.gﬁam ter range of 50

eru g 1Tment o thresen fe T 1S dlfl—*-,%crlbe élogr with reference °.
nm or Iess, and free o protrusions. FuUr rmore, unirorm crysta Ies aree proauced In those regions

subjected:torayeflagping irradiation. No changes are seen when the films were subjected in advance
to etching (for 21 sec) in a Secco solution, which was intended for complete dissolution of the

amorphous silicor, BAdiEETHG that APsREe AP oBEiRed RAVL EyLrnRig eRS g‘b‘iﬂﬁ%ﬁéﬂlt%ese, the

specimenygf,No-gnasheep heated yn iR artempesaie abgvadhe,melling RO begause ghincreased
power densities. In the specimens of No. e and |, solid phase crystallization did not take place in many

regiohs ovarerelpatlisted. sarfabnbacaerehotdestbesedipowdral dnsitibser: Thumstistoufrithat the
metrodche nrios scpss o e alis o Imaa gt
CIDO substrate or amorphous film used for the invention. The thin amorphous gilicon
film 6a has been formed with a common method on the substrate 6.
[0019]
10 Figure 1 shows a continuous-wave solid-state laser type annealing unit 10
used for the crystalline film production method in an embodiment of the invention.
The continuous-wave solid-state laser type annealing unit 10 works as a crystalline
film production apparatus of the invention.
The continuous-wave solid-state laser type annealing unit 10 comprises a
15  wvisible continuocus-wave laser oscillator 1, that is, a continuous-wave solid-state
laser that emits a laser beam with a wavelength of 510 to 540 nm, installed on a
vibration-free base 8
[0020]
A laser shutter 2, which switches between to permit or shut the passage of a
20  laser beam la is provided on the output side of the visible continuous-wave laser
oscillator 1, and an attenuator {attenuation unit) 3 is provided subsequent to said
laser shutter 2. For the invention, there are no specific limitations on the
attenuator 3 if it can attenuate the laser beam at a required attenuation rate.
Total reflection mirrors 40a, 40b, and 40c¢ are provided on the output side of the
25  attenuator 3, and condenser lenses 4la and 41b are provided in the deflected
direction of the total reflection mirror 40c. These total reflection mirrors 40a to 40c
and the condenser lenses 4la and 41b constitute an optical system 4, and said

optical system 4 further contains beam homogenizers ete, that are not included in
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Figux‘e..Thus, said optical system 4 can make the laser beam la to be shaped into a
rectangular, linear, or other prescribed beam shape with a short axis of 5 to 100 pm.
On the outgoing side of the optical system 4, a substrate placing table 7 is installed
to place the substrate 6 on it. The substrate placing table 7 is movable in the plane
direction (X-Y direction) of said placing table, and provided with a scanning
apparatus (not included in Figures) for high speed movement of said substrate
placing table 7 1n said plane direction.

[0021]

A description of a crystallization method for thin amorphous silicon
film using said continuous-wave golid-state laser type annealing unit 10 is given
below.

First, a substrate 6 on which a layer of thin amorphous silicon film 6a is
formed is placed on the substrate placing table 7. In this embodiment, heating of
said substrate 6 with a heater etc. is not performed.

A continuous-wave laser beam with a wavelength of 510 to 540 nm 1is
emitted from the visible continuous-wave laser oscillator 1, and the laser shutter 2
is opened to permit the laser beam la to pass through.

[0022]

The continuous-wave laser beam la emitted from the visible continuous-wave lager
osciliator 1 reaches the attenuator 3 via the laser shutter 2, and is attenuated at a
predetermined attenuation rate while passing through it. Said attenuation rate 1s
adjusted so that the laser beam will have a power density required for the invention
at the processing pilane. The attenuator 3 may be of a variable attenuation rate type
so that the power density can be changed. For the invention, however, the output
adjustment may be achieved by controlling the power density of the laser beam
source without using an attenuator.

The continuous-wave laser beam la with an adjusted power density is deflected as

it is reflected by the total reflection mirrors 40a, 40b, and 40c in the optical system

10
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4, and then it is condensed by the condenser lenses 41a and 41b. During this step, it
passes through a beam homogenizer etc. that are not included in Figure. In said
optical system 4, the continuous-wave laser beam 1a is shaped into a rectangular or
linear laser beam with a short axis of 100pm or less, and then the continuocus-wave
laser beam 1la i1s emitted toward the substrate 6 with a power density of 55 to 290
kW/cm? at the irradiation surface.

[0023]

Said substrate placing table 7 is scanned by the scanning apparatus in the
short axis direction of said laser beam along the surface of the thin amorphous
silicon film Ba. As a resulit, a large region of the surface of the said thin amorphous
silicon film 6a is irradiated with said continuous-wave laser beam , with being
scanned relatively. Here, the scanning speed of the continuous-wave laser beam is
adjusted to 50 to 1,000 mm/sec so that the continuous-wave laser beam is irradiated
to the thin amorphous silicon film 6a with being scanned at a high speed on the
thin amorphous silicon film 6a.

