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

Bt T ow e ena et ke SRR BSE CRORH £, P ML R S

popular%i appllcatlons for small-sized displays such as for nobile
ar

phones. hernore, practical applications, such as to | arge-sized
di spl ays, is being sought.

TECHNICAL FIELD
[0001]

The present invention relates to a method for manufacturing a

crystalline semiconductor film, where a pulse laser with & 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.

[0003]



In this [ aser annealing nethod, a non-single crystalline sem conductor film
is irradiated by an exciner |aser with high pul se energy, so that the

sem conduct or havi ng absorbed |ight energy becones a nolten or sem -nolten
state and then crystallized 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
wi de area. In general, pulse laser is scanned by shifting a nount table on
whi ch a singl rystal |ine _sem conductor, fjlmni egh; khe I'n
t he above puIﬁb%h%§%Pvg&QHﬁFﬁﬁf&%gﬁdf?%glég Eh$§ls ?P%e%hﬁﬁg?%% scanni ng
directi g&h@&mg BrEARIERER Negdepiteehmised hpitdiatsuchethpul ge pader laseri ¥r adi at ed
a plurality of tines (over|lap irradiation). to s | ocat.i ons of 8,

non- si ngiradistyd teablunedits erfi BBRE F@@aPiﬁﬁ$%¥%5%3q56¥“?%90€§5ﬁ518, Pat ent
Literature 1).. Thi I i.con i | | Bgh@plar patsize to be
subject@ﬂnﬁ%ggﬁlg@%ﬁggﬁﬁegg?ﬁﬁﬁﬁg%ggsgﬂﬁ%g?%%¥ ﬁ%?gfa?ﬂﬁepljdiscloses t hat
the size;Srgfuiehp. chanehallegizosemitonlecgranhmipdinegecidngn $Ee thdepul se

| aser and_ the scannjng pitch . P of the puylse |aser roughl i = nP
(where mubieckdl fhecerT SEEFHINEP 48 g’&fﬁ%t iﬂ%?g red?s ?@%%Slsgyna%n t he
crystal Line: Siofilm.t ’ 1BEM1h Al Calahya 1 ¥ AN FRiopad @ienphlRetihgerscanni ng
directi 3h3§fz“t eo%cu chx glseg]rrjgglgg 1%w*hat t he crgstal l'i ne. Si PPI m on t he
channel s@gibencahnachitthifnof therpulpakades ronghliysatesiinSe™ of srhgre he
distribution pattern with a same perio¢i ari atid | - talline
ununi f ordf FeEsIH7CaPt 6?1150) §g§88?eaflg’(§£% %ﬁgﬁélsﬁé?ﬁsoglq%%n Ta q%%é?alﬁﬁo% may
cause Va&)iﬁﬁ%p@%&&aﬁ?%ﬁ%ph&@%hn_the schingondartiional thagerdsanneal i ng
processes using a |line beam the beamwdth in the sca nlngSggrgﬁﬁlon of
the pul sestmserthias the xerstadind Sufily @5 the GagmraRIMHELEHHATAE f eed
anmount per pulse is.set to 9 | Bdpkder to
obt ai n Jﬁ?f‘@#ﬂrp@w(@%rﬁ%ﬁgﬁﬁﬁée%&%@@f%%@%ﬁ?ﬁﬂ}aﬁaﬁ??%si stors, it

i s considgsad,Nasessss Yrifaliier easrifasminycivaamtipos sisbb@atddewiimsser of | aser
irradiation. For sem conductor filmfor LCD, for exanple, the overlap
rati o i ssespiential gPenasIgEmATT HSISA TREEIGY 2OPEA GRS 12 to 20 ti nes,

scanni ng[ogji t4?h: 32 to 20 pnm) and, for OLED sem conductor film the overlap
ratio i s"88t to 93.8 to 97% (the nunber of irradiation: 16 to 33 tines,
scanni ng pitchin 26ntenti@aginaseClaPAERDN gL b SRePATENFING FERATUREAROGOS]

