DESCRIPTION TITLE OF INVENTION: METHOD FOR MANUFACTURING CRYSTALLINE
SEMICONDUCTOR AND LASER ANNEALING APPARATUS TECHNICAL FIELD Wool] The
present invention relates to a method for manufacturing a crystalline semiconductor and a laser
annealing apparatus, which are suitably used for manufacturing a polycrystalline or monocrystalline
semiconductor film of a thin film transistor used in a pixel switch or drive circuit for liquid crystal display
or organic EL display. BACKGROUND ART [0002] In such a thin film transistor used in the pixel
switch or drive circuit for liquid crystal dispByESCERGRIEIEN (Electro Luminescence) display, laser

annealing ﬁlser erfm of a rn rocess
thereof. Thﬁi?e pr| ﬁg ating g@@ monocrys aI ine semlcﬁ)(r?ductor film
formed on @ Rul&Iald DiNEAser SEMIBGOIY Er’[d@'n@falllzmg\tﬂe sehictidBuctod MM Eilh.IN6xpolycrystal
or monocrﬁﬁmﬁﬁgg step thereof. The thus-crystallized semiconductor thin film can attain higher

performan IIm transistor since the mobility of carrier is enhanced. In the
above-mentioned laser irradiation, it is necessary to perform a homogenous treatment on the

semicondu @FF(Q m&]@éﬁq ntrol for keeping laser power constant is generally performed so that
the laser b gC as stable irradiation energy, and control for keeping pulse energy constant
is performd@@® plilsed lasers. [0003]
The present invention relates to a method for manufacturing a
crystalline semiconductor and a laser annealing apparatus, which are
suitably used for manufacturing a polycrystalline or monocrystalline
semiconductor film of a thin film transistor used in a pixel switch or drive

circuit for liguid crystal display or organic EL display.

BACKGROUND ART
[0002]

In such a thin film transistor used in the pixel switch or drive circuit
for liquid crystal display or organic EL (Electro-Luminescence) display, laser
annealing using laser is performed as part of a manufacturing method of
low-temperature process thereof. This method comprises locally heating
and melting a non-monocrystalline semiconductor film formed on a substrate
by laser irradiation, and crystallizing the semiconductor thin film into
polycrystal or monocrystal in a cooling step thereof. The thus-crystallized
semiconductor thin film can attain higher performance of the thin film
transistor since the mobility of carrier is enhanced.

In the above-mentioned laser irradiation, it is necessary to perform a
homogenous treatment on the semiconductor film. Therefore, control for
keeping laser power constant is generally performed so that the laser being
irradiated has stable irradiation energy, and control for keeping pulse energy
constant is performed in pulsed lasers.

[0003]
By the way, excimer gas laser which is frequently used in the

above-mentioned pulsed laser oscillates a laser beam by electric discharge



method. In high-power excimer laser, a plurality of discharges are caused by residual voltage after a
first discharge by high voltage, and a laser beam having a plurality of peaks is consequently
generated. At that time, the second-to-last peaks can have characteristics differed from the first peak.
Therefore, there is proposed a pulsed laser oscillation device, which is configured to stabilize
characteristics of crystallized silicon by determining a ratio of a plurality of maximal values in a pulse
waveform of pulsed laser and keeping this ratio within a predetermined range (refer to Patent
Literature hpethodln thislpglsgbiaserastitiatida sayiaep thealisayefd iischanget avithctimeedf a pulsed

laser beam is set.so that it.includgs two,or re peak groups,.andthe peak value of the pulsed laser
beam in tmeaszséfgts)lnd] |8‘e:§{I?fgt‘?l epalgc?rl{ %golr?gﬁggésgg Bgﬁgtoy 0. r?e é’%-,gf’ég% ﬁ}%dp%llisaesg Yakes}%&f%eam in the
first peak growin €T ATONiLISIT RATEN TsLEPERATURE 0041 RATENTt LITERATERELE: Japanese

Patent Application Lajd-Open No. 200:1-338892 SUMMARY QFE.INVENT] PROBLEMS TO BE
SOLVED B VN N TOoOR T (et aties et ER bHe ke ok, o
Literature IItleeathesactbeisticsoproystadived silidendaradwsidcondtanbydeadpingwibégbeak ratio in a
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crystallization a d activation of a silicon thin flm are not necessari y homogenized in the surface of the
silicon thinffiltio of a Plewetesuitfohfuwtherlexdmindiond visene atrfoesmelivied pasde rang, the
present invient E%QOH’P% %%(t)h\%l\éﬁﬁea{t?ﬁgc%ttgﬁrﬁ%%ﬁ r@&?g@%@fer to Patent Literature

1.

