DESCRIPTION TITLE OF THE INVENTION LASER ANNEALING TREATMENT APPARATUS
AND LASER ANNEALING TREATMENT METHOD TECHNICAL FIELD [0001] The present
invention relates to a laser annealing treatment apparatus which irradiates a semiconductor film with
pulse laser light, thereby carrying out laser annealing, and a laser annealing treatment method.
BACKGROUND ART [0002] Laser annealing using laser light is carried out as a part of a
manufacturing method which is a low temperature process for a thin film transistor used for a pixel
switch and a drive circuit for a liquid crystalDiispdaR Bnpi@nprganic EL (Eleetro Luminescence display.
This method irradiates a non single-crystalline semiconductor film formed on a substrate with laser
light, thereby locally heating and melting the semiconductor thin film, or heating the semiconductor thin
film withouTi&lENQ FaridEian/ @y gEdikes the semiconductor thin film into a polycrystalline film or

single-crystalline film,J c% I : Tfﬁ fé‘ﬁﬁlﬁ d semic %ﬁ? r thi 1gilm presents high
mobility of carrier;ﬂjg;‘?(]egrlgby C %ﬁgﬁﬁse p gc 5§f thgﬁrﬁo}% %nsig M , the laser
annealing tAeahddt IIplieRIFia TENTSEBME ©&Emiconductor thin film can also carry out modification.
Regarding the irradiation of the laser light, a method of shaping pulse laser light into a rectangular form
or a line form, and carrying out overlap irradiation while scanning the pulse laser light, thereby
annealing SéribofidictoFiEIpboposed (for example, refer to Patent Literature) . Homogeneous
treatment r@ ¥to be carried out over the semiconductor film when the laser light irradiates, and
adjust

control to aser output within a predetelmined range, and control to adjust pulse energy within a
predetermined rarfde lpyasmarnswhtinn relates to a laser annealing treatment apparatus which

irradiates a semiconductor film with pulse laser light, thereby carrying out laser

annealing, and a laser annealing treatment method.

BACKGROUND ART
[0002]

Laser annealing using laser light is carried out as a part of a manufacturing
method which is a low temperature process for a thin film transistor used for a pixel
switch and a drive circuit for a liquid crystal display and an organic EL (Electro
Luminescence display. This method irradiates a non single-crystalline semiconductor
film formed on a substrate with laser light, thereby locally heating and melting the
semiconductor thin film, or heating the semiconductor thin film without melting, and
then crystallizes the semiconductor thin film into a polycrystalline film or
single-crystalline film in a cooling process. The crystallized semiconductor thin film
presents high mobility of carriers, thereby increasing the performance of the thin film
transistor.  Moreover, the laser annealing treatment applied to the crystalline
semiconductor thin film can also carry out modification.

Regarding the irradiation of the laser light, a method of shaping pulse laser light
into a rectangular form or a line form, and carrying out overlap irradiation while
scanning the pulse laser light, thereby annealing semiconductor is proposed (for
example, refer to Patent Literature} .

Homogeneous treatment needs to be carried out over the semiconductor film
when the laser light irradiates, and control to adjust laser output within a predetermined

range, and contro] to adjust pulse energy within a predetermined range by means of an



attenuator is generally carried out so that the irradiating laser light has a stable pulse energy density.
CITATION LIST PATENT LITERATURE [0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 6-5537 SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION [0004] By the way, the semiconductor film crystallized by the irradiation of the pulse
laser light presents an excellent property as a semiconductor element brought about by a fact that
crystal grains large in grain diameter are uniformly present. Therefore, the irradiating pulse laser light

for the lasetrpngaling needsiio bave Ny IY-densittwiich isiaek exgfSsive: aaaligient and which
is thus within a raﬁ%(la suitable for the crystallization. Though the laser output is controlled so that

the laser oBSEEYAIEithin a range suitable for the crystallization in the laser annealing in this way, the
conventional pulse laser light poses such a problem that a proper range of the laser output is narrow,

namely a f}?'n[l_;@)Méﬂgesulting in a heavy load imposed upon an apparatus for the control, and a
crystal prorgz é ry due to fluctuation in output.

PATENT LITERATURE
L0003
Patent Literature 1: Japanese Patent Application Laid-open No. 6-5537

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004]

By the way, the semiconductor film crystallized by the irradiation of the pulse
laser light presents an excellent property as a semiconductor element brought about by a
fact that crystal grains large in grain diameter are uniformly present. Therefore, the
irradiating pulse laser light for the laser annealing needs to have an energy density
which is not excessive or deficient, and which is thus within a range suitable for the
crystallization.

