DESCRIPTION TITLE OF INVENTION LASER ANNEALING APPARATUS AND LASER ANNEALING
METHOD TECHNICAL FIELD [0001] The present invention relates to a laser annealing apparatus
for irradiating a semiconductor film with a pulsed laser beam to thereby perform laser annealing and a
laser annealing method for the same. BACKGROUND ART [0002] In recent years, high resolution,
high frame rate driving, 3D capability, etc., have been sought after as the key words for liquid crystal
displays, thereby creating a need for thin films#ransisiersothat have adequate performance to achieve
the key-word capabilities. To enhance the performance of the thin film transistors, silicon

semiconductarHilRE sHOFIBE GVstallized by means of laser annealing.
Conventionally, lgaernneriitgapnataiisesareRpPaLatlSEA S Rrysiatlize amerphousosilicon (a-Si), in

which the annealing technology by means of an excimer laser is employed. Since a beam of the
excimer laser is of low quality, it is not possible to narrow the beam into a fine beam. For this reason,
an optical-gystepdgarnged to form a beam with respect to X and Y directions into a top flat shape
and the top-flat beam is used. Typically used excimer lasers are XeC1 lasers (having an wavelength of
308 nm), @fE hre characterized in a high level of absorption into a-Si, a shallow depth of penetration

nnoanuxphous§ﬂgongggggnt invention relates to a laser annealing

apparatus for irradiating a semiconductor film with a pulsed
laser beam to thereby perform laser annealing and a laser

annealing method for the same.

BACKGROUND ART
[6002]

In recent vyearsg, high resolution, high frame rate
driving, 3D capability, etc., have been sought after as the
key words for 1liquid crystal displays, thereby creating a
need for thir £ilm transistorsg that have adequate performance
to achieve the key-word capabilities. To enhance the
performance of the thin film transistorsg, gsilicon

gsemiconductor £f£ilms should be crystallized by means of laser

annealing.
Conventionally, laser annealing apparatuses are
apparatuses to crystallize amorphous silicon ({(a&-5i), in which

the annealing technology by means of an excimer laser is
employed. 8ince a beam of the excimer laser is of low quality,
it is not posgsible to narrow the beam into a fine beam. For
this reason, an optical system is arranged to form a beam
with respect to X and Y directions into a top £flat shape and
the top-flat beam is used. Typically used excimer lasers are
XeCl laserg (having an wavelength of 308 nm), which are
characterized in a high 1level of absorption into a-8i, a

shallow depth of penetration into amorphous silicon that is



approximately 7 nm, and the occurrence of a temperature gradient along a direction of film
thickness.In the annealing technology using the excimer lasers, the temperature gradient is utilized to
output a laser with which an amorphous silicon film is not completely molten as a whole, but molten to
the extent of leaving nuclei of crystal growth unmelted on a bottom region of the film, to thereby induce
crystal growth using the nuclei as the origin of the growth. FIG. 8 shows a schematic diagram of the

thus-indugeg erystallizatiopn. 7 Specifically, anpaorpbeus siigen film 81 formeashpr aplass substrate
30 is irradiated by a pulsed laser beam 40, to produce a molten silicon film 32. The molten silicon film

32 is crySHEIRsEFMtheTothse ofrecystgfizatidh amtf soffdifiatiohfeaiitRS® formaliBn ofifcrystalline
silicon filrg 33 13003} Hééﬁﬁ'@%%&}rthe abavgstechnglogy, a,laserannealing gethod usipg an

absorption layer (Patent Literature 1), a laser annealing apparatus using a second harmonic of YAG

laser (thebRERIEAGRIST SR FIHatdft MUetatife ), Ehdalapidratusl@sity awbhintdds Bscillation
laser (Patgnt Literatyre, 3) have:hean suggested. - MOrgovELa Methed farlaser anngaling has been

known in which a complicated process is employed in order to achieve uniform crystallization without
irregularitiest ang htmathiod ushvg &hbatirlg sthge Ser eramples Issuggistetyn Ratergidetature 4.

Furth farming | irradiation | te st Patent Li 5 and
et el rgeipguig Ko alen el Sepn Cal ghies o o

attemptingto address the above prob y mea a laser having a
wavelengtirpthsr thagrthese descriged-alsoveuAsessuchantexampie,ghe us€ ofar Modirlabsorption

Iayer and I_ser %iod%ﬂgsspeen repocrgdm(é\%olnéPatgntaLiteratureE’l_). Iréagditig amﬁ%odu ing a blue
semlcondplflcé)r laser b5sed on GaN has been suggesjteglfﬁgjtenfj |terat}l11re 7). ATIONTIST
PATENT ¢ii=RAT URE {0Q64)

Specifically, an amorphous silicon film 31 formed on a
glags substrate 30 is irradiated by a pulsed laser beam 40,
to produce a molten gilicon film 32. The molten silicon film
32 1is crystallized in the course of recrystallization and
golidification, leading to formation of a crystalline silicon
f£ilm 33. |
[0003]

In addition to the above technology, a laser annealing
method using an absorption layer {(Patent Literature 1), a
laser annealing apparatus using a second harmonic of YAG
lager (the wavelength of 532 nm) (Patent Literature 2), and a
apparatus using a continuous cscillation laser (Patent
Literature 3) have been suggested.

Moreover, & method for laser annealing has been known in
which a complicated process ig employed in order to achieve
uniform crystallization without irregularities, and a method
using a heating stage, for example, 1is suggested in Patent
Literature 4. Furthermocre, a method for performing laser
irradiation in two separate steps (Patent Literatures 5 and
£). There 1is another example of attempting to address the
above problem by means of a lager having a wavelength other

than those described above. As such an example, the use of an



Patent Literature 1: Japan Patent Laid-Open Publication No. S62-1323311

Mo film abscrption layer and a laser diode has been reported
(Non-Patent Literature 1). In addition, a method using a blue
semiconductor laser based on GaN has been suggested (Patent

Literature 7).
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SUMMARY OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]



Patent Literature 2: Japan Patent Laid-Open Publication No. 2005-294493

In conventional XeCl excimer laser annealing apparatuses
that employ the methods as described above, although gcod
crystallization can be achieved, it 1is vet necesgsary to
perferm a dehydrogenation process for the purpose of
preventing ablation that results from instantaneous heating
to the melting point, and precisely control the laser output
and focus. Further, a jointed portion between beams along the
long axis suffers from a problem of property degradation due
to a fact that a melting is caused, and substrates are not
scalable beyond a G4 substrate size (730 mm x 920 mm) under
pregent circumstances because of limitations of a beam size,
which is problematic in that large-area processing is
difficult. Because a crystalline state is changed depending
on the amplitude of laser output in a laser annealing process,
Patent Literature 1 also discleses a method for changing the
laser output in view of the aforesaid problem, yet fails to
solve the problem associated with the jointed portion along
the long axis.

[0007]

Because the apparatus usging the continuous osgcillation
laser disclosed 1in Patent Literature 3 needs an optical
gystem for converging a plurality of laser beams, the energy
that laser oscillators respectively possess exhibits
variations in strength and undergoes interference, whereby it
becomes difficult to provide an improvement in uniformity
with a high degree of accuracy.

On the other hand, the method using the heating stage as
in the casgse of Patent Literature 4 is suffering from a great
loss in takt time associated with a heating-ccoling process,
and accordingly unsuitable for practical applications.
Further, the methced disclosed in Patent Literatures 5 and 6

in which laser is irradiated in the two separate steps has a



Patent Literature 3: Japan Patent Laid-Open Publication No.

problem of a deterioration in throughputs. Moreover, a way to
address the above-described problem using the laser having
the another wavelength as disclosed in Non-Patent Literature
1 is not unsuitable for practical applications because the
number o©of process steps 1s increased by a process such as
separation of the absorption layer.

Still further, the method using the blue semiconductor
laser based on GaN in Patent Literature 7 ig esgsgentially the
same as a melt process, and unsuitable for industrial
applications in terms of extremely low output resulting from
limitation to the use of the blue semiconductor laser based
on GaN in the process.

[0008]

The pregent invention i1g directed to overcome the
problems of the conventional technigues as described above,
and provide a laser annealing apparatus and & laser annealing
method with which a large-area semiconductor film can be
evenly and uniformly crystallized through the use of a laser
beam that is absorbed in the semiconductor film and composed
so ag to have an effective power density defined in this
application in a specific range without requiring any

complicated process.

MEANS FOR SOLVING BY THE INVENTION
[0009]

Specifically, a laser annealing apparatus of the present
invention according to a firgt invention comprises a pulsed
laser oscillator that outputs a pulsed laser beam, and an
optical transmission means that transmits the pulsed laser
beam output from the pulsed laser oscillator to irradiate a
gemiconductor £ilm with the pulsed laser beam, in which the

pulsed laser beam is irradiated onto the semiconductor film



2010-118409 PatentLiterature 4: Japan Patent Laid-Open Publication

in a condition where an effective power density calculated by

the following formula falls within a xange of from 3 x 10% to

1.5 x 10 at an irradiation surface of the semiconductor film.
effective power density (J/(sececm®)) = pulse energy

density (J/cm’) / pulse width (sec) x absorption coefficient

of semiconductor film {(cm™*) s+ (Formula)

[0010]

The laser annealing apparatus of the present invention
according to a second invention comprises a continuous laser
ogscillator that outputs a continuous laser beam, an optical
transmission means that transmits the continuous laser beam
output from the continuous laser oscillator and a pulsed
lager beam split from the continuous laser beam to irradiate
a semiconductor £ilm with the pulsed laser beam, and a pulsed
laser beam generating means that splits the continuous laser
beam during the fransmigssion into a pseude pulsed shape to
thereby generate a pulsed laser beam. In the laser annealing
device, the pulsed laser Dbeam 1is 1rradiated onto the
gemiconductor film in the condition where the effective power
density calculated by the £following formula falls within a
range of from 3 x 10%° to.l.S x 10** at the irradiation surface
of the gemiconductor f£ilm.

effective power density (J/(sececm’}} = pulse energy
density (J/cm®) / pulse width (sec) x absorption coefficient
of semiconductor film {cm™*) e (Formula)
f0011]