Patent [ erat e . Janancse Petent ApPLLEELIONLA (RE\odfh 230- 163495
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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PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0006] The inventors of the
present invention, however, carried out a study and found that, although
the sme8UEIMARY GEANWENIION ch val ue the larger the nunber of |aser

i rradiaty I e is saturated w thout grow ng
when tﬁ‘;eﬁﬁgkﬁggﬁ@w?%@ﬁgﬁ@iégﬁe@@ Cﬂﬁtal n nunber or higher, for
exanpl gooadjout ei ght tinmes of i rradl atl on in a certain condition. In other
wor ds, an unpecess élﬁn rease tln 1111 ereoC |ré(rie(1)d atslto(p I%o hcrease
crystallizat “15%8 5% Laa %VFW)HE S Fedt V8 usé1 &f lf:%/saeﬂr uPput
At the tﬁmlfbmﬁ@}, tian smlanﬁcé&smynmgcpnemseaiué thaéaﬂgeanhwndmeworfllamuse
| ower proce n |enc Wnen rocessing a;se conductor .film,of a
| ar ger "BRgBIhILHALS BREPETLEGT spe ratirald ApRELERRIN hek g n e
consequehirtagiation Hetomes a cshmmtlaﬁnﬂetrrte lbg}a«m feernextaimpi«© abbﬁaenghatmes todi n
energy Jdensi.ty. [0007 ... _The resen invention I.s i,n view of the
above) STBAAHPYIR AR ORIk B B R BT u T ERC de R AT ovi e a
met hod dfoiEradiatiod &l unidrage argstaliiagioh ippeceseng cierdwitharn dfiebnyve whe ehlagrovi des
an effective | aser annealing process by appropriately detennining the
nunber BfPY4radi ation and the pulse width of the Iaser 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 nefs m conduct or fé
whi ch P"BESE8E CHERT B ﬂlﬁfﬁ%esﬁﬁ%ﬁn 8%“88 fé“& AR 4 REBPSq BEs than
or equaénei'gly S0Be Wkl Fulsd ik adhﬂztrﬁcbaﬁbﬂqﬁlémﬂbgreqaﬁhlgmﬂlﬁ)ﬁeﬁmﬁb béagr Rbythaver | apped
a nurg) n of. i I’I’adld%tl .ons while relatively scanning a non-single
cryst al P98 ASEHBSRESYI9SPS B I m to perform crystal lization, 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 dﬂf density
E that fhs b&wﬁ tnRaitican skdk adi groivide @Uin&&lodn%rgmaﬂ&ﬂﬁmﬁ'iﬁgt hatrys@allises
m cr ocrystal zat i Si e cr%/lstal | ine sem conductor film by

B b T T Y A e S e O

saturat@ﬂerﬂﬁm@ eheiah b o f @fadidtion Sndthed figsd widadbhe tRer @fisd he pul se | aser,
t he nunber ? irradiation of the pulse laser is nore than or equal to
(n0-1) where NnO is the nunber of irradiation at which growth in crystal

grai n syZeN$sFoORt soBYEedGyy tine: INvadiraoNon of the pul se laser with the

irradiation pulse energy density E, and a shift anount ¢ per pulse in the
scanni n Ogg}ecti on of the pulse laser is |less than or equal to b/2 where b
i's the w dthagl g&?actt baRhO hreastainveftich Pdviddsnatiethed aonimgndicnedtd an, of a
channel reg on rans stor med. wi.t h SPQLCO ductor fil.mcrystallized

by i1t aBPEEHER SRR tE- awkich agleggser of A line feam sapg hpvdlf bea

nment i ongehtRrRAVIEss g & &vat @@600%(1@ ifrb&iated WihdlftiAg Qfach Pu)seodndathsrdblyoi m
the. beamin the scanni.n

|ntenS|ty cross-secti opal q§ e 0%1 glg
di r ect i BYfri@ l?ﬁ“éi S?Wa?e%‘ﬂnli’%gf’o g @tﬂg@sg HedelPveR SP0R8adi AGTHBES than or
equal t gy9anekehREndEXdTUR 8 PRFBMN CRRMSAati¥n, 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



The nunber of irradiation is defined as nO at which growth in crystal grain

size is saturat by the irradiation of the |.se .l aser.w,th the

i rradidff ﬁt‘?ih?égleé%éﬁeg?seﬁéﬁ&q?ﬂﬁ? Ofﬁéu?l_rtf’a(gﬁés iv%}}‘?“bﬁé é%%hgﬁ@frgﬁ?r Qknsity E
i's a valugabdhed Jisch evekh ihaRs@Nglaly Gl bbb P e enadidyortenat hilst hat
causes mcrocrystallization on t%e non-single crystalline sem conductor

fil m bylajer math thtiimgdiatien pulse entrgy elensitphit drek a shifihanowriter perppdseanlthe at i on
may occur can.be determned with,, such as usin | ect ron m cr.oscope.