Though the laser output is controlled so that the laser output falls within a range
suitable for the crystallization in the laser annealing in this way, the conventional pulse
laser light poses such a problem that a proper range of the laser output is narrow,
namely a margin is small, resulting in a heavy load imposed upon an apparatus for the
control, and a crystal property tends to vary due to fluctuation in output.

The conventional pulse laser light has a pulse waveform steep both in rising and
falling as shown in FIG. 6, and the inventors have found that, by changing the
waveform into a broad pulse waveform, an energy density itself suitable for the
crystallization is increased, and a range thereof is increased relatively wide.

However, the increase in the energy density suitable for the crystallization
means that the pulse energy density needs to be increased by decreasing an irradiated
area of the pulse laser light. If the irradiated area of the pulse laser light is decreased,
the number of times of the pulse irradiation for treating one surface of the

semiconductor film necessarily increases, resulting in a decrease in throughput.
[0005]



The conventional pulse laser light has a pulse waveform steep both in rising and falling as shown in
FIG. 6, and the inventors have found that, by changing the waveform into a broad pulse waveform, an
energy density itself suitable for the crystallization is increased, and a range thereof is increased
relatively wide. However, the increase in the energy density suitable for the crystallization means
that the pulse energy density needs to be increased by decreasing an irradiated area of the pulse laser
light. If the irradiated area of the pulse laser light is decreased, the number of times of the pulse

irradiation for trealihg prreeatitacaiiiie seviiednauctor imiretesgaiily nerpasesniermting in a
decrease in throug%h ut.. 005% The present invention is devis&d in view of tr%ﬁ? egaing problem,
t

fo

and has anogbt](:etc(f "8ravitn lasgr g R G PSR AR APIS At s R R SRERe $hod which
can increaserthecrengealof thegendngy densiydoaainglydnelpropesomrigitrsiitaieatos the rystallization
and the like while.restraining a decrease.jn throughput as,much as possible. MEANS OF SOLVING
THE pRoﬁﬁé}ﬁ@‘Tﬁ%%]w‘g %ﬁfﬁg}(se a Ea{i:eerr S%r?(géllﬁgg HrSSHaRe éﬁpﬁfﬁﬁé‘%%tcgﬁdfﬁﬁ% fie present
invention ip@sfitdbaspect, includes a laser light source that outputs pulse laser light, an optical system
that shapes the pulse laser light, and leads the shaped pulse laser light to a semiconductor film subject
to treatment, and a stage to be set the semiconductor film to be irradiated by the pulse laser light,
where the pliiseNaser bt ividdiating:tAR QBmiddiRductor film presents a rising time equal to or less
than 35 na fnds from 10% of the maximum height to the maximum height in the pulse energy

all

density, and a falling time equal to or more than 80 nanoseconds from the maximum height to 10% of
the maximum heidhet[G00 1jFheadasatiap iealingtr epfrasniappardiug in thegrendtaspentiof the present

invention in, a figst aspect is ¢ ten hat the rising time is equal to or.less than %O
nanoseconlds? and t%%%e&iin%gﬁégegig e%%glh ﬁg%%r{l%rg fﬁ%ﬁo hlfstsn élggoiﬁs 3. lfgggéﬁ' e g%%ar annealing
treatment apparattiairshattsdtbspedtcotates piggennd leads the shaped pulse laser light to a

semiconductor film subject to treatment, and a stage to be set the semiconductor film to
be irradiated by the pulse laser light, where the pulse laser light irradiating the
semiconductor film presents a rising time equal to or less than 35 nanoseconds from
10% of the maximum height to the maximum height in the pulse energy density, and a
falling time equal to or more than 80 nanoseconds from the maximum height to 10% of
the maximum height,

(0007 The laser annealing treatment apparatus in a second aspect of the present
invention in a first aspect is characterized in that the rising time s equal to or less than
30 nanoseconds, and the falling time is equal to or more than 83 nanoseconds.

[0008] The laser annealing treatment apparatus in a third aspect of the present
invention in the first aspect or the second aspect is characterized in that the apparatus
includes a waveform shaping unit that shapes the pulse laser light output from the laser
light source into a pulse waveform having the rising time and the falling time.