In this pulsed laser oscillation device, the waveform changed with

time of a pulsed laser beam is set so that it includes two or more peak

groups, and the peak value of the pulsed laser beam in the second peak

group is in the range of 0.37 to 0.47 relative to the pulsed laser beam in the

first peak group.

CITATION LIST

PATENT LITERATURE

[0004]

PATENT LITERATURE 1: Japanese Patent Application Laid-Open No.
2001-338892

SUMMARY OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0005]

In the above-mentioned apparatus shown in Patent Literature 1, the
characteristics of crystallized silicon are held constant by keeping the peak
ratio in a stable range as described above. However, even if the peak ratio
is stabilized in such a range, the crystallization and activation of a silicon
thin film are not necessarily homogenized in the surface of the silicon thin
film.

Ags a result of further examinations on the above-mentioned peak

ratio, the present inventors found that the value itself of the peak ratio more



significantly contributes to the homogenization of crystallization characteristics than the stabilization of
the peak ratio does, and achieved the present invention. MEANS FOR SOLVING BY THE INVENTION
[00061 Namely, a method for manufacturing a crystalline semiconductor of the present invention
comprises: crystallizing an amorphous semiconductor by irradiating the amorphous semiconductor
with pulsed laser, in which the pulsed laser has a plurality of peak groups in one pulse in temporal
intensity change, and a first peak group having a maximum height, of the peak groups, and a second
peak groupighificappearsceubsaguently satistha relationghipiof tiseconef peakygtelipd(fist peak
group)<0 23,1115, of e phe gk Masr e, YisaR 1aagh diiediated alldbemarphous
semiconduc or.aﬁ‘ﬁjC aser anneaﬁ%]g apparatus of the present invention comprises: a laser
oscillator witebemitparte ptilsed laser; an optical system which guides the pulsed laser to an
amorphous semiconductor; and a moving device which relatively moves the amorphous
semiconductor so that the pulsed laser is irradiated to the amorphous semiconductor with scanning, in
which the IBEBASSIBEOR GiddulisNie BUISEd Kasbr\sB Bk pulsed laser has a plurality of peaks in
one pulse i %@Poral intensity change, and a first peak group having a maximum height, of the peak
groups, and a second peak group which appears subsequently satisfy a relationship of (second peak

group)/(first peak ghoam)elg, 36 inctdrads fof paak iffertsitynalaecfooedine semigoagrssentinvention,
the above-erfipned PAAsINERS botafinisalslesdnniphareanentanpadalatonsimateseby uniform

crystallization characteristics can be secured w e amorphous sémiconductor irradiated with the
pulsed lasdnisworydiatizerthethimeatibexe setsi 088 ot Matdcatsedslopereiaryshintz dhe

semicond r I Vi it ;peak
intensity ir?}%h{%ség;%%%gg f)y %gnp%%%%%\%ﬁ%é/%%u%g}?rﬁg r% ﬁ%%}g%%ﬁét%%%ea groﬁaﬁg%%gﬁl excimer

laser roughijagesvembak drotippemavitonn fhravpeskegraarivavig heihtivel Irgemsalnt appears
at first, an%?o ond peak %re%%maﬁ(@&%agrfda&'w%%faalég5@1&6@9@@@%9%3;1lé%@ibfﬁfger going

through a minimal’value at which the intensity is largely reduced (about a fraction of the'maximum

height). In tedastesshiinoéfisondipeads grarytaksgrbepks srapRiFeaPiitoHE Bl peak

intensity value when the pulsed laser is irradiated on the amorphous
semiconductor.
10007}

A laser annealing apparatus of the present invention comprises: a
laser oscillator which outputs pulsed laser: an optical system which guides
the pulsed laser to an amorphous semiconductor; and a moving device which
relatively moves the amorphous semiconductor so that the pulsed laser 1s
irradiated to the amorphous semiconductor with scanning, in which the laser
oscillator outputs the pulsed laser so that the pulsed laser has a plurality of
peaks in one pulse in temporal intensity change, and a first peak group
having a maximum height, of the peak groups, and a second peak group
which appears subsequently satisfy a relationship of (second peak
group)/(first peak group)<0.35 in terms of peak intensity value.

[0008]

In the present invention, the above-mentioned peak intensity ratio
satisfies the above-mentioned relationship, whereby uniform crystallization
characteristics can be secured when the amorphous semiconductor
irradiated with the pulsed laser is crystallized. If this ratio exceeds 0.35,

the characteristics of the crystallized semiconductor tend to vary.



