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crystal | ized sili t r hi n
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panel display such as the liquid crystal display
(LCD) device, there are sonme exanples of the nethods

t generally used for the above purpose. there
Techngér]aZl ](?%1%[ he net hod known as the | aser anneali ng
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sem conductor filmwth a laser beamin its pulse

semicdiiBor AMch WUSEN doARdtS BE It fihg lah0a inlo@p RERS RBAHSonductor
sem conductor film (2) the method known as the

film ®oth d aPhiserCr ysdml | hadt | drerebPC) cysogldsnghithle amorphous
consi sts of heating a substrate in the heater
semiconghurdee filamdch aidtbwidniprtdeatreliore how segbimigctmbactrarlied to the
~filmto be crystallized and grow in its.solid phase
semicogdusser Harngndysad apRagaley TphecrystHdging ke semipenductor
i Chem cal Vapor Deposition (DVD) process which
film. consists of allowi ng the polysilicon filmto glow

directlhy,on the glass substrate. [0003] In addition
BaCngB’ul"ﬁtAﬁt hods nentioned above, there are nethods

[000?1”%1‘ thethods that may be used for fabricating a crystallized silicon
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



as the method which consists of irradiating the

poly-silicon grown in its solid phase with the |aser

beam and capturing any inpurities contained in the

poly-silicon by noving them (as disclosed in the
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electric current, but are not driven by the voltage

examihhtéonLiGRlerTNer 2006;10%186 rements for the TFT are
different for the EL display. For the TFT based on
Discldasareasblpbhensioseni conductor film it is difficult to
control any changce that may be caused by agi ng, and
Problemeta beestaed hylthegbnvention may drift so largely
that the lifetinme of the device may be |imted.. As.
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depending largely on the crystal grain sizes and the
like LODnT8terefors Fyglimlements for the TFT are different for the EL display.
For the TFT based on the amorphous semiconductor film, it is difficult to
control any change that may be caused by aging, and the threshold voltage
(Vth) may drift so largely that the lifetime of the device may be limited. As
opposed, polysilicon has a long lifetime because of its stability. For the TFT
based on polysilicon, however, its property may present large variations. The
variations in the TFT property might easily occur if the boundaries between
the crystal grains for the crystallized silicon (crystal grain boundary) exist in
the regions in which the channels are formed on the TFT. The variations may

occur, depending largely on the crystal grain sizes and the number of crystal

grain boundaries found in between the channels on TFT. In addition, as the



grai n boundaries found in between the channels on
TFT. In addition, as the 2 grain sizes becone

| arger, the electron field electronic nobility may be
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defects. [0006] For the solid phase crystallization
that n{:8P&p foetdeadin eaveie TFAechdmnel, ragions sFulmthermore, there are
) crystal lizing process that may be used nost )
differegiceedni thd yandoyolconfigurhationprafbtewtalseand| paentdéers of the
. Because_the crystal grain sizes that are thus forned,
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TFT 1RBEHonT b THARI A Ea e RGWAE: e ffuse the crystal

de&mtgrystals thus forned may have the indefinite
configurations, and a great nunber of crystal
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is the GrySladlibiZAbrofessFtat bify beasl nide SPLtPFdlgesSsolving the
cannot be enpl oyed as the mass fabrication nethod.

problebly idegciibedt hboval Bddaeabmdm qrystdsgraim whzesh thhe are thus
SPC nmet hod can be performed, a batch-type
formed can become smaller and the variations that may thus occur in TFT can
become fewer. For the SPC method based on the thermal treatment, however,
the crystals thus formed may have the indefinite configurations, and a great
number of erystal defects may be found in the crystal grains. Furthermore, it
may take a long time for crystallization. For this reason, the SPC process
cannot be employed as the mass fabrication method. During the thermal
treatment process in which the SPC method can be performed, a batch-type
thermal treatment apparatus may be used so that it permits several

substrates to be processed thermally at the same time. As a large number of

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



thermal treatnent apparatus nmay be used so that it
permts several substrates to be processed thernmally
at the sane tine. As a | arge nunber of substrates
are prpcessed thermally in the SPC, it may take a
the t%xﬁ grz{ﬂ isddt g 1apPRIEt HHE 'tﬁer?élﬁgg Bfure inside the
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softenoeg piomyt défdong 660BCc ko the tsibstiads smmgt evintriact Wreexpand |,
_silicon is processed by the SPC process, the
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ficult to fabricate TFT devices. Cenerally, the

conse(ﬁfeh%b flthzd potlspeat depdaeSotpodeptie cRpathidprocess cannot be
tenperature. Several ten hours for the treatnent

performed cnvenienilys echkahgG0AG icadt &r BbrhcatesT b uedides. Generally,
requi red at 650C, and several ten m nutes would be

the crysiqiliview apeedotepands vpaertheo hp@tlmg tempeghtarrs. Several ten
material to be processed ther wi t hout c SI ng
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fect the substrate badly. Al though the nethod

the regissl ibeddifMicubetpabmldy tHecibeatprbcoasy aalthewntle fabrication
inpurities to be elimnated, it is difficult to

methogrovide the crystalline filnms having the uniform and
[0007S]naV{71|1er?rt?llenpc?lgzglelfcon':ﬁilglhlirt%olgee formed by using the CVD method,
the polysilicon film must be processed at the high temperatures. This would
affect the substrate badly. Although the method described in the patent
document 1 may allow the impurities to be eliminafed, it is difficult to provide
the crystalline films having the uniform and small grain sizes. Furthermore,
although the method described in the patent document 2 may provide the
improved crystalline film by eliminating the crystal defects, it is difficult to
provide the crystalline films having the uniform and small grain sizes.

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)



al t hough the nethod described in the patent docunent
2 may provide the inproved crystalline film by
elimnating the crystal defects, it is difficult to
provide the crystalline filnms having the uniform and
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crystaﬂ%fh@oﬂ}@ﬁfrﬁfrﬁhioh@] sefiitohdupteviitia, andethpdofide a method for
controlling the heating tenperature for the
controléng adedhettingf tdmpsoatirat farhthe epmiinmhdheer fibmam that the

~ irradiating condition can be determned easily and
optimalhlnseseh¢aoniwedorting| ennsifiopectie dtee detemaeineshiensily and the
optimal | aser beamirradiating . condition. ans for

semicagsiugtay (Brperekg beatqd pRderesSunb: pldTadlapap begat ixgdiating
..a crystalline sem conductor filmof the present
conditiqh entj on, specifically, the method according to the
nhod of the present invention is
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e upper layer o gu strate wth a laser
presentheﬁ%niaﬁﬁi,Is@ﬁciﬂﬂ@amﬁr&mhﬁ%h@mc@@ﬁﬁﬁgtw tHd Fst emBodliment

he tenperature not exceeding the fusing point, and
of theCpyséend iizvegtioheis characterized in the fact that it consists of
irradiating an amorphous semiconductor film formed on the upper layer of a
glass substrate with a laser beam, heating the amorphous semiconductor film
up to the temperature not exceeding the fusing point, and crystallizing the
amorphous semiconductor film.