When t RETRESHPBT fth Ba~co e & I Feler By ot HEh @ wissn B S Vs rtidhHE causes

i crocryst 8t kigdtb ANmnt)Nen Ghey Sdaphingl BicbtiSi, Z8F WNehdnnBEEQMR 6K E HeREkyr Sal |
and the electron nobility as a sem conductor w |l be about one tenth.

The mednimed viilasergicondustirilor grestallizest by iradiagien p§ theamlpedaset by t he

i rradi a[éé(?d; of the pulse laser with the irradiation pul se energy density E,
i ndi cat state in which each grain size is unifoi in and the grain size
no |onger i Ni{eQa$RIaRY.LR nidtGidgll iee Mirhalatedu leploadbain oiith oErLasLs.
Furthei nore, when the nunber of |aser irradiation does not reach_(nO-1),
the cryatermdrignyitysintbe goassersiony sbapeseffthe panat he sspyupe fiigrtianmlRe ur e of

crystal | i ffer [ i.Z W varll.at. [ ectJra
o | 12 e R B B KBHR e B e el o ROPEERRe cason.
At t he sa®ubi eergytinensigmber n of laser irradiation is preferably |ess than

or equal to 3 -nO_ Wen it exceeds 3 . nO th roductivity is extrenely

| ower ed. Moreegr@thst ghpgadigtion; lég?fg‘?g atsl?ﬁrf‘t B‘fhlg qth B FYSIETHESIEHE sane
reason. : | | t l:se4: i +Shi ft
anount Sg&%%[%@]ﬁﬁ;ﬁ%gnﬁ?gﬁpgs%g tt %ﬁ;&olggeé&ﬂ% ﬂhj{é éﬁ (% Lg?éee%r%}g&%}ﬁlé{?% dth, in
t he scdfin imgddiivepulsornefy densilvahnela vabyi hat oflowet thansinsitrediafion pride on

sem conductor film c%%stal | ized by i)éa adi.ation OL t he pul Eeﬁ I asep.. By this,
t he nunBEF&Yofdelsihys UHF  (CALSSR o SEFTOFHISBE A ER aPPnd "D n EEER S AR PR i on

W T begt MQn@licthP HER 1 irfAR Bing tBY YalsBUagétR! WekdiRR drMhdt mARIcfis@llliR86A Or Mmance
On the other hand, whéen the S%Ift amount c is larger than bl2 and | ess than

or equathay ocdoy carhlee drterbEnedwitk.cunls aowsing dheirmehicresgblon wi || be one or two.

When the shi t ¢ s | than b, th f hannel
rogion w11 Becars 5pTalth TRRem AUy ar PA Bhn £ eRECR s e

per f or NRRESer PitalBRATIAE the! @ HtANGain ORI HdRembeaafemelt dmalbandothe thetpul se
| aser can be expressed as a= nc, using a nunber n of irradiation of the

| aser anebititysdsi & cdeandhetor wplbpe phus enc tRE. beam wi dth is preferably |ess
than or equah,let 19162?11(:1’190 R rngthﬂ 1&0@9@?%&9{[ si?éﬂ'iesrsg%%aggcgg}'/e {hzé’irr L% %)fat'ilge beam

width will cause Tower processin i Cl ency, he beam I'ength in
the di rggéd RBerokith hige Ireudgatimi ulef edehey petisiie H, dsdicatbea anms irs whldhesach
resulting in a smaller processing area per, scan
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