The one pulse may be outputted from one laser oscillator, or may be constituted by superposing
pulses output from two or more laser oscillators. [0009] The pulsed laser is required to satisfy the
above-mentioned peak intensity ratio when outputted from the laser oscillator. When a plurality of peak
groups exist in one pulse in temporal intensity change, in general, the heights of the respective peak
groups cannot be separately adjusted. Therefore, the pulsed laser is adjusted so that it satisfies at
least the above-mentioned peak intensity ratio when outputted from the laser oscillator. The maximum
height of the pulse@iasepeak hgsagucadydueatcea shabgsmintiasef waudformuvhichds peaked by
passage of the pulsed laser through an optical system or the Jike. In this case, the, above;mentioned
peak intenéﬁf/err%f'éyfelrrﬁldaﬁfg i%%?eﬁaggoéllﬁc%atﬂelbi‘?]/tgﬁr?gi‘ﬁ/noﬁ e&ﬁs%%%%&%u%%%%d%e%(}.lel'hus, ina
case such thailtheahave Grentioh ed gask ltensityuglidyidehangedankan-optisal pathijche peak
intensity r?}f}i?s%f th%}?“'%%ﬂ Ia%%rvﬁ)xelin ouetPaL&t‘gdlfrqmrt%elll%seﬁgsgillaégr IS Sftf%:?s% VQQJO? gf 0.350r
less consi erlngpt%e alfove mentioned c ang afurth&y smallgvalugﬁpso]fﬁa‘rf1 he peak intensity ratio of
the pulsed sasenih pleelrrgdiatiohani the amalphval semidbritkiglor satisios thelkxsovmnigntioned
condition. [0Q10] . The power of the pulsed laser is;set preferably tq 700,m.] in terms of
pulse ener[aﬁ%]ﬁﬂle%gp%fé%%%%nﬁw or rhlgr%f.; Xsllﬂ%g%g%‘?ﬁga%g{ﬁ%ﬁesr%ﬁ)g ré{%g'[@& s&to reduce
when the pabenbfpfisetenefytisecsmalkitheradiusgheht rdngdofaesttenuatentihichtisrdisposed in

the optical path to adjust the t issivity.of. S {dg reduced at low pulse energy. [0011] In
the presen§) fn{xllé)ﬁ%o%e%ﬁ %ﬁ%ﬁ%@% ses}#i!)c%l%hli[[r?%}l% ﬁ)rmgd on a substrate is a preferable target as
the amorphous seffileomductor] SEheayateriahtl théesl bstratens hosqansciltptimitadan e present

invention alifloHg 8335 SHASIAIG % JNCLIRe 8% e Ul Al Nt i, SuRpliale may be

formed from other mate Ss O morphous silicon thin film is not particularly limited
in the presé@@@ﬂ}ention although the amorphous silicon thin film is generally formed in a thickness of

po 1o 100mm. 001, ,isdheRiusett lasgheXame’ iaekirof wavalsnallAl g Riefaranly used
, ype of puised lasers Is never limited to this in the present invention. ADVANTAGES OF
THE INVENTHNIfS0E3jo when outputted from the laser oscillator. When a plurality of
peak groups exist in one pulse in temporal intensity change, in general, the
heights of the respective peak groups cannot be separately adjusted.
Therefore, the pulsed laser is adjusted so that it satisfies at least the
above-mentioned peak intensity ratio when outputted from the laser
oscillator. The maximum height of the pulsed laser can be reduced due to a
change in laser waveform which is caused by passage of the pulsed laser
through an optical system or the like. In this case, the above-mentioned
peak intensity ratio tends to increase since the intensity of the first peak
group 1s reduced. Thus, in a case such that the above-mentioned peak
intensity ratio is changed by an optical path, the peak intensity ratio of the
pulsed laser being outputted from the laser oscillator is set to a value of 0.35
or less considering the above-mentioned change (a further small value) so
that the peak intensity ratio of the pulsed laser in the irradiation on the
amorphous semiconductor satisfies the above-mentioned condition.
[0010]
The power of the pulsed laser is set preferably to 700 mdJ or more in
terms of pulse energy, further preferably to 850 mdJ or more. Although the
peak intensity ratio tends to reduce when the power of pulse energy is small,