[0010] The method according to the second embodiment of the present
invention is characterized in the fact that it consists of raising the
temperature of the glass substrate having an amorphous semiconductor film
formed on the upper layer thereof and maintaining the glass substrate in the

raised temperature state, heating the amorphous semiconductor film on the

glass substrate to the temperature not exceeding the fusing point by



anor phous sem conductor film [0010] The nethod
according to the second enbodi nent of the present
invention is characterized in the fact that it
consists of raising the tenperature of the gl ass
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[ 0013 dnThenduetthod fackordingh to hehd aderd bmabpdhinb st tdfe the present
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substrate. 121 The met hod according to the fourth

invent$6R @i EBAidel bReaPygfiRfion IoTVEHY isBohd &F QWi m@Bodiment,
variation of the second or third enbodi ment, wherein

whereid it Siscbhagtdterizeddin nhiehédtachat the tdaptenpeeadbfiinthe glass
of the glass substrate being heated is raised by
substrhtabeinm hbhetygl assaisabdyr beatingithg glaseaukstratd 06181 a heater.
TEe met hod according to the fifth enbodi ment of the
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first, second, third, fourth

[0014] The method according to 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 Jaser 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



and fifth enbodi nent, wherein it is characterized in
the fact that the |laser beamis supplied as a pul se
| aser by any of the exciner |aser beam generator and
YAG | aser generator. [0015] In accordance with the
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e present 1 nvention,
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diagndshR: ﬁﬁﬁﬂie Iahat betinh BekoIdRE sandieahddgolr dble, PRAM reflected light
supply source for applying a heating |aser beamonto

detecttih fors deiczoindy chedightl meflecaedlibaghdsbinctlpr ebmit@sbictor film by
_beam supply source for applying a visible-Ilight
the diafreggizspyabeplasbe beaser beam ont o t he seni conduct or
fjlm and a reflected |light detector for detecting . .
[001¢hdn) thmimethod doe dabataating @ CRES g offR g ductgrpfilm in
by the diagnostic prope,laser heam. 0171 In the
accordgaes gHttopaFam Ehe iy %dléﬁl%/%‘isaaF?‘f}‘éb‘Ls‘grﬂ Sha ey the glass
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tenperature state. Wiile the gl ass substrate is

raised RN @iat@de igtatélethe 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 crystal 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 heating.

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



rai sed tenperature state, the anorphous sem conduct or
filmfornmed on the surface of the glass substrate
can be crystallized by exposing it to the | aser beam
and by heating only it at the non-fusing tenperature
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allows the laser beam to be goodly absorbed by the amorphous semiconductor
film. For example, the laser beam having any appropriate wave length range
may be chosen. Although the present invention is 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,



[0019] In order to avoid that the |aser beam w | |

heat the gl ass substrate excessively, the | aser beam
shoul d desirably have the characteristic that allows
the | aser beamto be goodly absor bed by the anorphous

e BT S Hp 1 P PR T 5 R s e
tempe?gﬁﬁeensta%let ﬁ%l?(h#éﬁ‘%h@é' ?ﬁ%nﬂhge?iﬁrﬁﬁ(ﬁp the 19k +f pid efhterial

any partic type o aser beam Supp

based %um:ee%ms% ssihRut£keb et Hﬂ% @xtaqudémablehﬁwﬁxmer@rass substrate
| aser beam generator, YAG | aser generator and the

should ibeemmastiaednp) byeHeasd hhehprefanmiag fpuhperdtazer(600°C) or
beam supply source. 10020] Wen the | aser beamis
aboveirradi ating, the glass substrate may be retained the
heat ed tenperature state before irradiation with the
| Hyastheyanpre, asmso?rd’sh@ll flefects |%anxeﬁe@@ytheaﬁg@rphous
of the | aser beam Igg sour,ce can

semicopd PR yilhapy wOVRfld e V2 %‘flrlgnsth% ffprphous
i f h

T R

be corgz L9381 THPPAd o ﬁ%ﬁsd g bSﬁ@ﬁé‘coPeﬁ Ay Egd%éd%nﬁnﬁt?sed by

opérly era ure state.
1rrad1§tﬁﬁgnghé‘ PR dr ﬁoh)ép%eﬁﬁc&ﬂ&u(%}efﬂﬁ' wﬁﬁs %Heomaéé}e beam. In

S substra I's generally desirable that the

addltiélﬂl aS§n$Uti§1p’Lﬁt1€1esS hﬂiﬂtd ReyEhat abnednbd be head ednddrphous
the softening tenperature (600C) or above.

semicdutiidter filneor amy coniminadedectlsat ety baydborstorothe surface
t he anorphous sem conductor film may be renoved by

of the jampeuileusnge mirenatvmtphflm meshibortucemoved| b Wraldlatmg the
the | aser beam and any. organi c substances that ma

amorpheus sebaraRgustertingn Frigh shslaser %laﬂduct or film m);y

R L LT R——
sl AL P AR i T e
crysta?ﬁjﬂpm né:l;./l@a%lﬁﬁ) glr ﬁ%ﬁ%\?e ok yﬁlﬁtﬁt?gg?gl??% %@bﬁ%@gu%bg‘\}e the
conditfY PRRES: SQHiERNdHEt QImbidHBuM té’én&i&@nldﬁéﬂfr b&BM should be
irradiated with the laser beam may be determined from detecting the light
reflected back from the amorphous semiconductor film by the probe laser
beam.

Ag it is known in the prior art that irradiating conditions with the
laser beam will differ, depending upon the temperature of the substrate being
heated, the thickness of the semiconductor film, the amount of impurities
contained in the semiconductor film and the like, the optimum energy density
(F) at the 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



100211 Furthernore, in accordance with the nethod for
controlling the heating tenperature for the

sem conductor filmand the apparatus for
crystallizing the anorphous sem conductor film as

appliedERsk %ddé{&ﬁ%gln%§¥ oarc;ﬂif]ﬁﬁr% PRS 1489ehe i ShcdeBSively several

anor phous sem c¢ shoul d be irradiated
times WM A thd BadedIRIa R 8 FR dTBYi pecdrli 8o ik (8Y of (T nctedtasd d8@rmined
the light reflected back fromthe anorphous
by chexkihg ahdusiledtriid mshyg tthe geaabiypeaskrtrdieanicrds:opt (SEM) or
known in the prior art that irradiating conditions
examining thhesulisisetre bygathenlestraictiver X-apdrlitatgicaporethied. These
tenperature of the substrate being. heated, the
methodgi gawdds refiutiee lotsi elordaber oto thinth thaeonfismm Jaser beam
uriti.es contained ia the sem &?nduct or film and

: N
irradig §BE|CORATEIONS. DA T RLAOE G HaRETEGIVER) at the time
n the. semcon r filmis tQ. ea s
(002133 A B RE SOPHIbEnrb b b0 HRTLRRe Béo pnctiatine
conditfipd 15y S-SR, SR ML B0 Pty of tho
light $d@cte® batRefiQph | fREN owieehdatidrl BR$fAcE) Whoukh@estructive
| aser beamirradi ati on should be 9 applied nust be
checkigigt Elnrigtdr bwoadp) thoghthinkasehpbeaurzuotedsi wehyiconductor
several tinmes, and the |laser beamirradiating
substradediahibensor(tEplled (doh thest ithendet exeeed dhe fpsohppkinigor the
~the substrate using the scan-type el ectron m croscope
semicqreRMfonsubsirate.ni ng t he substrate by the destructive

