DESCRIPTION TITLE OF INVENTION METHOD FOR MANUFACTURING CRYSTALLINE
SEMICONDUCTOR FILM TECHNICAL FIELD [00011 - The present invention relates to a method
for manufacturing a crystalline semiconductor film, where a pulse laser with a line beam shape is
shifted while irradiating a non-single crystalline semiconductor film a plurality of times (overlapped
irradiation) to perform crystallization. BACKGROUND ART [00021 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 (hﬁéﬁ@ﬁ@ﬁ,ﬁrw to as p-silicon) by some means, it can be
used with dramatically improved performa . hesent, excimer laser annealing
technologied 33.8 S NStAliNE Peusess at low temperatures have already been put into use and have

been used popularly. i icati I -S| i f il rthermore,
practical apaﬁé:a i ré sﬁ%ﬁéﬁ?&%@%ﬁﬁ%&ﬁggﬁﬁg@mgkmE‘rlmﬁﬁ?l?aéi‘é#nneal|ng
method, a #ifisingle crystalline 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 crystallized when rapidly cooled and solidified. During this process, a pulse laser
formed of dllie€léd shdpHdsradiated by relatively scanning in the direction of the shorter axis for
processing ide area. In general, pulse laser is scanned by shifting a mount table on which a single
crystalline semiconductor film is mounted. [0003]

The present invention relates to a method for manufacturing a

crystalline semiconductor film, where a pulse laser with a line beam shape is
shifted while irradiating a non-single crystalline semiconductor film a

plurality of times (overlapped irradiation) to perform crystallization.

BACKGROUND ART
[ooo2}

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, is being
sought.

In this laser annealing method, a non-single crystalline
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 crystallized when rapidly cooled and sohdified.
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 1s mounted.
[0003]



In the above pulse laser scanning, a pulse laser is shifted in the scanning direction at a predetermined
pitch such that the pulse laser is irradiated a plurality of times (overlap irradiation) to same locations of
a non-single crystalline semiconductor film (refer to, for example, Patent Literature 1). This enables a
semiconductor film having a large size to be subjected to a laser annealing process. Patent Literature
1 discloses that the size S of the channel region in the scanning direction of the pulse laser and the
scanning pitch P of the pulse laser roughly satisfy S = nP (where n is an integer except zero) to cause

crystal distribution on the crystalline.Si film to form a periodically varying pattern.in the sganning
direction of the pul I@s%ﬁé%vt%é?%%ej%%li%%agpﬁ’llr%’o% t?fé% erﬁ}%g?rgi’]ig%%?eéiaéﬁt i film

transistor reynfarny adirgstadine: distripsibnqattaradviii eksanehpehadichbvandéoriabecasse
crystalline ununiformity (variation) a ociategﬂwit laser sequentigl pperation,may.cause variation
among e|e}ﬁ’é%$§?fg§oﬁlp?ur4h%o?§/ H6ha ‘é%%ra Bnhea |n6%ﬁ?3%ce%§;8313§n}8c§¥fr?él %eoe{rﬁ, the beam
width in thexsaasinipiy dinectiotlinfthsemilsenldsetds fixkd térafouttd,3%0t0 0xkmpiand dtersubstrate

feed amou‘iﬂg&%gpulse is set to abo%tIB% to 8% ofﬁ e Qear%yvi%. In ordei to obtain Ltgif@ém

ure L1 15 ?1‘, (%*? a, semid OY 11 aV&ﬂr%& arage S12E
performan e among a [urali y O In film transistors, 1t Is considere cessary to increase as much

as possiblesthgerirdber of laser imadizaiong prodees.sdtnisontdlicter fitmrforll &Bloreextimple, the

lap ratig is set tg 92 10 95% (th ber of iradiation:.12 tg. 20 ti ing.pitch: 32 to 20
and. for QLD ST eor A e Gamst Bl HE B b R a foton. 16
to 33 timesandatiningzitting2bitot pmremmsmse&bﬁg}lwmtmmﬁnﬁm{@mea} is  Patent
Literature 1; Japanese Ralg L ARRIGANQN -t QRa i Ne B k% 133499 cRNMMAR S OfINVENTION

to form a periodically varying pattern in the scanning direction of the pulse
laser, so that the crystalline Si film on the channel region of each thin film
transistor may form a crystalline distribution pattern with a same periodical
variation, because crystalline ununiformity (variation) associated with laser
sequential operation may cause variation among elements.