The laser annealing apparatus of the present invention
according to a third invention further comprises, in the
first or second invention, an energy adjusting means that
adjusts an energy density of the pulsed laser beam. In the
energy adjusting means, the energy density is defined in such

a manner that the effective power density caliculated by the



No. 2008-147487 PatentLiterature 5. Japan Patent Laid-Open.

above-degcribed formula falls within the range of from 3 x
10" to 1.5 x 10%2,
[0012]

The laser annealing apparatus of the present invention
according to a fourth invention comprises, as the energy
adjusting means in the third invention, an attenuator that
attenuates the pulsed Jlaser beam at a predetermined
attenuation rate and an output adjusting means that adjusts
an output of the laser oscillator. In the attenuator and the
output adjusting means, the attenuation rate and the output
are defined in such a manner that the effective power density
calculated by the above-described formula falls within the
range of from 3 x 10% to 1.5 x 102,

[0013]

The laser annealing apparatus of the present invention
according to a fifth invention further comprises, in any one
of the first to fourth invention, a pulse width adjusting
means that adjusts a pulse width of the pulsed laser beam.
Further, the pulse width adjusting means adijusts the pulse
width of the pulsed laser beam in such a manner that the
effective power density calculated by the above formula falls
within the range of from 3 x 10* to 1.5 x 102,

[6014]

The laser annealing apparatus of the present invention
according to a sixth invention has characteristic features
that the sgemiconductor film ig a silicon semiconductor f£ilm,
the energy density is from 100 to 500 mJ/cm®, and the pulse
width is from 50 to 500 nsec in any one of the first to fifth
invention.

[0015]
A laser annealing method of the present invention

according to a seventh invention comprises, in a laser



Publication No. 2010-103485 Patent Literature 6: Japan Patent

annealing method for irradiating a semiconductor film with a
pulsed laser Dbeam to perform laser annealing of the
semiconductor film, setting a pulse energy density and a
pulse width of the pulsed laser beam in such a manner that
the pulsed laser beam has the effective power density
calculated by the following formula falls within a range of
from 3 x 10 to 1.5 x 10* at the irradiation surface, and
irradiating the thus-set pulsed lager beam ontc the
gemiconductor f£ilm, the effective power density being
calculated by a formulia of:

effective power density (J/(secrcm®)) = pulse energy
density (J/cm®) / pulse width (gec) x absorption coefficient
of semiconductor £ilm (cm™*) ees (Formula)
foolel

According to the present invention, the pulsed laser
beam is produced to satisfy an appropriate relationship among
the energy density, the pulse width, and the absorption
coefficient, and irradiated onto the sgemiconductor f£ilm, to
thereby rapidly heat up the semiconductor film for
application of heat at which the semiconductor f£ilm is not
completely molten. In this way, it 1is possible to obtain
uniform crystalswith small variability in grain size, with a
technigque different from conventional complete
melt/recrystallization methods. Conventional melt
crystallization methods or SPC (solid phase crystallization)
by means of a heating furnace result in the presence of a
wide range of variations in crystal grains.

Next, conditiong defined in the present invention will
be described below.
[0017]

Effective Power Dengity: within the range of from 3 x

10* to 1.5 x 10*°



Laid-Open Publication No. 2001-338873 PatentLiterature 7: Japan

When the effective power density calculated by the
following formula is set to fall within an appropriate range,
a unifcorm crystalline semiconductor film with small
variabkility can be obtained by annealing a semiconductor film.
When the effective power density is smaller than the lower
limit, it 1s not possible to sufficiently heat the
semiconductor f£ilm, which can often result in uneven
crystallization. On the other hand, when the effective power
density exceeds the upper limit, melting of the semiconductor
film is caused to occur, which produces non-uniformity in
crystals.

effective power density (J/(sececm’)) = pulse energy
density (J/cm®) / pulse width (sec) x absorption coefficient
of semiconductor film {(cm™) e (Formulia)

Note that the above-described effective power density is
defined as a specific wvalue in the present invention, and
should not be regarded zs a value that represents any general
physical property.
ipoag]

Wavelength Range ¢f Pulsed Laser Beam

In the present invention, the pulsed laser beam toc be
irradiated onto the sgemiconducter f£film is not limited to
those having a wavelength 1in a specific wavelength range.
However, when the pulsed laser beam, which is set to have a
wavelength in the range where the wavelength is well absorbed
by the semiconductor film, in particular, an amorphous
silicon film, is irradiated onto the semiconducter f£ilm, the
semiconductor £ilm can be directly heated. This ensures
efficient heating of the semiconductor f£film, and eliminates
the necesgity to install a laser absgorption layer in an
indirect manner on an uppetr layer of the semiconductor film.

When the pulsed laser beam has a wavelength that is not only



Patent Laid-Open Publication No. 2009-111206 NON-PATENT LITERATURE [0005] Non-Patent
Literature 1: E. P. Donovan, "Calorimetric studies of crystallization and relaxation of amorphous Si and
Ge prepared by ion implantation”, J. Appl. Phys., Vol. 57, pp. 1795-1804, 1985 SUMMARY OF
INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0006] In conventional XeC1
excimer laser annealing apparatuses that employ the methods as described above, although good

crystallizafiosoeaiebe aphievetdt isyetnesassaty ¢ petforrma dehydragenatien psacessdaethe
purpose of preventing ablation that results from instantaneous h_eatingoto the melting point, and

precisely ¥8ABFFeTastt bRt ahd+8cuS U Eurfhe? Ca [bifEtP BoftiohhetWsét bBaMEHongfthe long

axis suffers fem aprablere b propery degradafion due e fagkthat a meltingds.ravsad; apd
substrates are not scalable E%yond a G4 substrate size (730 mm x 920 mm) under present

circumstdfit®8 be&R I of liRfitatiGiR e beBm sited widhiislbrobl SfRABH Mat larde-arede
processing,is difficult. Bacayse & Lrystaline, staisis shanged depending gndhe gmplitudg eflaser

output in a laser annealing process, Patent Literature | also discloses a method for changing the laser
output in Vi 6Fthédforésait probemi geefilsltesdive thelgrobidvhshssoviaed with #iie jéidted

pO”k”‘a@QQEQ%g%Hiﬁxghat the wavelength range lies in an ultraviclet

region from 308 to 358 nm.
focoLel]
Energy Density

The semiconductor £ilm, which i1s irradiated with the
pulsed lasexr beam having an appropriate energy density,
undergoes a change in a state where it 1is not completely
molten, go that fine crystais can be produced. When the
energy density is lower, the effective power density is
decreased to the extent of regulting in insufficient
crystallization or leading to difficulty in crystallization.
On the other hand, when the energy density is higher, the
effective power density 1s excessively increased to the
extent of forming molten crystals or causing ablation to
occur. In the present invention, the energy density is not
limited to any specific value as long as the value can yield
the effective power density that falls within the appropriate
range. 8till, a range of from 100 to 500 mJ/ cm? may be
presented as a preferable range for the energy density.
[0020]
Pulse Width

The pulse width is one of important factors needed to
obtain the appropriate effective power density for heating
the semiconductor £ilm as appropriate, and when the pulse
width is excessively smaller, the effective power density is

increased to the extent that the semiconductor film is heated

10



[0007] Because the apparatus using the continuous oscillation laser disclosed in Patent Literature
3 needs an optical system for converging a plurality of laser beams, the energy that laser oscillators
respectively possess exhibits variations in strength and undergoes interference, whereby it becomes
difficult to provide an improvement in uniformity with a high degree of accuracy. On the other hand,
the method using the heating stage as in the case of Patent Literature 4 is suffering from a great loss
in takt time>assaciatpd with:a beatingAcooling processcand aceardingtyl wasilitalie fer practieal
applications. Further, the method disclosed in Patent Literatures 5 and 6 in which laser is irradiated in

the two stpafite StEpsiias® FrobRny of Abeteidtafion fiF-firdudibutS Mor€8ver g vl foraddress

the aboverglescribegproblemdising the-lasgt Baying ke apgthes wavelengthasisclosed ine
Non-Patent Literature | is not unsuitable for practical applications because the number of process

steps is iREBRSEd 1§ aftticdss &R HY sebirdtiB R #76 bdeptioifayfsr - e tsifitfafthérthe method
using thedalue semicpnduictor laser hased:on.Gall inRatent iteratiyred is essentially,the same as a

melt process, and unsuitable for industrial applications in terms of extremely low output resulting from
limitation 8 H#§& usetof thé bl serAedndifior [H3er H88d GREAN-in théProtbss. PBESERE The

present inyeptiop fs direclad ipaueicame ts,prablemys f he conyentions) ieaiuiues as,described
above, and provide a laser annealing apparatus and a laser annealing method with which a’large-area
semicondirtsriffiiccamisitbvemty dridnanifosmbigrystallzéd thrsughithe iselof a ddsee beting that is

absorbed g, g sefaigaqductog fim and.qmposed 0,28 lg,0ave 3g.elfsrlive powser density defined in
this application in a specifit range without requiring any complicated process. MEANS FOR SOLVING

BY THE mNVENTION f6Q20)50 Spebificaliysadagervariveafing appardus ef thegpreSentabvention

according to a firsricgr]}vecrgi{gn ofe Spriselsd%%)uIsed laser oscillator that outputs a pulsed laser beam, and

an optica frarsmission meahs that transmits the pulsed laser beam output from the pulsed laser

oscillator fo rzadiate a semiconductor film with the pulsed laser beam, in which the pulsed laser beam

is irradiated ontg the seﬁgrnicondu%[or5 im in ?co ditjon where an effectiveh%ower density calculated by
r

the following forfitita fall&RTthiR a rafge SRS x 10155 1012 &Hn ifrRdRtaR stiface of the

semicondugi@=flm. is not limited to any specific shape, and the
semiconductor film wmay be irradiated with the pulsed laser
beam formed in a shape of a spot or a line, for example.