the adjustment range of an attenuator which is disposed in the optical path



As described above, according to the present invention, a homogeneous crystalline semiconductor
can be effectively obtained since, when the amorphous semiconductor is crystallized by irradiating the
amorphous semiconductor with pulsed laser, the pulsed laser is adjusted so that it has a plurality of
peak groups in one pulse in temporal intensity change, and a first peak group having a maximum
height, of the peak groups, and a second peak group which appears subsequently satisfy a
relationship of (second peak group)/(first peak group)<0.35 in terms of peak intensity value when the
pulsed laseniadijtadiated tonibemasnorihadskeisenductohe BRI BEF IDE SGREPAOMN-OF THE
DRAWING@&(}(QM [Fig. 1] Fig. 1 is a schematic view showing a laser annealing apparatus
according to one embodiment of the present invention. [Fig. 21 Fig. 2 is a view showing pulse
waveforms of pulséd ldsersrirsentexamptéoof the presepihduestioron thinEign3fbHigeBina view

showing SE otographic images, at each eper y?fensit in the example ofgre resent,invention.
o, 41 mig o e B s R S R e
unevennessiirt¢hmbréitipiesobiiegie senbinpention] BHESTHMOHE + OR CARKRMINGQUTTHE

INVENTION {R013],.00e sodiment.oting presentipvention wil be.dessibedi fasgdhot,
substrate may be formed from other materials. The thickness of the
amorphous silicon thin film is not particularly limited in the present
invention although the amorphous silicon thin film is generally formed in a
thickness of 40 to 100 nm.

[0012]
As the pulsed laser, excimer laser of wavelength 308 nm is preferably
used. However, the type of pulsed lasers is never limited to this in the

present invention.

ADVANTAGES OF THE INVENTION
[0013]

As described above, according to the present invention, a
homogeneous crystalline semiconductor can be effectively obtained since,
when the amorphous semiconductor i1s crystallized by irradiating the
amorphous semiconductor with pulsed laser, the pulsed laser is adjusted so
that it has a plurality of peak groups in one pulse in temporal intensity
change, and a first peak group having a maximum height, of the peak
groups, and a second peak group which appears subsequently satisfy a
relationship of (second peak group)/(first peak group)<0.35 in terms of peak
intensity value when the pulsed laser is irradiated on the amorphous

semiconductor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]
[Fig. 1] Fig. 1 is a schematic view showing a laser annealing

apparatus according to one embodiment of the present invention.



Fig. 1. In a method for manufacturing a crystalline film of this embodiment, a substrate 8 used for
a flat panel display TFT device is taken as a target, and an amorphous silicon thin film 8a is formed on
the substrate 8 as an amorphous film. The amorphous silicon thin film 8a is formed on the upper side
of the substrate 8 by an ordinary method, and subjected to dehydrogenation treatment. In the
present invention, however, the types of the substrate as the target and the amorphous film formed
thereon are never limited to the above. [0016] Fig. 1 is an excimer laser annealing treatment
apparatus 1 used ifitize 2lefligddas manefacthongre: gsydtallinefilfoahthefqnd @dadimeit of the
present invention, anp t?ft%xcimer Ia%er anngaling treatment apparatus 1 corresponds to the laser
annealing aaﬁlp%}r{gttﬁg Sf thé perepsrgr%fe MVERIGN "™ In the excimer laser annealing treatment apparatus
1, an excimer lasel BagilBltdri2 which 0 wipsitssholsetd SEM qvingarvatale igihgek398 eunha
frequency @}%Ito 6 On';' alndt%é)ug{sgn\{vi éhoﬁi{‘éH'\ﬂé fgg%ggl a g(w)alf maximum) of 20 to 50 ns is
installed on & Vibtation-iree base 8, AntPie excinter Iaser osaiator 2 includes a control circuit 2a
which generates plBe sighadfsg. [80ik72 conc@ivepliisedrasbpoitpuedyfromttid excimtzolaser
oscillator 2 has t eak groups A,.. B.in one pulse in temporal change as shewn in Fig. 2, in which the
peak ntendi SRS L s A G SR e OB o R eiknt o the
second peakygotipm satisfy a condition in which b/a is 0.35 or less. Since only the second-to-last
peaks cannot be formed separately from the first peak and the second-to-last peaks cannot be
controlled, it is necessary to output pulsed laser in which the intensities of the second-to-last peaks are
reduced. THESE MNP SERIREWavefdimIdah b péisieiNthrough design of a laser
oscillation ¢ ﬁ%l setting of energy in the laser oscillator, adjustment of the gas mixing ratio of excimer
gas laser or the like. The above-mentioned excimer laser oscillator 2 corresponds to the laser
oscillator of the predast ¢nvbpdone[@0dBihe present invention will be described based on

Fig. 1.

