SPECIFICATION METHOD FOR FABRICATING CRYSTALLINE
SEMICONDUCTOR FILM, METHOD FOR CONTROLLING THE
HEATING FOR SEMICONDUCTOR FILM AND APPARATUS FOR
CRYSTALLIZING THE SEMICONDUCTOR FILM Technical Field (0001]
The present invention relat%?i@@f%éiﬁabricaﬂng a crystalline
semiconductor film which c g an amorphous
semiconductor film with a laser beam and thereby crystallizing the
amorphous semiconductor film, a method for controlling the heating to be

applied to tAEESERR e nHGBoFARR Bnd BhNppaR s E.EdMsEllizing the

s R i PR RPN ORI SERP I M

transisfn (T EEMniticiNDused (WRNeIN laypaneihsplaysycha@r the

liquid crystal display (LCD) device, there are some examples of the

methods {hBIaré4bhérdlly GsEH o SR AGHM BUHEIYRiideMre (1) the

method known as the laser annealing process which consists of irradiating

the amorphous semiconductor film with a laser beam in its pulse forms,
TechanekiuFng and recrystallizing the amorphous semiconductor film, (2) the

method known as the Solid Phase Crystallization (SPC) process which

[00Qbhdibe wraseatrig reaiirrani atabéheasethrd doe fahdiaibining troystalline

Semicarg&r&@gu%femi oln%uggors {grtn to be'gra/.st II[]iLzed and grO\i\%/ in its solid duct

phiase without being TuSea’ and ?g)"t%e Hetoo Kh W BR HhE Tiidhiggrducror

film VeROr Dgpokiien (D¥RMProsess Which onsistshaioming hiepolysiicgRous
film to glow directly on the glass substrate. 100031 In addition to the

semiGpptisde rélmosethaboed, e ronteoiiuaodeshenting trehaathodiedhichthe

. consists of gradiating the poly-silicon grown in it lid phase with the

soomiRRER NIy AR TR T S R R T, g vctor

film. moving them (as disclosed in the below described patent document 1), and
the method that consists of irradiating the crystalline silicon film with the

Backgrewndafrhnd reducing the crystal defects during the fusing and
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such as the one for the thin film transistor (TFT) which is used in the thin flat
panel display such as the liquid crystal display (LCD) device, there are some
examples of the methods that are generally used for the above purpose. there
are (1) the method known as the laser annealing process which consists of
irradiating the amorphous semiconductor film with a laser beam in its pulse
forms, and fusing and recrystallizing the amorphous semiconductor film, (2)
the method known as the Solid Phase Crystallization (SPC) process which
consists of heating a substrate in the heater furnace, and allowing the
amorphous semiconductor film to be crystallized and grow in its solid phase
without being fused, and (3) the method known as the Chemical Vapor
Deposition {DVD) process which consists of allowing the polysilicon film to
glow directly on the glass substrate.

{0003] In addition to the methods mentioned above, there are methods such



Patent document |: Japanese patent application now opened for the public
examination under No. 2002-373859 Patent document 2: Japanese
patent application now opened for the public examination under No.
2006-108136 Disclosure of Invention Problem to be solved by the

LInvention [%03& In the meaptime,.organic glectroluminescent (EL) . .
v RSB I A A A FALER i ML 5 ARy B sold

phaseextigengiatiaRdisplays. 1 e Epispiay 4he seigenighinassised in the

increased by the light emitted by the EL elements themselves. The

polyieihimesdentmlerieats heae frandisulasepldp atbarkeleny drsaindc patent

current, pbut are not driven by the voltage.like LED. Therefor, requirements, .
docuFiio Deafh Meri e the 1 diog Eor P DAt G (e Sotine
silicAMNBIRNQUEIS@RUCRNALCIN filn o ik 5 slitficsilh to Nt} sy chapemthaking the

_ may be caused by aging, and the threshold voltage (Vth) may drift so
fusingrgely gwdidHainations ofahe Gunebshisypreingcdoapsiedéae quality (as
. olysilicgn has a long lifetime because of its stahiity. For the TFT based
discl %%5@/& I gﬁﬁ %’w%%secrx,'}i s p%%g‘?f\‘;% rﬁg‘f/uﬁl’rieeggr%ql'arge variations. The
pPyasiatignsumthe TF T Rpepariy pighheasiyineaisi thebepegdaddsr the public
between the crystal grains for the crystallized silicon (crystal grain
exarhpahidaryraastife tv0fEgidns & Which the channels are formed on the
TFT. The variatio, ay occur, depending.largely on the crystal.grai .
P45 R R RoeF OF St Srare b o e SRR B e bl
examGRaRels@ad Noleadditipng agghe grain sizes become larger, the
_ electron field electronic mobility may be generally increased. The TFT
Disclgssorim ehid mvgaritoBL display having high electron field electronic
obility, however, requires the longer channels, and the size of one pixel
Probfgi ol FUReed hae L) ek

Yl?el} may depend on the channel length on
[000HT 143 seIche he ikigh realutionleatilibe achiewedE[)0@BForiiastead of

__conventional crystallizing method, however, it is difficult to solve the
Liquidenkink trestegruthbevesBiedlisa e fasap AhAcHky fRERTG R dsplays.
re that is ysed for fusing and.recrystallizing_th .

i o S S H R AR SO SO, o
the MIis feessarchaencsaydargdcdusiiigdbechigeRiansion fiakkdlekirotie EL
mobility to occur to be highly. There are also variations in the crystal grain

displayraserdryemdpbip et rcsversrtrrehardieb gisieer ihErmaritage
.. there are differences.in t i | :

EL display.
like Iéizrﬁéﬁtrg 1ons of 1ﬁ8%%ﬁ§%§r%%§?%%@@% %gr%%fy%}g%%[tt ead\?lf%riationlsSp ay
For {hatTiRy desedintheHé apioppHyus hentotaninaiensibn the ssrtdéficult to

may cause the crystal defects. [0006]For the solid phase crystallization

contrpbpay ebaRee chatcptiePrardured e _EIB&IBIHY bRectRsapbeihapltage
be used most effectively{in salving:the. ems.d ihe T A

Vi) RS R S TP XS SR BT NI, BeCILIER AN HE limifed. Ao

oppoRW thel wmaliatiens 48as ey ghifeonawr rdhikeal becetad fHerFoortte TFT
SPC method based on the thermal treatment, however, the crystals thus

basedgrmpalimlitRiehn® airifie BEPRGEIEIBAE, RERFSOgrEaFruNiaptions. The
. crystal in-the. c j XS I naVdake
vanagl%%glt]lg r?lcfeﬁ(%ct)? g@ﬁgﬁégﬁ .ﬂé%gr%\iéxr%%g{n@t%% ES%%%%&%% cannot be een
the cBEpidyadas the tiessfehtiaticadndthnoc. (uyisgther tierimahrdatyleatist in
process in which the SPC method can be gerfome%ﬁﬁgéﬁg&tyge thermal
the regignndn Appakde ARRIRelR EISIMHEEH S8R SEVeraPSubalAHans may
occurpge%gﬁgfﬁqué%@gﬂwﬁaﬁﬁgec? RENNG; AS34298 UMD AL BUPIIAER tal
are processed thermally in the SPC, it may take a long time when the
graintdopedattie ifoaiskdototvesed, tinel the tereijserat iFd Hside addition, as the
substrates may tent to be nonuniform. For the SPC method, the glass
substrates are heated for a long time at the temperatures higher than the
softening point of about 600C, So thé substrate may contract or expand ,
causing defects to occur in the glass material. When silicon is processed
by the SPC process, the crystallizing temperature is set to any
temperature higher than the temperature of the glass softening point, and

so the glass substrate may have deflections or contractions even within
tha emall temneratiire dictribiition ranane Althoriah the ervietallization mav



For those recent years, the wiring width is becoming smaller, and the size
of the TFT channel region (such as the channel length and channel width)
is also becoming smaller. In order to meet those recent needs, there are

demands for a method that allows a crystalline semiconductor film having
the uniform and small grain sizes to be formed evenly over the%{f%%a

I
grairy #e6 s SAMEUERE therh e tRAHAR RISSTEMDIAG RO Ry be
geneRIRYS G Aiffetenees inrihe TRIPrAPQIY B8 Adiaseniiegians aPee high
minimized. [0008] The present invention has been made in‘light of the
electprabiesnd ofdberpritar arvbidsgrbedwabare rEmbodiniéridof ghe presemtls, and
inventjon therefore seek to provide a mefg:jod for fabricating a crystalline
the %é?n%ﬁ&&ci&ﬁ‘ﬁﬁ%ﬁﬁ@bu{é? Jifdnig %ﬁ?&l’llgt]%\]ii’r%iz%’?% fBREge oD the

chan@Bf 1 WHICh. Saueral GlysialotaIRs¢an LsideibinethbeRannal iagigns
to provide an apparatus for crystallizing the amorphous semiconductor
[006ifh, Bod therovideativethbdristedHrnling b tdating teraperatgrdffficult to

the semicgonductqr film so that the optimal laser beam irradiating condition _ .
solvec ﬁqﬁa%hﬁ% 66 SRS WFFEr R RERERRUEM 1o

the SHELLEPUMAlJaser hean ifRdigling, condifonMeansiorsolviea aliem hous
0008al According to the first aspect of the present invention, there is
semi@rodidecha filethdbfohtabricatiigeaony staline bemivogdbetdofilmed using this

comprising the_steps of: raising the heating temperatyre of a glass . .
PTOCeSHitFalS RAVHY gﬁomgg@hﬁcﬁrﬁﬁhsﬁ&mﬁﬁﬁwgﬁﬁﬁm%,s*é?blhty
to ocldeEsheLen] ang rafaiinohe glass sHRsHBIS RN RISAALISMPESRumber

state; irradiating the amorphous semiconductor film on the glass substrate

that witly blaferiedninbiedhel JIIST shisstratk rsgetaimelurthemaises] there are
temperature state; heating the amorphous semicg%duct r filmﬂ%g to a

differigncaa Huib A AR RPHE RSO b AREIRN s i Ag ARy tions of the

adjacBROLRPOUS SSMIGENFHE RN, 198R8D 1 HACCHING, R E SEHRRH BSRECN the
of the present invention, there Is provided an apparatus for crystallizing an