[0012] The width of channel region in the scanning direction of the pul se
| aser is preferably less than or equal to 1 mm Reduction in w dth of
transi stor domamins, i.e., reduction of transistor, will shorten the tine
for electron to flow in transistors, thus inproving signal processing
speed, providing thin film sem conductor wi th high performance. [0013]
Sem conductors targeted by the present invention are not limted to a
specific material, but Si is one that is preferable. For the pul se | aser,

exci ner_ | aser be one at..i.s preferable. . | ON
[0014] lowered %t3r8£?§3%§bo’\9el,s ]?aeﬁs atg"&élc - O?H%EE%; ?eggnliwil;trﬁ? glgr@%%n
provi deg, apet hod for manufacturing a crystalline sem conductor film in

whi ch a pul'se laser of a |line beam shape having a beamw dth of |ess than
or equal0di®]500 umis irradiated shifting each pul se and thereby overl apped

by a nunber n.of irradiati.ons | § ively s ' [ e
crystalline sgﬁlec%ﬁ'&?}ﬂ%rplﬁ‘i?ﬁ %%é gjélrlg%?ééle\r%’ é%’éYs?gg{]I@Fz{%ta?%ﬁgﬂg Ee&rgr]ét hod
char act giii#eds i1Asd bRin tdieepudlse baserhbmsbaisptlat eddth.egi ohe (seamng dth of
"a") of "a uniformintensity in cross-sectiopal shapes of t@etbe:ﬁp in a
scanni ngitickiest b, channeh Jiegwn alsarirRRESEY 1TSS SR i SIS SE8hEM Y density
E that is lower than Ly i.af i I ‘ [ } hade-6R4I5ES

m cr ocr)9§¥8§?p?728 tklﬁﬁlrllr%%a'tmﬁ%a{%g% ?%Esg%sggyggﬁkﬁ%{’n%ﬁgzﬁl %gnduct or film by

i rradi atthB@addrerid appdasey candchtchehinehregign owtliod twepy Shrge qrabye.si ze is

saturated by a plurality of tinmes of the irradiations _of th | se | aser,
t he nunBefupingfvanRFAeH Ak PHHBFof RETIIFEE FPaser 1’i%se %gﬁ%%}g%e%eal to
(n0-1) vhere RO LS. the, RUrREE, af/o idniamisatthan @legdilah Yrdwtiunhbesnyst al

grain sizée is saturated by the irradiation of the pulse |aser with the
i rradi atdeamsoth secienergyredmmsivily bE, ongndr awshi M hernshatshelt Fapowl §é5in t he

scanning direcgtio f the.pul se |laser is.less th of.: . where b
i s the WRHESH f(C}}aéjsg ﬁf?aﬁuﬁtib%éfszgafnos o r?’rﬁ}fal}nr? 1trﬁ§ﬁ§lcéfrlllg?%3ée§%) (r%ég{rll%bn, of a
channel c{a%ﬁz‘?gglzﬁfge Fabiany 5t eankReseseMbinahbe of efbeastivetions fil m
crystallized by irradiation of the pulse |aser. Therefore, it may provide

an ef f eci0i0tél | aser anneal i ng process with an appropriate nunber of

| rradiation ofa. pulse)Aser,apd.p. SIS LATRURL, BEToPHLSRY 40 -addidion, a

proper beam vvi']gilf‘% he pul Se T aser nay provide sufficlient |ine béam
| engt h, pgav dihnentan ©bf eehdidiain nhyhehal ardhe shiftcessuboc Iper pudse.

Chbes . B Soepuweih gl ieas B PEeARbH ST Pyt kbt 7O
sem Condgﬁér%ry c{éﬂsm}??ﬁq:% ?jér%g HeQ 2 i 8P RAI B Oke RiwdiNSrREES BB RAYAAL T ON.
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

joii



[Fig. 2] Fig. 2 shows a cross-sectional shape of the beam of a pul se |aser
in the [ﬁ@ﬁm ng direction according to the sane. [Fig. 3] Fig. 3
shows t el ationship between the irradiation pul se energy density of a

pul se | aser gnehchiighedrsbotval arhdedt 6f He set ifRnli@s efovidds raglietod ofdr
according to the sane [Fig. 411 Fig. 4 _shows the relatjonship between
t he numbenfetuting aghataline semicersacior yimain ghighna pulse logse of ehlingpbtase | aser
has certain. irradiation. pul g Al ceor di t Q. k.

