DESCRI PTI ON TI TLE OF | NVENTI ON METHOD FOR MANUFACTURI NG CRYSTALLI NE

SEM CONDUCTOR FI LM TECHNI CAL FI ELD [ 00011 The present invention relates to
a method for manufacturing a crystalline sem conductor film where a pul se
| aser with a |line beam shape is shifted while irradiating a non-single
crystalline sem conductor filma plurality of tinmes (overl apped
irradiation) to performcrystallization. BACKGROUND ART [00021 Thin film
transi stors used for TVs or PC displays are generally formed of anorphous
(non-crystalline) silicon (herq5¢§@§§p Tieferred to as a-silicon), but if
silicon is crystallized (hereinafter erred to as p-silicon) by sone
nmeans, T{TTANOBNMENTMODN dranatlcally i nproved performance as TFT. At
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popular%i appllcatlons for small-sized displays such as for nobile
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phones. hernore, practical applications, such as to | arge-sized
di spl ays, is being

TECHNICAL FIELD
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The present invention relates to a method for manufacturing a
crystalline semiconductor film, where a pulse laser with a line beam shape 1s
shifted while irradiating a non-single crystalline semiconductor film 2

plurality of times (overlapped irradiation) to perform crystallization.

BACKGROUND ART
[0o02]

Thin film transistors used for TVs or PC displays are generally
formed of amorphous (non-crystalline) silicon (hereinafter referred to as
a-silicon), but if silicon is crystallized (hereinafter referred to as p-silicon) by
some means, it can be used with dramatically improved performance as TFT.
At present, excimer laser annealing technologies as a Si crystalline process
at low temperatures have already been put into use and have been used
popularly in applications for small-sized displays such as for mobile phones.
Furthermore, practical applications, such as to large-sized displays, 18 being
sought.

In this laser annealing method, a non-single crystaliine
semiconductor film is irradiated by an excimer laser with high pulse energy,
so that the semiconductor having absorbed light energy becomes a molten or
semi-molten state and then crystaliized when rapidly cooled and solidified.
During this process, a pulse laser formed of a line beam shape is irradiated
by relatively scanning in the direction of the shorter axis for processing a
wide area. In general, pulse laser is scanned by shifting a mount table on
which a single crystalline semiconductor film s mounted.
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sought. In this | aser annealing nethod, a non-single crystalline

sem conductor filmis irradiated by an exciner laser with high pul se
energy, so that the sem conductor having absorbed |ight energy becones a
nolten or sem-nolten state and then crystallized when rapidly cool ed and
solidified. During this process, a pulse |laser fornmed of a |line beam shape
is irradiated by relatively scanning in the direction of the shorter axis
for processing a wide area. In general, pulse laser is scanned by shifting
a nount table on which a single cr 1 ne ] t ok efdd M itHenount ed.
[ 00031 ebﬂl Eh? r?é)oé{ﬁo?/‘élsﬁglla =y é%%@ngta%nr??ﬁégg, qg&gﬂﬁsgﬁﬁﬁggegﬂi s shifted
in the scanphaoldidest ia@ne airedetprades@rpiteiedupht diatstieh pubset ladee Pul se
laser is irradiated a plurality of tinmes (overlap irradi a,t‘ionrgt same
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pattern e scanning direction of the pulse |aser, so t&i’t t he,
cryst al langethSischhhimopitth® chemsiisy bpesrobehbaptiielhiT™ oH WSS iSt or may
forma crystalline distribution patter 4 e Logdiipeleivand ation,
because & e ?W@pﬁﬁ%ﬁﬂ)g&cﬁ?ﬁ/&?\?é@i (gltsﬁéir)]‘l)lmgg?g%& gfgélgw tﬁélsalser
sequent igl,nper gghgaﬁcmgf $AYSE ¥attkad iANhanpagnetedeetton [@Rdlpulse I n
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the scaraiag sdithettherrpstalinee Sullide omdap ohanmek E8808 tf&?i‘ 85U, 0.4 nm
and the substrate feed anpun L wabputs 3% her8lhal the
beam wi dEARSFHIIPGE LD ao%rpfe%%anlﬂglrgli %{%ﬁ(ﬂgﬁ%@} grg&ng%{ge am)r]Sg a %I_ural ity of
thin filymtiansisase chisthiigonsuadondimereszaion) tesinerdawéthalasatich as
possi bl e the nunber of laser irradiatjon. For _sem conductor filmfor
LCD, f orscapanpiad OPEE1Ey BYAYAR B4 VRSO R ONE Y8R 9504 (t he nunber of
i rradi at{@[&: 12 to 20 tines, scanning pitch: 32 to 20 pn) and, for OLED
sem cond 31 film the overlap ratio is set to 93.8 to _97% (the nunber of
irradi ation: 1% tonddthémmslasstammiealing proresds: LSID aphije CPAATILON LI ST
PATENT L] TERATURE [ 0005] . Patent | .erat ure ; J anese =

0 0.4 mm and the substrate feed amount per pulse is set to about 3% to 8%

of the beam width. In order to obtain uniform performance among a

plurality of thin film transistors, it is considered necessary to increase as

much as possible the number of laser irradiation.