TFT amupphiyus Ebmicontacionfithoniactudingeahedting lasey beranssuigply crystal
source for applying the heating laser beam onto the amorphous

defecE%miconductor film formed on the upper layer of a glass substrate raising

[0008316AHRY LEMASRILES LR teATleaRsrAlRIeaLexReading the Bisieg hand, it

point of the semiconductor film with the heating laser beam; a heater for

is theaisieyahkgizspsabstate)at visimetigmsgidgnosticepletiavaberbesniviog the

lying the, di tic probe | to th h
P e R SR MR AR e s
form REKArBEL RS AENOLPROUSSE BHEGRAYGIah Al oy he. ¢ a8nasticcRFORE TFT can

laser beam. [0009] In the method for fabricating a crystalline
becorse fivord iiortfilen P heystdsshbasehvontbpdbiticaly] theatetot however,
according to the first embodiment ftheffrfsegt in\%rlntion i%charact ized ¢
the Cry S Rl R Bl T T R B S Qi TR o BRSO YR B SRR Rt c B it 572

numbOFHEEQRIRE MpRetdayeloha slassisHbsHateryilh R Ja5eh DepiritRatiNgre, it

the amorphous semiconductor film up to the temperature not exceeding
may th&dusingmoittrandorystaiizihgzatiemorprotiu saraiertuther fiRC process

0Q10] The method according to the second embodiment.of the prese
cann B R ERE At A (0 DR 1 EbrGHe Rl i LB Chermnal
treatiSARREsABNE:OfiiNadlasE SHESYRE haviRg @t AMBEPDeHEHSRBEORdNEIEh type
film formed on the upper layer thereof and maintaining the glass substrate

thermakhéresisot wimpepeonts Staten ABathty MRedmepplibad sémesradbtose veral
subst TN O B0 AR AR TPRER S A Y IS Ier ot

substrates are processed thermally in the SPC, it may take a long time when



irradiating the amorphous semiconductor film with the laser beam while
the glass substrate is maintained in the raised temperature state, and
crystallizing the amorphous semiconductor film [ 0011] The method
according to the third embodiment of the present invention is provided as
the fXARNANAL he SpeRnt eqdagineRl VaRIEINHdS EIARAEHAEA IHBRe the
act that the glass substrate is maintained in the heated state by heating
subsithetelass substtate tap tethectempiésaturefmt etceddtihg thecsbfidninge glass
temperature of the glass substrate. 00121 The method according to the

substRfgs et GEiRTeR SPEh8 HrEgeRTR @itbReis BRARRTAT A VARGAENBRT the
h C -thi Hpe reipit.i r ri in.the
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causithe dddsstsubsiraterusing.a peaiem {10013 ] Wiemsthodmicordices te dhey the
fifth embodiment of the present invention is provided as a variation of a

2 [ y
SPG BF%@%E&%?WW&B&H&%ME‘@WW&&%ﬁéPeﬁPiYi?&HHﬁf@_tE‘r"?ﬁ%cg}ﬁher
than 1R IB@}_&'@&}&@P@@U%&% heralassSybsiate being _tﬁ@t%%% "ai3fdrate
up to the said maintained heated state in a stepwise fashion, the stepwise
may eisiagdffleetiempesatucedeantiimgswhilertherflass sillesteatels temperature

~ maintained raised temperature_state. [ 0014 ] The method gccording}at% L
distrifpyatign sAESdineHttTHRE préSentiMTERITI R ProVifRY aR% WiiRticH of e

consed RLENe iitsh se¢RAY A dniow®h and ik grbediment Wheres it inot be
aracterized In the fact that the laser beam is supplied as a pulse laser
perfobyadyaf the exdipemaddn patudi fandiatofand sAG TISE dgenaratéienerally,

[OOlSﬂi]é%accordance with the sevent eﬁébodi.ment of the presen )
the crsptatoRnERRRAACEIBLEGRBRI] ARG Fe PRSI fS, aoeveral ten

hourscwﬂkig%M@g@%ﬁmm@ws@,Mm@%i} i 6hasaaierizediBuld be
the fact that a visible-light diagnostic probe laser beam is applied onto the
requisedface 65 e € nnindnderctaniilbe avmil it sewticdd ductoe dilir islbaing00°C. In

heated by the heating laser beam, the laser beam reflected back from the .
orderdinnesmtdbs ﬁHSﬁynﬂ?é%hﬂn&ﬁ?é m%&gaé:]‘é@ém?g%e@ﬁé%‘}‘th@usmg
any dAGRIPGLIR3EE DY, Hadinlingaanditions pis.detssaunes i Wiger time at

detected diagnostic results, and the semiconductor film is heated up to the
the teappesatureslovexcebdingiibadusing poine widbetbrheaiftelaigeg bewrt. For

irradiating conditions while it is being processed by the heating laser, . ..
the ramS. 1565 LI ARG BE WA B SHBA I P brdsigation
methdavention, the apparatus for crystallizing a semiconductor film is provided,

wherein the apparatus is characterized in the fact that it includes a heating

[ 00023 eWHiEamt beppb)solicerfdilap pbyfughe Hevthed (hservasntlonto YHe method,

semjcondugtor film, a diagnostic probe laser.,heam supply source for .
the paNIRGS OIS gt HGFORFrobb (6P HAI BBRE e, This would
atfectSERUCQRACtor film, and a feflc light dgtectRrifon detegting the BBt patent

reflected back from the semiconductor film by the diagnostic probe laser
docunbeatn! §00¢ Alllnwhehméthpu o éabiridatindimomdedine sedidondtéoprovide

film in,accordance with each of the embodiments, described above, when
the CRFEg IS Gt K REE AT TS (A BTARTY LD B Fmed b Retore
altho@EHSING % a2 aes ANHbe Flrshsupataie, @hrhiReelags Bulshale18aYthe

bé maintained in the raised temperature state. While the glass substrate is

improvedntainechli tree fidive b yeehipotaniio gtahe v sinbrHeatssdisottificlt to

.film formed on the syrface of the glass sybstrate gan be.crystallized by
providR UG AT 1 BT PO R B0 PRI oA Bt D S G
temperaiiue iRtashod e he this-maywaligrations dsuch as geflestionsd the

deformations and internal stress) on the glass substrate is prevented and
size ofdbiGHHeippelyorgsalisa cermictivlcbrzebiangehanmhghnaanl amidth)

and uniform crystal grain sizes can be obtained without causing any

physical damages to the glass substrate.. Alternatively, the amorphous

semiconductor may also be crystalli‘é’ed at the temperature below the

fusing point by irradiating it with the laser beam, without passing the glass

substrate through the preliminary heating. [0018] Preferably, the

temperature of the glass substrate being heated and



maintained should be raised up to the temperature not exceeding the
glass softening point, or even if it exceeds the softening point, the
temperature should be raised within the small excess temperature range.
Further preferably, the temperature should not exceed the glass softening
is alsPOlYchhthieWaw ANy Passibiedaliertionsaf thesgasssubstrategan PRere are
prevented more effectively. Although the temperature of the glass
demaxgdbdipate eithdibaled mbywe mivedinilsiagearionsdypesiofitealinying the

equipments, embodiments of the prgsent invention are not Jimited tp an

. [
aniforsid 20l WAL GFRIBA GEUBriEnte BESr A5 P iRe yiaE< SanLeih Substrate.
Partiéﬂ%'ﬂ?f,b%%teﬂ‘éhm%hﬁﬁt tcrla@f'{f%rtgiﬂ}q P thod %%%r%tﬂ}ﬂws the

the temperature of the glass substrate being heated should be raised in a
differstepwise thshionTapcbplketidihetkaised;upanthe siepwise emperatuiecdt
[OOOg\ﬁhiCh the glass substrate is maintained in the raised temperature state. In