In a method for manufacturing a crystalline film of this embodiment,

a substrate 8 used for a flat panel display TFT device is taken as a target,
and an amorphous silicon thin film 8a is formed on the substrate 8 as an
amorphous film. The amorphous silicon thin film 8z is formed on the upper
side of the substrate 8 by an ordinary method, and subjected to
dehydrogenation treatment.

In the present invention, however, the types of the substrate as the
target and the amorphous film formed thereon are never limited to the
above.

[0016]

Fig. 1 is an excimer laser annealing treatment apparatus 1 used in
the method for manufacturing a crystalline film of the one embodiment of
the present invention, and the excimer laser annealing treatment apparatus
1 corresponds to the laser annealing apparatus of the present invention.

In the excimer laser annealing treatment apparatus 1, an excimer
laser oscillator 2 which outputs pulsed laser having a wavelength of 308 nm,
a frequency of 1 to 600 Hz, and a pulse width (FWHM: full width at half
maximum) of 20 to 50 ns is installed on a vibration-free base 6, and the
excimer laser oscillator 2 includes a control circuit 2a which generates pulse

signals.



An attenuator 3 is disposed on the output side of the excimer laser oscillator 2, and an optical fiber 5 is
connected to the output side of the attenuator 3 through a coupler 4. An optical system 7 including
condenser lenses 70a, 70b, and beam homogenizers 71a, 71b disposed between the condenser
lenses 70a, 70b is connected to the transmission destination of the optical fiber 5. The optical system
7 may further include a proper optical member such as a mirror. The content of the optical system is
not particularly limited in the present invention, and may be constituted by proper optical members. In
the optical Ky&t&in 7, the pulsed laser can be shaped into a proper beam in addition to being guided.

[0019] A subsirate mount 9 on whigh t strate, 8 is placed is_installed.in th létting
direction of the opzfég? slg/lé1 g?n&?af“ & 816% a %/%:tgrr%n} i%sh&ie,e%3 g(c)lglsefo?s Sgée‘!)tgk%el%é sgeg LIjg{%er into a
rectangulatwep lires hesmuipsteynis of ionaelptdeesur foos phsdec Tegsubs shtovmourk @is2maovable along

the surface direction (XY _direction).of the r 9, and is pravi wijt ing device 10
for rapidly %q(%\lﬁﬁg e gﬁ%%tr%%téer%%)lgﬁt% g%l%%ﬁ?%ﬁ%%% rgcﬁ&orlfg %\élg%% 4 qnzag%%gﬁzation
method of haightorphduthsilipen khimfimutind thd dbeveanendonedlexginy |&seramiEaling

weatment aRRATAINS TUIBEHTER 18561, 1ossTMSIUBSLRLS GiUTdRS ATBIBARUSAigon thin fim
8a formed on the upper side is placed on the substrate mount 9. In the control circuit 2a, a pulse
signal is gexalena@édlstfqrmieﬁtﬁsediaﬁebh_ﬁ@ingth?)iél@étﬂﬁﬂé’g&?@b%@yqqnwﬁobiﬁzye@bﬂIse width
(PWHM) 20,1078 .28 the gbeveementioned alse.cagigh (= genetptet anth Renupqddaser of
wavelength 308 nm Is output from the excimer laser oscillator Z according to the pulse signal. [002
The pulsedideesibiepuofréhetieenadttor lagemssditatore? yeduned. thelite nabiore oAnthis attenuated

at a prodelgUIUngq AURQUANOR AIC.RX BE'NAABRRRA NiPHADIla LR AR BIION [AIGIIR BBhSO thal the

pulsed laser has a predetermined energy density in a processing surface. The attenuator 3 may vary
the attenuativeniiateetting of energy in the laser oscillator, adjustment of the gas mixing

ratio of excimer gas laser or the like.

The above-mentioned excimer laser oscillator 2 corresponds to the
laser oscillator of the present invention.
[oo18l

An attenuator 3 is disposed on the output side of the excimer laser
oscillator 2, and an optical fiber 5 is connected to the output side of the
attenuator 3 through a coupler 4. An optical system 7 including condenser
lenses 70a, 70b, and beam homogenizers 71a, 71b disposed between the
condenser lenses 70a, 70b is connected to the transmission destination of the
optical fiber 5. The optical system 7 may further include a proper optical
member such as a mirror. The content of the optical system is not
particularly limited in the present invention, and may be constituted by
proper optical members. In the optical system 7, the pulsed laser can be
shaped into a proper beam in addition to being guided.