For semiconductor film for LCD, for example, the overlap ratio 1s set
t0 92 to 95% (the number of irradiation: 12 to 20 times, scanning piteh: 32 to
20 pm) and, for OLED semiconductor film, the overlap ratio is set to 93.8 to

97% (the number of irradiation’ 16 to 83 times, scanning pitch: 25 to 12 pm).
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SUMVARY OF | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006]
The inventors of the present invention, however, carried out a study and
found t3iAMIMARYNOEGRVERTIONEI | er the scanning pitch value the larger the

nunber I rystal grain size is saturated
wthout%?%@ﬁ%mﬁﬁﬁpﬁﬁ)ngg%ﬁﬁrh&% al\i?on becones a certain nunber or
hi gher ,[0006] exanpl e, about ei ght times of irradiation in a certain
conditlon

I unnece ssar |ncrease in th
i rradiation @?el 1HVFIF1E8¥Se%fd% éjrr‘ffg?t P PULPy SRSy Ee SEERR Y i r?g n%gfjotunzeif fective
use of tjhaﬁgeﬂthﬁug}plﬂte smaller that s,dahmngapsm:ht valee tha lwgaec;basmamgoer mxfrleme of the
beam wi dt processing. effi.ci. when Qcessin
sem corﬂi‘“ﬁgltagn n’f“ﬁcf”ﬁﬁ&fthg nyﬁiaég’fm% pisRls %@ngtﬁg ﬁﬁ} gﬁ?@’r‘%%ef ﬁhe Y aser pul se
i s consdfaintadiacion decoeed bcettaigUitniieg o Isploat Gir dxangpld)edoud euggt hrrteﬁ) odbt ain a
certain_ e dens resent invention in view
of 't he EBGRHO it g ATt ettt e st LS R R o
provi depfairmagiation widrindres feagtdlliiangn predeysh@kimeneit@n effenduc t@r off latam  whi ch
provi des an effective |aser annealing process by appropriately detennining
the nunB®"of irradiation and the pul se wdth of the laser pulse. MEANS FOR

SOLVI NG BY ThEtHeNMENTHR D0 kessary incinseasp et beat tidth prifisente taweent | On
provi des a met hgfg .for nuf act ur i ng. a.cry stal ne.s m conduct or fi
i 0 i

Bhf o Bt SR CLEr Ry A bk oeRis bt T 8§ Bk A feghsd BES ¢ han
or equaénei'gly S0Be Wkl Fulsd ik adm@ztrﬁ%aﬁbuqﬁxbmﬂggreqaﬁmgmﬂmﬁeamh béagr Rbythaver | apped
a nurg) n of. i I’I’adld%tl .ons while relatively scanning a non-single
crystal‘l’ B8 ASEHRB SRR SPS P I m t o perform crystallization, the method
charactoozied in that the puI se | aser has a pI at eau regl on (beamw dth of
"a") of au 'formlnten5|ﬁtﬁ/ r.0Ss- sefélﬁorg Cé) Eedbea i.n a
scanni ng di r et PR UHENBA S IESR M HaS PY%E‘} 1P’E)ﬁn EPge B8 dﬂ'/c density
E that fhs b&wﬁ inhalﬁmﬁan stdld &ﬁll Bbivide @Uin&&lodn%rgmaﬂ&ﬂﬁmﬁ'iﬁgt hatrys@allises
m cr ocrystal zat i g é n Si e clr%/lstal | ine sem conductor film by
1 adi ateRHEPTHEOp IR eV PS8 oAt “Be AN th 23T GBI EOrS BY ARPTGRAY s i e i s
sat ur at Merﬂﬁmﬁ? Bhebiuahtbdr Wi @fadidtior andthd figsd widddo B orer gfisd he pul se | aser,

t he nunber
MEANS FOR SOLVING BY THE INVENTION
[0608}

An aspect of the present invention provides a method for manufacturing a
crystalline semiconductor film, in which a pulse laser of a line beam shape having a beam
width of less than or equal to 500 um is irradiated shifting each pulse and thereby
overlapped by a number n of irradiations while relatively scanning a non-single
crystalline semiconductor film to perform crystallization, the method characterized in that
the pulse laser has a plateau region (beam width of "a") of a uniform intensity in cross-
sectional shapes of the beam in a scanning direction, the pulse laser has an irradiation
pulse energy density E that is lower than an irradiation pulse energy density that causes
microcrystallization on the non-single crystalline semiconductor film by irradiating the
pulse laser and at which a growth in crystal grain size is saturated by a plurality of times

of the irradiations of the pulse laser, the number n of



irradiation of the pulse laser is nore than or equal to (nO-1) where nOis
the nunber, of irradiation at which growh in crystal ain size is

sat ur at' @8Ry ﬂéthier 1&f€ird1°’1nﬁllre ﬁ’ﬁ"@ Oﬁlﬂ%g tpégg”rlx\ﬁbteﬁe g@]és {llltsrnéla}ebgf Pf)n pul se
ener gy jHemshdsy atfvhidi grofvil ik Elys@MB sife RUEuPHESEy h8 ihrhBadGANthOgude r ect i on
of the pulse laser is less than or equal to b/2 where b is the width (less
t han orlasquath the itradiedion pulse lseergy alamsitygE.dindee shidhamednt & pdiagmiegl inrtkgi on of a
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cross-sectional shape of the beam in the scanni n% direction. The pl ateau

r egi on foanedepitle semicendusjordimagredalizad Mgirsdiadion kheanlsedaral to 90% of the
maxi rrurcmg rgy intensity. The nunber of irradiation is defined as nO
at whi (gﬁowth in crystal grain size is saturated by the irradiation of
the pul se | aggrpuldetifsck,Ne nhdntiddéddbions, Ry lagatenefegiondBedi twitkof g of a
irradiation pul'se energy density E is a value that is | ower than_an