id Wy iRechdasapiineldm te amiained dighd @iifdim problems of the
o p e, an ikle alterations that may be caused by .heat
pior By B e B 35T et
seek laserbenm willheatthe ghassmhusiaiaexgessivalyilihe lagahbeaiuctor film
. should desirably have the characteristic that allows the laser beam to be
havingdduty ebtersad bydhenmbrstons sntcondarordim Eodekampidctheeveral
laser beam having any appropriate yave length range may be.chosen.
crystaf IR GHbSGTCh o e hdsCRE Gk T St REAEH b aiybparatus
for crPAADSRH YREOLRR 18388 hearnsiRRY soW e lhshauld be Priersiradmethod
that the excimer laser beam generator, YAG laser generator and the like
for comtaglbe griiptohed tie theepreferrea pule Ieserdesamaupptysolidoe. so that the
X I,[_:‘3050] When the laser beam is irradiating, the ﬁ‘gss substrate may he
optimipl ri53 tHE B ARG R RGP Bkt (AL GAAIFE By and the
semicBERTLOFBIANGM BIURURIRSENRIO RIS OLING 1RRIBORUA B PP diating
source can be more uniformly than it appears, and the variations in the
condittemperature can be kept uniform each time the laser beam is shot. In
order to ensure this action, the glass substrate should desirably be
Meang fonAaLeimaEHerailsdny heated temperature state. Although this may
pend upon the type of the material, ba on the glass substrate, itig, .
[0008%}25%%%%1 ra%?e at t %%Ia%gps%%tstgfe%s emﬁaet%ee Irﬂ?aih gi%%%l(t)%l bsL here is

providightes ahibelsofteming temperaiiie:(6Q0C) B3R Ee  seMEBEIMR®r  film,
any crystal defects that may exist on the amorphous semiconductor film

compagalhshemtees pf; ibeidiathghachanbmphdessemnivontueion fithasdthubstrate
. _laser beam, and any organic substapees that may be contained in the !
having S A RGP 1k ERAC O Roeh b fraBlaingae: thereof
and rARRNOYE SPTUGANUGIOr M Withhhe asen Ream & AAAIHONARY irradiating
impurities that may be contained in. the amorphous semiconductor film or
the amnydomantientions thattmayiba adhdteopl the stutade oftheidmaergheus beam

.. semicpnductqr film may also be removed by irradiating the amorphous .
while $Bf Bt EHTI ik e A HRG824] EURRERATSEIER state: heating
the aAtEABNCCMI A MANA fRtcopoling e AeRlag IR REIAME [y the

semiconductor film and the apparatus for crystallizing the amorphous
fusingspmiconabidtor fiktndls degcrbhe d aboveh the: cenditonsi untler Which the
orphous semiconductor film should be irradiated with the laser beam

iOOO%Ey%%iéﬁm@dtfb&rﬁa@@é&iWﬁgﬁf rBhe chaE Btk Horeaiton, there is
provia%@oé%h.% 3 %%%‘é%%”?%‘

tor fi the probe laser heam. Asiti .
nown in the prior art ﬁga Wél%gtylr%n RAitions with the laser: %%I}nasblv(fﬁor film,
includgiffer adepaeidiegiupen e tgnperalvrealiibe ssbsiiaiB beingheales;ithe laser

thickness of the semiconductor film, the amount of impurities contained in
beam e edipgcantioridionm it ies tor Bhaniormesergy densinpes) laotee of a

time when the semiconductor film is to be heated by the laser beam must

be determined by varying the value of the energy density, and then by

irradiating the semiconductor film with the laser beam at each one shot.

Or the optimum number of times (T) that the laser beam irradiation should

be applied must be determined by applying the laser beam successively

several times, and the laser beam irradiating conditions (F) or (T) must be
Aeatearminead by checkina the cirithetrate 1iceina the cean-tvvne electron



[0022] In accordance with embodiments of the present invention, the laser
beam irradiating conditions can be determined by detecting, in real time,
the reflectivity of the light reflected back from the semiconductor surface,
without destructive checking. In other words, the heating temperature of
glass thalseirucenducion sublalR garhbe wantielad skchipatdt caneals¥eeedre not
the fusing point for the semiconductor substrate. In this way, it is
exceedousibletduakenadvaniagé dhehedarictiad the seflittvityiohthééubedting laser

silicon by the visible light is higher by several 10 percents than the :
beam: SrEEN) AT SR o TR e AT onyiho At probe
laser 2118 IAvid phaseordrmiiag HauidPhaseda e Selid BISR Ga 08 morphous
observed easily. More specifically, this method allows the threshold value
semicfordhetiasdi beamidadiating eftergledersinge(Fhy daneimben of shdis (fdh) back
at the start of the fusing to be determined easi% as the laser beam

from fhe AEPLSHHitRITRC AR Eacen A mith e it GilngHRsTART Pheskitfer beam.

nvent r irradiati ondition;may be set to satisfy t
loood) A, AR REAIIRCIENG SO eRTIRY B R IUT0 Wi of the
preseof e using) amsk 1T th (hethembetiod shatsatdhesstaripbtie fasivg@hodiment

Although the reflected light may be detected by using any appropriate
of th%h@%‘@éﬁi&é,@gﬁ@@l@%elﬁnébﬂié@ﬁeﬂiéﬁémﬁbdlﬁﬂmnf@@ﬁ theagredersonsists of

: .invention are not Jimited to any particular.type of the device. Rather, any

e Tt POPRAREGH O 0 BB of

glass 8hBalHel oFiiglalivaler beROardhe: lRseHReam IHpEIING SAREHAN  ctor film
described above, the laser beam supply source can be controlled by

up to péeniting the hertingoaserdeedim g sthpplYusoung eptoi reflent thedasex Beame the

amorpﬁ@%ﬁ'% source. For example, the energy density for the laser beam may be

REPBG R IiHRG ser beam output or by the degree of light
[oo1¢PiesiommEfiRsAohivaaiaR [{80%3d ILauBhRe ARRISAIAIRHIOR Re present
foregoing description that in-accordance with the preferred embodiment’o
inventhenmethathtordfatridatidg arcrydtallifiecserolconductanothindibn, dieraising the
temperature of the glass substrate having the amorphous semiconductor
tempegatysenidqtiterebit baing Heatso raay b rdisatn ke hensrsrsuisonductor film

. gemicenductor fil ay. be irradiated with the laser beam, while the glass .

e L e A ARG RS i e

raise dsesnoenciiaior fiveh taayhbe Heatamh bia dhe FnpesatHie Il €Xe8edng on the
the fusing point, and finally the amorphous semiconductor film may be

glass gnuthrptediorheesteperiasdibsdraiovecean pracded fniboauuadiny any
damages on the glass substrate, and the crystalline semiconductor film
having the uniform and small crystal grain sizes can thus be obtained.
[0024] It may also be appreciated from the foregoing description that in
accordance with the preferred embodiment of the method for controlling
the heating for the semiconductor film, the visible-light diagnostic probe
laser beam may be applied onto the surface of the semiconductor film
being processed by the laser beam while it is heated by irradiating it with
the heating laser beam, the light reflected back from the semiconductor
film by the probe laser light may be detected, and according to the result
of the detect, the heating laser beam irradiating condition may be
determined easily under which the semiconductor film can be heated to
the temperature not exceeding the fusing point for the semiconductor film
while it is processed by the laser beam. Thus, the optimum laser beam
irradiating condition can be determined easily, under which the operation
can be performed in the simplified and efficient manner. [0025] In addition,
it may be appreciated from the foregoing description that in accordance
with the preferred embodiment of the apparatus for crystallizing an
amorphous semiconductor film, the apparatus may include the heating
laser beam supply source for providing the heating laser beam to be
applied onto the semiconductor filmP3he heating laser beam control part
for setting the heating laser beam irradiating condition for the heating laser
beam supply source, the diagnostic probe laser beam supply source for

providing the visible-light diagnostic probe laser beam to be applied onto
tha camicaondiictor filmm and the reflected linht deteactar for detectinna the



100261 Fig. 1 is a longitudinal cross sectional view illustrating the excimer
laser beam annealing apparatus that may be used in a first embodiment of
the present invention; Fig. 2 illustrates the heater pattern in the first
embodiment; Fig. 3 is a longitudinal cross sectional view illustrating

] he excimer laser heam annealing,; apparatus that,m bf e%in other .
. ith ©
e R LR e Lo ey VP b e the

glasdn tighexaepleis mhigtailugtrates the raspectivetseapepiplectinone, and
microscopic pictures that substitute the drawings, each showing the
crysigdiépadbeteninrphyutnadcaadseigiédthe example of the present

an@’&ﬂéﬁ%‘e a@efﬁgafdggg 1048 p@@f@g : thi?ﬁigé%ﬁ%q;‘gﬁgg S 810 (RN thatens

e variations In the antount of the reflecte lagnostic

inve R lasaiohedsd fes each fneishosf ateosdingd oties éxamplewhthein it is
present invention; EXPLANATIONS OF NUMERALS 10027] 1; Excimer

chargerBednitaireanal dpparie $RsAMbalngienanmatntained in the heated

state by heating the glass substrate up to the temperature not exceeding the
softening temperature of the glass substrate.

[0012] The method according to the fourth embodiment of the present
invention is provided as a variation of the second or third embodiment,
wherein it is characterized in the fact that the temperature of the glass
substrate being heated is raised by heating the glass substrate using a heater.

[0013)] The method according to the fifth embodiment of the present
invention is provided as a variation of any of the second, third and fourth
embodiments, wherein it is characterized in the fact that the temperature of
the glass substrate being heated is raised up to the said maintained heated
state in a stepwise fashion, the stepwise raising of the temperature occurring
while the glass substrate is maintained raised temperature state.