[0024]

Said irradiation with the continuous-wave laser beam la serves to heat only
the thin amorphous silicon film 6a on the substrate 6 to achieve quick production of
a polyerystalline film. During this step, the thin amorphous silicon film 6a is heated
at a temperature not in excess of its melting point (for instance, 1,000°C to 1,200°C).
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 is free of
protrusions such as those resulting from the comventional solid phase crystal
growth process.

This thin crystalline film can be used effectively as material for organic EL
displays. The invention, however, is not limited to these uses and can be useful for
other liguid crystal displays and electronic devices.

The substrate placing table in gaid embodiment moves relatively in order to

11
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perform scanning-like pulsed laser beam movement, but instead, the optical system
that collimates the pulsed laser beam may be moved relatively at & high speed to

perform such scanning-like pulsed laser beam movement.

Example 1
[0025]

Desecribed below is Example for the invention.

An experiment is carried out, in which a thin amorphous silicon film with a
thickness of 50 nm formed on the surface of a glass substrate with a common
method is irradiated with a continuous-wave laser beam using a continuous-wave
solid-gtate laser type annealing unit 1¢ as used in said embodiment.

The continuous-wave laser beam used in said experiment have a
wavelength of 532 nm in the visible range, and is shaped in the optical system to
produce a beam with a rectangular cross section of 7 pm x 2 mm or 65 pm x 2 mm at
the processing surface. The laser beam is also adjusted by the attenuator 3 to have
a power density as shown in Table 1 at the processing plane.

The laser beam is irradiated to said amorphous silicon film with relatively scanning
to said amorphous silicon film by moving the substrate placing table at different
scanning speeds (stage speeds) as shown in Table 1.

[0026]

SEM photographs of thin films (No. a to j) irradiated with a laser beam under
various conditions are shown in Figures 2 and 3.

Of the thin films, the specimens of No. b, ¢, d, f, g, h, and 1 are small in the variation
in the crystal grain diameter and polycrystallized uniformly over the entire surface,
and indicating that a high-quality thin polycrystalline silicon films are obtained.
The crystal grains were small, in the diameter range of 50 nm or less, and free of
protrusions. Furthermore, uniform crystallites aree produced in those regions

subjected to overlapping irradiation. No changes are seen when the films were
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subjected in advance to etching (for 21 sec) in a Secco solution, which was intended

for complete dissolution of the amorphous silicon, indicating that all silicon films

obtained have cryvstallinity.

As compared to these, the specimen of No. a has been heated up to a temperature
5 above the melting point because of increased power densities. In the specimens of

No. e and j, solid phase crystallization did not take place in many regions over the

irradiated surface because of decreased power densities.

Thus, it is found that the method of the invention successfully produce uniform

crystalline silicon films and can provide silicon films with little variation in TF'T
10 characteristics.

[0027]

[Table 1}

13
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(kW/cm2) Beam size 4'P C)2 C1)Ct ,-.1 O'cri WC Ct 1ht0 4¢75) 14.7, 0 0 0 [0028] Thus, the 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 5 the scope of the invention. Explanation of numerals [0029]

{0028]

Thus, the 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

5  the scope of the invention.

Explanation of numerals

[0029]

1 laser oscillator
16 2 laser shutter

3 attenuator

4 optical system

40a total reflection mirror

40b total reflection mirror

15 40¢ total reflection mirror

4la condenser lens

41b condenser lens

6 substrate
6a thin amorphous silicon film
20 7 substrate mounting table
8 vibration-free base
10 continuous-wave solid-state laser type annealing unit



llaser oscillator 102laser shutter 3attenuator 4optical system 40atotal reflection mirror 40btotal
reflection mirror 1540ctotal reflection mirror 41lacondenser lens 41bcondenser lens 6substrate 6athin
amorphous silicon film 20 7substrate mounting table 8vibration-free base 10continuous-wave
solid-state laser type annealing unit Claims [Claim 1] A crystalline film production method
comprising irradiation of an amorphous film formed on a substrate with a continuous-wave laser beam
with a wavelength of 5 510 to 540 nm in the visible range to heat the amorphous film so that the
amorphous film is crystallized at a temperature not in excess of the melting point. [Claim 2]

Claims
[Claim 1]
A erystalline film production method comprising irradiation of an amorphous
film formed on a substrate with a continuous-wave laser beam with a wavelength of
5 510 to 540 nm in the visible range to heat the amorphous film so that the amorphous
film is crystallized at a temperature not in excess of the melting point.
{Claim 2]
A crystalline film production method as claimed in Claim 1 wherein said
amorphous film is an amorphous silicon film with a thickness of 50 to 200 nm.
10 [Claim 3]

A crystaliine film production method as claimed in either Claim 1 or 2
wherein the power density of said laser beam 1z 55 to 290 kW/cm? at the irradiated
surface of said amorphous film.