When the pulsed laser beam is formed in the shape of a
line, a short awxis width of the pulsed laser beam is
preferably defined to be 0.5 mm or smaller. When the pulsed
lager beam is relatively scanned along a direction of the
short axis width, crystallization of a large area can be
achieved while partially irradiating and heating the
gsemiconductor £ilm. However, an excessgively greater short
axis width reguires an 1increased scan rate for effective
crystallization, which leads to an increase in cost of the
apparatus.

[co22]

The relative gcan of the pulsed laser beam with respect
to the amorphous f£ilm allows the semiconductor f£ilm to be
crystallized along a plane direction. The scan may be
performed while moving the pulsed laser beam, moving the

amorphous film, or moving both the pulsed laser beam and the

11



effective power density (J/(sec-cm3)) = pulse energy density (J/cm?2) / pulse width (sec) x absorption
coefficient of semiconductor film (cm-1) 0- (Formula) [0010] The laser annealing apparatus of the
present invention according to a second invention comprises a continuous laser oscillator that outputs
a continuous laser beam, an optical transmission means that transmits the continuous laser beam
output from the continuous laser oscillator and a pulsed laser beam split from the continuous laser
beam to israsiagasusemiconductor film with the pulsed laser beam, and a pulsed laser beam
generating means that splits the continuous laser beam during the transmission into a pseudo pulsed
shape to ST generate a pulsed laser beam. In the laser annealing device, the pulsed laser beam
is irradiated onte-the semiconduciardiimpincthenonditior mhese theffeetivesoyes densitygalculated
by the following formula falls within a range of from 3 x 1012 to 1.5 x 1012 at the irradiation surface of
the semictiidfetor fRE  Oeetiie Power'defsily (IRSSCacitDIRSulBBenerfy detifty (3-m2) /

pulse width £s6¢) x@hsorption ceefligient ofsemicandugtofilm (cra-1).5-AFarauia) (LY. - The
laser annealing apparatus of the present invention according to a third invention further comprises, in
the first oRB@coHELAYERORL HA eRergy Ejusiifig RTEaREIRat adjustscaencrdy ddssity dF e pulsed

laser beag), J the,gpergy adiusiing means. the gnergy densilyls defined H{rqs.ucrk% manges hat the

effective power density calculated by the "above-described formula falls within the range of from 3 x
1012 to 1% xnQu@d[(0i2} tlhedudercaniasdiny dpparatuavf e grebeaminventiorcscoeiding to a

fourth invention on}prises as the energy aﬂl.tséinlq means |1111 thg&h'r inventign ttem_rlg or that
Ie] T .

attenuate%l%?igFf)c%lssedal %%er’f k?gglr%%t pre%etermjl'ngd atter?uatl%n r%lile% ar%g' %rt:lrouk%%%{% adjustlf%g means

that adjusis hintduitpgt ofnthe laber osciltatbedn the attensatoy armd thehouwtpetradjustiigmeadrnss, the

attenuation (r: te gfdaqu oué%q:t re egge in %ucvb anner (t)hrat hel ggectg/%{)ov‘\ﬁr densit
calculateg‘%y fie above desaribed formula’faiis within the Pfcmge of from 3 x 1012 16 £.5 2.[0013]

The lasercgnniealingnappalattsof the-prasent inwention according to a fifth invention further comprises,
in any ong of th? first to fourth invention, a pulse width adjusting means that adjusts a pulse width of
the pulse 18<& beam. Further, the pulse width adjusting means adjusts the pulse width of the pulsed

laser beam in sughxa mannesdhat 1he effectepoweizgensity calculaied bydhe abpve foranda falls

within the range of from 3 x 1012 to 1.5 x 1012, [0014] ,
gsemiconductor film after the elergy density of the pulsed
laser beam is adjusted zas appropriate by a energy adjusting
means 1in order to create uniform fine crystals using the
proper eifective power density. In the energy adjusting means,
a predetermined energy density may be obtained by adjusting
the output of the laser oscillator, or the energy density may
be adjusted by controlling the attenuation rate of the laser
beam output from the laser oscillator in the attenuator or
the like. Regarding the energy density condition of the
pulsed laser beam in a case of using the pseudo pulsed laser
beam, the energy adiustment may be made before the laser beam
is split intc the pulsed shape.
[0025]

Still further, the pulsed laser beam may be irradiated
onto the gemiconductor £ilm after the pulse width of the
pulsed laser beam is adjusted as appropriate by a pulse width
adjusting means in order to create uniform Zfine crystals

using the proper effective power density.

12



The laser annealing apparatus of the present invention according to a sixth invention has characteristic
features that the semiconductor film is a silicon semiconductor film, the energy density is from 100 to
500 mJ/cm2, and the pulse width is from 50 to 500 nsec in any one of the first to fifth invention. [0015]
A laser annealing method of the present invention according to a seventh invention comprises, in a
laser annealing method for irradiating a semiconductor film with a pulsed laser beam to perform laser
annealing of thersemigenductow filntsetingespulsg eneray slensity abe a paisedwieh of thespulsed
laser beam in such a manner that the pulsed laser beam has the effective power density calculated by

the followFgTorRia FH it F1an§EdF foRT-3 %5101 10HYs 3560123 The fratflatdh-Sufface, and

irradiating, the-thus:set pulseddaser heaneontoithe seateendustor filne the offestive pawendensity
being calculated by a formula of: effective power density (J/(sec.cm3)) = pulse energy density

(Jlcm?2) | PRtsEEwiBffRsEC) RBFsdiptioRtefidiEnt of $&ATchnBGEBE il @n- By EorrTin$6016]

According to.the presgat iyvention,dhg pulsed |ases beamiis preducadtosatishi-aB approRfiate
relationship among the energy density, the pulse width, and the absorption coefficient, and irradiated

onto the SetREGRYLERE filRaBeherEbyRbldiPaeatin tRBRERTicortuciBr il 16 BpPfichtibR of heat at
which the semieonductor film is,not completely.malten.adhjs way. ijs passiblectoehiain;upjform

crystalswith small variability in grain size, with a technique different from conventional complete
melt/recrysiallizakommetfods: Gonventiedalrash eeystallizatiohanétherisioriSPGY5elid phase

el ane RS e UG epRe ) e s AT

Effective Sewer Densitybwithin teptdatgeioffrome®rd0121e 1.5 16t2ed  to optical
systems, each of which has a different optical path length.
The split and delayed beams may be redirected to a single
optical path, to thereby extend a temporal pulse width and
accordingly adjust the pulse waveform. In particular, a
temporal pulse waveform can be changed as appropriate by
adjusting a ratic of intensities of the beams to be split and
respectively defining the optical path length of the split
beams after the beam split.
[0026]

The pulse width may be adjusted by overlapping the
pulsed laser beams output £from a plurality of laser beam
gsource. A desired pulsé waveform can be obtained as a result
of irradiating a plurality of pulsed laser beams onto the
semiconductor. When the plurality of pulsed laser beams are
overlapped, a pulse output phase may be adjusted, and/or the
pulse width may be adjusted via the delaying means to a
desired width. Such components for making the adjustments
constitute the pulse width adjusting means.
foc27i

The pulsed laser beam may be relatively scanned with
regpect to the semiconductor film by a scanning device, to

thereby obtain fine and uniform crystals in a large area of
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When the effective power density calculated by the following formula is set to fall within an appropriate
range, a uniform crystalline semiconductor film with small variability can be obtained by annealing a
semiconductor film. When the effective power density is smaller than the lower limit, it is not possible
to sufficiently heat the semiconductor film, which can often result in uneven crystallization. On the
other hand, when the effective power density exceeds the upper limit, melting of the semiconductor
film is caused te oaewsMhieh prodgeasinon-unifermitsin erstalsncy effeetive powier dgrsity
(J/(sec.cm3)) = pulse energy density (J/cm2) / pulse width (sec) x absorption coefficient of
semicond{ittSHilmPEm-85<0 (BYhTGd) L2NBte tHAE e abB¥E-destfbed efBctivé pswerBRnsity is
defined as acspecifigvalue i the presentiaMertion: RRd shaudld Rehbe regardechas @ valuesthat
represents any general physical property. [0018] Wavelength Range of Pulsed Laser Beam In the
present ifRReNtiORS thé pafsedBseF BBant R e if&digtePBntd- e sEREORETEIF Fifth is Hdt Fimited to

those ha‘ﬁiﬂa&éﬁ’é%V%le@QIQd@@e%@gdwﬁﬁ%{%@hdﬁﬂgﬁo'f'Oéé‘éé(ﬁ#]i{@ienf@&rptﬂs%'%@f beam,

which is set to have a wavelength in the range where the wavelength is well absorbed by the
semiconductor RS iNSFRTEAAE aREarhB/HhBEY sHEoRfilAT IR Ridtiatée vhtsthBlsEmigsndittor film,

the semi%ggdugﬁ)g Iiggfar_lsjg% ggﬁctlyi@le%ed wggiéﬁpsyﬂ%s eglﬁfgé geaggl% ggtheb%%rﬂicoilguctor film,

and eliminates the necessity to install a laser absorption layer’in an indirect manner on an upper layer

of the seiicoadtiedr filtpe Whbatkdpulsedtaset earmbhbsadwaletesgthithatis netonlyhabsorbed by

the semiconductor fiklam in partic%lar th%‘ amorghous siclljcon film Pu£ also transmitted therethrough, a
Wil e Sem UCLor T11im ﬁ

light absor?gﬁgﬁ rate oﬁﬁe glelmlcon%lﬁctorefilm exhibits a wide range of deviation t variation) depending

on the thickness of a lower layer compose of silicon due to multiple reflection from the lower layer. In

this resp%g:ﬁj}tziéj%rezeeﬁratﬁi%th%\%%gdength range lies in an ultraviolet region from 308 to 358 nm.
y he'semico

[0019] Energy Densi nductor film, which is irradiated with the pulsed laser beam
having anjapprepriate energy density, undergoes a change in a state where it is not completely
molten, so that fine crystals can be_produced.When the energy density is lower, the effective power

density is decre&Sed 16 the S&Ent OF RSSutttifin fRHfcientCry_Ed Z4fiort Br &R ottty in

crystallizatiohe £ the othenbandewhendae enetgy density isdigher ilig effectivepewer ggasity is
excessively increased to the extent of forming molten crystals or causing ablation to occur. In the

present iflEhEBA, the8RErgh eRAsiiE Potimtited’® ahysp&dfcFaltss RAgEEs tRe%aiied/can yield
the effectivepquverdensity that falls withinige apprepriate {ange, Stiha rrageof rom- 100 ta 500
rnﬂcerEaégg to 1.5 x 10™2. As a result, the semiconductor film can

be crystallized without inducing abnormal grain growth, which

makes 1t possible to obtain uniform crystals with small

variability.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

FIG. 1 is a schematic diagram showing an embodiment of a
laser annealing apparatus according to the present invention.