[0014] The method according fo the sixth embodiment of the present
invention is provided as a variation of any of the first, second, third, fourth
and fifth embodiment, wherein it is characterized in the fact that the laser
beam is supplied as a pulse laser by any of the excimer laser beam generator
and YAG laser generator.

[0015] In accordance with the seventh embodiment of the present invention,
the method for controlling the heating temperature for a crystalline
semiconductor film is provided, wherein it is characterized in the fact that a
visible-light diagnostic probe laser beam is applied onto the surface of a
semiconductor film while the semiconductor film is being heated by the

heating laser beam, the laser beam reflected back from the semiconductor film



3a: Excimer laser beam generator 3b: Excimer laser beam transmission
system 3c: Laser beam irradiation part 4: Substrate placement stage 5:
Heater 6: Reflecting plate 8: Substrate 9: Amorphous semiconductor thin
film 10: Laser beam 20: Excimer laser beam annealing apparatus 22:

by t:lfénn 1%'!5” g 1%mpbr%rb%3%as Xci gérlgser b 9&{‘ erﬁle heating laser beam
irradiating conditions are determined from the detected diagnostic results,
and the semiconductor film is heated up to the temperature not exceeding the
fusing point under the heating laser beam irradiating conditions while it is
being processed by the heating laser beam.

[0016] In accordance with the eighth embodiment of the present invention,
the apparatus for crystallizing a semiconductor film is provided, wherein the
apparatus is characterized in the fact that it includes a heafing laser beam
supply source for applying a heating laser beam onto the semiconductor film,
a diagnostic probe laser beam supply source for applying a visible-light
diagnostic probe laser beam onto the semiconductor film, and a reflected light
detector for detecting the light reflected back from the semiconductor film by
the diagnostic probe laser beam.

{0017} In the method for fabricating a crystalline semiconductor film in
accordance with each of the embodiments described above, when the glass
substrate is to be heated, its temperature may be raised without causing any
damages on the glass substrate, and the glass substrate may be maintained in
the raised temperature state. While the glass substrate is maintained in the
raised temperature state, the amorphous semiconductor film formed on the
surface of the glass substrate can be crystallized by exposing it to the laser
beam and by heating only it at the non-fusing temperature for a short time. In
this way, alterations (such as deflections, deformations and internal stress) on
the glass substrate is prevented and the high-quality polycrystalline
semiconductor substrate having the small and uniform erystal grain sizes can
be obtained without causing any physical damages to the glass substrate..
Alternatively, the amorphous semiconductor may also be crystallized at the
temperature below the fusing point by irradiating it with the laser beam,
without passing the glass substrate through the preliminary beating.

[0018] Preferably, the temperature of the glass substrate being heated and



30: Diagnostic probe laser beam generator 32: Reflected light detector

BEST MODE OF EMBODYING THE INVENTION [0028] (Embodiment 1)

Referring now to Fig. 1, the present invention is described below in

accordance with the first embodiment thereof In describing the
maintJIHPRL IR aRrisating & argialing serpicopdviioriin, in a66rdanee Wil glass

the first embodiment, it is assumed that the substrate that may be uSed in
softenime flabpanebdisptay TiFTtdevicedd hding prdtessed, antthatha temperature

orphous sjlicon thin film has preyiously been formed on the substrate, It

shoul &y BB e B, nbWavER Lt (R proeel CRREHEEITTS it ARfted 1rther
prefer@BYsparisuiainiyRe ofihe suksiiate.and-anynaricdlan e Qffl®ing point. In

amorphous semiconductor substance formed on such substrate. [0029]
this waiy. anjiuseesidd ¢ @wiinen faget be atrapredingafispaaatbs Pisaemegd more
effectikx)/%lused in implementing the method for fabricating a crystalline

Semiconductor film according to the first embodiment of the present

inkériiiong | hé: excimeriasarnkeaithrnehling appanaivs bamckidesand may be

annealing chamber 2 and a KrF excimer laser beam generator 3a located

raisedy SiSIRE arERiy bR@beE DoHIDE R WHHBARTS cRARIE B gRefe of the
preser? AIPSREREAMITAGIANAN RATt3Cditestied iR e MIEREME uipments.

laser beam generator (laser beam supply source) 3a and the laser beam
Desirdbhdighonglat3sretiméccohnadtbd vid ecltsdrthansmissiba hystertrdpsfer of
the h A laser beam irradiation apparatus may thus be constructed by the
¢ e@gﬁﬁjonents described above, that is, the KrF excimer laser beam

genarateh Ba.the {Rsepfansmissionisy b Shans faedaseriedhted should
irradiation part 3c. The KrF excimer laser beam may be a UV light having

be raigefave Iengteprzas frthipo3ommside e dbmeudtiig dhambér theherepwise
tempe‘f?'a%&%'é’s%{%‘t%%ﬁ”%gé Sgl%%s“ Ss%ﬂ‘s%&t% 'a%er&%?”{&&‘é@mi}l‘et@ée&amed

beam Iirradiation part 3¢ can be directed toward the surbstrate placement
tempestagerd.sthecsuhstrhie plagemeat gtage dutaniaivs adhedtenbfon@mined at the
heating equipment located beneath it. A thermally inszjlating covegr 7

uniforgy femmed A 5ok 3ot oRntE e dibstA PR e REgR Y Gtred by
heatn?ﬁraﬂ@ ing Plate 6 Alse farmed ks, fragwork is provided above the

ermally insulating cover 7 by contacting with the thermally insulating

[001%bvVer Frdewe tanerwdl urtaddof ieereectingwpitltehe i inblinedanwardiptrate

excosUAdOMTIRIAl SO At ine lnrragiant hegt ieflecteg by the reflecting
plate’s can be Tetainéd at the high temperatuire inside the reflecting plate

allow$tHOA3EET e preceskotialtigatibg@ bun lpntisingthe hasaiaseedkbog ductor
] apparatus 1 described above is now described. A glass substrate 8
film. Fpr exesaidioHds bresrbenitihry i o mmARRKRES frcvidtiejaBgHe gange

may B8 %O%léﬁﬁ@c%fpﬁgﬁ%f}ySé@ﬂﬂt}ﬁfﬂﬁgﬁkgn%tf‘%e present invention are not

limited to any particular type of the laser beam supply source, it should be
understood that the excimer laser beam generator, YAG laser generator and
the like may be employed as the preferred pulse laser beam supply source.
[0020] When the laser beam is irradiating, the glass substrate may be
retained the heated temperature state before irradiation with the laser beam.
Accordingly, a fluctuating energy range of the laser beam supply source can be
more uniformly than it appears, and the variations in the temperature can be

kept uniform each time the laser beam is shot. In order to ensure this action,



The substrate 8 is placed on the substrate placement stage 4. Next, the
annealing chamber 2 that is internally placed under the atmospheric
pressure may be purged with nitrogen so that it can be placed under the
nitrogen atmosphere. Then, the heater 5 may be energized, producing the
heat that.conducts thgﬁgh the s E%trate placement stage 4 to the

the glirSRPE R A HORHEO A PHABiD bt BRI BT tREBECRR T heated
temFHATRIS ShOW IMEIG LRty ThadsmReralidie AldNeSWbsHalRBnaterial
being heated may be raised in a stepwise fashion and retained

baseibotheirais sthisiternpamtit e sneanbeaidis éd aipaiol thighpletietephaisedubsirate

intaining temperature. Prefer%gy, thjs pregetermined maintainin o
shoul e B A b Dot R oHeR ARG Fe SRRSO o
abov¥vhen the temperature of the substrate 8 is to be raised, the temperature

of the amorphous silicon thin film 9 may also be raised by the transfer
hedhorttedisniee at iy chrgista thédfeata efextteth frortiag refietling piatephous

.6). . 0032 ] With the substrate 8 being retained.at the predetermined
somiggAREltie, 1 ex@ior 18er FERAVEMIEY Ir méPfascrBRIRRons

semi8EREIAIQN 3G MAYRR t{ﬁ@%@@@@%gyﬁg%m@%@%ﬁﬂmm that may
transmission system 3b to the laser beam irradiation section 3c, from
be cevitimintib exdinerdaverideans emuapbhéwpplictliowerasthecadarphoused by

. ilicon thin film 9 Only the amorphous silicon_thin film.9 on the, substrate 8
irradiaiing nbteBAFRIRRS: BUTHITAAGH SiThaT e M6 pHEE shicar- 12

addifan depglycrystalizadsThe.heating femperalinednidiie samieRpduGittrphous
thin film 9 may be any temperature not exceeding its fusing point. In the

semiexadpitoshblon ar Bigy 2 prédenabhytithe téhatarsanrbo bibeesebstr dleeSsurface
being heated may be caoled to be lowered.in g stepwise fashion and .

of th g T B TR A TS R AL L L TR P AL the
amoxHEINeghha e MBI M RN S Al R SiZES:aRd the good crystalline
quality. This polycrystalline semiconductor thin film is suited for use