[0009] The laser annealing treatment apparatus in a fourth aspect of the present
invention in the third aspect is characterized in that the waveform shaping unit includes
beam splitting means that splits the pulse laser light output from the laser light source
into a plurality of beams, delay means that delays cach of the split beams, and beam
synthesizing means that synthesizes the respective split beams.

10010 The laser annealing treatment apparatus in a fifth aspect of the present
invention in any one of the first to fourth aspect is characterized in that the apparatus

includes a plurality of laser light sources, wherein beams of the pulse laser light output



invention in the first aspect or the second aspect is characterized in that the apparatus includes a
waveform shaping unit that shapes the pulse laser light output from the laser light source into a pulse
waveform having the rising time and the falling time. [0009]The laser annealing treatment apparatus in
a fourth aspect of the present invention in the third aspect is characterized in that the waveform
shaping unit includes beam splitting means that splits the pulse laser light output from the laser light
source into a plurality of beams, delay means that delays each of the split beams, and beam
synthesizidpmdbansctipatSyathesiiahtheer egpactipessdlitibaahysobtdiblT He: Ipsike daxeediiht treatment
apparatus in %i%ﬁgaﬁﬁed of th 1?&%%‘%rft invention in any one of the first to fourth aspect is

thdat t

characterized In eeS%%lngr%tus includes a plurality of laser light sources, wherein beams of the

pulse laserlight butput Fbenlther respetigettestardiyrgreatupérimposkdsiveretytiabpaising the pulse
spect of s B e e
semiconduthortfilhe iorabiateddintdd bylshdeperdiehasendightiglacnysiajiesonyistalline silicon. [0012]The
laser anne?djélgzljreatmeFﬁh%qQ@Iaiﬂﬁéﬁiﬁfﬁgg&grﬁ%‘ﬁﬁa&{lmg PLEeY aspect of the present

invention in any one of the first to sixth aspect is characterized in that the pulse laser

light is excimer laser.

[0013] A laser annealing treatment method according to the present invention

includes obtaining pulse laser light which presents a rising time equal to or less than 35

nanoseconds from 10% of the maximum height to the maximum height in the pulse

energy density, and a falling time equal to or more than 80 nanoseconds from the

maximum height to 10% of the maximum height in a pulse waveform, and relatively

scanning the pulse laser light with respect to a semiconductor film while the pulse laser

light is irradiating the semiconductor film, thereby carrying out surface treatment of the

semiconductor film.

[0014] That is, according to the present invention, the pulse laser light having

the properly defined rising time and falling time irradiates the semiconductor film, and

the annealing treatment can thus be carried out at a proper pulse energy density having a

large margin. Moreover, the pulse energy density suitable for the crystallization and

the like can be restrained to a relatively small value, and an irradiated area can thus be

increased as much as possible, resulting in a treatment being carried out at an

appropriate throughput.

[0015] If the rising time exceeds 35 nanoseconds, the pulse energy density

suitable for the crystallization and the like increases, and the irradiated area of the pulse

laser light needs to be reduced. Therefore, the rising time is set to be equal to or less

than 35 nanoseconds. For the same reason, the rising time is preferably equal to or

less than 30 nanoseconds.

If the falling time is less than 80 nanoseconds, the margin in the pulse energy
density suitable for the crystallization and the like decreases, the load imposed on the
apparatus increases, and it is hard to obtain uniform crystals. Therefore, the falling

time is set to be equal to or more than 80 nanoseconds. For the same reason, the



invention in any one of the first to sixth aspect is characterized in that.the pulse laser light is excimer
laser. [0013]A laser annealing treatment method according to the present invention includes obtaining
pulse laser light which presents a rising time equal to or less than 35 nanoseconds from 10% of the
maximum height to the maximum height in the pulse energy density, and a falling time equal to or
more than 80 nanoseconds from the maximum height to 10% of the maximum height in a pulse
waveform, and relatively scanning the pulse laser light with respect to a semiconductor film while the
pulse laserfditjngisnreadiptificr shky sepit onductarcfitoan Stenabyseaorying out surface treatment of the

semiconductor flfp JOO1#FIENAL e Aeaopeingio.he presentiyention, ine. pulse ager ight having the
properly defined rising time and falling time irradiates the semiconductor film, and the annealing
treatment casximusibestgirrietagutist s prefpempolsecenexgyweisityhiavitiy alexge meegividoreover,

the pulse epgaiienaite sulishis ol g eyaiglizalanand he the conpefastained o, felatively
small value, and anirradiated area can thus be increased as much as possibie, resuiting in a
treatment Bedrd Geofiée outxaramappebpiadecthrewghipe0045]If the rising time exceeds 35