X- di ff ' hod. Th hod d

g ar2Sh LR e These  FELHOS WO 1o bt he
oot A9 SOR SR 300 L S e o veral 10
percos DGR O s AR T BB T9cr B, LAOORu R4 rom

the solgigf‘ﬂlﬁa%tei 4 {he Bgﬁ??g)hdsle%}l o8l tRE 1RG kAR dof @MHd8olid phase

conduct or ce, Wthout destructive checking.
can bd BbeLARIY wasHS, Mo Bpatifredllye R aldvh®dohllbv® the threshold
sem conduct or substrate can be controlled such that
value fdr danhnleraxeaadirrhdidtiss epepgy mienfkory (Pidh) or number of shots
sen conduct or substrate.
(Tth) at the start of the fusing to be determined easily as the laser beam

irradiating condition. In accordance with the present invention, the laser
beam irradiating condition may be set to satisfy the respective threshold
values of both F<Fth (the energy density at the start of the fusing) and T<Tth
(the number of shots at the start of the fusing). Although the reflected light
may be detected by using any appropriate photodiode, it should be understood
that the present invention is not limited to any particular type of the device.
Rather, any type of device that allows the amount of reflected light to be
measured absolutely or relatively.

Under the laser beam irradiating condition described above, the laser

beam supply source can be controlled by permitting the heating laser beam
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In this way, it is possible to take advantage of the
fact that the reflectivity of the fused silicon by
the visible Iight is higher by several 10 percents
than the reflectivity of the solid silicon

su;ppbir ?%fcfgo{oereﬂe'&@ th%%ﬂ§&eﬁe£1|'h|°§qﬁlﬁﬂ&9%oﬁ%é.%‘&hﬁgﬁgg)?? ,HJB% energy

phase or fromthe phase to t

densiﬂ?ﬂﬁﬁeth&’c}ﬁs&elbl@ﬁ%ﬂﬁiﬁ? BaSohYrol MY ®ySRBRidtis@l the laser beam
e

is nethod allows the threshold value for the | aser

outpubenbyitheattigate rd 1851er @lladensity (Fth) or nunber of
shots (Tth) at the start of the fusing to be

Effectdef Enwenébreasi |y as the | aser beam irradiating
condition. In accordance with the present invention, _

[ 0028He It amery hseannrecaaties: ifremc bhei fareorg drscxtmtien that in
satisfy the respective threshold _ val ues of

t . .
accordagee hwikhhghe riggh e MBpdimentieols g i gfhahdor Bébﬁlgjitmg a
crystaﬁgxgﬁa -r%j-gl%%{lﬁgiie?dﬂﬁ?ﬁg qf]rhg]];, | tjagz? é%n%%a%i{]uereﬁé %%%oglagg Gubstrate
navin GR35 LBSEENA RO AL B RALHSib ogted mas
be rai%g%, Ij]:hb Mrh 86 R A LBYmMRASE d b AR 1EY RRyOhe 1418 d£MECRith the laser

er, any type of device that allows the anmount of

beam wil€eheklhbgRubkeordie isnBaasmned iabhde!l phigbd @mperature state,
relatively. Under the | aser beamirradiating

the ancenpdidusoserdesarduutdr dllovenast be heaged upearthsuemhyerature not
source can be controlled by permtting the heating

exceedingéhelfoamg poirguppldyfisally dbetaonpyfhart satheconalgetor film may
beam supply source. For exanple, the energy . densit

be crypigllizad. g@eﬁt%ﬁ?ﬁ%@b% aberer & @aowdamiehwmjaﬂ%@g any
dumartly phc TRamples Bibs Bty A G S Euadipb b pigongnctor fim
having PR REARCE PR h b Gl R oL et

oo Bl D1sbof L E34RS B, B ! DEORIL SOREHGIOR chat in
accordta% RGithheh APPERRPEE IEFS GMEMCHPERE ih SIHGT W8 controlling the

her eon bei ng heated nay be raised, the anorphous
heatingefirC tiél uehdicohtlhatomypilhe the adhibleeHght tdiaghestiasgrobe laser

beam whil e the gl ass substrate is retained in the

beam maagebe t eppledt onto sthat eurface 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 he 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

11



t he anor phous sem conductor filmmy be heated up to
the tenperature not exceeding the fusing point, and
finally the anorphous sem conductor filmmay be
crystallized. The steps descri bed above can proceed

in achbt CRUH Neh@NYreAFTEYC b dibfe ! ass ﬁﬂpshf)ﬁhﬁatus for
and the crystalline sem conductor film having the

crystalldgih@r Ahame osphblis Weysicahdaetdm fiding @hecappaiataisbmay include
obtained. [0024] It may al so be appreciated fromthe

the hehoiraghisey esa rsiupiplprsourad fonpracdorgldhe dieaititng larer beam to
preferred enbodi nent of the nmethod for controlling

be applied omdatthrgsdraiconidaicsenifidon dbet beatingdpsendeam control part

vi si bl e-1ight diagnostic. probe.laser . bea e .
for setdpg the hastog RS Pe HRCITER R BAR AR AR e Baeﬁatmg laser
bei n r ocess .aser ,beam whi

d by th | i i d
e S S Sl Sl R s e
oo flgct back f i f .
i g B COGED LRSS TRIL g L g
semic%rﬂiﬁ Br "1eRk! Gndf tlﬁ@ere%tc@&% éligﬁthﬁefb%%f Tor |(ﬁ>%65tiﬁ§2€rﬂe light

rradiating condition my determ ned easily un

reflect®i ALK 19ns EHé 6ORAEGH @hictolr | filne B? the diaghestit @rbbe laser beam.
tenperature not exceeding the fusing point for the

Thus, $helopeiduet baseri Benmbirtediatin Scqidictessemn by ddterinased easily
beam Thus, the optinmum | aser beamirradiating )

from thengktltsrlataotdiebyshemeiflected babi Idptectndeds whe optithum laser
operation can_be performed in the sinplified anﬂ i

beam affaddntimg pemdision (@b fptexgeinedote refleghythgeheating laser
appreci ated fromthe fqregoi descri ptiop.t.ha 1 ..

beam FRDBBGCE? WEfe SN SHICAE Bpgqreﬁ?leoc sd%fpfé{%ﬁl&ﬁht%ﬁeatmg it

aratus for crystallizing. an_anor phous
to the 8%985?1 ot ‘?’f‘f%\%wﬁéhgrﬁj}%’]ﬁ %%I%y include the