[0004]

In conventional laser annealing processes using a line beam, the
beam width in the scanning direction of the pulse laser is fixed to about 0.35
to 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
to 92 to 95% (the number of irradiation: 12 to 20 times, scannng pitch: 32 to
20 nm) and, for OLED semiconductor film, the overlap ratio is set to 93.8 to
97% (the number of irradiation: 16 to 33 times, scanning pitch: 25 to 12 pm).

CITATION LIST
PATENT LITERATURE
[0005]

Patent Literature 1: Japanese Patent Application Laid-Open No. He1
10-163495



PROBLEMS TO BE SOLVED BY THE INVENTION [0006] The inventors of the present invention,
however, carried out a study and found that, although the smaller the scanning pitch value the larger
the number of laser irradiation, actually, the crystal grain size is saturated without growing when the
number of irradiation becomes a certain number or higher, for example, about eight times of irradiation
in a certain condition. In other words, an unnecessary increase in the number of irradiation will
increase crystallization processing time without effective use of laser output. At the same time, an

unnecessary | idth.will cause lower processing efficiency when processing a
semicondﬁgm?{g?m)ﬁ& use the energy of the laser pulse is constant, consequently
requiring aBROBL. M DEOHENGOLVEDdYIdeEalNeRagyIdensity. [0007]  The present
invention ii@%giin view of the above situation and an object thereof is to provide a method for

|

manufactu rystalline semiconductor film, which provides an effective laser annealing process by
appropriately deterFieingwbetormiferief frradiatiomandttee phtseavieithaafrthedasar puibed MEANS

FOR SOLVING BY THE INVENTIO 0081 The present invention provi for
manufactuﬁﬁé%%‘?gtgﬁﬁg %gtr?%?c}l %L‘][g?o?ﬁranl k|3r1; \1/:v Yic Caénp%llgg P&Lgcell? 8# zglhne ge%argé%lf?a%qg is
irradiated while betatbfe kg searinmgia rion;sigleadiystaliine sestidogdaitosTien 1o patiorated
crystallization,.the method characterized in that the. lat ' width of
"a") of a un‘f?é%?nofﬁtte%“giwlﬂgcvr‘éls%%séhﬁigr%?s eép%%%&tﬁ%%%?mgagﬁg%gn%}%rll%r %%kgg}((ﬁlﬁ%tglé pulse
laser has aorilnaghetiofopelserepkrghdentsiiglR timds iieradatian iradieticaputsadiiergy density
that causes microcrystallizatio -S| talling.semi LGer filayby: igadiging the
pulse Iasef,I %S{r%rﬁt%?‘rr& of %ﬁa%gaﬁggﬁggﬁﬁqu{ug%%a%s%gis?h n%o%%ﬁgg or eé]ual to (n0-1) where nO is
the numbenotirastiativetal whiciogmwote ssiargstan g raitiue efferirsadopifasttaefdion-of the pulse
laser with the irradigtjon pu n densj hiff 2MQUNLE BEY BUlSE, IRARSISGAINING
direction of the pulg%éla%gr%?%%sﬁﬁa%ﬁ gﬁegﬁlﬁ%gﬁvghergb is the width, in the scanning direction,
of a channalaesiolvwka penrsisiorgorfictbnith SARIONECRISHTENE GNP BT EAHmOS R of the

pulse laser'larger size, because the energy of the laser pulse is constant, consequently
requiring a shorter line beam length to obtain a certain energy density.
[0007]

The present invention is made in view of the above situation and an
object thereof is to provide a method for manufacturing a crystalline
semiconductor film, which provides an effective laser annealing process by
appropriately determining the number of irradiation and the pulse width of

the laser pulse.

MEANS FOR SOLVING BY THE INVENTION
[0008]

The present invention provides a method for manufacturing a
crystalline semiconductor film, in which a pulse laser of a line beam shape 1s
irradiated 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, the number n of