irradi auifeam puerstvdache progepedtioalshane ¢ahe bsamive scscyating Aitsciopodben t he
non- si [ .1 1,conduc I, i i.at l epU | aser.
Whet hep}glgrgalﬁg gﬁ%?ééré rgc/s?‘ {a%dl ?%%#i %‘%{ #fgglhg]clgélfé f:}{aa%d%g&g%tg et(r? nl'%%n/gg) f\?tmﬁ? h, such
as usi ngagneei aefyninehesgope. When the irradiation pul se energy

density is npre than a, vaJ ue that_causes m ¢rqcrystallization, the crystal
grain 2i ze v@fh%"ﬁ%ﬁél@gﬂfﬁ%‘éﬁ ol Ml D BPBAL POy O PRy a?/
sem congyfl,0f bgv:ﬂllé irﬁﬁia@%f?l&tﬁﬁ@ﬂ%@eﬁgéﬁ-wﬂh the érrl(ﬂﬁ’n k@&l&é}ﬁ&@tﬁft?‘ﬁ hin

crystal grarn Ze IS satura y the irradiation of the pulse Taser with
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si zes, mwauséqugcanbd dateroringdiwiheuth anusmbéleéttgn mprestepabl y, it is nore than
or equal to for the.sanme reason. L At the sanme tipe, .the n er n of
| aser irradi F%ﬁ{“f 1 (?186%1} ;E’stﬁ sy ERATHY o @%eal%hapoa <4 a[{%dh aexﬁglﬁslé?? _

exceedspirocriedllikARnP IR GthiVirhiY sie WXl bebRle)ex kPR @hll M e RIRbefiabl y, it
is less than or equal to 2 nO for the sanme reason. [0010] The scanning

pi t ch obobility g5 ssEitapsiaptor wilbbe ahapg osdtepth. anpunt ¢ per

The meaning that growth in crystal grain size is saturated by the irradiation of the
pulse laser with the irradiation pulse energy density E, indicates a state in which each
grain size is uniform and the grain size no longer increases even though the number of
irradiation increases.

Furthermore, when the number of laser irradiation does not reach (n0-1), the
crystal grain size does not grow sufficiently, producing a mixture of crystals with
different grain sizes, causing variation in electron mobility. Preferably, it is more than or
equal to n0 for the same reason.

At the same time, the number n of laser irradiation is preferably less than or equal

to 3-n0. When it exceeds 3+ n0, the productivity is extremely



pul se, is less than or equal to bl2, where b is the width, in the scanning
direction, of a channel region of a transistor forned on sem conductor film
crystallized by irradiation of the pulse laser. By this, the nunber of

seans of the |laser pul se appearing on each channel region will be two or
three or nore, reducing variation in transistor performance On the other
hand, when the shift amount c is |arger than bl2 and | ess than or equal to

b, the nunber of seans on a channel region will be one or two. Wen the
shift apount .c he nunb L 9 e Archan regi on
will be Oé%E?rSdorl{@ﬁ% g%ﬁ@#ﬁg 1Italrsg aéltl on unasit‘?og%sﬁgt or %%r ?%#r?ance on
channel .. ions. [0011] The beam wi dth "a" of the pulse | aser can be

expresse as a= nc, using a nunber n of irradiation of the |aser and a
shift afiil c per pulse. The beamw dth is preferably | ess than or equal

to 500 pm W a const ant RS § a:too dt b |
cause | ower ﬁ[‘gge%cgp%n%fpﬁc g{]%e %(%%éal}és(seert he b%%% Peng Hilﬁr%e t hllge di rection
of the Lang axilssPthiherpedse b, swreanbsisstiad herdthresuhe i |sngnnmga smal | er
processing area per scan _[0012] The width o{ channel re n %er scanni ng
di r ect | darestiophe ﬁmlyaémeésréglqnsofpﬁé‘malﬁw OFEEY HR PEGH %‘E@ ot &

;R\neﬁrcghgﬁé&%}lﬁ?gtk{g ﬂi‘a#;a@l’&ﬁ] (ﬁ'tt?é gﬂ)m Sr. ByCthis/@RUSLMEBr Bf sdar@O18f St or,

Fow i'n transistors, thus i npr ovi ng
si gnal phetessiydssppeehring ovicdichghtthinel fédiom Sfehh oWl ot hrasi arhnpigh

ot 11 n”ﬁef@éﬁcméox%i%é@f £ EHRSR BT GHERSE. | QhoiE QRSE Wbl B e. - For
tTﬂE IIOKI'V %%ﬁ&m@é% Mol 3B8H amelRBehhalr dgudirefierakl eambEFECTS OF
seams on a channe! region will be one or two. When the shift amount ¢ 1s
larger than b, the number of seams on a channel region will be zero or one,
causing large variation in transistor performance on channel regions.
[0011]

The beam width "a" of the pulse laser can be expressed as a= n-¢,
using a number n of irradiation of the laser and a shift amount ¢ per pulse.
The beam width is preferably less than or equal to 500 pm. With a constant
enérgy density, a too large beam width will cause lower processing efficiency,
because the beam length in the direction of the long axis of the pulse laser
becomes smaller, resulting in a smaller processing area per scan.

[0012]

The width of channel region in the scanning direction of the pulse
laser is preferably less than or equal to 1 mm. Reduction in width of
transistor domains, i.e., reduction of tranmsistor, will shorten the time for
electron to flow in transistors, thus improving signal processing speed,
providing thin film semiconductor with high performance.