BRIE]ﬁZ@?{SQfg{I%Nk@P%gmgN@W ce for providing the

beamto e applied onto the

[0026ETig0RACE 95n EithidindNErdi@addcHdna@SREw DGRV EAhEhe excimer
part - for setting the heating |aser beamirradiating

laser e ialirRRA QY ap perdteating hagde udeekin s st yoswdiamnt of the
t he di agnostic probe | aser beam supply source for

preserfriavedtiog; t he vi si bl e-1ight diagnostic probe |aser
beam to be applied onto the sem conductor film and
t Reg.r2fllestrated thyhhedtarcpatderh an thetfost iempadimndnight

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



refl ected back fromthe sem conductor film by the

di agnostic probe | aser beam Thus, the optinum | aser
beamirradiating condition can be determ ned easily
fromthe results detected by the reflected Iight

t g‘:ﬁ% [nvdd§fR;i rradi ating
accord?%%??toiggﬁr Ea%Eﬁ)geg’Z?]élr ' nlg%g’lfeom? ef ?déﬁct t he heating
EXPLAMSATIORR OB WPMERAUISE, the seniconductor film can

be crystallized by heating it to the tenperature not

[002®Bkceedi ng the fusing point. BRI EF DESCRI PTI ON OF
DRAW NGS [ 00261 Fig. 1 is a longitudinal cross
sécExomatbr Vasew hddrastnmetaling abpaesteismer | aser beam
anneal i ng apparatus that nay be used in a first
efbduneehnggthamber present invention; Fig. 2
illustrates the heater pattern in the first

eRBolRAEREY 1456y boam generafdi ¢ udi nal cross secti onal
V] illustrati the exciner. | aser beam annealing
B Pal e et e Ry I AR OB R Brbodi ment of the
pﬁfﬁsﬁﬁeﬂﬁ‘é’ tﬁ%‘diaﬂogr péﬂ; | lustrates the heater
pattern in e exanple;"Fig. 5illustrates the

r@fSSﬁBEir‘é%e?‘I%ﬁlé!H?sﬁig%ﬁron m croscopi ¢ pictures
that substitute the draw ngs, each show ng the

senHeapgictor film crystallized according to the
exanpl e of the present invention and according to

t 6eRpfleotingrdlatdi g. 6 represents a graph that shows
the variations in the amount of the reflected Iight
b§: bhbstliadgnosti ¢ probe | aser beam for each one shot
12 according to other exanpl e of the present

i vAmarghous prpussadreies thmfigErALS [ 0027] 1
Exg#ger | aser beam anneal i ng apparatus 2: Annealing
ch@nbasenbeam, ci ner | aser beam gener at or

20: Excimer laser beam annealing apparatus

22: Annealing chamber

23a: Excimer laser beam generator

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 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 TFT 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

limited to any particular type of the substrate and any particular type of the

13



3b: Exciner | aser beamtransm ssion system 3c: Laser
beamirradiation part 4: Substrate placenent stage

5: Heater 6. Reflecting plate 8: Substrate 9:

Anor phous sem conductor thin film 10: Laser beam 20:

amorpBOEls B ARALAFATIARRRR kit APBRIAIMS utedraanneal i ng

anbe aser beam'generato

' tsi : g ;
(002} 4037 0 g AT o AR 1

may BO0LsHd ((Rmhashlenidnting Retier ikeBod Rt Fabiidatihg tah@rystalline
present invention is described belowin accordance
semicomdurtvhdilid natoreibgdo nhntfitshensloddin entdeidrd pravgnt havention.
met hod for fabricating a crystalline sem conductor )
The eficlmet nlasecobdant eannehlinge appasatwnbbdinedndes j anj gnnealing
assuned that _the substrate, that may be used in _the .
chambrepa? antha Kaibs preymear-taspaybedm gepeiafgr pravdecated, ouliside the
annea é#@%ﬁggrigﬂﬁges%é%cﬁgxﬂn pt 1Iélng {:Iﬁéﬂpggﬁ‘dp AL ngS&{ {aser beam
. - under st however, th e ent_inventi i
ieradif30R TG AR g PRy, (G, ReS R HERLL BBl ggnerator

(laser %girﬁ%c}ﬁ??t %&tgxlu(%') 3y Qﬁqc?fthre se}aoeﬁiﬁrfg'?gﬂfation part 3¢ are

sem con o stance Tornmed on s ubstrat e.

intercd PR d 9. a Jabdt vpdiahasidNQyeKGhEH. Aasesr BRAM irradiation
anneal i ng apparatus 1 that nmy be used in

appara iy @mnthug behengiheddfi oy thalonoedrdigsadascyffed hbowe:, that
sem conductor filmaccording to the first enbodi nent

is, the drF becimesbreeribvaantgeanrator 3a, the laser transmission system 3b

and the laser beam irradiation part 3c. The KrF 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 1t. 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 6 is
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 exciner | aser beam anneal i ng apparatus 1 includes
an annealing chanber 2 and a KrF excinmer | aser beam
generator 3a |l ocated outside the annealing chanber
2. Above the annealing chanber 2, there is a |aser

The sRE&Patd ré? ggiegfejbcgﬁ Bﬁrihég%tﬂi.%ﬂﬁeegldd@f@éﬁd Ytaddret. KNext, the

exci ner eam gener at or aser beam supply

anncaf3¥ dEImBér antat he ihRIan1ResHckd hadiedtthe tp@sdp3gi@pessure
I nCerconnected via a laser transm ssion system3b. A

may Heap@gd®amthr hadogbhoso thppar atars beaplddedsubder the nitrogen
constructed by the conponents descri bed above, that

atmospBerd. HBhn Ftha diewer | aseny bearmeegieedt prodacinghihe heat that
| aser transm ssion system 3b and the | aser beam

Condu%usrmoﬁ%ﬂ]??h%nbsmteml@ce(mpenéﬁﬁﬁﬁr4 tadbe By 8 placed
thercol e At S o e b 28 B9 i 2
. t st 4 h .
doiea RIS 805 905 B8 A BE Pl PG PR m o
stepwi:gg\g%rgﬁ%é] h gnﬁulbe%tarilg&f i® tﬁ%@fﬁedﬁyh S 'i:ﬁ&eteénP PR L}ﬁhﬁf PLraised

stage contalns a‘“heater or a heati ng

up togg'ﬂLQ dePSah . cgeg@ﬁd%aiﬁi-n§ tdBEFRIUrS. | Trukatablg  this

ver fornmed framework surrounds the
predet@¥RihEat enaPARGAIRN! téhpeeaturecanthad ried | elowg thbatwftening
6 also formed like a framework is provided above the
tempekbianeedfl thd nsbitahta§. Boven the bympent tutd ofjthd shbstrate 8 is to
thermally insulating cover 7. The inner wall_ surface
be raiedd tite tehpecaivmg @ﬂg the agnorphauscsilisen thinafibny apay also be
~ downwardly so that the_inner radiant heat reflected
raiseddyy thedransfeshaatpmradiang heat Bacluding ﬁ%‘& hgatiyeflected from
high tenperature inside the reflecting plate 6.
the reflg@gqg 132 9 -ocess of fabricating a thin filmusing

h r .annealin appag.at i hed 0 j .