nanoseco pulse-gne j itahle fo crystallization and.the like increases, and the
irradiated r;‘(rbe?)aﬂ{gr}the pu@%lé%}ésg I%ﬁt)ér\fge § %%% {rigdﬁ?:%é.slﬁ%%fg%? ﬁ%lﬁgiﬁg?igegﬁ?a%ee to be equal
to or less theev8HuzhesevndfRomiichstmeulsadarer thghtiswiguintiens refarabligkiomairte or less

than 30 napasecondveroril heialNg,IMG S @f&w%&?&ﬁp%%%zg %%?J*aﬁa # ;geei g pulse

energy density suitable for the crystallization and the like decre he load Impo on the

apparatus Wiefeiasas, aivl dtries by dheo dsisteda wiatefemeiystals apheitstbreliatfating dinedsiset to be
equal to on xogr Hhan,8R.0anasgeeRrlnFarinG Samedeas e Hfa faling ie isarigraply equal to or

more than 85 nanoseconds. It should be noted that the rising time is defined as a time from the
10% of theam@gimaysihenyRearagume wHbRAelap Brersdxinsar Beigtiviefeha phesma Wndention. The

falling time, i3 defined a3 & fipe fiapiheoadmyndaig Haldhe aulRg WaMEIR IR the 13036 of the
maximum height in the present invention.

hight source into multiple beams, the delay means that delays each of the split beams,

and the-beam synthesizing means that synthesizes the respective split beams. The

pulse waveform can be shaped to a proper waveform by setting a delayed quantity in the

delay means. The delay means can change the delayed quantity by adjusting an optical

path length.

For example, the beams of the laser split by the beam splitting means are
respectively led to optical systems different in optical path length. A pulse time width
can be extended, and the pulse waveform can be adjusted by leading again the beams
split and delayed to a single optical path. Particularly, the pulse time waveform can be
properly changed by adjusting an intensity ratio upon the split, and the setting for the
respective optical path lengths after the split.

[0017] Moreover, the pulse waveform having the above-described rising time
and falling time can be obtained by superimposing pulse laser lights output from a
plurality of laser light sources. The waveform may be obtained by synthesizing the
plurality of pulse laser lights into a single of pulse laser light in advance, and irradiating
the semiconductor film with the single pulse laser light, or by irradiating the
semiconductor film with the plurality of pulse laser lights, resulting in irradiation at an
energy density which consequently realizes the desired waveform. When the plurality
of the pulse laser lights are superimposed, the desired pulse waveform may be obtained

by adjusting phases of the pulse outputs, or interposing delay means.



[0016]The pulse waveform having the rising time and the falling time described above may be a
waveform which the pulse laser light output from the laser light source has, or a waveform which is
obtained by the waveform shaping unit shaping the pulse waveform. As a result, the desired wavefoini
can be acquired without using a special laser light source. A waveform shaping unit using the delay
means can be mentioned as the waveform shaping unit. If the delay means is used, the waveform
shaping unit includes t-lbeam splitting means that splits the pulse laser light output from the laser light
source into_ piulgple beams, the delay means that delays each of the split beams, and t=Ibeam
synthesizing meagﬁ?:h tz%nthesizes.the respective ﬁepl't beams. The pulse waveform can be shaped -
to a proper wavef u§9 SHRE Y e By S G altiRy SR ST R ARES e G Aty REBRLEan change
the delayediljc@ntitinhindjpistiog dnveptical pathhidngited to Epsefiamples e beamsigf tha laser split

by the beam ZP 'ttinrg means Ii‘a‘re res ec{tiv l)‘{ﬁ led to ?}Jtical S stemg%fiiffer %&in ogélgﬁ 8pa,th length. A

pulse time Width' 28R B Extenddd ARt tre PUSE VBN TLIT AL HufRStae oy H98in the

beams splibanid ditiyedtes siifie opiicabpatlotd? ditiauteirly, o ldser tinggiwavafann pasdbe properly