{ 003k thEerthaivErdisplays:chstandd beithdehstondthodefrar, ehatrhlling the

present invention is.not |imited to.using on the organic EL displa

li . b
heat g, COOPBE o1 Sl SSEECO SRSE (T o RS o
crystAIEHAS 0033 EphRdimaRidicond I RLCORIAN R WHRBEI 5880RBove, the

embodiment shown In Fig. 3, the excimer laser beam annealing apparatus

conditisioay desdeibedyiokhiciheheadisndsticspropaiased beton nfdyrbeshould be
. rovided. gnd.detected. n this embadiment 2, compagnents that are similar.
trrad R R DS TR TR 8 I TR QF OB e Sty Tiht
refledRe1dBaGIPEARS OfRBOSELAPROTSNES AR e OrisimPlfedhe prif@ laser
excimer laser beam annealing apparatus 20 includes an annealing
beamechamber 22 and a KrF excimer laser beam generator (heating laser beam
supply. squrce) 23a located outside the annealing chamber 22. The .
o o I0as BRI R 2t 0 RAARAH R GE 5 SR e the
laser 'DUASR Z301a0EE:S bl Mipen23 esatperin the drationdB WIGR being
the laser beam from the KrF excimer laser beam generator 23a is

heatediredted t nbkreinghef ddwr serriceo dufibereilvack o rameusdcohdmainrities
mirror. 23¢c may be trapsmitted. throu lens 23d to a laser beam )
com i A G 298 BCALo AL A OSNE D) 00 e g densicy

6] e loca € annhealing'c

(F) asvbstaie-Sahrvingananamheuesdicanthia filnbo fermed hemenawy beam

be placed ahead of the laser irradiating direction from the laser beam

mustifadigtiorsintidrby3eannendlyy widws obihe prrrgsddentityetedtiipn by

irra 5,9 8 Tt ibalt i 230 or decino fe.ouiput ol e KOF exeimer, o

generator 23d. This deteced result may be indicated on the

the optipliindicalioi0bf Giibe (MINsMissidR Site plibersetead haloRigbsuld be
23c, there is a hi-planar phototube 26 for a trigger signal in which the laser
beam output of the KrF excimer laser beam generator 23a as detected
may be used as a trigger signal for detecting the reflected light. [ 0034 ]
There is a visible-light diagnostic probe laser beam generator (diagnostic
probe laser beam supply source) 30 that is located outside the annealing
chamber 22 for providing a visible-light diagnostic probe laser beam.

Inside the annealing chamber 22, there is a probe laser beam irradiation
cartinn 272 that ie loecated in the direction in which the lacar heam ic



Initially, the substrate 8 having the amorphous silicon thin film 9 formed
thereon is placed in position inside the annealing chamber 22 and the
annealing chamber 22 is placed under the atmosphere same as described
in connection with the embodiment 1. Then, the substrate 8 may be
applid EHALDL NG BEALEALIRMANt(HOFSHOWNL. TG KT, EXGIMELIASErbeAM o oo a1
generator 23a provides an éxcimer laser beam for heating wﬁlch may {10
timestaine thseldsearh éaadiation saatienc2de ftoon whdhoit (Mayrenteritbeletermined

annealing chamber 22 through the first half mirrqr 23b, second half mirror
by ch G YA o i AP b T ARSI L35 HEETRRF B GREM) or

examHNQEPPRYSssilceRAhiniiim Bawitbin theanpeali bambey 2/ Rast 8bineThese
excimer laser beam for heating may be reflected by the half mirror 23b,
methogy imaEiberrwastretrtnendy byhbe doerfinthetdre25mitimamesuiteér beam
. - e nent ma indic on the output indicator 25b. Then, part
1rrad1%ﬁég I‘ggrgﬁpe;glrlhs inaé%{leec t}ﬁé%%?ﬁ&i?gd‘ﬁ%l}%e ?ﬁéecé}ev&ind half mirror 23c,
[0022hdmmaydoe dietectest by thebbilanan phetbtibe pectana tigeen signalithatlaser
es a trigger signal. This trigger signal may activate the diagnostic

provi g . -
beam 5?663%3?&%89%%%@%@%cgﬂwméaﬁcbmaé%mbm@ﬁl time, the

reﬂecﬁi@‘ﬁw&ﬁ%HEQR?H@%%@J&%&’@9&’&'%8@?&%@%9&%@%% ys%ﬂ ace. without

diagnostic probe laser beam generator 30 may go to the probe laser beam
destriygtidiatiemsekiing.2 Za theobgh whichlit, mahdelapptied ontortperature of the
rphous silicon thin film 9 within th eali amber 22. The

. am n c
Semlc?é‘rfg%?éa’fngsh‘{ ety 8cli%‘iﬂ?% HRrShs0E SikkorediPfiptgeed the
fusingmay el gerutehihe,amraling ghapags 22 through the reflected light

emitting section 27b, while the reflected light 30b may go through the
miftoitBisy #itvlent 31bnats ke rétedadeelighl dondetge 32 witarefts that the
n of | etected. The qutpyt and detection of the
refLec e e o R AR Y Severan 10
percextncheentlyewitiflihg ivaating bl dhe hdatiigclaseTheantdh@, [0R36lBsfer from
the Sogi(egteg ting the diagnostic probe laser beam outi)ut as described above, it is
|

5 ChEER AR MRS MelsorBitcor e fend@ee ylibthapkdyphase

can bOeXeeyIR BY MAYingdhe gﬁgﬁgﬁgﬁﬁ‘iﬂ}ﬂ?{sn WRPELET Shets éofyaéethre shold

heating laser beam from the KrF excirner laser beam generator 23a. From

value iz shecldngr it be tisieatiing ¢ tratghelameiph 6istsilicom thinkfdm ¢ shots

will fransfer from.the sqlid phase to the liguid phase as the amount of light
1) A T N bais A Rkaly ir e 8 A Baerdeh et NEug=er bear
irradiptiage tedhaisobd. phase A& hd aneunkof ightas SEecIgddesredses nresent
) remarkably. From this fact, it is possible to determine the conditions under
inventigrontthe Hagasghsser beandiotsasurrbd isiovidetforiteanig thesatisfy the
respe RSO0 1I0E 3 BRI OR IR TASIAG DO SXRERINATRe start of

fusing point. By processing the amorphous silicon fim fimin the
the fweggeneedederibed dbbvemmddrethecibelie onditichs, theamefphvsfusing).

silicon, thin fiIH1 can bﬁ_cr stallized efficiently under the optimal processing

Althoygh psretlectrfo st irfSEoRAhaRYh i B8 s Ao PRBG P Tiate
photodiceRNNagtihwitineash of e srbodiments. & shoudpe1adesstqd that g nt
) the present invention is not limited to those embodiments, which may be

Inventiquy e opt Jamateih Fumeyaestiiays avittker oéphrtidg fiom Metdecopenf type

the present.invention. (Example 1) 100371.An example is presented gnd
of devt eg;gﬁgeda ti)le oW, R al('%lé) 1(}:“’F}S}I{)’stoaﬁ}?zefr%3 (étpegaréﬁ% (ﬁés 0] %%%B%%iﬁ%%‘ﬂutely

or relagiveddiment is used, in which an sample of the glass substrate having the
amorphous silicon thin film(fusing point of 1200C) of 50 nm thick formed

thereBAtd Brolidea. beam argasdinia ng st o drassibedstrbey ovarbe laser
beam Eﬁ'ﬂlﬁé&ﬁ@éb’ &ﬁ‘? tﬁg C%%ﬁt}ﬁml%glelgﬁﬁnl#% é’aﬁ%raecl réhl%.ser beam

substrate being heated may be raised within the temperature rafnge

between the room temperature and the temperature of 400C at the

heating rate of 100C/min by the heater, and then the substrate may be

retained in the raised temperature sklte during a period of 5 minutes.

Then, the temperature may be raised up to 500C or 650C at the heating

rate of 50C/min, and the substrate may be retained at the raised

temperature. While the temperature of the substrate 8 is raised up to the
tamnaeratiire of BOOC nr AENC and the cribetrate Q ic retainead in the raicad



substrate. The amorphous semiconductor thin film on the substrate 8 has
thus been poly-crystallized. Following the laser beam irradiation, the
substrate may be cooled down to the room temperature at the cooling rate
of 100C/min. The energy density of the laser beam in each sample may

supI§ LeHaied asphans indablepl s I003RL TPedneasured ESSH Ak e energy

crystalline grain thus obtained are also presented in Table 1. For the
dengpsiratéhenipecatiredme achysdmplen itthHs bhéegn atigesved:byithd d6eaybeam
diffraction that the peak_ of the crystalline orientation (111) may be