F o oy el i iR e AR, ERELO pBTAERCROUARA Bydie ARTE

bet weenpullfeeansihthbdeb A 30edpppe by puhggbandof Rediitidhd whiletrblatichianaehingegi on
according to the sane . |Fiag. 61 Fig. 6.1s a photograph, as
repl acewsriingle arvefrlding n&‘;mfé‘f’n@rc%ét i o peslonn c shatadizsFome dt d}"?fg"‘lo an

exanpl € ,of 08 PI&R&he bIMUE s a plateau ool (bdan Fhidh of "4 ofia GhiBlIH Show ng
the g ¢ of

the variation o rain size with respéct to the nunbe Irradiation
accor diingn$ioy inheoss aneidoyBERh (ENThEDRNCARRY aNEn@UdTr cTiHEn, tVENAd [@Ndr[ha916] An
enbodi ment of the present i n,vegt' on {s nqw expl ai.ned as foll OV\g. ) Fi g.
1 ShowsdMAGREE PHSEFICEsy JFIFEY i thatdn odseE fran HAUAI0N PRSI HEBERN shape,
| rradi ahing, Res %%&ﬁ%ﬁn{%& QA AR AodTBNEB @RliGe lsemlBMdMBS AL By | S
formed wth a non-single crystalline sem conductor film2 such as Si

anor phousdiafhe tipupdee laagreand3yt wihicle s drawthainl ¢nysfabgam bieadt satirateddbyaa beam

Bt o priduistisroh HEF HLENTAREI e ADOR B PRl Ol LA & CUARM o6 th the
pul se | A3& 1adr BYmSR thivk BediiP1oRYI NG HeAbA®iskhahube sHdgh@bfdhadvRLE ch.

growth in crystal grain size is saturated by the irradiation of the pulse laser with the

irradiation pulse energy density E, and a shift amount ¢ per pulse in the scanning

direction of the pulse laser is less than or equal to b/2Z 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

the semiconductor film crystallized by irradiation of the pulse laser. Therefore, it may

provide an effective laser annealing process with an appropriate number of irradiation of

a pulse laser and a shift amount per pulse. In addition, a proper beam width of the pulse

laser may provide sufficient line beam length, providing an effect that may enable the

process to be much effective.

BRIEF DESCRIPTION OF THE DRAWINGS
[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. 2 shows a cross-sectional shape of the beam of the pulse laser 3 in
the scanning direction. It has a plateau region, wdth of which is
represented by a beamw dth "a", haying an energy intensity of nore than or

equal to 90% w th respect to the maxi mnum energy intensity. [0017] The
pul se laser 3 is set to an irradiation pulse energy density E at which the
non-single crystalline semconductor film2 wll not becone

m crocrystal li ne when the non-single crystalline sem conductor film2 is

i rradi at ed. Fig. 3 shows the relationship between the irradiation

pul se &@@ﬂi@:ﬁt@&@dcb};ﬁﬁgdotﬁhesemtaI g-rain size by laser pulse
irradiation. The crystal |ns

ze b cone a r as the irr i on pul se
energy densi thfiEndde ¥es |ﬁ %Wﬁe oS ?P%Skblﬁ E’%g WO o eatr}uombg%ﬂufo;fe ener gy
densi ty; ﬂrédia%n E‘?ﬁ %&%kﬁétagrgfyaﬁl SiiZ€ wheh A buleeases, hubepridie
irradiation pul se energy densi becones | arger than, for exanple, an

i rradi ahwadxwwmpubaengygsdémmtlys Blecaufiing &0 \Ii\b@ sa¥fen the irradiation pul se
ener gy dens! t g]ogfgo erqctggrlaentgg s&geeg gﬁg%&esea%[} hb?el&hf&%hgg the

crystal grai n egirra Pon pul se ener gy nsi ty

beconme },af&m ttH@nshhf@t axﬁﬂdnt hercsyist ahnd rtake nwidtheof a]pna dhynbet oagiosmal | er
formng mcrocrystals when it exceeds a certain irradiation pul se energy

densi tya@rdmtceﬂ‘eﬁr%ﬁm@he above irradiation pulse energy density E can be
expressed as Efg 6; glgl,f %%ﬁh s gl E%ﬂh@éxh@ﬂt Ryl S@reResgyordensity

set to the ab Fat'e the non-single crystalline
sem congdikedraliideidl g@nﬁcommhacwrdlg@tcahn@mampls ioZ éhwpll"désebé lgFenpgted, even