[0019]

A substrate mount 9 on which the substrate 8 is placed is installed in
the outputting direction of the optical system 7. The optical system 7 1s set
so as to shape the pulsed laser into a rectangular or line beam in terms of
irradiated surface shape. The substrate mount 9 is movable along the
surface direction (XY direction) of the substrate mount 9, and is provided

with a moving device 10 for rapidly moving the substrate mount 9 along the



The pulsed laser adjusted in energy density is transmitted and guided into the optical system 7 by the
optical fiber 5. In the optical system 7, the pulsed laser is shaped into a rectangular or line beam
having a short axis width of 1.0 mm or less by the condenser lenses 70a, 70b, the beam
homogenizers 71a, 71b and the like as described, and irradiated to the substrate 8 at the
predetermined energy density in the processing surface. The pulsed laser has two peak groups in
temporal change similarly to when it is outputted, and the peak intensity ratio calculated by (peak
intensity ofssedand gieaktgrmup)/(peak intensity of first peak group) is 0.35 or less in the processing
surface. [0 The above-mentioned substrate mount 9 is moved in the short axis width direction
of the line beam along the surface of the amorphous silicon thin film 8a by the moving device 10, and
as a result, the aboeuyshntibnetioputsethaderfia retativepyhinaslsilechbwithgcddningsima thide range of

the surface_of the amarphaus silic hi i‘!am %% IH amorp §i|i&qn tggw film 8a on
the substra%g%vfas eeéltel%rt)%;/ii the ??r%%%at%% v%n/it the aztfé)o eﬁxrﬁgr{l]{%ene% p%lligeélj %&ger beam, and rapidly
polycrystaltiked. desciihedcrystalline thin film obtained by the above-mentioned irradiation has

nomogenous and higla- Bl SEuste Wl YD 2 aweRBAE Syl ARIN AR e L ARCUHSO nm. The

above-mentioned crysta tn In film can be suitably used for organic EL displays. The purpose of use
is not limitgdheoutbpeatiode in tHeqed senthevewbis ashanmandrystalline thin film can be used for other

liquid crystal displays pg 85 @lRFUQRIG PateTalg uise Ji1eHEIAUNE SEARNIROOT HhgPyisRdaser beam
may be performed by moving the optical systemto which the r?ijlsed laser beawwded, as well as

by relativellpseaviaying subsesee pPrdemtie dve aBo1E- A& oA embodimarid iAWY (00241

20 to 50 ns and the above-mentioned pulse energy is generated, and the
pulsed laser of wavelength 308 nm is output from the excimer laser oscillator
2 according to the pulse signal.

[oo21]

The pulsed laser output from the excimer laser oscillator 2 reaches
the attenuator 3, and is attenuated at a predetermined attenuation rate by
being passed through it. The attenuation rate is set so that the pulsed laser
has a predetermined energy density in a processing surface. The
attenuator 3 may vary the attenuation rate.

The pulsed laser adjusted in energy density is transmitted and

" guided into the optical system 7 by the optical fiber 5. In the optical system
7, the pulsed laser is shaped into a rectangular or line beam having a short
axis width of 1.0 mm or less by the condenser lenses 70a, 70b, the beam
homogenizers 71la, 71b and the like as described, and irradiated to the
substrate 8 at the predetermined energy density in the processing surface.
The pulsed laser has two peak groups in temporal change similarly to when
it is outputted, and the peak intensity ratio calculated by (peak intensity of
second peak group)/(peak intensity of first peak group) is 0.35 or less in the
processing surface.

[0022]

The above-mentioned substrate mount 9 is moved in the short axis

width direction of the line beam along the surface of the amorphous silicon

thin film 8a by the moving device 10, and as a result, the above-mentioned



An example of the present invention will be then described. Fig. 2 shows pulse waveforms of
pulsed laser outputted with varied powers (1050 mJ, 950 mJ, 850 mJ) by use of the same laser
oscillator. The waveforms were measured at a position corresponding to the amorphous silicon thin
film 8a on the substrate 8, and the intensities thereof are shown as relative values. The pulse
waveform has a first peak group A and a second peak group B which appears subsequently. When the
power of the pulsed laser is increased (1050 mei), not only the maximum height of the first peak group
but also the hikightlattreiseadntipeakigradpedrel incrdased msiagonsequedes; argk thé thto of b/a is
0.418, wherein a is r&geaaéégti?%}s@/gfﬁtpe f'{ﬁﬁg%ﬁlr(n oup and b is the peak intensity of the second
peak grour?. AR the power e pulsed laser Is'sma f&r than this (950 mJ), the above-mentioned
ratio is still{0&73] although it is reduced. [00251 In this way, when pulsed laser with a peak