OUPY I RY thSeteme 8 e Db Aeipi®Beds a certain value. When the

Efrectysifling.grainthus obtained are observed by the scan-type electron
microscope (SEM), it is found that when the energy density reaches a
{ 0@Btaidvatueythecusip lasen wthelling dlystallizagom Gusiescaidion that in

o S R IS R S
crysthasRlidphassnerystalization ahtained inthis example anghtbe-auallaserate

annealing crystallization by fusing and re-crystallization are presented in
haviggytbe amboplach efthécpolurystafiibe Jemivahdbeterthihdims rased may

qQbtajned , there are few variations in the grain sizes,,which are unifor
be rajGed it AT RIS ARSI S T DD B BPHHE [RHTEa he lasor
beantQFRIIONS:T DE:ROINEISIRUNS semiconducter tip filmthys obtalned Rasstate,

the good quality as well. Under any of the substrate temperature
the apndithmss tenerergyuntryifitvarie gdueaheabe dnore tthah S@mdpredture not

ay be obtained. [Q040] Si nQ change is naticed during the etchi
exeeqf{iRB AL (bR D EABRA AT Pralibboh BRRR R SAE I C e dE) may
be ciP¥HINGMETRCQ SRR UTHES hE FANELRLIYIGNIIEIMORNAYS ¢ any
silicon can be dissolved completely, it is also found that the semiconductor
dam4igesthus dhbiainddexhibitsstire tgooatraty stedliner cptaliiynd his odcarsidigtoto film

oo SR TS L i s Ut e sl

[ o029 ng £f§ fardbeserysiiised silieondaminthe f?fﬂ?ﬁ‘(ﬁﬁ?e&%@ﬁ?ﬁéﬁoﬂﬁat in
a

/sec in the direction of the depth, and for the crystallized silicon of 50 run

acconfiforgat wikdld beak e mefeena drémubestimenit isfitbedmethddnfay bendpphiestthe

fro theé{o;e oing descri tiorﬁ;gtt e present invention can provide@?e
heatigg R i O HHCAALIS SSe e TeSER TRt BIS T e ST SR Lifclasor
beanthgmahystalling sgaicanductonfinhaving tre grainsizgsfdessdhaniof being

equal to 100 nm and the uniformity can be obtained. [0041] Table 1
procegsgdpley the laser beam while it is heated by irradiating it with the
heating laser beam, the light reflected back from the semiconductor film by
the probe laser light may be detected, and according to the result of the detect,
the heating laser beam irradiating condition may be determined easily under
which the semiconductor film can be heated to the temperature not exceeding
the fusing point for the semiconductor film while it is processed by the laser
beam. Thus, the optimum laser beam irradiating condition can be determined
easily, under which the operation can be performed in the simplified and
efficient manner.

[6025] In addition, it may be appreciated from the foregoing description that
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No, Temp (t) Retention time (rain) Laser energy density (mcpcm?2)
Number of shots X-ray strength (111)

in accordance with the preferred embodiment of the apparatus for
crystallizing an amorphous semiconductor film, the apparatus may include
the heating laser beam supply source for providing the heating laser beam to
be applied onto the semiconductor film, the heating laser beam control part
for setting the heating laser beam irradiating condition for the heating laser
beam supply source, the diagnostic probe laser beam supply source for
providing the visible-light diagnostic probe laser beam to be applied onto the
semiconductor film, and the reflected light detector for detecting the light
reflected back from the semiconductor film by the diagnostic probe laser beam.
Thus, the optimum laser beam irradiating condition can be determined easily
from the results detected by the reflected light detector. As the optimum laser
beam irradiating condition can be determined to reflect the heating laser
beam supply source, the semiconductor film can be crystallized by heating it
to the temperature not exceeding the fusing point.
BRIEF DESCRIPTION OF DRAWINGS

[0026] Fig. 1 is a longitudinal cross sectional view illustrating the excimer
laser beam annealing apparatus that may be used in a first embodiment of the
present invention:

Fig. 2 illustrates the heater pattern in the first embodiment;

Fig. 3 is a longitudinal cross sectional view illustrating the excimer
laser beam annealing apparatus that may be used in other embodiment of the
present invention;

Fig. 4 illustrates the heater pattern in the example;

Fig. 5 illustrates the respective scan-type electron microscopic pictures
that substitute the drawings, each showing the semiconductor film
crystallized according to the example of the present invention and according
to the prior art;

Fig. 6 represents a graph that shows the variations in the amount of

the reflected light by the diagnostic probe laser beam for each one shot

12



(count) Estimate of crystallization by X-ray Observation by SEM 1 350 10
75 30 no peaks

according to other example of the present invention;
EXPLANATIONS OF NUMERALS
{0027}

1 Excimer laser beam annealing apparatus

2: Anpealing chamber

3a’ Excimer laser beam generator

3b: Excimer laser beam transmission system

3¢ Laser beam irradiation part

4! Substrate placement stage

5: Heater

6: Reflecting plate

8. Substrate

9: Amorphous semiconductor thin filhm

10" Laser beam

20" Excimer laser beam annealing apparatus

22! Annealing chamber

23a: Excimer laser beam generator

30 Dhagnostic probe laser beam generator

32! Reflected light detector
BEST MODE OF EMBODYING THE INVENTION

[0028) (Embodiment 1)

Referring now to Fig. 1, the present invention is described below in
accordance with the first embodiment thereof.

In describing the method for fabricating a crystalline semiconductor
film in accordance with the first embodiment, it is assumed that the substrate
that may be used in the flat panel display TF'T device is being processed, and
that an amorphous silicon thin film has previously been formed on the
substrate. It should be understood, however, that the present invention is not

Iimited to any particular type of the substrate and any particular type of the
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amorphous semiconductor substance formed on such substrate.

[0029] Fig. 1 illustrates the excimer laser beam annealing apparatus 1 that
may be used in implementing the method for fabricating a crystalline
semiconductor film according to the first embodiment of the present invention.
The excimer laser beam annealing apparatus 1 includes an annealing
chamber 2 and a KrF excimer laser beam generator 3a located outside the
annealing chamber 2. Above the annealing chamber 2, there is a laser beam
irradiation part 3c directed inwardly. The KrF excimer laser beam generator
(laser beam supply source) Sa and the laser beam irradiation part 3¢ are
interconnected via a laser transmission system 3b. A laser beam irradiation
apparatus may thus be constructed by the components described above, that
is, the KrF excimer laser beam generator 3a, the laser transmission system 3b
and the Iaser beam irradiation part 3c. The KxF excimer laser beam may be a
UV light having a wave length of 248 nm.

[0030] Inside the annealing chamber 2, there is a substrate placement stage
4 so that the laser beam 10 from the laser beam irradiation part 3c can be
directed toward the substrate placement stage 4. The substrate placement
stage 4 contains a heater 5 for a heating equipment located beneath it. A
thermally insulating cover 7 formed like a framework surrounds the substrate
placement stage 4, and a reflecting plate 6 also formed like a framework is
provided above the thermally insulating cover 7 by contacting with the
thermally insulating cover 7. The inner wall surface of the reflecting plate 618
inclined inwardly and downwardly so that the inner radiant heat reflected by
the reflecting plate 6 can be retained at the high temperature inside the
reflecting plate 6.

[0031] The process of fabricating a thin film using the laser annealing
apparatus 1 described above is now described.

A glass substrate 8 has an amorphous silicon thin film 9 of 50 nm

thickness previously formed on the surface thereof using the usual method.
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The substrate 8 is placed on the substrate placement stage 4. Next, the
annealing chamber 2 that is internally placed under the atmospheric pressure
may be purged with nitrogen so that it can be placed under the nitrogen
atmosphere. Then, the heater 5 may be energized, producing the heat that
conducts through the substrate placement stage 4 to the substrate 8 placed
thereon. The substrate 8 may be thus heated. In the example shown in Fig. 2,
desirably ,the temperature of the substrate 8 being heated may be raised in a
stepwise fashion and retained isothermally , this temperature may be raised
up to the predetermined maintaining temperature. Preferably, this
predetermined maint,ainiﬂgl temperature may be below the softening
temperature of the substrate 8. When the temperature of the substrate 8 is to
be raised, the temperature of the amorphous silicon thin film 9 may also be
raised by the transfer heat or radiant heat (including the heat reflected from
the reflecting plate 6).

{0032 ] With the substrate 8 being retained at the predetermined
temperature, the excimer laser beam emitted from the excimer laser beam
generator 3a may be transmitted through the excimer Ilaser beam
transmission system 3b to the laser beam irradiation section 3¢, from which
the excimer laser beam 10 may be applied toward the amorphous silicon thin
film 9. Only the amorphous silicon thin film 9 on the substrate 8 will be
heated by this laser beam irradiation sc that the amorphous silicon can be
polycrystallized. The heating temperature for the semiconductor thin film 9
may be any temperature not exceeding its fusing point. In the example shown
in Fig. 2, preferably, the temperature of the substrate 8 being heated may be
cooled to be lowered in a stepwise fashion and maintained isothermally. The
polycrystalline semiconductor thin film thus obtained has the uniform and
small grain sizes and the good crystalline quality.

This polycrystalline semiconductor thin film is suited for use on the

organic EL displays. It should be understood, however, that the present
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invention is not limited to using on the organic EL displays, but may also be
applied for other types of crystal liquid displays and electronic materials.
[0033] (Embodiment 2)

In accordance with the second embodiment shown in Fig. 3, the
excimer laser beam annealing apparatus is now described, in which the
diagnostic probe laser beam may be provided and detecied. In this
embodiment 2, components that are similar to those in the embodiment 1 are
given similar reference numerals, and the descriptions of those components
are omitied or simplified.

The excimer laser beam annealing apparatus 20 includes an annealing
chamber 22 and a KrF excimer laser beam generator (heating laser beam
supply source) 23a located outside the annealing chamber 22. The excimer
laser beam annealing apparatus 20 further includes a first half mirror 23b
and a second half mirror 23c located in the direction in which the laser beam
from the KrF excimer laser beam generator 23a is directed, wherein the laser
beam 10 reflected back from the second half mirror 23¢ may be transmitted
through a lens 23d to a laser beam irradiation section 23e located in the
annealing chamber 22. Then, a substrate 8 having an amorphous silicon thin
film 9 formed thereon may be placed ahead of the laser irradiating direction
from the laser beam irradiation section 23e. An energy meter 25a is provided
on the reflecting side of the first half mirror 23b for detecting the output of the
KrF excimer laser beam generator 23a. This deteced result may be indicated
on the output indicator 25b. On the transmission side of the second half
mirror 23c, there is a bi-planar phototube 26 for a trigger signal in which the
laser beam output of the KrF excimer laser beam generator 23a as detected
may be used as a trigger signal for detecting the reflected light.