FIG. 2 1is a schematic diagram showing an example of
pulge width adjusting means in the embodiment of the present
invention.

FIG. 3 igs a schematic diagram showing the laser
annealing apparatus according to another embodiment.

FIG. 4 shows S8EM photographs of crystals obtained after

laser annealing 1in an example according to the present
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presented as a preferable range for the energy density. [0020] Pulse Width The pulse width is one
of important factors needed to obtain the appropriate effective power density for heating the
semiconductor film as appropriate, and when the pulse width is excessively smaller, the effective
power density is increased to the extent that the semiconductor film is heated to a temperature at
which it is completely molten. This makes it difficult to achieve uniform crystallization. On the other
hand, whepthe pulse width is excessively greater, the effective power density is decreased to the
extent that the semiconductor film may not be heated to the temperature at which it isggstallized in

some cases. In FEpre8erintEntoRMafittiehtreutseFidFiE Hot hmited 16 4R Spédfie width as

long as the, width canydeld the effective powerdensity that fallsathin the,appropkate range, a range
of from 50 to 500 nsec may be presented as a preferable range for the pulse width. [0021]  The
shape of the pulBéd laser BeaworFlié ipaQiaasH 3uHECLs noFlimited %o aky3pasific 3145, and the

semiconduelor MaLingy be gadiated Wb Mg pisedlaseebegrdarmed in g shags of a spot ora fine,

for example. ~ When the pulsed laser beam is formed in the shape of a line, a short axis width of the
pulsed laser bedaGs prefetably defirmegirbeshswimaor maféi SVRET theqmuwssd |dsasidam is

relatively sca p]ed alon 3 girggi%rhgf hg shor%?@%%qlt@i égﬁstallization of a large area can be

. in . = 2 . esell . .
achieved Whife par%aﬁIy radiating and heating the semiconductor film. However, an excessively

greater short axEBMidtierequires an:ipdrenséed syam igtg fameffastive mpy stallizdtioh] whidhi lsads to an
increase in cost of y;le gg%arat S. (1310%2]1‘_1 Jhe areglati{_;t/fisncap Qf the pulsed laser bgamlwith respect to
the amorﬁﬁgﬁseﬁlm AI6WS the ‘Semiconductor Tilm 1o be crygfalllzed_along a plane direction. The scan
may be performed while moving the pulsed laser beam, moving the amorphous film, or moving both
the PUlse e SR AR IS P TIPS MM mnr row
[oco301
Hereinafter, an embodiment of the present invention will
be described. ,
FIG. 1 is a diagram schematically showing a laser
annealing apparatus 1 of the present invention.
The laser annealing apparatus 1 includes a procesgsing
chamber 2, a scanning device 3 capable of moving in X and Y
directions inside the processing chamber 2, and a base 4
mounted on the top of the scanning device 3. On the base 4, a
substrate mounting table 5 is installed as a stage. When an
annealing process is performed, an amorphous silicon f£ilm 100
or the 1like, as a semiconductor f£ilm, ig placed on the
substrate mounting table 5. The silicon f£ilm 100 is formed
with a thickness of 50 nm on a substrate, which is not
illustrated. The formation of the silicon £iilm 100 may be
performed in an ordinary method, and the present invention is
not intended to be limit to any specific method for forming
the semiconductor £ilm. Further, although a semiconductor
film of an amorphous type is preferably used for the

semiconductor film to be annealed, the semiconductor f£ilm is

not limited to those of the amecrphous type in the present
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[0023] Further, in the present invention, a solid laser beam source for outputting pulsed laser
beams may be used to output the pulsed laser beam in a desired wavelength range, and uniform
crystals can be produced by means of the laser beam source which is superior in maintainability. It
should be noted that the pulsed laser beam may be a beam in a pseudo pulsed shape formed by
splitting a continuous laser beam. The splitting may be carried out using a shutter, which is
mechanicallysaiaded at highyyelocity.qridrivies pthepwise; anoptical, mogdulatery gethe like. [Q024]
The pulsed laser beam may be irradiated onto the semiconductor film after the energy density of the

pulsed laS&M5éanh i BBjusteas @bpropfiate 1328 BhdrglyaditiREAY FaEEhs 38 BETEr 16 cre#ié uniform
fine cryst§§eusingg@ggropeﬁrﬁ@ﬁiyg&owg{a NSify. In tgqggerg%ﬁgjﬁgr&g means, a.predetermined

energy density may be obtained by adjusting the output of the laser oscillator, or the energy density
may be a@fisteP By eontsllifg e afieruawshl e g thdiaseriéamlsutput from the laser oscillator in

the atienuator o heJie Reopiding,the-enardx denslty conilionpf e pulsed laper beapa a case of
using the pseudo pulsed laser beam, the energy adjustment maybe made before the laser beam is
split into the pulsed-shdpe:§0028]ed Btitidurtiver, thehsulsetklabeebeammapbeiaadiateddnto the

semiconchi,(lietaor JH{E g;teritge d.E)glstervc\)/' ggf t}%e puls%% L@Eseé #e%rpl i% acgust%% as,ap &)P{iagoeeby a pulse
width adjusting means in order to create uni 3rm fine cryéﬂa S using thé proper éffective power density.
The pulséaidthidedstingemheans may bestcomposed-aha beane splittiigumeatdithabsplitsithe pulsed

laser beam into a Iuralité/ of@{gams a delaé/in .means that delays each of the split beams, and a
beam syﬁﬁgg%ﬁ}g%‘r%gan% %;];nt%eslifes chFétthe gﬁlﬁkbe% s}ﬂtﬁﬁéié‘lﬁ/%%fbrr‘f‘%é%%e formed
in an appsopiiatesshape &ty setieg helamaunt £ delaydefinedsn therdelayingaeansml hendelaying
means is capable of changing the amount of delay by adjusting an optical path length.  For
example,QHg%}é%e? beams split by the above-described beam splitting means are directed to optical
systems, pagb0f which has a different optical path length. The split and delayed beams may be
redirected to a single optical path, to thereby extend a temporal pulse width and accordingly adjust the

pulse waveformOhtFartiulart B&empbr R ise Wavetbifiean beThanged B8 aPSpriafSsy adjusting

a ratio of jtensitigs gi-thegbeams fo.be spliiand respestively defining the-optical. path lepgth.of the split
beams after the beam split. [0026] ~ The pulse width may be adjusted by overlapping the pulsed
laser beaRtE'O@PEET oM a PlurdiF difaSer Beedt satfce. A dEsied puldewaetseh carbe Bbtained

as a resulf of jadiafing a plurallty afpulsed iaserdbeams eptoJhe semiconductor. When thg,plurality of

pulsed laser beams are overlapped, a pulse output phase may be adjusted, and/or the pulse width
may be agjidd Waghededayiiiig niéahsag e desired Witkth. Suehcorponents foviaakitg the

adiustme@&%%?il& 1 e%k%sé'@%hadégsthfg%' means 10827}, ; « Te pulsed laserpeampay be
relatively scanne Wit% r%espect to the semiconductor film by a szcl:}olﬁning de\%ce,%)gﬁger%%y ggtain fine
and unifoem epystalsdn dfarge @hea ofonitrel unit 8, the laser power source 9

supplies a required drive voltage to the pulsed laser
6scillator 10, and a pulsed laser beam 1is output at a
predetermined output power from the pulsed laser oscillator
190.

[0032]

A pulsed laser beam 15 generated and output as pulses
from the pulsed Ilaser oscillator 10 has an energy density,
which is adjusted in an attenuator 11 when needed. In the
attenuator 11 controllably connected to the control unit 8, a
predetermined attenuation rate is set in accordance with the
command from the control unit 8. Namely, the laser power
source 9, the control unit 8, and the attenuator 11 described

above constitute the energy adjusting means of the present
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the semiconductor film. A pulse frequency, the short axis width of the pulsed laser beam, and the scan
rate are established in such a manner that the number of shots taken by the scan in the same area on
the semiconductor film matches a predetermined number of, for example, from 1 to 10. The
scanning device may be a scanning device that moves an optical system into which the pulsed laser
beam is directed, to thereby move the pulsed laser beam, or that moves a base on which the

semicondugterfilavis placed. EREECISOT T4 ISYENT IQN{06028]an Ambasibeercdesariped
above, according to the present invention, the semiconductor film is irradiated with,the pulsed laser

beam witR2ttiRG thE eFettitd pewet HEHS S Sxpress&F by the followild fofriula ithfFthéFange of

from 3 x 1012 o 1 50640%2:AS adesilt,dhe semicenductarfiimigan be crystallized without inducing
abnormal grain growth, which makes it possible to obtain uniform crystals with small variability. BRIEF

DESCRIPTION B DRAWRRSS [06551*  PREM istoschehRRitadiarh sHOWiRE AR entbSdiment of
a laser anngalingapparatys @L@O%@g o thespresent yeNton, ; n§1Greisa-schemalicdiagram

showing an example of pulse width adjusting means in the embodiment of the present invention.
FIG. 3 is alsclematietdiagram Shoning Sife Riseafealinkapparias @écopdingito Hfother

embodimepk; . - £G4 §80ws SEM phefedranhs.ofcrysials obiaingd after |aser anngaling i an

example according tothe present
onto the silicen film 100 through the introduction window 6

installed in the processing chamber 2. The shape on the
irradiation surface obtained at the irradiation is not
specifically limited, and may be formed, for example, into a
spot shape, a circular shape, a rectangular shape, an
elongated shape, etc. by the optical transmission means 12.
[0033]

Further, the optical transmission means 12 may Dbe
equipped with a pulse width adjusting means 13. An overview
cf the pulse width adjusting means 13 will be explained with
reference to FIG. 2.