changed by adjusting.an intensity ratio upon the split, and, the setting for the respective optical path
engthne aft TR Ea OB Er B A R TG Th B S RS B o
and falling preredanveetabidsned Iy sep erithposuig gutserldghr. lights output from a plurality of laser
light sources. The waveform may be obtained by synthesizing the plurality of pulse laser lights into a
single of pulse laser light in advance, and irradiating the semiconductor film with the single pulse laser
light, or by lir&diafivgthd BENNdIAIEIONIIm with the plurality of pulse laser lights, resulting in
irradiation ?q@fb?nergy density which consequently realizes the desired waveform. When the plurality
of the pulse laser lights are superimposed, the desired pulse waveform may be obtained by adjusting
phases of the pulde clegouitssbrintesposingatel aynerdangsir{@@i8]t appathtsghctoedpregenthinvention is
preferably WRegoetaiRlizg A0AMRRIGUS ISR U NS RIZPERLICY RAUR IS, ROl © specific
types of a aterial an specific purposes. F6r example, the pfesent invention ﬁway e gppalled to
modificatioty#iyrirrdiinshepaschystatine bsmidaiduetsr fladanitle pblgedagelsighiseAdighe pulse laser

light, thou imer ' 2gVi ' u b t invention is
ot Imited e ey Iasen T R G e R R R e o above.

the laser afiiedhnty tisedintedt pper awscdesartishy. toltheeiprdsepulynisseohghcioddsntoader light
source that QHIDMLS RIS EIRS & UGkl A HBH%aéiﬁb@E%ﬁhfn@t&h?a@ﬁﬁ&? pylseasenightsgpd leads the

shaped pulse laser light to a semiconductor film subject to the treatment, and ca stage that carries the
semicondut4ér filnihe Bexiratmabsizhy b parssinmye: hgiehtindheinulse pugseyidsesifigindradiating the
semicondugiph il iR 8§ERI S HHINGIMG, SAUAUHO:LEIRES HRAN #e PARRSGEPRARITAM§09%,pf the

maximum height to the maximum height in the pulse energy density, and a falling time equal to or
more than 86 HHFSEEbRE oMb IRMER MRBEY P PRI bin syisiiraiiomershthatisane margin

quantity properfey teessysiaiization aeskide UkesaandihusIDeseRY r&(gs\t\slnii,@amﬁl SRErGy depsity

suitable for the crystallization and the like is not particularly increased, and unifol in annealing

treatment cAABPEEGHY HURGRASE Mt PR missiegbshappat et sRtdEcreasing

the through@tbasing the load imposed on the apparatus, and decreasing the throughput.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

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

FIG. 2 1s a schematic diagram showing a wave shaping unit according to the
embodiment of the present invention,

FIG. 3 1s a diagram showing respective pulse waveforms of pulse laser light
used for examples of the present invention;

FIG. 4 15 a diagram showing a relationship between a pulse rising time and a



BRIEF DESCRIPTION OF THE DRAWINGS [0020] FIG. 1 is a schematic diagram showing a
laser annealing treatment apparatus according to an embodiment of the present invention; FIG. 2
is a schematic diagram showing a wave shaping unit according to the embodiment of the present
invention; FIG. 3 is a diagram showing respective pulse waveforms of pulse laser light used for
examples of the present invention; FIG. 4 is a diagram showing a relationship between a pulse rising
time and a margin of a pulse energy density; FIG. 5 is a photograph substituting drawing showing
surface of arystals i pulilicaretpinditosigtter irradiation of pulse laser light according to examples of the

present invention;.and . . FIG, 6 is a diagram showing a pulse wavefoini of pylse laser light used for a
Conventional lase SfinSdr TSLHERE DB UCEMOBE E S ERREFIRG BUTHTHE RVENTION
silicon thin film after irradiation of pulse laser light according to examples of the
present invention; and
FIG. 6 is a diagram showing a pulse waveform of pulse laser light used for a

conventional laser annealing treatment apparatus.

MODE FOR CARRYING OUT THE INVENTION
[0021]

A description will now be given of an embodiment of the present invention.
FIG. 1 is a diagram showing an overview of a laser annealing treatment 1 according to
the present invention.

The laser annealing treatment apparatus 1 includes a treatment chamber 2, a scan
device 3 which can travel in X and Y directions in the treatment chamber 2, and a base
4 on a top portion of the scan device 3. A substrate arrangement stand 5 is provided as
a stage on the base 4. An amorphous silicon film 100 or the like is placed as a
semiconductor film on the substrate arrangement stand S5 during annealing treatment.
The silicon film 100 is formed to a thickness of 50 nanometers on a substrate, which is
not shown. The formation can be carried out by an ordinary method, and the method
of forming the semiconductor film is not specifically limited by the present invention.

The scan device 3 is driven by motors or the like, which are not shown. An
introduction window 6 which introduces pulse laser light from the outside is provided
on the treatment chamber 2.