[ 0034] There is a visible-light diagnostic probe laser beam generator
{(diagnostic probe laser beam supply source) 30 that is located outside the

annealing chamber 22 for providing a visible-light diagnostic probe laser
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beam. Inside the annealing chamber 22, there is a probe laser heam
irradiation section 27a that is located in the direction in which the laser beam
is provided by the diagnostic probe laser beam generator 30. The substrate 8
having the semiconductor thin film 9 formed thereon may be placed so that it
can be positioned in the laser beam irradiating direction. The light reflected
back from the semiconductor thin film 9 goes to a reflected light emitting
section 27b within the annealing chamber 22, from which the reflected light
may be emitted outside the annealing chamber 22. A mirror 31a and a lens
31b are arranged in the reflected light path, and a phototube-type reflected
light detector 32 including a photodiode and the like is arranged forwardly of
the reflected light path. The mirror 81a, the lens 31b and the reflected light
detector 32 constitute the reflected light detector section.
[0035] The operation of the excimer laser beam annealing apparatus 20
described above in connection with the above embodiment is now described.
Initially, the substrate 8 having the amorphous silicon thin film 9
formed thereon is placed in position inside the annealing chamber 22 and the
annealing chamber 22 is placed under the atmosphere same as described in
connection with the embodiment 1. Then, the substrate 8 may be heated by
the heat equipment {not shown). The KrF excimer laser beam generator 23a
provides an excimer laser beam for heating which may go to the laser beam
irradiation section 23e from which it may enter the annealing chamber 22
through the first half mirror 23b, second half mirror 23¢ and lens 23d. Then,
the excimer laser beam may be applied onto the amorphous silicon thin film 9
within the annealing chamber 22. Part of the excimer laser beam for heating
may be reflected by the half mirror 23b, and it may be measured energy by the
energy meter 25a. The result of the measurement may be indicated on the
output indicator 25b. Then, part of the laser beam may be transmitted
through the second half mirror 28¢, and may be detected by the bi-planar

phototube 26 for a trigger signal that provides a trigger signal. This trigger
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signal may activate the diagnostic probe laser beam generator 30 so that it
can provide the visible-light diagnostic probe laser. The probe laser beam 30a
provided by the diagnostic probe laser beam generator 30 may go to the probe
laser beam irradiation section 27a through which it may be applied onto the
amorphous silicon thin film ¢ within the annealing chamber 22. The reflected
light 30b reflected back from the amorphous silicon thin film 9 may then go
out of the annealing chamber 22 through the reflected light emitting section
97b, while the reflected light 30b may go through the mirror 31a and lens 31b
into the reflected light detector 32 where the amount of the light may be
detected. The output and detection of the diagnostic probe laser beam may be
executed in real time and concurrently with the heating by the heating laser
beam 10.

[0036] By detecting the diagnostic probe laser beam output as described
above, it is possible to check any change in the amount of the reflected light
that may be executed by varying the energy density or number of shots for the
heating laser beam from the KrF excimer laser beam generator 23a. From this
checking, it may be determined that the amorphous silicon thin film 9 will
transfer from the solid phase to the liguid phase as the amount of light as
detected increases remarkably, while it will transfer from the liquid phase to
the solid phase as the amount of light as detected decreases remarkably. From
this fact, it is possible to determine the conditions under which the heating
laser beam 10 should be provided for heating the amorphous silicon thin film
9 up to the temperature not exceeding the fusing point. By processing the
amorphous silicon thin film in the sequence described above under the above
conditions, the amorphous silicon thin film can be crystallized efficiently
under the optimal processing conditions.

Although the present invention has been described above in connection
with each of the embodiments, it should be understood that the present

invention is not limited to those embodiments, which may be modified or
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varied in numerous ways without departing from the scope of the present
invention.
(Example 1)

[0087] An example is presented and described below.

The crystallizing apparatus described above in the embodiment is used,
in which an sample of the glass substrate having the amorphous silicon thin
film (fusing point of 1200°C) of 50 nm thick formed thereon is provided.

In order to avoid that the glass substrate warp when it is initially
heated, as shown in Fig. 4, the temperature of the substrate being heated may
be raised within the temperature range between the room temperature and
thé temperature of 400°C at the heating rate of 100°C/min by the heater, and
then the subsirate may be retained in the raised temperature state during a
period of 5 minutes. Then, the temperature may be raised up to 500°C or
650°C at the heating rate of 50°C/min, and the substrate may be refained at
the raised temperature. While the temperature of the substrate 8 is raised up
to the temperature of 500°C or 650°C and the substrate 8 is retained in the
raised temperature state in 10 minutes, the excimer laser beam 10 in its pulse
forms may be shot 30 times from the laser beam irradiation section 3¢ toward
the substrate 8. The amorphous semiconductor thin film on the substrate 8
may be heated to any temperature between 850 and 1000°C, and may thus
become poly-crystallized. Following the laser beam irradiation, the substrate
8 may be cooled down to 400°C at the cooling rate of 50°C/min, and may be
retained at 400°C for 5 minutes. Then, it may be cooled down to the room
temperature at the cooling rate of 100°C/min (see Fig. 4).

[0038] Next, another example of the experiment is described, in which the
temperature of the substrate being heated may be raised from the room
temperature up to 350°C at the heating rate of 100°C/min, and then may be
retained in the raised temperature state for 10 minutes during which the

excimer laser beam 10 in its pulse forms may be applied 30 shots toward the
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substrate. The amorphous semiconductor thin film on the substrate 8 has thus
been poly-crystallized. Following the laser beam irradiation, the substrate
may be cooled down to the room temperature at the cooling rate of 100°C/min.
The energy density of the laser beam in each sample may be regulated as
shown in Table 1.

[0039] The measured result of the crystalline grain thus obtained are also
presented in Table 1. For the substrate temperature in each sample, it has
been observed by the X-ray diffraction that the peak of the crvstalline
orientation (111) may be obtained when the energy density exceeds a certain
value.

When the crystalline grain thus obtained are observed by the
scan-type electron microscope (SEM), it is found that when the energy density
reaches a certain value, the usual laser anvealing crystallization (fusing and
re-crystallization) occurs, rather than the solid phase crystallization (SPC).
The respective SEM photographs that substitute the drawings and show the
solid phase crystallization obtained in this example and the usual laser
annealing erystallization by fusing and re-crystallization are presented in Fig.
5.

For each of the polycrystalline semiconductor thin films thus obtained,
there are few variations in the grain sizes, which are uniform over the entire
surface, although this may depend upon the particular conditions. The
polycrystalline semiconductor thin film thus obtained has the good gquality as
well. Under any of the substrate temperature conditions, the energy margin
that is equal to or more than 30mdcm™2 may be obtained.

[0040] Since no change is noticed during the etching process (for 21 seconds)
that has previously been made (for 21 seconds) by using the Secco solution
under the condition in which the amorphous silicon can be dissolved
completely, it is also found that the semiconductér film thus obtained exhibits

the good crystalline quality. This occurs due to the extremely great difference
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in the etching rate by the Secco solution between the amorphous silicon and
crystallized silicon. In general, the etching rate for the crystallized silicon is
in the order of several angstrom /sec in the direction of the depth, and for the
crystallized silicon of 50 nm thick, it would take several minutes until it is
fused.

It may be apparent from the foregoing description that the present
invention can provide the semiconductor film that presents less variations in
the TEFT property, since the crystalline semiconductor film having the grain

sizes of less than or equal to 100 nm and the uniformity can be obtained.
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[0041] Table 1

Sample| Temp | Retention time Laser SRSIEY | Number X-ray strength Estimgte ?f Observation by
‘ density 1D crystallization
No, (T) (min) (e /em®) of shats {count) by X-ray SEM
1 350 10 75 30 no peaks X amorphous
2 | as0 10 90 30 101 O solid phase
crystalhization |
3 | 350 10 105 30 123 O solid phase
orystallization
4 | 350 10 115 30 120 O solid phase
crystallization
5 | 350 10 125 30 1 112 o) solid phase
crystallization !
. . fusing, r
6 350 1¢ 138 30 134 O re-crystallization |
7 6560 , 14 b0 30 no peaks bes amorphous
i solid phase
8 500 10 &3 30 136 ] crystallization
9 500 10 94 30 125 O solid phase
crystallization
solid phase
10 5060 18 108 30 143 & crostallization
solid phase
11 500 10 121 30 142 O crystallization
fusing,
12 | 500 10 125 30 113 O vo-crystallization
. solid phase
18 650 10 66 30 127 O crystallization
: - solid phase
14 | 650 10 7 30 113 O erystallization
‘ solid phase
15 | 650 10 89 30 137 O erystallization
fusing,
16 650 10 a7 30 108 O re-crystallization
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[0042] (Example 2)

Next, another example is described below, in which an amorphous
silicon thin film having the film thickness of 50 nm is provided like in the
preceding example, and the apparatus deseribed in connection with the second
embodiment is used. Then, the temperature of the silicon substrate may be set
to 500°C, and the irradiating energy density may be varied at 70, 80, 90 and
100 mj/em?. The amount of the reflected light may be detected by the reflected
light detector for each one shot. The results are shown in Fig. 6.