[0013]
Semiconductors targeted by the present invention are not limited to a
specific material, but Si is one that is preferable. For the pulse laser,

excimer laser can be one that is preferabie.

EFFECTS OF THE INVENTION
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[ 0014] As mentioned above, an aspect of the present invention
providja ﬁ met hod for manufacturing a crystalline sem conductor film in
whi ch B‘ﬁse | aser of a |ine beam shape having a beam w dth of |ess than
or equal to £0GcHA dbokadirdbhedctshi fikiprescanalvetibis erandtstagkegy fover | apped
by a nunber n of irradiations while relatively scanning a non-single
cr yst almhimdactiairgca stistallore $qmlﬁ¢itd@0ﬁ§’érfﬂ]§b 1 wheghya palseilaser iobg, linhbearet hod
charact rized.in_that t S n dt h of
ohey 2ct SR bR YIS S B oA RheRksglanyigam ot
scanni nglgd atrﬁCﬂhb&By Owa@p@aa $¢ d mseber hast andiativadiwaile oblapudlgecanargy density
E that is |lower than an irradiation pulse energy density that ca ﬁ $
nlcrocﬂyg%%mg?z@Wﬁ@#néngﬁﬁémﬁbﬁﬁﬁlﬁbpecbﬂV§@§PlFﬁ@m§€WPE%n@%bﬂB¢ ¢ 1 m by
|rrad| I Yy size is
sat ur at eéﬁgtemgd u[h?ﬁttle[lhét: gagéf: 13@%}%2%&%%%%? r?éﬁ%ﬁ%@é%@f%%ga%ﬁ slgl | aser,
t he nurib&hswy mfcrwsrsactlcﬁfral Mpasf oftthe bgumh $ea bamemgidrentore thdmdsolasadaal t o
(n0-1) where nOis the nupb %f irr dlatlon at |chlgromhi€ﬁcﬁr1&/stal
grain sqnzlgaﬂ@tlg%wﬁ%wagwn@ﬁ% hadRi o BHnGR R RS Seesy i ¢ he
| rradi gf5op, Rl ﬁﬁcﬁ@@%ﬁﬂzz@ﬁ&?'o&yth% ntﬁ{‘gnﬁeSéiﬁtﬁlhﬁg%ﬂﬁc&ldﬁ@&)r RihSBy i N the
scanni ng dlrectlon of the pulse laser is |ess than or equal to b/2 where b
i s the iniadiating Itles;suisdmaerowndeqlmihlch@ growth) i m ¢mystahgragesinniingptaipteddni on, of a
channel relon of a ans tor f rrred with the sen conductor,. fil
cryst alMiSEH By nes adha TRt ehd i S e Rt BB e Riomatybe  ovi de
an ef f egfiia@sdr %ﬁ&@cﬁﬁ@@% LR B @083 Swhetd f0 ANh@RPHBET dfakediatisidarwiath
irradiation of a pulse laser and a shift anobunt per pulse. In addition, a
proper gewth wi diyistabferaih eizeuls seturate® by rthg ﬂrgad;w(meo’é thef pebe e Witk theam

of oot | VBIRERS R LEQErPP O CE: HHE Rk e g i PRt hougtaily o

shows 8d1¥8¢h§ﬁ3 or aafuldcrhad ialdsOtab batkgudl @ B/MHclﬁlbl”I@tBe &figts t(Rkd thae or
sem conductor filmaccording to an enbodi nent of the present invention.

[Fig. 2qud g.! mmohinibe accepgsligeden ohalchangpeegsm diferpsiardpreeditte | aser
in the t?x(é\ EIL AL c%gdlgété’r ﬁﬁﬂ gﬁsﬁﬁ&%ﬁ qgra&ﬁh%l?%{ ﬁ?err?alsi laser., Tllié: éfgg:é‘?’t] mg g. 3

shows tN& Felatt onshi tween the irra pul se ener gy nsity of a
pul se |@seide @ﬁ@fﬂe&efeciasestaahe@hglpm@ssmztbyn pup®eribasembei of adidatioonf
according to the sa A{ﬂg 4 shows _the rel a@gnshgg bet ween
t he nunbBRlsefaserangd %‘Eﬁ éﬁm&ﬁfcﬂ’@(r H’@lsér %? THQJh 2 IFORT PG piPsSe | aser

has cer%g%;nma,,r éﬁ,@ﬁ]&t LRGB! B% GRET Whode r@ﬁs\mlﬁ ACGRA Rl diBleSRI®

[Fig ows occurrence state$ of beam seans i n reélationships
bet weenpriohess shbé mualmefiadtivper pul se and the w dth of the channel region
according to the sane [Fig. 6] Fig. 6 is a photograph, as a

repl acenent of a drawi ng, of crystallized senm conductor according to an

exanpl epRiEf HESPREFEIVN IOWEAEIHA WINGS
[0015]
[Fig. 1] Fig. 1 shows a pulse laser irradiation state to a non-single crystalline
semiconductor film according to an embodiment of the present invention.
[Fig. 2] Fig. 2 shows a cross-sectional shape of the beam of a pulse laser in the
scanning direction according to the same.
[Fig. 3] Fig. 3 shows the relationship between the irradiation pulse energy density

of a pulse laser and the crystal grain size by pulse laser
6



[Fig. 7] Fig. 7 is a graph showing the variation of the grain size with
respect to the nunber of irradiation according to the same EVMBODI MENT FOR
CARRYI NG QUT THE | NVENTI ON [ 0016] An enbodi nment of the present invention is
now expl ai ned as foll ows. Fig. 1 shows a pulse laser 3, which is an
excinmer laser with a |ine beam shape, irradiating a substrate nounted on a
noving table 1. The substrate is forned with a non-single crystalline