[0022]

A pulse laser light source 10 is provided outside the treatment chamber 2.  The
pulse laser light source 10 is constituted by an excimer laser oscillator, and can output
pulse laser light which has a wavelength of 308 nanometers, a repetition oscillation
frequency of 300 Hz, a pulse rising time of <5 nanoseconds, and a pulse falling time of
approximately 45 nanoseconds, and feedback control is provided so that the output of
the pulse laser light is maintained in a predetermined range in the pulse laser light
source 10.

[0023]



[0021] A description will now be given of an embodiment of the present invention. FIG. 1 is a
diagram showing an overview of a laser annealing treatment 1 according to the present invention.

The laser annealing treatment apparatus 1 includes a treatment chamber 2, a scan device 3 which can
travel in X and Y directions in the treatment chamber 2, and a base 4 on a top portion of the scan
device 3. A substrate arrangement stand 5 is provided as a stage on the base 4. An amorphous silicon
film 100 or the like is placed as a semiconductor film on the substrate arrangement stand 5 during
annealing treatmeTie Pagssilicen Hight 160ispatrbeddesasthiCnbssoetiBathanpmetepalen lasstibstrate,

which is nqt %QOWI’]. T% forrHati r%lcan be cafl_ir_iedtmét bX a 1tordinar)i [netho , angl the method of fin
ming the seficonduétor M s e snﬁeegﬁfggl ycﬁlrsﬁlye BByntﬁeeﬁl Bt IntERiiowE 10 PRRES &SN device 3
is driven bymietgsssobéhm likepinhiehdadehatishdvwnaAngtiteddiystion Windawitwhisk lotreduces pulse
laser light g%%cttqe ou}%idle (Ifl (Providnqd on thg H;eem;nent grha er 2,100221 A.?ulse ser light
source 101s prov?éle%l outside thesreatment chamber 3 réap}ualsﬁJ Fa Squf}grﬁ{lg%ﬁ?&éc% Ronstituted
by an excirt@f laseh®othatontanichodreo Atphitquels ehasentghtonbic vhala waveldnl tmofhd08

nanometerg, 2 fenetlioneseilation lieduenpy,of 300z, apuise rising fiwe of 73 Anoseconds, and a
pulse falling time of approximately 4 hoseconas, and feedpack Contror is prowdoed So'that the

output of tveqeulsellaseniigh: mdnaistajrddn thorpdestityrted la@ngéoin tpetphige:laseirdight source 10.
[0023] sﬁgﬁepglxsé%t%sﬁﬁi@ﬁaéé 89%%%%@?9”5 of pulse oscillation in the pulse laser light source
[

10 is adjusted i energy tensity by an atteriuator 11 according to necessity, undergoes beam shaping
and deflecti®f2dy an optical system 12 constituted by lenses, reflection min-ors, homogenizers, and

Inrodusion windcly prOuEIed o e B R A2 S S A o the
in-adiationfig vidtespiEeifichty finiline ohH iwsreipod ghapesoptitdB sybtema® He &spot shape, a
ciroular shape, a IeHanguaiRNARG AL ORI NP RaIPAAAD: is TG ORIGR WSl miRdldes a
ping unit U. A description will now’be given of an outline of the waveform shaping unit 13

referring tofGvayeform shaping unit 13, the beam is split so that a part 15a of the beam is

reflected by 90 degrees, and the remaining beam 15b transmits. That is, the beam

splitter 130 corresponds to beam splitting means of the present invention. A total

reflection mirror 131 is arranged in the reflected direction of the beam splitter 130 so

that an incident angle is 45 degrees, a total reflection mirror 132 is arranged in a

reflected direction of the total reflection mirror 131 so that an incident angle is 45

degrees, a total reflection mirror 133 is arranged in a reflected direction of the total

reflection mirror 132 so that an incident angle is 45 degrees, and a total reflection mirror

134 is arranged in a reflected direction of the total reflection mirror 133 so that an

incident angle is 45 degrees.

A rear surface side of the beam splitter 130 is arranged in a reflected direction of

the total reflection mirror 134, and is irradiated by the beam at an incident angle of 45

degrees.