In the pulse width adjusting means 13, a beam splitter
130 composed of a half mirror is installed on an optical path
to split the beam 15 into a partial beam 15a to be reflected
at 90 degrees and the other remaining beam 15b toc be
transmitted. Namely, the beam splitter 130 corresponds to the
beam splitting means of the present invention. In addition, a
total reflection mirror 131 1is placed in a reflection
direction of the beam gplitter 130 so as to estabklish an
angle of incidence of 45 degrees, a total reflection mirror
132 1s placed in a reflection direction of the total
reflection mirror 131 so as to establish the angle of
incidence of 45 degrees, a total reflection mirror 133 is
placed in a reflection direction of the total reflection

mirror 132 so as to establish the angle of incidence of 45
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invention. FIG. 5 shows SEM photographs of crystals obtained after laser annealing in the example

of the present invention. FIG. 6 shows SEM photographs of crystals obtained after laser annealing
in the example of the present invention. FIG. 7 is a diagram showing an effective power density in
the example of the present invention. FIG. 8 is an explanatory diagram showing crystallization

states in conventional laser annealing. MODE FOR CARRYING OUT THE INVENTION [00301

Hereinaftgs areembodimentof therpresan fnventioswilkbe-described. 1 sFl&.dds@ diagram
schematical%/Ashowing a laser anneal%}nﬁgI apparatus 1 of the gresent invention. The laser annealing

apparatu€ 2 ihEGHES A HOEESIATRNENDERS, & SERrIAG Bbfict SPCafable 8F mbvingSA Xe&nd Y

directions-inside-thepresessing ghamber 2, and phase4 Frountediagtae fop of the scanning device
3. On the base 4, a substrate mounting table 5 is installed as a stage. When an annealing process is

performed, an afnoffHolR%Hicomn fiftt 160 ot the IKE, 48 serfiEardutht FiffitkPlaced orihe
substrate;mguntingdables. cnesilicon flm,10Q 5 farmed witha thickness of3(hnm pn: @ supstrate,

which is not illustrated. The formation of the silicon film 100 may be performed in an ordinary method,
and the pkésenpifventidristhot #endedso beamitits any Spedifi& atetlvod fonformigithe of

semicondﬂ?&r&‘g% Fgﬁhgg %@gygg a %q{nigggdggt&{: ﬁﬁﬂ:@jﬁ%@ éel_n%cirggqus type is preferably used

for the semiconductor tilm to be annealed, the semiconductor film is not limited to those of the
amorphou$ %l in the present invention.The semiconductor film may be those of a crystalline type or

]Enr?]iefgf‘:;iggf&?r%“dig%%%@i'ig%”d thelaset agnealing gy bealso applied to those sgmiconductor
splitter 130 1s sequentially reflected at 90 degrees on each
of the total reflection mirrors 131, 132, 133, and 134, and
directed to reach, as a delayed beam 15¢, the back sgurface
side of the beam splitter 130 where the delayed beam 15¢ is
partially reflected at 90 degrees and overlapped on the beam
15b in a delayed form. The cother remaining beam is
transmitted through the beam splitter 130, and again
subjected to the total reflections and the split in the beam
splitter 130 repetitively. The resultant beam overlapped on
the beam 15b travels on the optical path as a pulsed laser
beam 150 whose pulse waveform has been shaped and whose pulse
width has been adjusted by the overlapping of the delayed
beam.

Note that an amount of delay can be changed by moving
the position of each total reflection mirror so that the
optical path length is adjusted. In this way, the pulse width
of the overlapped pulsed laser beam can be changed to any
degired width. Alternatively or additionally, the intensities
of the gplit pulsed laser beams may be independently adjusted.

Preferably, the pulse width may be set to fall within a
range of from 50 to 500 ns by the pulse width adjusting means.
It should be noted that the present invention may be embodied,

without including the pulse width adijusting means, by
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It should be noted that the scanning device 3 is driven by a not-illustrated motor or other devices, and
operation of the motor is controlled by a control unit 8, which will be described below, to set a scan
rate. In addition, the processing chamber 2 is equipped with an introduction window 6 into which the
pulsed laser beam is introduced from the outside. [0031] Outside the processing chamber 2, a
pulsed laser oscillator 10 is installed. The pulsed laser oscillator 10 is composed of an excimer laser
oscillator ; The pulsedraser wscillaiaritdis connectehiy alasel pawehspisee s suppldag a drive
voltage, and the laser power source 9 is controllably connected to the control unit 8. In response to a
commandBREthBEbRGoMITHE. tRETREFPoWBFEGHBED stipplestdfdquittd BhFe COItR)E o the
pulsed lageriescilaigs 19, g pulsed laser beam is output at a predetermined output power from the
pulsed laser oscillator 10. [0032] A pulsed laser beam 15 generated and output as pulses from the
pulsed ladé¥aillator 10 has an energy density, which is adjusted in an attenuator 11 when needed.
In the attenuatord,1 controliably gannected o the gggtrok unit 8, a,pradetesmined giigpuation rate is set
in accordance with the command from the control unit 8. Namely, the laser power source 9, the control
unit 8, andnthe edleptatn 1vdesteibedbabovitcondiitate Wrecetrepgy adjusthgimeans of tielgresent
invention, in e eneray gdiustingmeans. an anargy,densily ganhe areferablycadiysied jg be 100
500 mJ/cm2 on an irradiation surface o tﬁe silicon 1ilm 100. = The pulsed laser beam 15 transmitted
through theattenogtot 4 lis sgbjecfed tolosant shaping laad/ondefleeted imanroptical trafknission
means 12 composed of a lens, .a reflectj irror, a homogenizer, and others, and irradiated onto the
Siicon i 100 SLEh (R oot Tindis RS Tt B 0L S M a P eE 5 rH shape on
the irradiatiersirfacesdhtaiired Jat trecbradiatipntisaotspeciiiCally Smitetheand may berforrhed, for
example, into .a spot_shape, a circular shape, a rectangular shape, an elopgated_shape, etc. by the
optical tr%%%&%ﬁrﬁ%&%&??. [66% ]e * ﬁr%jéraf ﬁg%p@@aﬁ trséﬁs%ncjlgé]iorg 9rriltr-':“anlso?.z may be equipped
with a pulse widtadjhsting means 13rAadietdiew,of the pplseamidth adjusting=means d.3iwill be
explained with reference to FIG. 2. In the pulse width adjusting. means 13, a beam splitter 130
composed FFRHKRIFRIFST i& Thstaed drfsn ‘Bé)fzi(?éitp]a‘fﬁ &SR THhEBBEMS M 53Farfal¥am 15a to

be reflectegps 99 degraes and thethersepaining haam dsbgda bedransmitied :Namely. 4ag beam
splitter 130 corresponds to the beam splitting means of the present invention. In addition, a total

reflection FAF®F 197 praRE@T & Fefle&tith dHeEBHB RS bédhSplitier 156 s655%5'6 M lish an

angle of ineiden¢e ob43 degtess: A totahreflection mirge £33 i placed-ina feflectiondiregtion of the
total reflection mirror 131 so as to establish the angle of incidence of 45 degrees, a total reflection
mirror 133 3¢ lace#a tefidesiont dFdctich-6thé ¥staFefiabcrt RfiforifB 258t s fo SABIRSH the

angleOfi'a‘?jgﬁnc@kfgdféffective power density calculated by the above-

described formula falls within the range of from 2 x 10" to
1.5 x 10", Irradiation of the thus-formed pulsed laser beam
150 cauges the gilicon film 100 to be uniformly crystallized.
Note that the coefficient of laser beam absorption in the
gilicon £ilm 100 1s determined by the wavelength of the
pulsed laser beam, and can be found usging known information.

The gilicon film 100, which has been crystallized
through irradiation of the pulsed laser beam 150, exhibits
superior crystalline properties, 1in which crystals have a
uniform grain size.
[00356]

It has been described that the pulsge width adjustment is
performed in the pulse width adjusting means 13 in which the

pulsed laser beam is split and delayed to adjust the pulse
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degrees, and a total reflection mirror 134 is placed in a reflection direction of the total reflection mirror
133 so as to establish the angle of incidence of 45 degrees. A reflection direction of the total
reflection mirror 134 is situated on a back surface side of the beam splitter 130 onto which, and the
beam is irradiated at the angle of incident of 45 degrees on the back surface side. [0034] The
beam 15a reflected at 90 degrees on the beam splitter 130 is sequentially reflected at 90 degrees on

each of the total reflectiopsnigers 13hel32:dB83eand1ldds andigirgeied touepch, asadelayed beam
15c, the back surface side of the beam splitter 130 where the delayed beam 15c is partially reflected at