[ ooszof, EEE: i@’@d.s%%?%tfs BB, BegEIed 367 RED KReHBtermined
silicon,thin ] f NAY..:E4iac is

eSS LN B RO e KRS BLRE s boum

generéﬁ%rﬂ'}%sﬂ%r@be GansnitBLEdtRIVUIE ShbStekalfer laser beam
pl'acenent stage 4. Next, the annealing chanber 2

transthii@lon SybfaBr 3Rkb whel deed beageriridiationospiani 8c, from which
pressure

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 so 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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may be purged with nitrogen so that it can be placed
under the nitrogen atnosphere. Then, the heater 5
may be energi zed, producing the heat that conducts
t hrough the substrate placenent stage 4 to the

invents%ulg zé ak Qixgit%lda&e%giﬁe%z gﬁ%?lg- 031'%‘?115 %Hﬁ@lﬁg’g, PBY oP$y also be

S heated. In't np wn in Fig.
applieﬁ%f 5?%15/133;&&% SR et At i @idodish ey Sahé el @dteoBichainbgrials.
eated may be raised in a stepw se fashion and
[0033 B Biesllinsait®r mal |y , this tenperature may be
raised up to the predeterm ned naintaining
t himescatdance Rvifherthll yecdrtl ssmboddeert mhosgn in Fig. 3, the
~nmintaining tenperature may be bel ow the softenjn )
excimere Aipeematheesm oinnealiBghappAXAEUS. IV { FRScE r 4t ?}’F]émh the

. of the bstrate 8 is t [ )

diagmcotic rarciforlgaes bR cBIES b PFAL o AREEA o ehis
rals e tran r t . i . .

embodg BB Ao o caryans FERhOR 17 8P campodient 1 axe

. | at.e 6). 003 j . '
sven PSRl fR il 400 GUORLIA B POITBoge components

are onﬁifﬁaid"@f sifishlic@eamenmitted fromthe excimer |aser
eam generator 3a may be transmtted through the

erhb Beith@s 34 sd1eP6a mt 4 sl 58 PP asy BiefD Ihchaleshm annealing
| aser beamirradiati on section 3c, fromwhich the

chamh¥C2Peind as dir b eamiher nayge bdeap| gottraoomiteatiag laser beam
anmor phous silicon thin film9. Only the anorphou

supplysisbiicamt 23a lotaten oubsidenihes abgepting ghamberpé2. The excimer
heated by this |aser beamjrradiation so tha

laser lﬁiﬁg:a{gﬂnngabngi appa i sped fﬁﬁﬂi&r_r ygqlg £% Fo rséfﬁ)té‘ﬁf mirror 23b
ot oA ARSI 01 A5 SETGENEELS! B R b
rom BRREE L GEATRLa LA 25 oA RN e tser
oo 15 RRLES VIR RIFTS AU SHObN 08 SROHL AP Edunomicod

thmu%‘?;a' tond uzfﬂsfcp&o_tiii B bt |Bainh Ug r 9aai it Gebeisnt PBe Ubtdtedmin the
n smal | grain sizes and the good crystalline

anncafitd {ymhERioR. heiEry subktdane SShavioonducimprphows silicen thin
is suited for use on the organic EL displays. It

film 9sfa@ied Heensotensiyobe plhcekabeadt dfathe seprissadiating 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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invention is not limted to using on the organic EL
di spl ays, but may al so be applied for other types of
crystal liquid displays and electronic material s.

[ 0033] (Enbodinent 2) In accordance with the second

veom STHBEIHe, SIRVI e e 22, G080, 208D o

now descri

irradi%tit@ﬂ%ﬁgiioﬁ Pf :%’E;f%f BSRIca PSR TRY dRRRicVir&%hidRdhe laser beam

ected. 1In enbodi nent 2, conponents that are

is pro®id8dl By the diReassiip PJroBe AABSHLEEM! gdnéaor B0V @he substrate 8
simlar reference nunerals, and the descriptions of

having the geeticppdacios thdnefilmid fortheat tlsémephi hiagdbe Fheced so that it
exci mer | aser beam anneal i ng apparatus 20 includes an
can bapoediomgl ik lthedese?deand irradiftiogolimectipmsThebleght reflected

ener ator (heat iqré% | aser beam supply source) 23a L
back frognithe samyoaducher dhte dLim® @eardér a zelleppad dightypgmitting

8L T TS BN L AL T i
. b di A .

sy G B, SRR N 12, D, o v

31b alge'r é?nfzirﬁ%d Y\Qethg' %ﬁ%%ehaﬁ it Bg‘gfi‘,nbﬁg d %Ho%&ﬁﬂ%‘{?@%( reflected

secon mrr may be“transmt

light ddtEOUFBRHARAIRSA pRofHdiBZEankCHD 1ikE adiathRBed forwardly of
section 23e located in the annealing chanber 22.

the refilBefbd ﬁfgﬁlﬂ Rsithatehd nid¥oN g lanthedephdud shd ithenrdfhicted light
film9 tornmed thereon may be placed ahead of the

detectbagerconstiddtathageflected: light déteatot becticaser beam
irradiation section 23e. An energy neter 25a is
[003p} dlheleperationhef bkl excinmey $asha éeam@nﬂeﬁ&ngwapparatus 20
mrror 23b for detecting . the outpu% f the, KrF )
described phere fasepnBeHANGEHEY ieorbPem ayngat i agv desribed.

IR TR
e 46 el BRI 0 1 B 2 o
anneaglélg dﬁ%m‘b@? 8f2 %?@&&ﬁp %]'il@lte?rt}%?’étrﬁ%ﬂ%l%%:?ﬂe A8¥Yel€ribed in

_ as a trigger signal for detecting the reflected
connedti@itwith AR34mMbUBAR(S1aTHesl Rhe-dul@biatdi 8gRaFthe heated by

probe | aser beam generator (diagnostic probe |aser
the hdagamuEpppint Gtrsiewd) ThatKik ekoimatedaout bealm ghweerator 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 23c 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 23c, 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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anneal i ng chamber 22 for providing a visible-Iight

di agnostic probe |laser 16 beam Inside the annealing
chanber 22, there is a probe |aser beam irradiation
section 27a that is located in the direction in which

et SR ATAY PP AR P o
can prﬁf? aceﬁﬂg fe Il?hf‘ d&ééﬂ%s%lé BEORI14Rer TRR gRbeldbser beam 30a

e positioned in the | aser

pr0v1d@§q{§‘ thd aijég"ﬁdéﬂﬂz PldIRCIaseR behie gehgfdtolrefd eriyego tbabk probe
fromthe sem conductor thin film9 goes to a

laser Beirh deiadiatighbedion LiTagthweeh whidy it wahba Etmdled onto the
anneal i ng chanber 22, fromwhich the reflected |ight

amorphays séliemn thed fidot 8uv@éhtméhammaﬂh@ chamber 222 The reflected
mrror 3la and a lens 31b are arranged in

light 3031 refdectad hagk rpanwheamoapbﬂee c?ﬂ]affén H}H& g Pegadthen 20

out of ,tbe g{zmgqeégtgé %gﬂéﬁ‘ %&g.?l ﬁg‘g t fli'e etcg%tf ﬂ}%ﬁﬁ élrﬁ%ithng Section