sem conductor film2 such as Si anorphous. The pul se | aser 3, which has a
line beamlength L and a beamwi dth "a", is irradiated on the non-single
cryst al fri-adiasen coodlietao the lsen2. at a predet erm ned pitch and nunber of

irradiation i.l e scanning with t.he | se l.ase by shiftin e Novi ng
table 1 at avfé‘rlédélj e??‘ﬁ-n dsb?‘f’ﬁh‘ghe I%'famﬁli}?lpZ%gﬁ‘g%\%n a i (?S‘J‘slggéellgtqfonal

shape of, fhe heamaf (ke rpubsenkasalizd wheh h@ieSpanni Msedi hectdeeminl t has a
pl ateau region, wdth of Which is represented by a beamw dth "a", haying

an ener gyadittemsptlpe ehengyr denditins aecenfung to 6hoO8MR t h respect to the
maxi mum ener gy...i ntepsi ty., [0017] T I Brdi1S Sk an
i rradi ation pti‘§e” %%th8%ﬁ§F¥§m§n§?Stt?gﬁgp %ﬁh%%§§§H§F§EE§y§t§%|ine
seni congugh&n tht Mt Whibunothchesere mmdrherysithl bf niee whenntheegon- si ngl e
crystalline sem conductor film2 is irradiated. Fig. 3 shows the
rel ati onstirgibetovgdensame irradi ati on pul se energy density and the crystal

g-rain size by.la FF1§P'6S& kf}gﬁ&baﬁ'{r&ﬂ- The iy s AbnoIal ) dshéenbegones
| arger as the 't adiati on pul'se efiergy %en5|ty Increases in a region in
whi ch t hevdtaliagdidatenonopdhcer enerdingdensitexaieple ofithd peesmisnabngpai n si ze

rapi dly increases, .when the irradiation pul se ener densi.ty.:he s |l arger

than, for exakpige ) ghﬁgpzr Fad et PR ARpUTeEs tﬁ%é’@éﬁ‘f‘%ﬁ’é‘n‘ggw %al%r?l%eh%?ﬁy. When

the irr@9&%&38t?ﬁh%%aﬁé}eifgyra%é]ﬁbﬁ)éc@&@@ﬂg% kBE g8kct 0 a certain degree, on
and,

t he ot her e crystal grain size grows little as the irradiation
pul se energy density becone larger than it, and the crystal grain size

T adi Ao PR e S R B BN ETU e T 2 ot on pul se
energy dgpsgty E can be expressed as E<E2. [0018]
' An embodiment of the present invention is now explained as follows.

Fig. 1 shows a pulse laser 3, which is an excimer laser with a hne
beam shape, irradiating a substrate mounted on a moving table 1. The
substrate is formed with a non-single crystalline semiconductor film 2 such
as Si amorphous. The pulse laser 3, which has a line beam length L and a
beam width "a", is irradiated on the non-single crystalline semiconductor
film 2 at a predetermined pitch and number of irradiation while scanning
with the pulse laser 3 by shifting the moving table 1 at a predetermined
pitch.

Fig. 2 shows a cross-sectional shape of the beam of the pulse laser 3
in the scannming direction. It has a plateau region, width of which is
represented by a beam width "a", having an energy intensity of more than or
equal to 90% with respect to the maximum energy intensity.

[0017]

The pulse laser 3 is set to an irradiation pulse energy density E at
which the non-single crystalline semiconductor film 2 will not become
microcrystalline when the non-single crystalline semiconductor film 2 1s

Irradiated.



Wth the irradiation pul se energy density set to the above value E to
irradiate the non-single crystalline sem conductor film2, growh in

crystal grain size will be saturated, even though the nunber of irradiation
is set to a certain tinmes or nore. The saturation in growh in crystal
grain size is determned with SEM phot ogr aphs. Fig. 4 shows the

relationship of the crystal grain size with respect to the nunber of
irradiation when the irradiation pul se energy density Eis set to the
irradiation pul se energy density El or the irradiation pul se energy density
E2. In eitherpid raghéts @he pulatorehes detdensi fhe, irthdiaciops palsegeaingysi ze
becones | arger as the nunper of jrradiation increases.unt h,bga ceéa;tlai n

nunber @eN$IEY @didaﬁh%ﬁ?ysﬁﬁ]c STHE ﬁ’t?ﬁbléY lgpey pu i dtf WW%_C tain
number , LG 1Y BAnANBL R Zhd r @bt Vo hBAHL dER AW DerBRIR shhan 1t

The abo¥&™f irradiation 1s expressed as the nunber nO of
i rradi aki@eiaf ih hehiphedenirridineohi prse energy Wmsiyniselown dheasrvatilual

irradiation wll be set. to nore than _or equal to (n0-1) and. | -t han or
cqual | 628GV ERP B REEALE | HESEo506 RERBENTROPST FPAt A RO ThT
enabl es bE{fk?mQQ Der3bAghen Y %kéi%ﬂ@,eaﬁ SFiACONAE holse dhaRe? domsiie Etyst al | i zed
effectively and efficiently. [0019] On the crystall.ized

seni condbetwoay f Whewe thetiatddiadanbyulsheenqngadiensibn beeompe 1pugdet dser, thin

filmsenm conductors arg forned at d 'Qgﬁ_ji- e S1; ghin film
seni condGEES! Léf‘?%eea Oﬁr%ﬁe?t&e%%laendi ’\jl.\[a51 %t %&g{%{; t he S?%ea%%r[l%% ng?g{%, and the
i nt er val; sy £ 60 @h@’eaéﬂe){'gﬁ dlentiyliessmicHanger trequal ahd theMrPstal grainFi g. 5

shows an assuned state of the array of thi n\f%l mhsem' conduct or JEO. on the
non- si ngize wmdbabedome sBHIED RITRIE TRFIORMZEI2 EaEACE AT AFF599h S & E8nduct or