t hough the nu irradiatiaon set 1o a certaj i Mes. ok The
saturation i n%\g@ﬂf Ifg‘lg n’ %:Sr@g?"%ﬂ?h 8?”?1”% |t§‘é V%‘%We?ﬁﬁ@?e@%tsbzeg%ﬁ%

phot ogr aplS. .t o th n%!ngoer%f%b%\eﬁaﬁlbﬁ acBhdh ORS MhP s@het he crystal grain size
wWth respéct to t?’ue nunber of i1rradiation when the irradi ation pul se energy

density Eis set to the irradiation pulse energy density El or the

R e e L N T
increasggoygtil a certain nunmber of irradiation, but the bunbgar of

irradi ation reaches a certain nunber, the crystal n ze |? sat ur at ed
wi t hout grow mfglﬂm’o@dtmaﬁt pﬁthmw@sa%wwk%ﬁew ot iSi‘P P% ASHCHSVexpr essed

as the number {O of J LAl Ahlon, ol § e Hhieseal LyaRtigle: with o [The Number

n of an actual®'Prradiati o set to nore than or equal toé‘no 1) and
| ess thape0hn Goyrl méadfianﬁvvw tsimbs&x&ap;ecmouumd@nabomvmmﬁ@blm(D 0

irradiation. This enablesthe non-si.ngl e cr stalllne c or, f|Im2
to be crydsarateiedownedcrithd QO%ﬁan%qurE?t@b}g Muaor %Tml%%
crystallized ; a3 %ﬁ?ﬂ?uq@fé"pﬁl‘sb MEdy 8t dfnhdiz %@s Qleh@%e‘aﬁ delicahl Dmref dt he

pul se | aser, m senm conductors are forned at gredeterm ned
i nter valbeazﬁawﬁdtﬁmrm‘ flsumasiemdonw&meonomsn%lemréa@ P SPEICARAREOB of t he

f gagml\a/: D{iﬁg f at aagge er%grrln{ﬁe 6%' B AF n%r 8‘%3 r%aaﬁitmotnowx)h%esséa}}ﬁﬁnm equal

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.



Fig. 5 shows an assuned state of the array of thin filmsem conductor 10 on
the non-single crystalline sem conductor film2. Each thin film

sem conductor 10 has a source 11, a drain 12 and a channel part 13 | ocated
bet ween the source and the drain, and the width of the channel part 13 in
the scanning direction of the pulse laser is a wwdth b of the channel
region. When the pulse laser 3 is irradiated to the non-single crystalline
sem conductor film2 and shifted by a scanning pitch (shift anmount per

pul se) c, beam seans 3a will|l appear on the crystallized sem conductor film
in response tpid eshitiré thpaelqidsdip [@ARGEn the irrkdgrics( philshowsgan

occurrence state of beam seans 3a \A%Zq t he SEPift agount c.per u{ eis
| ar ger GfReILY Hadailr ﬁrﬁfﬁtﬁl‘ STHE EWantelaPEgPYrte Pi? ]rﬁtémbxgﬁﬁlcégrs e beam
seans 3 ﬂnlslfiz@géco%esﬁgéé‘ér’é)snﬁﬂai E"a(ﬁ%%%rpﬂ@;@leﬁgréf ghanpelndraidestid, causing

a largefP 'pertormance vartation of the thi'n fil msem conductor 10.
Fi g. 5(h)reshawsn arhiohcherienodasivat pulst dreagy stearssty3m Wiven Thsecshitdlt anount

c per pulse is lar than a half of the width b of.the channgl gion. In
this exgﬁ%‘lne,mztehéa%ai\‘fn%@?ﬁﬁe%aw\he | tgf)plgﬁ?%&ﬁl@nopu%%e %ré L@gﬁ# | part

13, whi ceniRenperhaiiange iMaldiaiowpubie e ghhdonstiyl BT on
sem congggﬁgs E1'r:£(}%k‘elﬁut W | IO not ggf@fi cillent |y reguce it. & Fig. 5(c),