o Qo R T 0 RS S e o

into t%ggrtrr:ﬂgzﬁﬁe({ q ig;'?t] dlP&tOP S AL 1280t hd NEnEURL B tHAIRht may be
eal’l apparatus 20 described above in

detect‘é& n’f’ﬁ‘étdtgﬁu‘ﬁ"atﬂﬂ Hgﬁec@ﬁﬁlVSf £ aeh grRSitid prat@ilaser beam may be

scrib Initially, the substrate 8 having the

execut}%m&pi‘@oﬂstlﬁié hadrconuprénilin WithotlneHed tiagdpnths heating laser
pl aced in position inside the annealing chanber 22
beam @a0d the annealing chanber 22 is placed under the

at nosphere sanme as described in _connection with t .
[003&htRyidesncting tirediagmestae probatlassr hapm e Hedteds wf}lscrlbed

t he heat equi pnent. (not shown The KrF I
above higaim prsseblet b chegk %awo«e}a%%e i B9 camapnf ASaeretinted light
for, heating otothelasr beam

that ma B REFOR L L AREERY ?8% SRARASITY ofd e of phgts for the
heatmg %gls' bggﬁﬁ ?[1 % F EQ ds'é? bfe'a'hgggﬁéf toEnQSrao 'From this

I‘I‘OI‘ ens

checkl% 0'19% ﬁ?eﬁﬁf@?ﬁﬂgf@iv/m ﬁt %B%l LARGrHAbes ts'ﬂﬁc&ﬂ‘thﬁﬂ@ﬂ&n 9 will

icon In the anneal i ng chanber 22.

transfgf‘rﬁoﬁf thdeoBNCHARSe ltastHe hgand filtadeeat ithg ammyiniteof light as
ected by the half mrror 23b, and it may be

detectEEQﬁuf&ibe%WIﬂaﬂba/blgfherhlhneir gwylln:mansfeza%tomTﬂee bgaud tphase to
of the nmeasurenent may be indicated on the

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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out put indicator 25b. Then, part of the |aser beam
may be transmitted through the second half mrror
23c, and may be detected by the bi-planar phototube
26 for a trigger signal that provides a trigger

. Signal. This trigger, 1 i_gnal activate th
variediE HyBEFEUE BHES %&’&E‘Puge“}rﬂgﬁgﬂ’&wﬁo@i‘ 5" 850 f Ghe present
. can provide the visible-light diagnostic probe |aser.
Iventhgl orobe | aser beam 30a provided by the di agnostic
(Exanﬁﬂ8q§ | aser beam generator 30 may go to the probe
aser beamirradiation section 27a through which it
[0037RYARR AR} ead RRkentdieandMEpHbBEE beidvw.con thin film
9 within the annealing chamber 22. The reflected
| Tightr3@hl i Ahlgens e dras e dibe t b oaronpheusmbbdinent is used,
‘ thin film9 may then go out of the annealing chamber
in whizh 4hrsangblet tbthelest sabstrgte hewing ithe ayeerplyrus sitigon thin
while the reflected |ight 30b may go through the,
film(fysinggroigt af 4380P €hef S9mmithiek fn o Fharaondis prgyided.

det ect.or 32 where.the anount of, the |ight be . . ..
dLe e toTREOBLIBAL BidEHEEYPIRALT TTHEP o hehdbp dnitially

oSSR PR L oL BBk ot e
be rai?&?'%&gin R%%pkuﬁ&éegﬁﬁgc}d | elaé‘&g(gér%ﬂe%ofﬁl %ﬁﬁfergr:lére and

aser eam ou SCr ove, It Is possi

the teflﬁ)ge%?@&{tfehaﬁxoeb@rbﬁﬁ‘tﬂéﬂhéQﬁng%lﬂ@toquommmﬁﬁfﬂgeﬂieeﬂeater, and

at may be executed by varying the energy

then tH@NSiEMrofe RIHOBE @haklel tn the rhied teapergdrasdate during a
beam from the KrF exciner |aser beam generator 23a.

periodFod B ohinsitesh@hicimgthd tempyrbeidetsrymbeerhishdtup He 500°C or
amor phous silicon thin film9 will transfer fromthe

650°Csatl the peatieg vatehef POYUIMiprard the substeatsumeayope retained at
light as detected. increases remarkably, ileit. .

the rayad tempeertawes Mohile Hoel ey abiss of t¢ SPﬁgt@&PiSdls raised up
phase as the of . Ji.ght as .det ected, decreases .

to thegrapRaiyo ot o 4 ARGl aofteC EiedRyT & (£ ATned in the

. (determine th ondi ki on d i ' .
raiec G0 S0t S D IRl A 15 PR R0 in s e

forms 2%%; %@oé’fﬁ)é%d Eﬁﬁgs ?ﬂhﬂ thie1Bke PbERm! BriAe tiGTREEALHIR toward

exceeding 't using point. By processing the
the s1ERFHROYS THel hﬁﬂﬁ'g‘h'&h@ ddrhiondubhe: slequéenseoedns sbstrate 8

above under the above

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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condi tions, the anorphous silicon thin filmcan be
crystallized efficiently under the opti nal

processi ng conditions. Although the present invention
has been descri bed above in connection wth each of

subst%{,]zgsiﬂ?oadrjnge { Slil%%et:rinicho ud tgﬁ}:]ingagf [ b4 halgsttrgge 8 has thus
d

been FERGHGE a&ééﬁsdw?ﬁg“ﬁ% Shertivey Foal %rﬁsﬁl%%” b"Eh fypstrate

may bR 2R d @ﬁ\g{@i]om{.g%ﬁgﬂe}%r%tﬂl}er%@@ﬁg ]coéﬁ )9%@9 b€ 109°C/min.

presente escri e crysta |2|ng
The eﬁ@pgf Qielﬂﬁﬂ@e%ﬂth@e}?bs@l?%/e%mmﬂ BEcEReAhIE R ay %eU%lated as
whi ch an sanple of the glass substrate having t
showrﬁffpﬂ‘abw$ silicon thin filn(fusing point of 1200C)
of 50 nmthick fornmed thereon is provided. In order
[0039) Bheineashated: hesut afshsubystallimengrapnwiers pbtaiged are also
initial heated, as shown in Fig. 4, the
presentedpit aiazlhl% lofFenéhe upthsteate ronnoraiewesd ﬁﬁ‘y‘h sganple, it has

rai sed withi ete ure r e between t room
been pigaied: e A FHe QEHBEERuF BADTIIROSAE g Htallne
. heati ate of 1OOC/ eater, an t hen
orientgfigt (110 iy HoeoMATarn uen e Hapscle fify shdidfiea ortain
state duri ng a period of 5 mnutes. Then, the
tenperature may be raised up to 500C or 650C at the
hoald Nt dﬁ@t EryRita ARG ggpama%déﬂeob%améd ak fo n@yseq%ed by the

retal ne the raised tenperature. Wil

scan-ty RS @rbth QnR:froéétheS@SEMr) afteisFotiadrtaias Qfdhéhﬁ) thé @nkbgy density
tenperature of 500C or 650C and the substrate 8 is

reachdsed aepedini valee the aissed lheepanataliagstrgteallizaiidn (fusing and
m nutes, the excinmer |laser beam 10 in its pul se

re- cryﬁ@rllrsahaw mecshot ratheri them themolitk phasercriyetatlization (SPC).
irradiati on section 3c toward, the substrate 8. The

The regpseHNe E%mh@éﬁ@mnhﬁ that gubstifisnthadrawpags atné ghow the

be heat to an rature between 85
solid BBYor: LA R DB ERG e p Y. GRYSHIRY FogqThe usual laser

annen 8 B P, RS L Ay o i
5. 50C/ m n, and may be

value.