10 has 350Ut 88, P Aefiab iR iANEo PhAMRS. RAE bukd. hpodedobskieen the

source ahd ain, an e wdt the channel part 13 in the scanning
di rect i ameefy dbasipuEsead asexpiessad wk #EHED of the channel region. Wen the
pul se | zser ﬁ is irradiated to the non-single crystalline sem conductor
film2 dR818hifted by a scanning pitch (shift amount per pulse) c, beam

seans 3a wil | gpRedk iofdiBgos iatabhézedisenicenduciier addenvdlae Besponse to
the shift per pulse. [00201 ~ Fig.” 5(a) shows an occurrence stf\te of
beam seairsadiatavien noheisglefayarmline semepnputter Him Lagyerth pasryHel wi dith b

of the channel regjon. In 1S _ex . I; t. be
" posi ti on%‘iiu’&rsmﬁp‘ﬁgjaﬁe SH& 8#6@61 ¢ %%%g{x&bgirl?Waﬁg?fr%dlga%nr%é?g@ear f or mance
vari ati og @fint Benddhbh rhédem TBoI LoodutdOrinlBrowth in dEivgtal Sélmin showgs an

occurrence state_of beam seans 3a when the shift anount c per pulse is
| ar ger t fetermined wigt SENEPAPEAZIABRST the channel region. In this exanple,

the beam seans %@V&ﬂo@&@l@%ﬁam@s}gg @ﬁ%%&a@@@mém@%&m@@é@@&@h may
? mance var t he

reduce the per i‘ation o thinh fi1lI'm sem conductor 10 but wl|
not suffiled eamdberoéduadidtion when theiigradicion mibe hnesprensided: 15yset he

present invention, shows an occurrenc te of beam seans .the

shift anbuihe éﬂﬁgﬁa%‘i’ﬂ dulges R é‘?n%lﬁ‘éﬁ“fgf’%?‘? %Fa‘{nlﬁ‘i’% %?ﬁs%bg%gn he

channel H%ﬂéﬁ{' o Nt Bk BelraiPlagion hsbeamS€dBsida tMel drvapeahil woaeor three
e

on chann parts 13, which wll effectively reduce the performnce
vari at i oheafméhlargét daritweminnded of iyadiagion] pozegses until a certain number

of irradiation, but the number of irradiation reaches & certain number, the
crystal grain size is saturated without growing more than it. The above
number of irradiation is expressed as the number n0 of irradiation of the
present invention.

The number n of an actual irradiation will be set to more than or
equal to (n0-1) and less than or equal to 3-n0 with respect to the above
number n0 of irradiation. This enables the non-single crystaliine

semiconductor film 2 to be crystallized effectively and efficiently.

[0019]



The beamw dth "a" is expressed as an c¢ when the nunber of irradiationis
set ton times with the shift amunt c per pulse. The above setting enables
the shift amount c per pulse to be set smaller and the nunber of
irradiation not to be larger than a necessary nunber of times for making
good crystallization. As a result, the beamw dth can be set smaller, for
exanple, to less than or equal to 500 pm allowng the beamlength to be

| arger so that a non-single crystalline sem conductor filmof a large size
can be efficiently processed. Exanple 1 [0022] An exanple of the present

i nven}] ion i fs @nmﬁaicrﬁiaﬁﬂedvmemicondu@op gectvatdlizeA dyvitheaariagono Sj

anor phous of a.thickness. of.,50 nm as .a non-single c t.al L pconduct or
film by® Sy iPRgSe HESCRY ABEY SO PYIPIEPSICER S A4 ﬁjgr?eof{ %ﬁﬁ"ﬁ&b‘%n ?ltg%1 ons:

Exci mer; Jiasefs. ESRLG finavehenatncafr 1808 predéteeauaat width B tHe Beam
size: beam|length of 500 mm by beamw dth of 0.13 nmm The beamwidth is a

pl at eauchmgidregionh andridetingarvels eguarefepIpsebio 1958 t%%i%%ﬂéwé? gy
mtensi'gﬁlm Scanning pitch: 32.5 pmto 6 5 pm

Fig. 5 shows an assumed state of the array of thin film semiconductor
10 on the non-single crystalline semiconductor film 2. Each thin film
semiconductor 10 has a source 11, a drain 12 and a channel part 13 located
between the source and the drain, and the width of the channel part 13 in
the scanning direction of the pulse laser is a width b of the channel region.
When the pulse laser 3 is irradiated to the non-single crystaliine
semiconductor film 2 and shifted by a scanning pitch (shift amount per
pulse) ¢, beam seams 3a will appear on the crystallized semiconductor film in
response to the shift per pulse.

[0020]

Fig. 5(a) shows an occurrence state of beam seams 3a when the shift
amount ¢ per pulse is larger than the width b of the channel region. In this
example, the beam seams 3a will not be positioned or appear one on a
channel part 13, causing 2 larger performance variation of the thin film
semiconductor 10.