[Claim 4]
15 A crystalline film production method as claimed in any of Claims 1 to 3
wherein the short axis of the laser beam used for irradiation of said amorphous film
18 100 um or less.
[Claim 5]
A crystalline film production method as claimed in any of Claims 1 to 4
20  wherein said irradiation is performed with scanning the laser beam relative to said
amorphous film at a scanning speed of 50 to 1,000 mm/sec.

[Claim 6]

16



A crystalline film production method as claimed in Claim 1 wherein said amorphous film is an
amorphous silicon film with a thickness of 50 to 200 nm. 10[Claim 3] A crystalline film production
method as claimed in either Claim 1 or 2 wherein the power density of said laser beam is 55 to 290
kW/cm2 at the irradiated surface of said amorphous film. [Claim 4] 15A crystalline film production
method as claimed in any of Claims 1 to 3 wherein the short axis of the laser beam used for irradiation
of said amorphous film is 100 pm or less. [Claim 5] A crystalline film production method as
claimed in any of Claims 1 to 4 20 wherein said irradiation is performed with scanning the laser beam
relative to said amorphous film at a scanning speed of 50 to 1,000 mm/sec. [Claim 6] A
crystalline film pfotietiolinetHod e dlxibed meClafps vhtreid said kisePbebendsrstrigdddntthe
optical system into a rectangular or linear shape and said scanning is achieved by moving said
substratbeatra ghhepeddiClampPiBA crystalingfiinrproduction methodrasiclalmed mmanyoflClaims
1 to 6 wherein crystallites with a size of 50 nm or less are obtained by said crystallization. [Claim 8]

A crystafiisafiimeprodticion Gpparausecaprisiy & lasart osbilkhtorteedmit a continuous-wave laser
beam with a wavelength of 510 to 540 nm in the visible range, 10 an optical system to shape a laser
beam erfifteidfidm said laser oscillator and lead it to an amorphous film, a scanning apparatus to
cause a relative movement of said amorphous film to said laser beam in the direction of the
amdrphous film 8usfasea g abl attenadior ioradistuie poveridersity ofsanidiaséribearh $o that the
amorphous film is heated and crystallized at a temperature not in excess of the 15 melting point as the
laser beatcisseanned bitsaidisbanping dpparatusaedsreadiabediteddic amorphststimticiaim 9]

A crystalline film production apparatus as claimed in Claim 8 wherein said optical system shapes the
laser bebfMagontRat the shaped laser beam has a short axis 20 in the direction of scanning, said short

axis being in the range of 5 to 100 pm. [Claim 10]
A crystalline film production apparatus comprising a laser oscillator to emit a

continuous-wave laser beam with a.wavelength of 510 to 540 nm in the visible range,
10 an optical system to shape a laser beam emitted from said laser oscillator and lead it

to an amorphous film, a scanning apparatus to cause a relative movement of said

amorphous film to said laser beam in the direction of the amorphous film surface,

and an attenuator to adjust the power density of said laser beam so that the

amorphous film is heated and crystallized at a temperature not in excess of the
15 _melting point as the laser beam is scanned by said scanning apparatus and

irradiated to said amorphous film.

[Claim 9]

A crystalline film production apparatus as claimed in Claim 8 wherein said

optical system shapes the laser beam so that the shaped laser beam has a short axis
20 in the direction of scanning, said short axis being in the range of 5 to 100 pm.

[Claim 10]

A crystalline film production apparatus as claimed in either Claim 8 or 9



A crystalline film production apparatus as claimed in either Claim 8 or 9 wherein said scanning
apparatus moves said amorphous said laser beam at a speed of 50 to 1,000 mm/sec.. [Claim 11]

A crystalline film production apparatus as claimed in any of Claims 8 to 10 5 wherein said attenuator
adjusts the power density of said laser beam to 55 to 290 kW/cm?2 at the irradiated surface of said
amorphous film. [Claim 121 A crystalline film production apparatus as claimed in any of Claims 8
to 11 wherein said laser beam heats said amorphous film to 1,000 to 1,200C when 10 irradiated to
said amorphous film

wherein said scanning apparatus moves said amorphous film relative to said laser
beam at a speed of 50 to 1,000 mm/sec..
[Claim 11}

A crystalline film production appératus as claimed in any of Claims 8 to 10

wherein said attenuator adjusts the power density of said laser beam to 55 to 290

Gt

kEW/em? at the irradiated surface of said amorphous film.
[Claim 12]

A crystalline film production apparatus as claimed in any of Claims 8 to 11
wherein said laser beam heats said amorphous film to 1,000 to 1,200°C when

10 irradiated to said amorphous film.
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