[0025]

The beam 15a reflected by 90 degrees by the beam splitter 130 is reflecied each

time by 90 degrees successively by the total reflection mirrors 131, 132, 133, and 134

becomes a delayed beam 15c¢, and reaches the rear surface side of the beam splitter 130,

part of the beam 15c¢ is reflected by 90 degrees, and is superimposed in the delayed form

on the beam 15b, and the remaining beam transmits through the beam splitter 130, and

repeats the total reflections and the split by the beam splitter 130. The beams



A beam splitter 130 constituted by a half mirror is arranged on an optical path in the wavefolin shaping
unit 13, the beam is split so that a part 15a of the beam is reflected by 90 degrees, and the remaining
beam 15b transmits. That is, the beam splitter 130 corresponds to beam splitting means of the present
invention. A total reflection mirror 131 is arranged in the reflected direction of the beam splitter 130 so
that an incident angle is 45 degrees, a total reflection mirror 132 is arranged in a reflected direction of
the total reflection mirror 131 so that an incident angle is 45 degrees, a total reflection mirror 133 is
arranged inwp¢afienies] direttioh of dhetietaéaafl e shosiduiter shagegoithaifeapuineidentanglebis 45
degrees, and a total reflection mirrar 134 is arranged in a reflected direction of the. total reflection
mirtor 135 SR AT NNt SRS18 ISASaBRFea © PUKTRP IR 560 B the BEMy <Bifter 130 is
arranged inatleflectedfdliiegfiendokihel totalitaflection ghirt60 badhaodtisar tadiatedueitieabeam at an
incident angle of,45.degrees, [0025 The heam 15a reflected hy 90 g[e ees by the heam splitter
130 is reflg%clfjeg%saec%aﬁ%ne% %?ﬁlt9%%&%3r%lggesuic?cgsss}‘?\c/eIf/l l%l‘/lal e t6ta 5?fet fifr“] ?ﬁil%}? lﬂ%f,nl%z, 133, and
134 beconmgsd tetayed beani 3 bayeredoraiches the feditbe rfacensice laf ghe tbebemsplittemi 30, part of
the beam 15¢ is reflected by 90 degrees, and is superimposed in the delayed form on the,beam 15b,
and the re#eallﬁhs{né %%%R}%gr?sﬁg rgﬁléﬂ ?ﬁeagéa% i%ﬂ%ﬁ%r?i%, %%u@gretge% s'THe totat r&l@ctions and
the split bynthedseamisititte ti8M ke une dwighsupéfithpdsbd eacinothehoplihe Heanlelbledide are
shaped in f i g the delayed beam, present a pulse wavefol Hi steep
i the isng D o i R B T R P
Specificallystlestpulseitases Hotreh s adgushing dbkintisachathplesgiwandfoimathetuitashe psilsg time equal
to orlesst 2C %, of | heigk h Xi height.in the pulse
energy der?‘s%g/? an gg%%r%%%r%ﬁ%%%%%r%%@%ﬁ?%& ﬁé}%@fé@é&ﬁ% r%%@ﬁg]erﬁ%%rﬁﬁ% height to
10% of theoinidxisplirphisig ser gkttt qudinidy ditiadibsiad can be changed by changing the
positions o[éi?%r}aspective total reflection minors, thereby adjusting the optical path length, and, as a
result, the pulse wavefoi In of the superimposed pulse laser light can be arbitrarily changed. The

intensity of the splbpislsddsestilightray bendilidediytadesmedineopelambeT Rahyath [thser light 150
IS introduced,inig e, e AEGNE ChamBgh A arolitbe. iadussion Windawbxaad dHadipigs the silicon

film 100 on the substrate arrangement stand 5. On this occasion, the substrate arrangement stand 5 is

moved alofigiith thEbase 2dspsine. Jbarydstive srtangemenysisad ssir ghved Sboireatisie®¢he silicon
film 100 whiledhe,pulse aseadalt 35948 meiaiivieliseannad esuthe.slieandiinitOt fmQadhis

occasion, the_fulse laser light 150 is set in terms of the output of the laser light source 10, the
attenuatiorPitfothe thdsatessa At 11D 0dmackiiehorsaeree s shsattiopmfilirebV8f the pulse laser light so

asto optain an ensoy densinseyitahle,iecdnesery U@QUQ@@%[‘%%E%WY gy ializes thg.amorphous
silicon film 100. It should be noted that a part of the pulse laser light 150 g@aa/ e extracted, and the

pulse enerfydetdifysataseol nibastirauation padnioh e aiansaton thetifatidis Siipace othe pulse
laser light sestiegal @raRdIhEAPERY M-Il may he Aoisied hassd-on aresyitalibe Reasyrement,