[0009] The pulse laser, as mentioned above, has a plateau region (beam width of "a") of a
uniform intensity in the cross-sectional shape of the beam in the scanning direction. The plateau
region is represented by an area having more than or equal to 90% of the maximum energy intensity.
The number of irradiation is defined as nO at which growth in crystal grain size is saturated by the
irradiation of the pulse laser with the irradiation pulse energy density E. The irradiation pulse energy
density E is a value that is lower than an irradiation pulse energy density that causes

microcrystallization on the, non-single crystalline semiconductor.film by irradiating thepulse laser.
Whether o]rrﬁaa}ﬁfé%’c s‘igﬁiféﬁgﬁ 1[%3?/2/01 oz T ha Qherdna (\)/v@é gjﬁﬁﬁa\%rgs?rr%@ellg%mn
microscop@aumbeMifeimthéi irtadiatiomwhidde groserdly densivpialngreihsina ivatadubhatchbses
microcrystallization,.the crystal grain size will become extremely small and the electron mpbility as a
semicond 8?5%1663 é%%l??(%g Pél:lf e.%aser %m@aﬁ}n}iﬁ%at 13?5 ]c};é)rrcl)\m#?r? ce%/%lt' g&rg%}l&st}sznﬁs saturated
by the irradiation diitheapuismtaseewituiie irabdmtoarmise dnegyoteosithEpindiciresmistate in
which each grajn size is uniform the grain size no.lenger ingre ugh the ayumber of
irradiation |l %?e@lsae%.or quﬂ?tE%ﬁ%F%% ea% ltﬁeé}leumb%rr}%fl fé%%? i?réagjé%% oes not reach (n0-1), the
crystal graithsimealcegnot gf ewrsuféicient!§opredusiitg aeniiooedoicteyStdls s tiffiezedtyrain sizes,

causing vana'gagalghoerlleo rtc}a%rg3 mgpllltyas%(referably, it is more than or equal to nO for the same reason.

At the samlemflme, e numbern of laser iradiation is preferably less than or equal to 3. nO. When it
exceeds 3 BBk productivity is extremely lowered. More preferably, it is less than or equal to 2 nO

for the same reas 0 e.scanni j peul I 4.6,..the shi t c per
pulse, is less thano’c?rh [gq%jg(l%‘%g g?fg V%hgs?e%ggllé{ﬁ%q{\%v%hdt%%ﬁeﬂggaﬁ@rﬁ a%e%élcggr% t%&?[;%%a%?nel region

of a transistodfdrmétadh semivarormtontitnsdrysialbedcrysrraaratistro FpsU d hesbraBy this, the
number of geams o M6 \3s ﬁ%éﬁ&?peﬂﬁgpﬁaﬁ%‘{b g&%ﬁeﬁéeﬁﬂﬁ?e‘é@%@dt‘%‘% otheggor more,

reducing variation in transistor performance. On the other hand, when the shift amount c is larger than
b/2 and leskamimrgonene shanmtiea wahtb 5 e B BismaRhBREEGORKEMBEDNe or two. When the

shift amount c is larger tham .t ARGk RfsamsiaR & £h30ne! (PRIeR WBReZAIQ.AFRRE, causing

large variation in transistor performance on channel regions. _
grain size is saturated by the irradiation of the pulse laser with the

irradiation puise energy density E. The irradiation pulse energy density E
is a value that is lower than an irradiation pulse energy density that causes
microcrystallization on the non-single crystalline semiconductor film by
irradiating the pulse laser. Whether or not microcrystallization may occur
can be determined with, such as using electron microscope.

When the irradiation pulse energy density is more than a value that
causes microcrystallization, the crystal grain size will become extremely
small and the electron mobility as a semiconductor will be about one tenth.

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



[00111 The beam width "a" of the pulse laser can be expressed as a= nc, 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 um. With a constant energy 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

wansistor domalns; g fedyclien of iangision il sherten.he, ime for slgeiontq fow fpgansistors,
thus improving'signa procegsmg spe%d, prowoﬁngt in Tilrh sermiconductor wit igh performance.
[0013] rBesowconductors targeted by the present invention are not limited to a specific material, but
Siis one tl;@bi referable. For the pulse laser, excimer laser can be one that is preferable. [0014]
The present invention, as mentioned above, provides a method for manufacturing a crystalline
semiconductor filmThewdtizhmpelsettdsed offe linslbedarsape is thadiddt wmitarlatiidy scanning a

non-single grysialine semigancetar fim  Redoun.ensalizafion.dhadetiotiharadigrized in that
the pulse 13Ser Fias a p?ateau reglon? eam width of "a") of a uniform intensity in cross-secfional
shapes of thedssam.inh schmingldivstonofie pussioer framad iadisrdpopdsetendam density E
that Is lower,{aR @ dqadialionphiseyeRiaiy Settelth laa! casaanigioslusializafion.om tng non-single
crystalline semiconductor film by irradiating the pulse laser, the number n of irradiation of the pulse
laser is motbatasesmagsalapnedrh)avie rasiDoBaRaslumBEONiHbRatEA X Whieh ¢ dwken crystal