90 degreBs Bha bveaffeddh tbekit $5b PEL HekedBrnTathethdr FeREitindbEarR fs

transmitted, thraugh the beam splitten 13Q,and againsubjgetad tq the tptakrefectipnsand the split in
the beam splitter 130 repetitively. The resultant beam overlapped on the beam 15b travels on the

optical pdth b5Ppulséditadeétbeern 280 Witose5ulBE ##etbifTHas been shaped and whose pulse
width has been adiysted by;the gvedapping.of the delayed beaml,n e nNote frat an ameyntof delay

can be changed by moving the position of each total reffection mirror so that the optical path length is
adjusted.daEisIvasE dnegrise widih of thé b98rlapped pubsed ieerbékecadbéehanged fo any
desired vieith. Aeraatively oL addfionall e ptensilies gfithesspit puised asaebeams gy be
independently a Y, pulse wi

justed. Preferably, the th may be set to fall within a range of from 50 to
500 ns byihevpude svidthbadjustingimeting: fttshoeldehe notesthaf fhedpresent invastion: peay be
embodied, without including the pulse width_adjusting, means, by iryadiating the silicon film 100 with a
ulsed IntS B Y S SIS Gl 1SAaTS e e P e ot et atho o SRAREE! peam
[0035] The pulsed laserbeanméd 50 isintragdpeed through tHeriroduettonsivimdowi & irkd the

processing chamber 2 and irradiated onto the silicon film 100 placed on the substrate mounting table
5. At this imetarf'ls?e BabStratg Wgun%agr%%% gj‘ Is r%%\efeg' foag%%w%lrgwi#uefﬁ% eas?é K %??%eg‘ %Cé)r]? ning

device 3,therehy refativebhscanningtlie pulseflilasetbeam 150 emthe sitinen firpdOSanhiterirradiating
the silicon film 100. At the time of irradiation, the pulsed laser beam 150 is formed so as to have the

effective FORBPE&NsTy SRAbIETS BRI albHrS5stiftaly e bER UL powBFoftha Bt laser

oscillator 49 the-attenuatign ratedathe aienuatar 1isthepulse widths agd asessrsestiopakarea of
the pulsed laser beam to be irradiated are established in such a manner that the effective power

density cBRERted by e BbGVE dESEHRH B BETERS RithH tREFARTE6Ffrorhex 36429675 x

1012. Irragdiatipmaf she thusformed.pulsed laser beane 55Q.gauses thesilicon fikm 4804e beguniformly
crystallized. Note that the coefficient of laser beam absorption in the silicon film 100 is determined by
the wavelengifofthe plisea Ia%}éﬁbea?ﬁ?an‘éicé‘émlé@%ﬁm khowh irlsiT&ionPY  Cf%e silicon

film 100, which;Ras,been coygtalized thigughdiradiation o dhe pyulsgd @ﬁ%?@@%@@f%ts

superior crystalline properties, in which crystals have a uniform grain size. [0036] has been
described-thiat teel puisetvi8th adjustment is performed in the pulse width adjusting means 13 in which

thepubedEﬁeﬁﬂﬁgﬁbﬁfgggawﬁgg@ygéH{§§E§E@ejﬁﬂ%% installed outside the

processing chamber 2. The pulsed laser beam 15 oscillated as
pulses in the pulsed laser oscillator 10 and output therefrom
is directed, after the energy density of the pulsed laser
beam 15 is adjusted in the attenuator 11 when needed, to the
optical transmission means 12 composed of a lens, a
reflection mirror, a homogenizer, and othersg, in which beam
shaping and deflection is performed on the pulsed laser beam
15, and irradiated onto the silicon £ilm 100 in the
processing chamber 2.
[0037]

Further, outside the processing chamber 2, a pulsed

lager oscillator 20 that alsc generates a pulsed laser beam
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width.However, the pulsed laser beams output from a plurality of pulsed laser oscillators may be
brought out of synchronization with each other and irradiated onto the silicon film 100 to adjust the
pulse width. FIG. 3 is a diagram showing components of the thus-configured apparatus, which will
be described below. It should be noted that components similar to those in the above-described
embodiment are identified by identical reference numerals to those in the above-described

embodimest. is Thedaserannealingiappasatusdaciuteseas shouwn i 5lGe 3ctEiprosassing chamber
2, the scanning device 3 capable of moving in the X and Y directions within the processing chamber 2,

and the BA4LSeMotiftetGn BILBPDF 1RE SCarfifivg d&GiES. THe WBsrHERHEUTRFIEHRES is

disposed:n thg base 49When the am@élli%@%?ssa%@@ﬂ@gn%if thersdlicon.filge 4001 9he-
processed is placed on the substrate mounting table 5. Note that the scanning device 3 is driven by
the not-illN&&&ted motér R SIRE RVices, aHa coRfrBIed by thedonttbrinif B ededhe fiuls#d laser

oscilIator(gﬁ)t@g&sitalIegrg{ggqqggggcpﬁoceﬁgggé:ha@ger ZoHs-puiged [aser beam 15 oscillated as

pulses in the pulsed laser oscillator 10 and output therefrom is directed, after the energy density of the
pulsed laséfBeah 1ois BB in 2he QS RIGIZEL wh e Ae sUEtE X6 the loptivdl tednhssdion means

| 0 i vor. and o eh i q
12 compr%?f%g 1eRsa !’f‘ef!;efé'ﬁ%{‘&'ﬂ%é QU ALY ‘Bﬁi‘(ﬂ d’iﬁ’é‘c‘f 13eanm siapipg an

deflectio riormed on the pulsed laser beam 15, and irradiate to the silicon tilm 100 in the
processiripchanalmet 2. {3037 iatacurthentoutsiiethe prccessing chadmer 204 pulsed ldaser oscillator
20 that alsocggnerates ac%uls%d Iasgr beam 25 is installed.The pulsed laser beam 25 oscillated as

e =1

pulses infthe qusSégipIgser Gscillator 20 and output therefrom is directed, after the energy density of the

pulsed laser beam 2bhs adjustest-idsaratiemdtaniawhenneedéd, toantoptitahtransnmissien means

22 composed.of a lens, a reflection mirrar, a homogenizer, and others, in which beam shaping and
delloction RaSbrEftaed S Mo DUSEH ILSEF bedth Z5e AR HATAES onE tRe STEbr: Mt 1001 the

processing-eharaber?. to Bdba abbve-desasibedapparaissuthescoptralaimnit 81s wsed fartgontrolling
the entire apparatus, and controllably connected to both the laser power source 9 for driving the

pulsed aB&6&Iald ST and®s tastF powerSoufdd™M Fror Gty 8" FiliseBIHE&G ostiflatdP20 for

setting eaghiQutpyt otthe pyiseddasernssilators ddiand26-1n additipathescontrohynitdhisialso
controllably connected to the attenuator 11 and the attenuator 21 for respectively setting their

attenuatiGERES. AdcorlimgRh e st ERePStirteg e 16, Medhiwhuatdds PLEAE 23 and the
control upit,@ constitute theg.grergy adiystinggneansof o prasent invetioA: [0938ls  the

attenuator 11 and the attenuator 21 for resgpectively setiing
their attenuation rates. Accordingly, the laser power gources
9 and 19, the attenuators 11 and 21, and the control unit 8
constitute the a energy adjusting means of the present
invention.

[0038]

In the above laser annealing apparatus, the pulsed laser
beam 15 and the pulsed laser beam 25 are output as shown in
FTG. 3, and combined on the silicon f£ilm 100 to irradiate the
silicon £iim 10C. At this time, the pulsed laser beams to be
irradiated together are broucht out of gynchronization with
each other, so that the pulse width of the resultant pulsed
laser beam to be irradiated onto the silicon f£ilm 100 can be
accordingly adjusted.

In the pulsed laser beam whose pulse width has been

adjusted, the effective power density 1s set to a value
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In the above laser annealing apparatus, the pulsed laser beam 15 and the pulsed laser beam 25 are
output as shown in FIG. 3, and combined on the silicon film 100 to irradiate the silicon film 100. At this
time, the pulsed laser beams to be irradiated together are brought out of synchronization with each
other, so that the pulse width of the resultant pulsed laser beam to be irradiated onto the silicon film
100 can be accordingly adjusted. In the pulsed laser beam whose pulse width has been adjusted,

the effectjve-pawerdensibsiscset tora yalyg within therangg of fram.3 x 3042 todiax 1082eThen, the
pulsed laser beam having the thus-set effective power density is irradiated onto the silicon film 100.

[0039] PRESSTHhRESUIRAHEsEPHEAF HalheeA s pisife 5 By SubBarFSmIREPLTSed laser

oscillator ir, the-aheve emboditpents; it is;also nossipie tp Ugma laser beam in a pseudo pulsed shape
formed by splitting a continuous laser beam output from a continuous laser oscillator. Example 1

[0040] [R&%2ihe inventive examples and comparative examples will be described in comparison.

The laser annealing,apparatys{F1G, 1) acgording 4o thganevesdescrbed embodiment wag used to

conduct an experiment to irradiate a pulsed laser beam onto an amorphous silicon thin film of 50 nm
formed ohaiggface tPuiylabs@nbstie Pidreerlinkdyp fiethodc 1 1 LRLKE experinient, aReRIIsed laser

peam wag, shaRedepas to be radangiiar op aupgessing.suface by the anlicaligpemissign means,
composed to have the energy density in a range of from 8 to 400 mJ/cm2 and the pulse width in the
range of frer2toB@lawsionsthenradiatioresurfage, sihd itradiatedaontocarorphows silisssdn a

substra’gebleiaere, tﬂg a@go%otion coeffici%?t of the aﬁogggous silitﬁ% {”cﬁ} is defined as follows:

absorption coefficient = 4pkr?r\?va%efe%rgl] :L.n&?%ﬁenuatlon 8g’ecfﬁ0|ent, refer to Non-Patent Literature: D.
E. Aspnes and J. B. Theeten, J. Electrochem, Soc. 127, 1359 (1980))

Example 1

[0040]

Next, the inventive examples and comparative examples
will be described in comparisom.

The laser annealing apparatus (FIG. 1) according to the
above-described embodiment was used to conduct an experiment
to ilrradiate a pulsed laser beam onto an amorphous silicon
thin f£ilm of 50 nm formed on a surface of a glass substrate
in an ordinary method.

In the experiment, the pulsed laser beam was shaped so
as to be rectangular on a processing surface by the optical
transmission means, composed to have the energy density in a
range of from 8 to 400 mJ/cm® and the pulse width in the range
of from 20 to 600 ns on the irradiation surface, and
irradiated ontc amorphous silicon on a substrate. Here, the
absorption coefficient of the amorphous silicon film 1is
defined as follows:

absorption coefficient = 4pk / wavelength.