For the irradiating energy density up to 90 md/em?, no changes in the
mtensity of the reflected light were noticed (except noise level), but for 100
md/ecm?, the change by about 20mV was observed. Specifically, under this
condition (substrate), it may be determined that the fusing threshold value
(Pth) is in the range of 90mJ/ cm2<Fth<100md/ cm?, and the optimum energy
density (F) is equal to 90mJ/ cm?. Thus, the optimum laser beam irradiating
condition (irradiating energy density) can be determined eastly from the

above,
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CLAIMS
What is claimed is:

1. A method for fabricating a crystalline semiconductor film,
comprising the steps of-

raising the heating temperature of a glass substrate having an
amorphous semiconductor film formed on the upper layer thereof and
retaining the glass substrate in the raised temperature state;

irradiating the amorphous semiconductor film on the glass substrate
with a laser beam while the glass substrate is retained in the raised
temperature state;

heating the amorphous semiconductor film up to a temperature not
exceeding the fusing point: and

crystallizing the amorphous semiconductor film.

2. The method for fabricating a crystalline semiconductor film as
defined in Claim 1, wherein the glass substrate is retained i1n the raised
temperature state by raising the heating temperature up to a temperature not
exceeding the melting temperature.
| 3. The method for fabricating a crystalline semiconductor film as
defined in Claims 1 or 2, wherein the heating temperature of the glass

substrate is raised by using a heater.
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Next, another example is described below, in which an amorphous silicon
thin film having the film thickness of 50 nm is provided like in the
preceding example, and the apparatus described in connection with the

secopd embadimeniis Meeds T hea {he temperatungigbthe silieeRductor film as
substrate may be set to 500C, and the irradiating energy density may be

defmwcbdmﬂﬁ 08, 80 @hdd 1G0Intjam@g 1T e wheumtof tivegleftected fighatte is raised

be detected by the reflected light detector for each %ne shot. The
up F@S & g%agﬁéwg] ﬁ/ﬁzﬁgeba‘tule state by raising © eating temperature of

the glass substrate in a stepwise fashion and retaining the raised
temperature.

5. The method for fabricating a crystalline semiconductor film as
defined in any one of Claims 1 through 3, wherein the laser beam is supplied
as a pulse laser by the excimer laser beam generator or YAG laser generator.

6. The method for fabricating a crystalline semiconductor film as
defined in Claim 4, wherein the laser beam 1s supplied as a pulse laser by the
excimer laser beam generator or YAG laser generator.

7. The method for. fabricating a crystalline semiconductor film as
defined in any one of the preceding claims, comprising the steps for
controlling the heating temperature of a semiconductor film of:

applying a visible-light diagnostic probe laser beam onto the surface of
a semiconductor film being processed by a heating laser beam while the
semiconductor {ilm is being heated by irradiating i1t with the heating laser
beam;

detecting the laser beam reflected back from the semiconductor film by
the diagnostic probe laser beam: and

determining the heating laser beam irradiating condition from the
detected diagnostic results under which the semiconductor film should be
heated up to the temperature not exceeding the fusing point while it is being
processed by the heating laser beam.

8. An apparatus for crystallizing an amorphous semiconductor film,
including:

a heating laser beam supply source for applying the heating laser

beam onto the amorphous semiconductor film formed on the upper layer of a
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For the irradiating energy density up to 90 mJ/cm2, no changes in the
intensity of the reflected light were noticed (except noise level), but for 100
mJ/cmz2, the change by about 20mV was observed. Specifically, under
this condition (substrate), it may be determined that the fusing threshold
glad@lugiE 8 iQétﬁﬁéngﬁé)f}%}m%%mgﬁfﬂ@fﬂ-ﬂ%@Jh@“2@ aRdithBperature not
optimum energy density (F) is equal to 90mJ/ cm2. Thus, the optimum
excéasenpedm ifradisging condifioh ¢irradiatiogdersgy dbmsity)téatlire heating laser
determined easily from the above. CLAIMS What is claimed 1. A
beamsthod for fabricating a crystalline semiconductor comprising the steps of:
raisigightg(%gieq:gqq, é\fg@gg(rf}gér efa glass;sybstrate having an amorphous
semiconductor film forméed on the upper layer thereof and retaining the
a viglase-Bubairaiedn dbei caisel dcmperdivmastate applirfadiatirgdhenostic
amorphous semiconductor film on the glass substrate with a laser beam
while the glass substrate is retained in the raised temperature state;
heating the amorphous semiconductor film up to a temperature not
exceeding the fusing point; and crystallizing the amorphous
semiconductor film. 2. The method for fabricating a crystalline
semiconductor film as defined in Claim 1, wherein the glass substrate is
retained in the raised temperature state by raising the heating temperature
up to a temperature not exceeding the melting temperature. 3. The
method for fabricating a crystalline semiconductor film as defined in
Claims 1 or 2, wherein the heating temperature of the glass substrate is
raised by using a heater.
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4. The method for fabricating a crystalline semiconductor film as defined in
any one of Claims 1 through 3, wherein the glass substrate is raised up to
the retaining temperature state by raising the heating temperature of the
glass substrate in a stepwise fashion and retaining the raised
probiedypemaheen onto The mathptfusfabiscaing @ sy sialing sgmiconductor
film as defined in any one of Claims 1 through 3, wherein the laser beam
is TRt 9% d¢hnce nisthejanerdenmerdbset bdhachcfreratohomYdGo hous
. The method for fabricating a crystalline
Semi&?fr%%%%%%@{(%iﬁ% g%%gﬁ% qﬁl’o&lﬁﬁ)gﬁ \{ﬁﬁgFre]k?ﬁ M laser beam is
supplied as a pulse laser by the excimer laser beam generator or YAG
laser generator. 7. The method for fabricating a crystalline
semiconductor film as defined in any one of the preceding claims,
comprising the steps for controlling the heating temperature of a
semiconductor film of; applying a visible-light diagnostic probe laser
beam onto the surface of a semiconductor film being processed by a
heating laser beam while the semiconductor film is being heated by
irradiating it with the heating laser beam; detecting the laser beam
reflected back from the semiconductor film by the diagnostic probe laser
beam; and determining the heating laser beam irradiating condition
from the detected diagnostic results under which the semiconductor film
should be heated up to the temperature not exceeding the fusing point
while it is being processed by the heating laser beam. 8. An
apparatus for crystallizing an amorphous semiconductor film including;
a heating laser beam supply source for applying the heating laser beam
onto the amorphous semiconductor film formed on the upper layer of a
glass substrate raising the heating temperature up to a temperature not
exceeding the fusing point of the semiconductor film with the heating laser
beam; a heater for raising the glass substrate; a visible-light diagnostic
probe laser beam for applying the diagnostic
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probe laser beam onto the amorphous semiconductor film; and

means for detecting the laser beam reflected back from the amorphous

semiconductor film by the diagnostic probe laser beam. ABSTRACT

A crystalline semiconductor film having a sufficiently small and uniform

grain sizes may be provided on gesefijiconguctor substrate. Ina

preferred embodiment of the present invention, a glass substrate 8 having

an ameiphoulsemiconduetdttio:filfl e fohmech gn 4hes ufipeielatler thereldf and

_may be kept in the heated state by raising the heating temperature of the

umf@?ﬁ@sgé“@b%t%%@%mﬂi’e%fb‘ﬂéﬁg SEACHTRLBH A RIS A dhe glass

SUP?%{)%%%EE?X@Q%%%Q%HQ&P SpeHepparaireReLexseeding. thesfisingate 8

point by irradiating the amorphous semiconductor thin film 9 with a laser
havheam?@rThyddhe amaiphods semicbnduttor thifoiimed mayihe upper layer

crystallized. According to, this embodiment, the crystalljne semiconductor ,
he Rt RS RLCIIRI SPEN SHACETorRASr Lo it B gravet v ure of
the WINQUL CRUSING-ARY PRINAARS-PAINE laaS-BHRSHRlE- ARCOINAY %on the glass

another embodiment, the glass substrate may be kept in the heated state
subdiefare R imisadiatbdavitt the |asahsetemsortiathevéariatiore it the fusing

_ temperature can be kept consistently upon egch shot.of the laser beam. o
POIng i AL RS GYSATHE BBRES S -ls‘éfﬁi‘ﬁﬁﬁ?gtiﬁﬁﬁq Yoler beh Laser

beallrogiatign. This, AQ%MpsLies thal may & ¥istingide Iheamerhousy stallized.
semiconductor film or any contaminations that may adhere on the surface
Accofdtivezamdipisoes bediioendydior firy ganlbeerepoiadiductor film having the
sufficiently small and uniform grain size can be provided without causing any
damages on the glass substrate. According to another embodiment, the glass
substrate may be kept in the heated state before it is irradiated with the laser
beam, so that the variation in the temperature can be kept consistently upon
each shot of the laser beam. Furthermore, any crystalline defects can be
eliminated by the laser beam irradiation. Thus, any impurities that may exist

inside the amorphous semiconductor film or any contaminations thal may

adhere on the surface of the amorphous semiconductor film can be removed.
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