grain size ig sturated DY radialianiof e PHISFARRIWID thenlratiRion RIS sRergudensity E,

and a shift amount ¢ per pulse in the scanning direction of the pulse laser is less than or equal to b12

where b is #hafiviermowntne schangier) tirschén asrd leRarthan i BRh tahs e iy Wih the
semicondugtar film,crustallizal bydpRdiation ot heruisadaserwierefae sitiprauidesancefiective laser

annealing process with an appropriate number of irradiation of a pulse laser and a shift amount per
pulse. In adansy, hpropetBeAHMRAR of HaPsIo8 aserarabaesoniciaRt in @ eans IBRgth,

providing a&?fé?ﬁ%tmlg%ﬂaﬁ?&ﬂ?ﬁ PIQERRSIR DR TRHEMmARRIVEn BRIERDESGRIBTION OF THE
DRAWING [8050101]]

The beam width "a" of the pulse laser can be expressed as a= n-c,
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
energy 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 transistor, 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 preferable.

EFFECTS OF THE INVENTION



[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. 21 Fig. 2 shows a cross-sectional
shape of the beam of a pulse laser in the scanning direction according to the same [Fig. 31 Fig. 3
shows the relationship between the irradiation pulse energy density of a pulse laser and the crystal
grain size by pulse laser irradiation according to the same [Fig. 41 Fig. 4 shows the relationship
between the number of irradiation and the crystal grain size when the pulse laser has certain
irradiationeiaulse nergy densities according to the same. [Fig. 51 Fig. 5 shows occurrence states
of beam se3fh} relationships between the shift amount per pulse and the width of the channel

region according to'the pagent invHrigiod] kignfeifitdophatogsaph, psevidptacemetiiad farawing, of

crystallized semigonductor according.to an example of the present invention. Fig. 71 Fig. 7 i
graph shoWiigt @‘i?éﬁﬁ&ﬁ%r?o‘?rﬁﬁé%ﬁéﬂ? SIZEN é?ﬁ%%tﬁf%érhfngﬁ%r i H}léa?a#b%gggéoaré?ng tls tE:]e

same EMBQRIMzlh FORGARR MINGIAtER TRIINVENTIDOM{0G6hning 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, the number n of irradiation of the pulse laser 1s
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 c per pulse in
the scanning direction of the pulse laser is less than or equal to b/2 where b 1s
the width, in the scanning direction, of a channe! region of a transistor
formed with the semiconductor film crystallized by irradiation of the pulse
laser. Therefore, it provides 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 provides sufficient
line beam length, providing an effect that enables 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
nvention.

[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



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 line 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 scanning direction. It has a plateau
region, widfF HHRHIR REPRRIERBHLH5 8 BEam width "a", having an energy intensity of more than or
equal to 90% with [Bgpect]toRie miaétmuws etlesgy ditenaiyhip0befweenThbepuisendser 8fs set to an
irradiation pulse, energy density E at whjch the non-single crystalline, semicaonductor film 2 will not
become m}EFﬂmmnér@l@hzmthSﬁ%ir‘%?el%rféf“gllih%lggmﬁclgngl?c%grr?ﬁr%eﬁ igl?rsra%%%él} Fig. 3
shows the rglationsbiphdwearcify idadiation pulsedéngrgy densitynand the crystal grain size by laser
pulse irradiation. The cr | grain,size becomes larger.as the irradiation pulse ener ensity
increases in a regi it éjk?ég‘tﬁesﬁ?évdgla({%ﬁ Ibrﬁ s%ee%%rtgf/’ ensel?ﬁss oe\l/{/]?gf ner(?r%asttlé)lqgsr%ll Ssize rapidly
increases, bdtenrdhe iradihifingmisengnpegypddasityrbb cbrmewidtherfide, draaxaehptegamirradiation
pulse ener éde{qsri&t% FI %{gthgﬁflvay. When the irradiation pulse energy density becomes larger to a
certain dega (éo,roﬁ &% ersnan%', the crystal grain size grows little as the irradiation pulse energy
density become lafgégthain Rimnd thescrystabgraintsizes rapiciyp lbecomatswfatiedfarming. mikrocrystals
when it exceeds & certain irradiation pulse ensi refore i jation pulse
energy dencg'r‘fﬁ‘iﬁ%%lzr? %3 ee%é(r"gé}“{ggé{ é% é%?ﬁg%yfglﬁ %@E%ﬁggigt%%%e%%@gr%%%density set
to the above value [Fitg iflatiiateTthe m@ragihgidenstalihe yemiconduiohfigr2imrwaivitirystal grain