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 quality as
well. Under any of the substrate temperature conditions, the energy margin
that is equal to or more than 30mdJcm2 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 semiconductor film thus obtained exhibits

the good crystalline quality. This occurs due to the extremely great difference
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retained at 400C for 5 mnutes. Then, it may be
cooled down to the room tenperature at the cooling
rate of 100C/ mn (see Fig. 4). [0038] Next, another
exanple of the experinment is described in which the

o o B LTS T S s
1000/

crysial bt G o behper a{{hﬁeetgﬁa%%r?{ler fg’%ﬂ}ﬁ Aot G Tt pigicon is

n thev}ﬂ'd"eg otfhs%v I(Cjélggétrhﬁ?%ectﬁaﬂn (?]ﬁ'egtl %Sbfl% leSfe t?lr ré?fahd for the

e app ot s toward str
crystaqngémméoﬁ %mmﬁ%%h%ktﬁ' Rohid TRe sfek}@nﬂuaﬁh %f;@ uhtil it is
has thus been poly-crystallized. Follow ng the [aser

fused.beamirradi ati on, the substrate may be cool ed down
to the roomtenperature at the cooling rate of
100 @A ay rhe aPperenefgymdensifoyegufing hdedcagaiombahmti the present
each sanple may be regulated as shown in Table 1.
invention3gp mrayidedbersanicenductef filhethatygtesbnbséesgr wriations in
éﬁus obt ai ned are al so %Presented in Table 1. For the
the TEYRuopsrty tanpe the s stallowe Remaspndictoy fas hayapg the grain

ed b t he X— dlffr i on hat t he

sizes (% Hie afice! (o ithitn o the My ForhithaRebic Shtined.
when the energy density exceeds a certain val ue.
When the crystalline grain thus obtai ned are observed
by the scan-type electron mcroscope (SEM, it is
found that when the energy density reaches a certain
val ue, the usual |aser annealing crystallization
(fusing and re-crystallization) occurs, rather than
the solid phase crystallization (SPC). The
respecti ve SEM phot ographs that substitute the
drawi ngs and show the solid phase crystallization
obtained in this exanple and the usual |aser
anneal ing crystallization by fusing and
re-crystallization are presented in Fig. 5. For each
of the polycrystalline sem conductor thin filns thus
obtained , there are few variations in the grain
sizes, which are uniformover the entire
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filmthus obtained has the good quality as
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al t hough this may depend upon the particul ar
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Under any of the substrate tenperature conditions,

(00133 AERE
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[ 0040] Since no change is

noti ced during the etching process (for 21 seconds)

tthat has reV| D SdeYenR@EN de A faPiredsth S GRAAMASI DY, .
, . [P0 b
S"mpleugf’ﬁpg Eief‘?g]l"éé‘@&a Sdehity 01Nf“ Uider (he copistaiianion Seg;;on ¥
No. whi%h héuderd) | | 86k can et ssobyEey
1 cogggl etely, it{is atso foupd tha(tpegﬂge sem &oNnduft Qrorphous
fH+mthus—obt-arned—exhibits he SUUUI rystat i e hd phase
2 quiPity. Thi s bccuP$ due t%8 the ¢ ’crerrel y Great| aystalization
, witer encg In fhe el chilﬁng rat, the Secco| solid phase
sof”ut et we °n the anmprphous si’ |(‘0n and crysltizﬂi;atiﬁﬂ
§ : : olid phase
+ grawtal | iged sflican. Ih ganefal sséhe et ching rat glis,
LI=Al T o Ty otartT 2 TuU QI CUTI D III.LI Idphase
5 se3seral a_ttgstrom/lsllé.c. i h t3Ae dirdétion of the dept halhzatmn
andforthe crystailized ‘S)II con of 50 nm.IhicK, Ifsing
6 Wwolif d t ak¥ sever al **fi nut es®unt i | is| fuSed. ]w-cpmaftization
7 besoapparept fromthe foregei ng dgsasi ptionxthat! t RAorphous
resent— nventTonmcan provid ['ne SEM conducto fsgﬁidgmase
8 (AP prestnhts | ess®ariati®Bns|in clhe TFT P oper tagstallization
sincel the crystallppe sem.conduct, i m havi ng: t lxéid phase
? ,rﬁglgn silzoes of Ies‘Is1 t han 3(8” mm? t.o 1100 g)m angd ctypjallization
10 Urdph or mi ty can| be @bt ai hedo 21 [Q%ll Table 1 Sarrgll phase
] RS D S 3 stallization
TSP Ret-enti-ont-ti+me—taser—ene oY Norber /\-lay sotid phase
11 stH0engt h 10co) ate Bl Cbserdfat| on By densi ¥y (i} icystallization
zarijn No, (O _(JiLn) mJ/ cnE) shoffs (count) - rtang
12 5P 1] 350910 75 3012ﬁo pbakd x arrgllt%sohous 29350 r@-;x%;galﬁzation
B 01 soy4 d phaseg; cryst ahlizati 3 1350 1056 phase
13 l%’gé’-so! i diophag 65 CIypt ab 190 &0 Cryslt-zlh}zlat;zn
1 a
14 650 10 71 _ 30 113 © ch;taHI)ization
lid ph
sfew| w | w | w [ w | oo [
o
16 650 10 97 30 109 O re'cry::alﬁigzation
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crystallization 4 350 10 115 30 120 O solid phase
crystallization 5 350 10 125 30 112 0O solid phase
crystallization 6 350 10 138 30 134 0 fusing,
re-crystallization 7 500 10 50 30 no peaks x

lid ph
mo"%ﬁ@%ﬁﬁ?ﬁ?fgg 18 2803(1)01891 gosgzls Opsglsied:rthzﬁse
| 1.i zat i 0019 10 143 0.so0l |
R BB et ds ettt " bl g Gmorphous
silicor® kY5 Fihh ﬁdiﬁg_tlﬁ@fﬁ&otﬁﬁkk%gg%@ éol%.}ﬂ &"sﬁ&gde like in the
I i sol 1

re-crystallization 13 650 10 30 12 phase

precedingSdx@lthh 2 tin@Nt heldp pPatd debc3bellid @niRlct@nPR&the second
crystallization 15 650 10 89 30 137 O solid phase

embodinysattails| dspat Mhenl 6he 38 nikratusdoflflk Silicoai dithstrate may be set
re-crystallization 22 [ 00421 (Exanple 2)

to 500°C, and the irradiating energy density may be varied at 70, 80, 90 and

100 mj/cm2. 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 mdJ/cm?2, no changes in the
intensity of the reflected light were noticed (except noise level), but for 100
md/cm?, the change by about 20mV was observed. Specifically, under this
condition (substrate), it may be determined that the fusing threshold value
(Fth) is in the range of 90mJ/ cm2<Fth<100mJ/ cm?, and the optimum energy
density (F) is equal to 90mdJ/ cm?2. Thus, the optimum laser beam irradiating

condition (irradiating energy density) can be determined easily from the

above.