Fig. 5(b) shows an occurrence state of beam seams 3a when the shift
amount ¢ per pulse is larger than a half of the width b of the channel region.
In this example, the beam seams 3a will appear one or twoon a channel part
18, which may reduce the performance variation of the thin film
semiconductor 10 but will not sufficiently reduce it.

Fig. 5(c), which is provided by the present invention, shows an
oceurrence state of beam seams 3a when the shift amount ¢ per pulse is
smaller than a half of the width b of the channel region. In this example,
the beam seams 3a will appear two or three on channel parts 13, which will
effectively reduce the performance variation of thin film semiconductor 10.
foo21]

The beam width "a" is expressed as a=n-c when the number of



Irradiation pul se energy density: 320 mJ/cn2 The width of the channel
region: 40 pm [ 0023] Wth the pul se laser, the irradiation pul se
energy density is equal to or less than an irradiation pul se energy density
that will cause microcrystals. where the crystal grain size gradually grows
until the nunber of irradiation reaches four to eight, but the growth in
crystal grain size is saturated when the nunber of irradiation reaches

ei ght or larger. [0024] Areas irradiated with the pul se | aser at a
predet erm ned nunber of irradiation was observed with SEM phot ogr aphs,

whi ch afreadinoin MEeEltg n meé\e; wsttove ishiffiagnosnt gave wilyst aE‘hI9 210V6n was

obt ai ned when th irradiation is.ei t a

cryst al SQFFEPIALIS %&‘fseib‘ Bﬁt EHERP UGN R bﬂjer AI#& Hler %gﬁﬁ{ ?oﬁevv:alg

i ncr easgd, §.04ilgionlRoRol barger than Hl ﬁece%sﬁﬂsﬁ\ﬂ%m/t@érl (ﬁtmm@scﬁ)r tcdnﬂ{mgyst al

grain size 1n response to the nunber of irradiation, in whi CB crystal
e%‘h

gr ai 3 stgfzcﬂi growallzs tidre n%mbelresﬁit ithe dofade i Britibned e dsetetupip "nunber of
irradiation reac r OWE R i

when t hEXTRbor o o FPRGI G PR © agHEms Py The the b SEnR (O S NBa s
[0025] iV} RE thabkendiNeiresé Bgis@alafmeséeahicbnéusmﬁinndﬁatlargef klzmcan

be efficiently processed.

Example 1
looz22]

An example of the present invention is explained below,

A pulse laser was irradiated to Si amorphous of a thickness of 50 nm
as a non-single crystalline semiconductor film by varying the number of
irradiation in the following conditions:

Excimer laser: LSX315C / wavelength of 308 nm, frequency of 300 Hz

Beam size: beam length of 500 mm by beam width of 0.13 mm

The beam width is a plateau region with more than or equal to 90% of
the maximum energy intensity.

Scanning pitch: 32.5 pm to 6.5 pm

Irradiation pulse energv density’ 320 md/cm?

The width of the channel region® 40 pm
f0023]

With the pulse laser, the irradiation pulse energy density is equal to
or less than an irradiation pulse energy density that will cause microcrystals,
where the crystal grain size gradually grows until the number of irradiation
reaches four to eight, but the growth in crystal grain size is saturated when
the number of irradiation reaches eight or larger.

[0024]

Areas irradiated with the pulse laser at a predetermined number of
irradiation was observed with SEM photographs, which are shown in Fig. €.
As shown in Fig. 6, good crystallization was obtained when the number of

irradiation is eight, but little increase in crystal grain size was observed even

10



3Pul se | aser 3aBeam seam 10Thin fil m sem conductor 11Source 12Drain
13Channel part CLAIMS 1.A nethod for manufacturing a crystalline

sem conductor film in which a pulse |laser of a |line beam shape having a
beam wi dth of less than or equal to 500pmis irradiated shifting each pul se
and thereby overl apped by a nunber n of irradiations while relatively
scanni ng, on a non-single crystalline sem conductor filmto perform
crystallization, the nethod characterized in that: t he pul se | aser
has a plateau region of a uniformintensity in cross-sectional shapes of

t he beagihen tale&c@ﬂbleﬂgfdm@mhomwas mcrea‘sélétcpﬂlﬂsé‘& padell.has an irradiation

pul se energy density E that | n irradiation uIs ner
density that bﬁjség‘w&r‘é@??@‘ﬁ’%lq V%ﬁt F%Yn%% STHE Foh-'di ﬁegqlpgng? ystta%l ?%e

sem condyuetion. Je;lMabytibs, ri%%ﬁfdh”tgletdi‘?sﬁﬂgﬁ‘ﬁlﬂ agBlerowd satthuhighber gf owt h in
crystal grain size is saturated by a plurality of times of the irradiations
of "the pad@mti@sencreases until the number of irradiation reaches eight. No

growth in crystal grain size was observed when the number of irradiation 18

eight or larger.