size wil be,salaled. YNNI e AUTRELPLIAIRIEN > 36! L gertain times or more. The

saturation in growth in crystal grain size Is determine SEM photographs. Fig. 4 shows the
relationship of the crystal grain size with respect to the number of irradiation when the irradiation pulse

energy de%Mﬁgfﬂﬁ%&@eﬁig@g@gggkwﬁ@e@ggyﬂqgsﬁmmwadiation pulse energy density
e

E2. In either irradiation pulse energy density, the crystal grain size becomes larger as the number of
irradiation iH¥t@8bes until a certain number of irradiation, but the number of irradiation reaches a

certain number, the,qrystal arain.sjzs s salyrated witheut asawingomare hand TagaRave. number of

irradiation is expressed as the number nO of irradiation of the present invention. ~_ The number n of
an actual irradiatiof¥gill besbew® marelindasstegui herhh0s1 T BRKEBCIAFEF SGERI o 3RO with

respect to the.ahovepimbarne: efbiradiatisn. this enabirs dhemnop-alaeia.eryataling serpiconductor
film 2 to be crystallized effectively and efficiently. ) ,

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 scanning 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 is

irradiated.



[00191 On the crystallized semiconductor film crystallized by the irradiation of the pulse laser, thin
film semiconductors are formed at predetermined intervals. Each thin film semiconductor has a
predetermined width b of the channel region, and the intervals are preferably set to less than or equal
to 1 DIM 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 chanpel region. When the pulse laser

3is irradiated to thEifor-SRETEScHAS Al BB e Eint Be o A h P IS PRER§ pitch (shift

amount pefprise) GrREARE SERtSaWItRRPRALONINR CrysiRllizRg seimicendurcker filsimresponse to
the shift per pulse, [00201 Fig. 5(a) shows an occurrence state of beam. seams 3a when the shift

amount ¢ FEIRHRISE4DREGRICMH AT 85 tidiRen Dt BRRRBI R SRR HHE SR FE2R8 8am seams

3a will not herppsitionedydn apRear PRedAtRenpane! padds; crusitg addwer PRiforrrencd variation of
the thin film semiconductor 10. . Fig. 5(b) owst\%n occurrence state of beam se%?s 3a when the
e

shift amoust & 1Pe SHRsEARERG SR 3 RalP ot BASREHECOh JHHEF rSGI6HEYn R Eample, the
beam searps @anwill Appeat pAR, db v emplehannet-path lidnnhidbenaay redubmieypBifermance

variation of the thin filpp_semiconductor. 10 but will not sufficiently reduce it. Eig. 5(c), which is
provided by ﬁevb?é’seﬁ{ ﬁ]E}Snfrgﬁ&{WQ‘QH gt eﬁ%%lg%té%%%%%ﬁ%%{gﬁ%s 3’13% vﬁ%}énﬂﬂwg shift
amount ¢ peirpaisedsgallen than achalf nhthd widtily efdheehansetaqgions|iittis example, the

beam seams 3g.will appear two or three an channel parts 13, .which will effectively reduce the
performand& 4HaHoR R EEmMcBRdYC S?QLIB?&%% 2 elgmawl%ﬁa arydihl

a“i1s exp%%éréd asa=n ¢
when the ngimbespidly become smaller forming microcrystals when it exceeds a certain

irradiation pulse energy density E2. Therefore, the above irradiation pulse
energy density E can be expressed as E<E2.
[0018]

With the irradiation pulse energy density set to the above value E to
irradiate the non-single crystalline semiconductor film 2, growth in crystal
grain size will be saturated, even though the number of irradiation is set to a
certain times or more. The saturation in growth in crystal grain 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 E 1s set
to the irradiation pulse energy density 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 a 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 crystalline
semiconductor film 2 to be crystallized effectively and efficiently.

[0019]



irradiation is set to n times with the shift amount c per pulse. The above setting enables the shift
amount c 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 [0022] An
example of the present invention is explained below. A pulse laser was irradiated to Si

umber of rraciat i T TETERNE Scr T IGH R R Gl i S4By VA ATERUH P08 nm.
frequency of 38@ uBeamseizetbeafillengthot&durtorbydeaformidth at Gicdeveritiadeam width is
e e UL S o s T SO S 3 P
channel region, and the intervals are preferably set to less than or equal to 1
mm.