23



Next, another exanple is described below, in which an
anor phous silicon thin filmhaving the film

thi ckness of 50 nmis provided like in the preceding
exanpl e, and the apparatus described in connection

with the second e”bOdiEﬁﬂhmhg used. Then, the

tenperature of the sili strate may be set to

What R0Q&imaRdst he irradi ating energy density nmay be
varlég at 70, 80, 90 and 100 nj/cnR. The anount of

the neflheghell Fbhohfabvyatieg det eetyedaling heemeddahiotor film,
light detector for each one shot. The results are

comprifivavthe ntépgof:6. For the irradiating energy density
up to 90 ml/cn2, no changes in the intensity of the
r pfrndiatddgl aghameepdonstsaeitopdvctypt el Jermedepy the upper
but for 100 mJ/cnR, the change by about 20nmV was

layer ofisslasspubsheater weldl #yaseibRamt his  conditi on

(substra , It y be deternjned that the fusin

Re e a0 o RorDREER) SPSIRANOF iR 5F golgRbrature not

cn<Ft h<l 00mj/. cn?, .and the opti num energy density
exceed(‘%? thl}gaﬁlzﬁ P?%&gﬁn / cn2. Thus, the optinmml aser

b . a it 40R: ik Lo ener gy
de S|%@§&ggﬁhgggggternf%%%ﬁg%?ﬂﬁsg??%#??he above. 23

GAl N5 m¥add | Sorc! Blymehtise b AySeaNDek f 88miconductor film,
fabricating a crystalline sem conductor film

compri@iPthsisigpd bE steps of irradiating an anorphous
sem conductor filmfornmed on the upper |layer of a
gtadsim g uiist riatading t berapbesterrebedimp  gbatsi r"agl}{mhmte having an
anor phous sem conductor filmto a tenperature not
amorpérueedemgcendudtoz fgmpoformedarnn cihiestwppeizilager nehereof and
. anorphous sem conductar film 2. A method for
retainmghihe glasseubstryta m thaeaisediteBmpsat ure siathy

CIERLIAD % 55 8L bR ARSI e shss substrat
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.

3. The method for fabricating a crystalline semiconductor film as
defined in Claim 2, 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.

4. The method for fabricating a crystalline semiconductor film as
defined in Claim 2, wherein the heating temperature of the glass substrate is
raised by using a heater.

5. The method for fabricating a crystalline semiconductor film as

defined in Claim 3, wherein the heating temperature of the glass substrate 1s
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anor phous sem conductor filmfornmed on the upper

| ayer thereof and retaining the glass substrate in
the raised tenperature state; irradiating the

anor phous sem conductor filmon the glass substrate

ra&edﬁ%{HS§%%§%%5F%§an]Mhile the gl ass substrate is

ain rai sed tenperature state; heating

t e TEPTRBAKT S8F GORMMGERE 4 1drbilline deigopedadtorefilm as
not exceeding the fusing point; and crystallizing

definetllf APsREVBEIsRNE Cofltieaighr5, fwhereid théhdasethbskrhoe is raised
fabricating a crystalline sem conductor film as
up to tied ireedning Ceaiparatunh etaienby heighgstheshbstingt emperature of
retained in the raised tenperature state by raising .
the gldws heshstrata eipenatsiepwige t frshiprmsardat tptalppgg the raised
exceeding the nelting tenmperature. 4. The nethod for
tempezfa?wﬁcatu ng a crystalline senmiconductor film as
ined in Caim2, wherein the heating [
of- (1 gnado Bt fanr @8, 4 Gag PR Y shETEAEANEF i ae
... The neth Qr [ i tal ] . ;
defined day Aon e O CFF 3 GFP PP e e I8y beam fs supplied

asa p@faéigslgg@{)iag)Qhkee@Egh%‘f ‘légeIOB%a.{ﬁ%é}ieéﬁ%lsb‘P%@laﬁsérsgen%4ator.

y“ usi ng eater. e met hod for

f gbririgath Bgh Go¥ StAiriédten g e GeReultine sbihdibvbaductor film as
defined 1n any one of Clains 2 through 5, wherein the

defined! i@ssn$ West s80kis 6, avherkinufhet asehdeoaat as supglied as a pulse
tenperature state by raising the heating tenperature

laser Iof thd hecipiasksenienmagenenatar arepifrsesengpneratand
retaining the raised tenperature. 7. The nethod f.or
f AbAinsethathfoa comprelding H;;P beatiggigmacgatrg af ggemiconductor

) defined in any one of Clainms 1 through 5, wherein the

film, cpgyuisipeaihe ¥eBs i i ed as a pul se laser by the

SAShTTangat R BoREhE ST et Brotd iseR HEhnd 8026 2h8 surface of

a sem?gorpufl?cr%gf"cﬁﬂﬁ Eéh{B Ptocessed 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 1t is being
processed by the heating laser beam.

10. 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 with the heating laser beam;

a visible-light diagnostic probe laser beam for applying the diagnostic
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defined in any one of Claim®6, wherein the |aser beam
is supplied as a pulse I|aser by the exciner |aser
beam generator or YAG | aser generator. 9. A nethod
for controlling the heating tenperature of a
probedagpe bﬁaub@@to 1911& hmorpbopsissimgondectst didsn;afnd
aﬁg X a _vi sibl e- Ilglt di agnosti c probe | aser beam
paph o detestngpithe Jasearhasin defeoted back Baimghe amorphous

b a he | aser am whi l e the

Sennc§8 Séﬁggk? %%9— @Fd&“ﬁ@gﬁéﬁfb?aﬂ¥radiating it
wth the heatlng | aser beam detecting the |aser
beam refl ected back fromthe sem conductor film by
t he di agnostic probe | aser beam and determ ning the
heating | aser beamirradiating condition fromthe
detected diagnostic results under which the
sem conductor filmshould be heated up to the
tenperature not exceeding the fusing point while it
is being processed by the heating | aser. beam 10. An
apparatus for crystallizing an anorphous
sem conductor film including: a heating |aser beam
supply source for applying the heating | aser beam
onto the anorphous sem conductor filmwth the
heating | aser beam a visible-light diagnostic probe
| aser beam for applying the diagnostic 25 probe
| aser beam onto the anorphous sem conductor film and
means for detecting the | aser beamrefl ected back
fromthe anorphous sem conductor film by the
di agnostic probe | aser beam 26
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