whi ch i shprwesy.d8dhay thhdrprdisdan PRVentIURy SORFE RECOBERrAEIe'S at e of
beam seans 3a when the,shifit amunt I i et @chal T of
the wi dCRTEIRACERS: c?l’?‘am?e?thregg?%n@ tihﬁ% &ﬁriggﬁe ar?r%lszz,es gﬁdewbglgﬁg?garrﬁ 3a will
appear two datiblpeseoiesbaaakitpdietsmbIarpdr tlumitl bnéfthectrivel graieduce t he
performance varjation of thin filmsem conduc]t or. 10. 002]61']5 The beam w dt h
"a" is e eanily becomt SmalRR OTRBSTIHBFTOTAL VRARIGEFEEF S St o n tines
with the shiff { radidiseral QY2 $RE tihBge SRt £S ok hRlshi f t
anount érﬁagﬁg%aﬁﬁq%oe%%&ge%&%ﬁl lEgr hgkr%%lét%e'nunber %f irrlad{ija!ti)?ion not to
be | ar gemerhadeasine Eeeaaby erprrdseed of Hild®s for nmaki ng good crystallization.
As a result,, the beamw dth can be set smaller, for exanple, to |less than
or equall0Pd8500 pm allowing the beam length to be larger so that a

non-singl e cr %g{@l fHoner38Mi6ARANES Ohefdyl dR10fitRsd tAogmhest A& cCaIlubE to _
efficiently processed. Exanplée 1 [002 An_exanpl e of the present jnvention

is expl aiirmarﬂatfeItb@/vnon"singlemrp'_aétaé}éna @@micm@_lqtpy éﬂ%@egﬂ@tﬁt}gﬁn éfﬁﬁ’tﬁ ous of a
Varyi ng CHe AR 51 AP AR eI oh (PROFR St SRR EaNANAL e Y
| aser: L&X34BCtimmavelengt Thé (3Q@8ravwwn fihegrendy infcrgd@lHerain size 1s
determined with SEM photographs.
Fig. 4 shows the relationship of the crystal grain size with respect to
the number of irradiation when the irradiation pulse energy density K 1s set
to the irradiation pulse energy demsity E1 or the irradiation pulse energy
density E2. In either irradiation pulse energy density, the crystal grain size
becomes larger as the number of irradiation increases 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]



Beam si ze: beam | ength of 500 nm by beamw dth of 0.13 mm The beamw dth is
a plateau region with nore than or equal to 90% of the maxi mum energy
intensity. Scanning pitch: 32.5 pmto 6 5 pmlrradiation pul se energy
density: 320 mJ/cn2 The width of the channel region: 40 pm [0023]

Wth the pulse laser, the irradiation pulse energy density is equal to or
less than an irradiation pulse energy density that will cause
mcrocrystals. where the crystal grain size gradually grows until the
nunber of irradiation reaches four to eight, but the growth in crystal
grain size i Osahercatsedlinrerdneondnder fom erystaliiaed oy Eﬁléatlfﬁégaﬁp?ght or

| ar ger . 024] Areas.irradiate thth ul
pr edet e?éﬁq#]e Fﬁ 3?@2%%0585%9%03 Scfhlt pﬂetrpﬂ ogr aphs,
whi ch aj ﬂmnw HeRhFign fm ASmEROWIcidr Fida Red@pehinsd stiath badtthen was

obtalne the nunmber of irradiation is elght but little i ase in
cryst al clyrmial regwe, wad tbssarsraa eyranpraiprably vet Hulfsethap Oirrerqé‘&ré? on was

increased to 12, 16 and 20. Fig. 7 shows variation of the crystal
grain s%' in response to the nunber of irradiation, in which the crystal
graln size grpus oasﬁlokﬁbeaﬂﬂuﬁ@ﬁhe@fstéﬁercﬁdhatairm bﬁdﬁﬁaﬁi&ssmidomduh@rnunber of

when t haOnORbEIE GoDTIRGM 4TINS cegpeoBiSrr gaRp L Lot MR BRECTYEC

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 two on 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



DESCRI PTI ON OF SYMBOLS [ 0025] 1Moving table 2Non-single crystalline
sem conductor film 3Pul se | aser 3aBeam seam 10Thin film sem conduct or
11Source 12Drain 13Channel part CLAIMS 1. A nethod for manufacturing a
crystalline senm conductor film in which a pulse laser of a Iine beam shape
having a beamw dth of |ess than or equal to 500pmis irradiated shifting
each pul se and thereby overlapped by a number n of irradiations while
rel atively scanning, on a non-single crystalline sem conductor filmto
performcrystallization, the nethod characterized in that:

irradiation is set to n times with the shift amount ¢ per pulse. The above

setting enables the shift amount ¢ per pulse to be set smaller and the number
of irradiation not to be larger than a necessary number of times for making
good crystallization. As a result, the beam width can be set smaller, for
example, to less than or equal to 500 pm, allowing the beam length to be
larger so that a non-single crystalline semiconductor film of a large size can