{k: attenuation coefficient, refer to Non-Patent Literature:
D. E. Aspneg and J. B. Theeten, J. Electrocchem, Soc. 127,
1359 (1980))

[0041]
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[0041] The amorphous silicon was heated by the irradiation of the pulsed laser beam, and
modified to crystalline silicon. The thus-irradiated thin film was evaluated by means of a microscope
and SEM photographs. The SEM photographs (substitute photograph for a drawing) are shown in
FIGS. 4 to 6. Note that the effective power density, which will be described below, was calculated
by the formula indicated below. Further, calculation results are shown in FIG. 7. FIG. 7 also shows

effective power ggasitigsipoenventional laser aarealieg esdeferenee datar i thesdiagrans gircle
marks correspond to examples explained below, while cross marks correspond to comparative

example$-8fpldiHed BElohA SerERSANe pder BENEi GRsdceny S55uidd BRerfy HERSRy (J/cm2)) /
pulse widt &See)x, abserptign coefficient of semigonguctor il (ealeL)s (BYrmula) 1048} (Example 1)

A XeC1 excimer laser was used for the laser oscillator, and the effective power density was set to 2.0

x 1012 topeHicrAtipRliatiemnaf thE PllseBnasaBeamsTthroughthe irratfiitionPafifarerénRls
containing nojeregularity Wers obtained as showr inphefograph.l. LExample, 2k dhe XeGl excimer

laser was used for the laser oscillator, and the effective power density was set to 2.7 x 1012 to perform
irradiatior® of the pulsed laser beam. Through the irradiation, uniform crystals containing no irregularity

were obtained ag &'&W@E”agho(ﬁ%rag%‘é e(ggmlel}%gw eIA tggﬂ Qf{ P”i%ﬂ (\’(]Q\G‘;Qﬂq Iaggr was

used for the laser oscillator, and the ctive power density was set to
described below, was calculated by the formula indicated

below. Further, calculation results are ghown in FIG. 7. FIG.
7 also shows effective power densities in conventional laser
annealing as reference data. In the diagram, circle marks
correspond to examples explained Dbelow, while cross marks
correspond to comparative examples explained below.

Effective power density (J/(sec'cm’)) = pulse energy
density (J/cm®)) / pulse width {sec) X absorption coefficient
of semiconductor film (cm'l) e (Formula)

[0042]
(Example 1)

A ¥ell excimer laser was used for the laser osgcillator,
and the effective power density was set to 2.0 x 10¥ to
perform irradiation of the pulsed laser beam. Through the
irradiation, uniform crystals containing no irregularity were
obtained ag shown in photograph 1.

(Example 2}

The Xell excimer laser was used for the lasger oscillator,
and the effective power density was set to 2.7 x 10*? to
perform irradiation of the pulsed laser bean. Through the
irradiation, uniform crystals containing no irregularity were
obtained as shown in photograph 2.

{Example 3}
A third harmonic of YAG solid laser was used for the

laser oscillator, and the effective power density was get to
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1.8 x 1012 to perform irradiation of the pulsed laser beam. Through the irradiation, uniform crystals
containing no irregularity were obtained as shown in photograph 3. (Example 4)  The third harmonic
of YAG solid laser was used for the laser oscillator, and the effective power density was set to 2.5 x
1012 to perform irradiation of the pulsed laser beam. Through the irradiation, uniform crystals
containing no irregularity were obtained as shown in photograph 4. (Example 5) A second harmonic

of YAG seli¢ laserwas used farthe taser oseilator.jand the effectivepowes densibrvas-set to 1.6 X
1012 to perform irradiation of the pulsed laser beam. Through the irradiation, uniform crystals

containing HECEY Ul werd SBEIRIT- Q8 showit Irf BRBtogFpHS A Eanipie B 1 ke sdédnd

harmonicief tAGisoliddaseravas used fordhe dasanosgillator, and theyet{eetive power density was set
to 2.4 x 1012 to perform irradiation of the pulsed laser beam. Through the irradiation, uniform crystals

containingFieARebRidtity were obtained as shown in photograph 6. [0043] (Comparative Example 1)

The XeC1 excimeflase(was usedfor the laserossillator; andithe affegtive pawer depsitywas set to
2.0 x 1013 to perform irradiation of the pulsed laser beam. The irradiation resulted in creation of

uneven chpRals vafing iretelr crystallindStafds 61 bl ERappafeporichs alotig Re lohgtaxis®as shown
i phoggash 7. A uass aplya sydiled i XB0 0¢ Rey Diorien) euealed st
ple T e or

regions were molten. (Comparative Exam e XeC1 excimer laser was used for the laser
oscillator fang tigheffédtive powerdientitpwas setid 318 101y s péfornt ardadiaticmaef theulsed

laser beam._The irradiation resulte Jcn creagon é)f gven crys %Il var ig j ti*leir crystalline states on
overlappel& 68&%%%%%3/9 %eerl%na axis as shgwn%lr? p‘ﬁotograéh % $ﬁ4é, s%gf]acé analysis conducted
with XRD (rexealetethat the surface layer was molten to a depth of approximately 3 nm.

2 second harxmonic of YAG solid laser was used for the
laser oscillator, and the effective power density was set to
1.6 x 10 to perform irradiation of the pulsed laser beam.
Through the irradiation, uniform c¢rystals containing no
irregularity were obtained as shown in photograph 5.

(Example 6)

The second harmonic of YAG solid laser was used for the
laser oscillator, and the effective power density was set to
2.4 x 10" to perform irradiation of the pulsed laser beam.
Through the irradiation, uniform c¢rystals containing no
irregularity were obtained as shown in photograph 6.

[0043]
(Comparative Example 1)

The XeCl excimer laser wag used for the laser cscillator,
and the effective power density was set to 2.0 x 10 to
perform irradiation of the pulsed laser beam. The irradiation
resulted in creation of uneven crystals varying in their
crystalline states on overlapped portions along the long axis
as shown in photograph 7. A surface analysis conducted with
XRD (¥X-Ray Diffraction) revealed that almost all regions were
molten.

(Comparative Example 2)
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(Comparative Example 3)  The third harmonic of YAG solid laser was used for the laser oscillator,
and the effective power density was set to 3.1 x 1012 to perform irradiation of the pulsed laser beam.
The irradiation resulted in creation of uneven crystals varying in their crystalline states on overlapped
portions along the long axis as shown in photograph 9. The surface analysis conducted with XRD

revealed that the surface layer was molten to a depth of approximately 8 nm. (Comparative Example

4)  The thirdharmenit dYA@eselid laser wasdisedder thedaser-oscillatar, are the effestive power
density was set to 3.5 x 1012 to perform irradiation of the pulsed laser beam. The irradiation resulted

in creatioAt®st uridien eA&AIS VaRyingar tHeirdepaaline sifes Bf toverapped poftiohs alor@the long

axis as S@%".‘é@&ﬂ*‘@&%&@@.‘&%@oﬁh%ﬁurﬁ%e gﬂ@@é@ %l'@é'?t%‘é&m XRidevealed fhatithg surface
layer was molten to a depth of approximately 9 nm. (Comparative Example 5) The second

harmonicr@wq%es%ndipaseﬁsmwgé@ foPEhe YasaiasCilatse taﬁaahevmécﬁw po%aer_aéﬁéiﬂy was set
t0 3.2 x 19%%&‘8&’?1@15@ igadiatian of the pylsed Jaser beam; The iradigtion resuligd.in graation of

uneven crystals varying in their crystalline states on overlapped portions™along the lIohg axis as shown
in photogeaplEhewiCompatative Esamiplé 6) ThEhexeGexcimet 1ser wernisedtfof the kiser

oscillator, ag ihe.effeclive power dgnsibywgs set by 4 x 1042 g perormiadiation, of hg pulsed
laser beam. The irradiation resulted in creation of crystals, which were uneven on t é)w ole as shown
in photogeapird2.i(@dmparativerExample 7)  The XeC1 excimer laser was used for the laser
oscillator, %nd the eféectiveEpowerlden_,'s;ty was set to 1.3 x 1012 to perform irradiation of the pulsed
laser bea%.oﬁjraeaﬁfaadjfa\iﬁ)n 5rihe p%lsed laser beam resulted in creation of totally uneven crystals as

shown in photogragh 48 Sonparative Exarfiple®) solid laser was used for the
laser oscillator, and the effective power density was set to
3.1 x 10 to pexrform irradiation of the pulsed laser beam.
The irradiation resulted Iin creation of uneven c¢rystals
varying in their crystalline states on overlapped portions
along the long axls as shown in photograph ©. The surface
analysis conducted with XRD revealed that the surface layer
was molten to a depth of approximately 8§ nm.
(Comparative Example 4)

The third harmonic of YAG sgolid laser was used for the
laser oscillator, and the effective power density was set to
3.5 x 10 to perform irradiation of the pulsed laser beam.
The irradiation resulted in creation of uneven crystals
varying in their crystalline states on overlapped portions
along the long axis as shown in photograph 10. The surface
analysis conducted with XRD revealed that the surface layer
was mclten to a depth of approximately 9 nm.

(Comparative Example 5)

The second harmonic of YAG solid laser was used for the
laser oscillator, and the effective power density was set to
3.2 x 10" to perform irradiation of the pulsed laser beam.
The irradiation resulted in c¢reation of uneven crystals

varying 1in their crystalline states on overlapped portions
13 .
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The third harmonic of YAG solid laser was used for the laser oscillator, and the effective power density
was set to 1.4 x 1012 to perform irradiation of the pulsed laser beam. The irradiation resulted in
creation of crystals, which were uneven on the whole as shown in photograph 14. (Comparative
Example 9) The third harmonic of YAG solid laser was used for the laser oscillator, and the
effective power density was set to 0.9 x 1012 to perform irradiation of the pulsed laser beam. The

irradiation feswdtedra creafiprugfiarystalss Mdligh were Hnevrp-apithe whole as shown in photograph
15. (Comparative Example 10) The second harmonic of YAG solid laser was used for the laser
oscillator, ‘&R effdcti eEpciier Ferfsity was set to 0.6 x 1012 to perform irradiation of the pulsed

laser beam. Thejrragiationdesylied-imereaton.glcrysials, which-were unevenon the whgle as shown

in photograph 16. (Comparative Example 11) The second harmonic of YAG solid laser was used
for the lagerdsdiletorefie i effeciverpowetaienbity was set $&t.4 XA 012 fo perférdi‘irrddiation of

the pulsed laser.heam. The inadiatiqreresylied in greation of erystals, which.wete unguan, o the whole

as showri in photograph 17. [00441 In the ‘above description, the present invention has been
explainedrisased-ed therendosdirnents anll thierpxdmples. Mbvever whegpresear #veion igaot limited

to any contents of the above description r%%) be changed as appropriate without departing from
the scopéﬂ %}g%%e &%sgﬁf iﬁ@egﬁoﬁ%tggg% ‘EI] OF SYMBOLS [0045] 1llaser annealing apparatus

2processitigeoiizmberi ve Example 7)

The XeCl excimer laser wag used for the laser oscillator,
and the effective power density was sget to 1.3 x 10% to
perform irradiation of the pulsed laser beam. The irradiation
of the pulsed laser beam resulted in creation of totally
uneven crystals ag shown in photograph 13.