intensity ratio excegding 0,39 s iadiated fe e siicomhin iy, the sligan yp fim ismelied twice
due to relatively highintensity of the second péak group. Namely, although silicon is crystallized when
the silicon tirtfitmisaieltedrandtbhenged dremeliqiiddd pubiidbashe fiestpeakdirewodyulated
silicon thin fi(l)rln és rsetmﬁltzeed if the intensity of the second peak is high, causing recrystallization. This

phenomengn s caused wi dispersion in the silicon thin film, impairing the homogeneity of
crystallization.  Ths ispppalent flom fHig obthénsddve the atiovedmatidisned iuedatias or less
when the powey. of t 1% f e ) T Ui i0.film.{s,
homogen&lgﬁlefé?ygpagﬁglg %%é?%%ﬁéﬁ g{'{r%]ﬁe% plﬁ%g%l%gérswgltth t%ﬁe% %%%g?n%rﬂ%% pe%k intensity
ratios beindid.84qrorhphrativé dkample) i oree-greetitve &l inershitradibre¢as silicon thin
films at ener. Hi in ig. 3; talk | t e mages
(magnifica??%%ggggﬁgﬁg%ggg%%g%a%e@ g‘ul&)é%%tf‘t% %c')r ﬁ%ﬁ?@%ﬁ??&ﬂﬁ ng?%%?ri;%%glline silicon
thin films ate $hevabirv&itn 3he presrndugy ensionysathithesoantaldepehimdion themiynitude of

the eneray denei g iiadiietapiaisyhsitaie A s faund it slingierystals are more

homogenous in a polycrystalline silicon thin“film irradiated with laser pulse with the intensity of the

second peak beingTibw {rnéitvaceraipteyfitha praseélyeppsthmnmsmesnb pertormadiated with
laser pulse, with thedntensity.af ihersarendagalk prING NG (CABPHALIYLIAMNG): as well

as by relatively moving the substrate mount in the above-mentioned

embodiment.

EXAMPLE 1
[0024]

An example of the present invention will be then described.

Fig. 2 shows pulse waveforms of pulsed laser outputted with varied
powers (1050 md, 950 md, 850 mdJ) by use of the same laser oscillator. The
waveforms were measured at a position corresponding to the amorphous
silicon thin film 8a on the substrate 8, and the intensities thereof are shown
as relative values.

The pulse waveform has a first peak group A and a second peak
group B which appears subsequently. When the power of the pulsed laser 1s
increased (1050 md), not only the maximum height of the first peak group
but also the height of the second peak group are increased as a consequence,
and the ratio of b/a is 0.418, wherein a is the peak intensity of the first peak
group and b is the peak intensity of the second peak group. When the

power of the pulsed laser is smaller than this (950 mJ), the above-mentioned



[00271 Further, irradiation unevenness was visually observed by irradiating white light to the
above-mentioned test materials from an oblique direction while changing the angle. Observation
results about an inventive example with energy density of 337 mJ/cm2 and a comparative example
with energy density of 333 mJ/cm2 were shown in Fig. 4. As is apparent from Fig. 4, irradiation
unevenness was observed in the comparative example although no irradiation unevenness was
observed regardless of the irradiation angle in the inventive example in which homogenous
crystallizatianiwas stthinetll Nal thradidiiohisrederrdss was observed in inventive materials other than
that showr'[oﬁr%%irradiation unevenness was observed in comparative examples other than that shown.
[00281 [though the present invention has been described above based on the embodiment, the
present invention ismekér limijted e thpwdentk bt efithve 8mb ediskent tznd an b propediticlzanged

e R e L BT DTN ST BRI
due to relatively high intensity of the second peak group. Namely, although
silicon is crystallized when the silicon thin film is melted and changed from a
liquid to a solid by the first peak, the coagulated silicon thin film is remelted
if the intensity of the second peak is high, causing recrystallization. This
phenomenon is caused with dispersion in the silicon thin film, impairing the
homogeneity of crystallization.

As is apparent from Fig. 2, the above-mentioned ratio is reduced to
0.35 or less when the power of the pulsed laser is further reduced (850 md).
The silicon thin film is thus homogenously crystallized.

[0026]

Then, pulsed lasers with the above-mentioned peak intensity ratios
being 0.374 (comparative example) and 0.341 (inventive example) were
irradiated to silicon thin films at energy densities (E/D) shown in Fig. 3 to
crystallize the films. SEM photographic images (magnification 5,000;
photogréphic image substitute for drawing) of the resulting polycrystalline
silicon thin films are shown in Fig. 3.