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



the pulse | aser has a plateau region of a uniformintensity in
cross-sectional shapes of the beamin a scanning direction; t he pul se
| aser has an irradiation pul se energy density E that is |ower than an
irradi ation pul se energy density that causes mcrocrystallization on the
non-single crystalline sem conductor filmby irradiating the pul se |aser
and at which a growmh in crystal grain size is saturated by a plurality of
times of the irradiations of the pul se | aser; t he nunber n of
irradiation of the pulse laser is nore than or equal to (n0O-1) where nOis
t he nunbgienothel iumbeanf onadiationi ehs gnowkked to dRysE andglain size is
saturated by the irradiation.of the pulse laser with the irradiatjon pulse
energy densit g7 éi?ﬁws variajon Iﬂff&’eaﬁﬁ?ﬁ?l ETHE SBEI T TR Opﬁ%%ggtglﬁni ng

di recti on of ..t 16U $80h 3SEFhicS 1H@SSviNARrain 8@ @roke ab/tBe WighiBeDof s the
width (I'ess than or equal to 1 nm, in the scanning direction, of_ a channel
regi on ofradidti@nsheteases omreldthv thsbar cdnidnadiGion reacheyseighti z8¢@ by
irradiation of the | se | aser. ...The t hod for ANTIg

crystal gm*gt}%g}dcwgﬂg{adp 9 Vr’laSCO(%}g%Yendg%ggcﬁ‘éai %Hf%g%g?tg%? {eglrt:lﬂtgaegQ in that
t he nunbeshin,ohrgdd adi ation of the pulse laser is nore than or equal to
(n0-1) and less than or equal to 3. nO 3. The nethod for manufacturing a
crystalline sem conductor filmaccording to any one of the preceding

cl ai s, HZed T @{g@ he non-single crystalline sem conductor is
Si 4The @?Eg{gﬁﬁ?ﬂngﬁu%c urlLﬁg a crystalline sem conductor film according
to any doe2®f the preceding clains, characterized in that the pul se | aser
is an excimer | aser. gETHCD FOR MANUFACTURI NG CRYSTALLI NE SEM CONDUCTOR

FI LM ABSTRACT Moving %38l present invention provides crystallization of a

non-Singje o1 el ALLe SR IORCUE R Lk fikien e seri conduct or fi1m s
by th i

anneal e | aser, an appropriate scanning pitch and nunber of
i rradi atd on. Pulse laser

3a Beam seam

10 Thin film semiconductor

11 Source

12 Drain

13 Channel part

11



Provided is a nethod for manufacturing a crystalline sem conductor film in
which a pulse laser of a line beamshape is irradiated to perform
crystallization the method characterized in that the pul se |laser has a

pl ateau region (beamw dth of "a") of a uniformintensity in
cross-sectional shapes of the beamin a scanning direction, the pul se |aser
has an irradi ation pul se energy density E that is lower than an irradi ation
pul se energy density that causes mcrocrystallization on the non-single
crystal e [9¢/ conductor film the nunber n of irradiation of the pul se

| aser is nore than or equal to (no-3) where nOis the nunber of irradiation
at which growth in crystal grain size is saturated by the irradiation by

the pul e | aser methiodt e mraradpeinirore pulcsesteRénsypesupendyeter fHEH B shift
anmount c_4n,the |.Ng O ' ; SR 1esstidiapr or equal
o b2 wFerR o pEE R e e e & B e 3

_ ; el region of a transistor.formed with
the senienonddeboPLR isiradyates) shifeag pych PP@“{Ti 24 BReTsPY NETBEPES WWaker . Fi g.

1 number n of irradiations while relatively scanning, on a non-single
crystaﬂline semiconductor film to perform crystallization, the method
characterized in that

the pulse laser has a plateau region 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 1s
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 erystal grain size 18
saturated by a plurality of times of the irradiations of the pulse laser;
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 of the pulse laser with the irradiation
‘pulse energy density E; and
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.
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