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 1s a width b of the channel region.
When the pulse laser 3 is irradiated to the non-single crystalline
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 a 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
13, 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
occurrence 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.
[0021]

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



The width of the channel region: 40 pm [00231 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. [00241
Areas irradiated with the pulse laser at a predetermined number of irradiation was observed with SEM
photographs, which are shown in Fig. 6. As shown in Fig. 6, good crystallization was obtained when

the number of irradiation is eight, but little in e ip ¢rystal grain size was obs ven when the
number of iFEaG %ffré%\féssﬂc%a’ée‘a%i?’% ?tl‘ﬂﬁ 1% B SHREE ¥ ﬁ?onejg}/l th&WVE&tal grain

size in res@@ﬂﬁﬁé%ﬁlﬂ)[@ﬁ‘ﬂh@%@ﬁfﬂ@ﬁl@ﬁl@ﬂ drpwmhéblecebésbaitgiﬁalsﬁeag@wﬁea&mﬁ)@umber of

irradiation increases until the nu r of irradiation reaches eight. No th
aonion VIRAT BHEARBE b B GBI PP AP B LA P o B STBEE Shoon)

1Moving taéﬂ@@wmﬂﬁﬁﬁﬁﬁlmm serindndybtoblilin 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 crvstalline semiconductor film of a large size can

be efficiently processed.

Example 1
[0022]

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 energy density: 320 md/cm?

The width of the channel region® 40 pm
[0023]

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. 6.
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



3Pulse laser 3aBeam seam 10Thin film semiconductor 11Source 12Drain 13Channel part CLAIMES
1. A method for manufacturing a crystalline semiconductor film, in which a pulse laser of a line beam
shape is irradiated while relatively scanning on a non-single crystalline 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;

when the number of irradiation was increased to 12, 16 and 20.

Fig. 7 shows variation of the crystal grain size in response to the
number of irradiation, in which the crystal grain size grows as the number of
irradiation increases until the number of irradiation reaches eight. No

growth in crystal grain size was observed when the number of irradiation 1s

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 pulse laser has an irradiation pulse energy density E that is lower than an irradiation pulse energy
density that causes raicrocrystallization on the non-single crystalline semiconductor film by irradiating
the pulse laser; the number n of irradiation of the pulse laser is more than or equal to (n0-1) where
nO 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 c per pulse in the
scanning direction of the pulse laser is less than or equal to b/2 where b is the width, in the scanning

direction, Oégéwl region of a transistor formed with semiconductor film crystallized by irradiation
of the puls 27 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 Jess than or equal tq 3. nO. 3, The method for manufacturing a grystalline semiconductor
film according to cl‘ém?“f%}aé R RO A S tﬁecﬁﬁﬁﬁ?ml%ﬁesgéﬁl Gﬁagggg%gﬁ%‘ &dual to 500
pm. 4. Thevihiaihod fpumanafaatusing alimystadline sémisondudcios filmtatcaerlifg telanivehe of claims
1 to 3, characterized in that the width Olf the ch%nﬁel region is equal to or{hiss tr%an 1 5. The
method forsﬁ%f%%tuﬂﬁg g c&/%]?aﬁ}ﬁ‘g Fo

Sericonductor fitm accor }’F\Cgt% ar%y one of Bél{#ng]gr& to 4,
characterizag-indlaidhenorhsinglehery sthilire seimedndddter is Si.
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 is
lower than an irradiation pulse energy density that causes
microcrystallization on the non-single crystalline semiconductor film by
irradiating the pulse laser:
the number n of irradiation of the pulse laser 1s 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 puise in the scanning direction of the pulse laser
ig less than or equal to b/2 where b is the width, 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 equal to 3-n0.
3. The method for manufacturing a crystalline semiconductor film
according to claim 1 or 2, characterized in that the width of the beam is less
than or equal to 500 pm.
4. The method for manufacturing a crystalline semiconductor film
according to any one of claims 1 to 3, characterized in that the width of the
channel region 1s equal to or less than 1 mm.
b. The method for manufacturing a crystalline semiconductor film
according to any one of claims 1 to 4, characterized in that the non-single

crystalline semiconductor is Si.
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6.The method for manufacturing a crystalline semiconductor film according to any one of claims 1 to 5,
characterized in that the pulse laser is an excimer laser.

6. The method for manufacturing a crystalline semiconductor film
according to any one of claims 1 to 5, characterized in that the pulse laser is

an excimer laser.
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