Although the crystallinity is varied depending on the magnitude of
the energy density being irradiated on the substrate, it is found that
resulting crystals are more homogenous in a polycrystalline silicon thin film
irradiated with laser pulse with the intensity of the second peak being low
(inventive example) than in a polycrystalline silicon thin film irradiated with
laser pulse with the intensity of the second peak being high (comparative
example).

[0027]

Further, irradiation unevenness was visually observed by irradiating
white light to the above-mentioned test materials from an obligue direction
while changing the angle. Observation results about an inventive example

with energy density of 337 md/cm? and a comparative example with energy
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7. Optical system 70a. Condenser lens 70b. Condenser lens 71a. Beam homogenizer 71b. Beam
homogenizer 8. Substrate 8a. Amorphous silicon thin film 9. Substrate mount 10. Moving device
WHAT IS CLAIMED IS

density of 333 md/cm? were shown in Fig. 4. As 1s apparent from Fig. 4,
irradiation unevenness was observed in the comparative example although
no irradiation unevenness was observed regardless of the irradiation angle
in the inventive example in which homogenous crystallization was attained.
No irradiation unevenness was observed in inventive materials other than
that shown, and irradiation unevenness was observed in comparative
examples other than that shown.
foo28]

Although the present invention has been described above based on
the embodiment, the present invention is never limited to the content of the
embodiment and can be properly changed without departing from the scope

of the present invention.

DESCRIPTION OF SYMBOLS
[0029]

1. Excimer laser annealing treatment apparatus
2. Excimer laser oscillator

3. Attenuator

7. Optical system

70a. Condenser lens

70b. Condenser lens

71la. Beam homogenizer

71b. Beam homogenizer

8. Substrate

8a. Amorphous silicon thin film
9. Substrate mount

10. Moving device
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1. A method for manufacturing a crystalline semiconductor, comprising: crystallizing an amorphous
semiconductor by irradiating the amorphous semiconductor with pulsed laser, in which the pulsed
laser has a plurality of peak groups in one pulse in temporal intensity change, and a first peak group
having a maximum height, of the peak groups, and a second peak group which appears subsequently
satisfy a relationship of (second peak group)/(first peak group)<0.35 in terms of peak intensity value
when the pulsed laser is irradiated on the amorphous semiconductor. 2. The method for
manufactukg e k$ySTalling BémiiSonductor according to claim 1, wherein the amorphous

semicondugtor is an amqgrlgao‘%vsq silicon.thin film formﬂedto a substrate. 3. @ laser annealllling apparatus
comprising:a Iaseer}g'cEfﬁ 0 i&%ﬂiﬁ%ﬁ%‘%ﬁ?&% Hhg&r meés’ﬁ%% ey lef/s%’rﬁ?/v gﬁséugdes the
pulsed laser{aailamorphaussemitanduestarianadductoa impvingadesitegvhich retativdipmsoves the

amorphous semicogdugtors that the pjtjlsezd I%serhtiséilrr diaten?stgdt gsamﬁtr hé)ui sl ¢co{r)1§iuctor with
scanning, inCWHEH A ue %évlla_l}ep% S&ﬁa %?eoufpu‘f‘é 1e pu e’ That’thé Bu}lse 4sér has a

plurality of pesk goups iirormpulsddn mmmnaidnmnhimﬁnlaﬂ]ygcseﬁ;;g(ﬁ finstipeakgtoppalaving a
e S R B T SR B AU ey s o
laser annealing@pphiebus ppeardingitsetpimmslywketeifrtie mistdiabép s#tidfewtid makonship
{(second peak JrpURILASL Deak goyel 85 %k IRERL is5adited: RN ARRIBNRYR Refigonductor.
pulsed laser is irradiated on the amorphous semiconductor.
2. The method for manufacturing the - crystalline semiconductor
according to claim 1, wherein the amorphous semiconductor is an amorphous
silicon thin film formed on a substrate.
3. A laser annealing apparatus comprising:
a laser oscillator which outputs pulsed laser;
an optical system which guides the pulsed laser to an amorphous
semiconductor; and
a moving device which vrelatively moves the amorphous
semiconductor so that the pulsed laser is irradiated to the amorphous
semiconductor with scanning, in which
the laser oscillator outputs the pulsed laser so that the pulsed laser
has a plurality of peak groups in one pulse in temporal intensity change, and
a first peak group having a maximum height, of the peak groups, and a
second peak group which appears subsequently satisfy a relationship of
(second peak group)/(first peak group)<0.35 in terms of peak intensity value.
4, The laser annealing apparatus according to claim 3, wherein the
pulsed laser satisfies the relationship {(second peak group)/{first peak

group)<0.35} when it is irradiated on the amorphous semiconductor.
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