{Comparative Example 8)

The third harmonic of YAG solid laser was used for the
laser osciliator, and the effective power density was set to
1.4 % 10 to perform irradiation of the pulsed laser beam.
The irradiation zesulted in creation o©of crystals, which were
uneven on the whole as shown in photograph 14.

(Comparative Example 9)

The third harmonic of YAG solid laser was used for the
laser oscillator, and the effective power density was set to
0.9 x 10" to perform irradiation of the pulsed laser beam.
The irradiation resulted in creation of c¢rystals, which were
uneven on the whole as shown in photograph 15.

{(Comparative Example 10)

The second harmonic of YAG solid laser was used for the
laser oscilliator, and the effective power density was set to
0.6 x 10" to perform irradiation of the pulsed laser beam.
The irradiation resulted in creation of crystals, which were
uneven on the whole as shown in photograph 16.

(Comparative Example 11)
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3scanning device 5substrate mounting table 8control unit 9laser power source 10pulsed laser
oscillator 11attenuator 12 optical transmission means 13pulse width adjusting means 15pulsed laser
beam 19laser power source 20pulsed laser oscillator 21 attenuator 22optical transmission means

The second harmonic of YAG solid laser was used for the
laser oscillator, and the effective power density was sebt to
1.4 % 10 to perform irradiation of the pulsed laser beam.
The irradiation resulted in creation of crystals, which were
uneven on the whole as shown in photograph 17.

[0044]

In the above description, the present invention has been
explained based on the embodiments and the examples. However,
the present invention is not limited tc any contents of the
above description, and may be changed as appropriate without

departing from the scope of the present invention.

DESCRIPTION OF SYMBOLS

[0045]

1 lager annealing apparatus
2 processing chamber

3 scanhing device

5 substrate mounting table
8 contrel unit

9 laser power source

10 pulsed laser oscillator

11 attenuator

12 optical transmission means
13 pulse width adjusting means
15 pulsed laser beam

19 laser power source

20 pulsed laser oscillator

21 attenuator

22 optical transmission means
25 pulsed laser beam

100 silicon f£ilm

150 pulsed laser beam
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25 pulsed laser beam 100 silicon film 150 pulsed laser beam CLAIMS 1. A laser annealing apparatus
comprising: a pulsed laser oscillator to output a pulsed laser beam, and an optical transmission
means to transmit the pulsed laser beam output from the pulsed laser oscillator to irradiate a
semiconductor film with the pulsed laser beam, wherein the pulsed laser beam is irradiated on the
semiconductor film in a condition where an effective power density of the pulsed laser beam calculated
by the follewingsformula falls within a range of from 3 x 1012 to 1.5 x 1012 on an irradiation surface of
the semiconductor film. effective power density (37(sec.cml)) = pulse energy density (J/cm2) /
pulse width (sec} x Gt EFeliEiBnFBPSERICORdGEBPHIRT (CH-1) (Formula) 2. A laser annealing

apparatus compgisingi seq A1GAWIAUGYS lasex oscillator in,eWiput @ cantinkeys)laserbeami,  an
optical transmission mean to transmit the continuous laser beam output from the continuous laser
oscillator@#d a pulsed laser beam split from the continuous laser beam to irradiate a semiconductor

film with the pulsed '%&EP@QH‘? M nsmission means to transmit the pulsed

lager beam output from the pulsed laser oscillator to
irradiate a gemiconductor f£film with the pulsed laser beam,
wherein

the pulsed laser beam is irradiated on the semiconductor
film in a condition where an effective power density of the
pulsed laser beam calculated by the following formula falls
within a range of from 3 x 10" to 1.5 x 10 on an irradiation
surface of the semiconductor f£ilm.

effective power density (J/(sececm’)) = pulse energy
density (J/cm?) [/ pulse width (sec) x absorption coefficient

of semiconductor film (em™™) e+ (Formula)

2. A laser annealing apparatus comprising:

a continucug laser oscillator to output a continucus
laser beam;

an optical transmisgsion mean to transmit the continuous
laser beam output from the continuous laser oscillator and a
pulsed laser beam split from the continuous laser beam to
irradiate a semiconductor f£film with the pulsed laser beam;
and

pulsed laser Dbeam dgenerating means to split the
continuous laser beam during the transmission into a pseudo
pulsed shape to thereby generate the pulsed Ilaser beam;
wherein

the pulsed laser beam is irradiated on the semiconductor
film in a condition where an effective power density of the

pulsed laser beam calculated by the following formula falls
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pulsed laser beam generating means to split the continuous laser beam during the transmission into a
pseudo pulsed shape to thereby generate the pulsed laser beam; wherein the pulsed laser beam is
irradiated on the semiconductor film in a condition where an effective power density of the pulsed laser
beam calculated by the following formula falls within a range of from 3 x 1012 to 1.5 x 1012 on an
irradiation surface of the semiconductor fi Im. effective power density (J/(sec.cm?2)) = pulse energy

density (3/0m4)/ RulIse nidith {segpoabsorptign eoefficientof.semonducier film{ear) Ltrormula)
3. The laser annealing apparatus according to Claim 1 or 2, further comprising: an energy
adjusting FHE&RS o adjusten ERBAFICAYHYT thé plilsed laser beam, wherein the energy density is

defined in the eg%rggagiq%ingﬂggggs iraéﬂgi@%n;q?eér ([Q@EU&‘?neﬁ]ECti\ée POWEL gené@éggkgulated by

the formula falls within the range of from 3 x 101 x 1012 4. The laser annealing apparatus
accordingltngldim 3{ Eomprising, Bs Hse emsrdytadj(stng meanbsaratidpratsopifdrshsinthe pulsed

laser beagkatt%%tjj%[gg 1%5 &pggd@&g[min(ecqna]tSerlu,atiggor%qﬁ&? an output adjusting means to adjust an

output of the laser oscillator, wherein the attenuation rate and the output are defined in the attenuator
and the output adjusting means in such a manner that the effective power density calculated by the

formula falls withjn the range of from-3 x 1012 Q1. xS‘L012. . gh IasCer aan %lrilnqagpfargtus
according to anghgﬁeio?&%m%??oa%,lfﬁ%hgpéorﬁ%%gngaacf):tj?sre 6v%th a%justf_%g means to adjust a
pulse widftuot tirerpulseghiasei beam, wherein the pulse width adjusting means adjusts the pulse width

in such a manner th%'&lthe effective gt(i)\ivgr dr%g%i;;}/ C%I%ulgtgd bé/tthgr{ornﬂléla fall%\évggig thecg%nge of
from 3 x 1012 tSL.5X T8 B The 1as6r anneaﬁng appal%llflus accorglngjig%my one (;EfyCIalms 1to5,

wherein thasepmidansictos dilm ida siliconisemidaondubtor filnethe edergy: density isitsamnta0 to 500

mJ/cm2, and the pulse width is from 50.to 500 nsec. 7, A laser annealing method for irradjating a
semicondttorfiffn WithFZ PrilsEt i8EF BESm {%eﬁéﬁorn]rﬁlas&%eﬁ'\inﬁ‘g%%rse ' 1fﬁdutblf‘gr film, the

method cempisiigre  Grfining aduise egergydensity asd a pylse wvidth eidthaumdsedrlasesbeam in
such a manner that the pulsed laser beam has an effective power density calculated by the following

formula fAIRSWtRIn NGRS Frotd 355213 t6' 15X 1642 én An’irrabiated surface, and irradiating the
semiconductor film with the pulsed laser beam having the defined pulse energy density and pulse

width.
4. The laser annealing apparatus according to <Claim 3,

comprisixig, ag the energy adjusting means, an attenuator to
transmit the pulsed laser beam attenuated at a predetermined
attenuation rate and an output adjusting means tc adjust an
output of the laser oscillator, wherein the attenuation rate
and the output are defined in the attenuator and the output
adjusting means 1n such a manner that the effective power
density calculated by the formula falls within the range of

from 3 x 10 to 1.5 x 102,

5. The laser annealing apparatus according to any one of
Claims 1 to 4, further compriging a pulse width adjusting
means to adjust a pulse width of the pulsed laser beam,
wherein the pulse width adjusting means adjusts the pulse
width in such a manner that the effective power density
calculated by the formula falls within the range of from 3 X

10 to 1.5 x 10%2.
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effective power density (J/(sececm3)) = pulse energy density (J/cm2) / pulse width (sec) x absorption
coefficient of semiconductor film (cm-1) n. (Formula)

6. The laser annealing apparatus according to any one of
Claims 1 to 5, wherein the gemiconductor £ilm is a silicon
semiconductor film, the energy density is from 100 to 500

mJ/cm?, and the pulse width is from 50 to 500 nsec.

7. A laser annealing method for irradiating a semiconductor
film with a pulsed laser beam to perform laser annealing of
the semiconductor film, the method comprising:
defining a pulse energy density and a pulse width of the
pulsed laser beam in such a manner that the pulsed laser beam
has an effective power density calculated by the following
formula falls within a range of from 3 x 10" to 1.5 x 10** on
an irradiated surface, and irradiating the semiconductor £ilm
with the pulsed laser beam having the defined pulse energy
density and pulse width.
effective power density (J/{secscm’)) = pulse energy density
(3/cm®) / pulse width (sec) x absorption coefficient of

semiconductor £ilm {(cm™) e+ {Formula)
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