DESCRIPTION OF SYMBOLS

[0025]

1 Moving table

2 Non-single crystalline semiconductor film
3 Pulse laser

3a Beam seam

10 Thin film semiconductor

11 Source

12 Drain

13 Channel part

11



the nunber n of irradiation of the pulse laser is nore than or equal to
(n0-1) where nOis the nunber of irradiation at which growmh in crystal
grain size is saturated by the irradiation of the pulse |aser with the
irradiation pul se energy density E; and a shift amount c¢ per pulse in
the scanning direction of the pulse laser is less than or equal to b/2
where b is the width (less than or equal to 1 mm), in the scanning
direction, of a channel region of a transistor forned with sem conduct or
filmecrystainiged by irradiation of the pulse laser. 2. The nethod for
manuf acturing a crystalline sem conductor filmaccording to claiml,
characterized in that the nunber n of irradiation of the pul se Iaser IS
nmor e thaln or dguadthbd foromBnpcturess a kayetetlieg warricenauctppfilng nrhe

met hod 1.0 gﬁr‘“fﬁﬁﬁgée&l“&aﬁhﬁ%ﬁaﬂ! Lid)s. BeM-cOngUkOkidi dnlascordi pg to any

one of t'h har act eri_zed sin

crystal Iaqrma] $@50@1@mduadrltﬁdlﬂ’@ Si 1&'{%%@? H%eef%‘?‘s]%?ﬁgé{&vﬁ? aﬁéeglbé’rayst alline
seni condyel fﬁl ?ﬁaﬁgé)({lgltl@glst Yy 1@m@t1@é1yt heaphiaedong aclminmsingle

char act erl ze in aser an EXCI | aser THOD FOR
I\/ANUFACWJF@W@I@‘QYWE’IQP@EC Sfg@\l 3 %mn the Q%e present
i nventi o RE OGRS j8tMat:al | 1 zation of a non SI ngle crystalline

sem conductor film, when the sem duct I S I aser, with
an appropri at & caﬂlrﬁengasﬁfftgﬁs a&hopﬁl E%g%gr% rdrpa a? ﬁ% %gteg\éltg gr\?ll ded is

a net hoderhes- sémmﬂaa@hupemgf&ecb@/aanahla mmm@bmmm@r f| I'm in which a
pul se laser of_.a line a i r likzat i on
t he net hod ch:ﬂlﬁc?lé]isl g&lmr%l%tghgﬁ ;L ﬁadﬁh{éﬂ ﬁ\[laser g B&Eé{tf@%hﬁt Y

as a ﬁteau re i on (beam
wi dt h oflotat) oham uanf opmriditensi tIylliSﬁ cepetEyseiemsHAl & ébescadﬁ‘s the beam

A'n a scann h I §@r §i%.1ﬁﬂ i sdradbatienr plilisebener gy
‘density % é]{r%)gjf&%ﬁ %\l‘;\}gg '?ﬁ fd APl crf S :

an an rra |on ener%% densi té t.hat
causes nircadigting Hhd pPR4LE lﬁﬁeérﬁr% ?‘y@t SF9StHe SEEM ¥6Rdiict or
fil Eﬂ tgg %‘{%H’Eé%rbsﬂa%utﬂi@%f%ﬁm@@ o@fhé h@a&iﬂt&ﬁasl afsfe pudsabrsert han or equal
to (no-

ere nO is the .nunber, .of r adi t| on at whi C r crystal
grain size i s SHER @Hnwl’cr%gh%l?%afgﬁ B Sﬁx}aﬁﬁ SFur's ﬁagls%rﬂé%ét i y
i rradi at (Qn1pwhsee goeg gb{e dambdrwf&rraalmaitlan shivf itichremowth ¢n crysthkg I@é&nnl ng
direction of. the i.S a / s the
width of S%edﬁmgg g%yoﬁ 1rra 588& C;fhﬁl% ﬁis%q%!x LI‘ tVﬁtQ t%e"?[@ﬁ&[cﬁaﬁoh

ran5| stor Torne t he sem conduct or
film cry@bbdelexmgyhi}msartyéﬁleatd on of the pulse |aser.

a shift amount ¢ per pulse in the scanning direction of the pulse laser
is less than or equal to b/2 where b is the width (less than or equal to 1 mm),
in the scanning direction, of a channel region of a transistor formed with
semiconductor film crystallized by irradiation of the pulse laser.
2. The method for manufacturing a crystalline semiconductor film
according to claim 1, characterized in that the number n of irradiation of the
pulse laser is more than or equal to (n0-1) and less than or egqual to 3'n0.
3. The method for manufacturing a crystalline semiconductor film
according to any one of the preceding claims, characterized in that the
non-single crystalline semiconductor is Si.
4, The method for manufacturing a crystalline semiconductor film
according to any one of the preceding claims, characterized in that the pulse

laser is an excimer laser.

12



Fig.

1

METHOD FOR MANUFACTURING CRYSTALLINE SEMICONDUCTOR
FILM

ABSTRACT

The present invention provides crystallization of a non-single
crystalline semiconductor film, when the semiconductor film is annealed by
laser, with an appropriate scanning pitch and number of irradiation.

Provided is a method for manufacturing a crystalline semiconductor
film, in which a pulse laser of a line beam shape is irradiated to perform
crystallization, the method characterized in that the pulse laser has a
plateau region (beam width of "a") of a uniform intensity in cross-sectional
shapes of the beam in a scanning direction, the pulse laser has an irradiation
pulse energy density E that is lower than an irradiation pulse energy density
that causes microcrystallization on the non-single crystalline semiconductor
film, the number n of irradiation of the pulse laser is more than or equal to
(n0-1) where n0 is the number of irradiation at which growth in crystal grain
size is saturated by the irradiation by the pulse laser with the irradiation
pulse energy density E, and a shift amount ¢ in the scanning direction of the
pulse laser is less than or equal to b/2 where b is the width of a channel

region of a transistor formed with the semiconductor film crystallized by

irradiation of the pulse laser.

Fig. 1
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