thereby adjusting the pulse energy density of the pulse laser light 150 to the&roper value. The

silicon film B Hratinr s by e GRRR Bt arae phess fiitorstig ¥excellent in crystal

property that the grysialigrains6e reiativedv |ardBe padénaserysiat ammiiametsiiscwaform. It should
be noted that the margin ofﬁgge proper pulse energy density is_large on this occasion, the apparatus

load can b&'FeBtSE FIHEV IS THoFRAiYy DSt TREASIHRE Aty RSB MaeaYisatskc the d At cthe Taser
output fluctuatess. Maneoparsdhesenagy slerséy suiiablecfafthafoystalizalion anddka lksegan be set to

a on a result of the measurement, thereby adjusting the pulse energy density of the pulse
laser ight 150 to the proper value,

The silicon film 100 crystallized by the irradiation of the pulse laser light 150 is
so excellent in crystal property that the crystal grains are relatively large, and the crystal
grain diameter is uniform. It should be noted that the margin of the proper pulse
energy density is large on this occasion, the apparatus load can be reduced, and the

uniformity of the annealing treatment can be secured even if the laser output fluctuates.

Moreover, the energy density suitable for the crystallization and the like can be set to a



relatively low energy density, and the throughput can be increased by increasing the irradiated cross
sectional area of the pulse laser light. Example 1 [0027] A description will now be given of an
example and a comparative example of the present invention. The laser annealing treatment
apparatus 1 shown in FIGS. 1 and 2 were used, and the delayed quantity of the waveform shaping unit
13 was adjusted, thereby obtaining beams of pulse laser light respectively having pulse waveforms
different in the rising time and the falling time. It should be noted the shape of the irradiated surface of
the pulse ladetilight iswa linerfeaiensitapendfth65hnongineh Odanrbdrinvidibednbinim exaspdethe  FIG. 3
shows pulsl.rergg?\{géorms of tge relsggcti\f pU|Sﬁsgl ser l%%tts and specifically describes rising times and

falling times In Sharts. X should be noted that t aﬁﬁﬁg mes are described as pulse attenuation times

in the charts. [0028] The pulse laser light having the pulse waveforms were changed in the pulse

energy derﬁ}i{%hapdhirradiated the amorphous silicon film 100, and the crystal property was evaluated.
It should be noted that the pulse energy density was changed mainly by adjusting the attenuation rate
in the attenf¥Fi11. The evaluation of the crystal property was carried out by checking the surface

of the crystallizedgil' filr ectron microscope, and a surface formed by large crystal grains,
and uniform in the g%.%lg I{ﬁ%ﬁé‘ﬁﬁ\,@%‘gé&é|ﬁ%}’r‘fgd°§§‘hia’ﬁa§£iﬁt§? ?‘yg?gll ar%ﬁ‘éeéxlfgﬁﬁ)eo&r&smore than
200 nanontktarsstot examipie, were determined to be excellent. Optimum crystallization pulse

energy densities %éq%%ggaﬁg%ggggﬁ%g&ﬁgg%ﬁg fhﬁli{'ﬁgg %?glﬂ?g. Ulngf?ér@i% é)lfetple rystal grains

for each of the pulse wavefoims. U mits for the pulse energy density Suitable for the
crystallizatin veeedshizpdedventifie plilde |asareitight gttginthamithd puise ladiestightthexdby a rising

time of 51 Bﬁﬁﬂﬁﬁg%ﬁms of pulse laser light respectively having pulse waveforms different in
the rising time and the falling time. It should be noted the shape of the irradiated
surface of the pulse laser light is a line beam shape of 465 nm and 0.4 mm in width, in
this example.

FIG. 3 shows pulse waveforms of the respective pulse laser lights, and
specifically describes rising times and falling times in charts. It should be noted that
the falling times are described as pulse attenuation times in the charts.

[0028]

The pulse laser light having the pulse waveforms were changed in the pulse
energy density, and irradiated the amorphous silicon film 100, and the crystal property
was evaluated. It should be noted that the pulse energy density was changed mainly
by adjusting the attenuation rate in the attenuator 11.

The evaluation of the crystal property was carried out by checking the surface of
the crystallized silicon film by an electron microscope, and a surface formed by large
crystal gramns, and uniform in the grain diameter was determined as high quality.
Crystal grains equal to or more than 200 nanometers, for example, were determined to
be excellent.

Optimum crystallization pulse energy densities were obtained respectively in
terms of the size and the uniformity of the crystal grains for each of the pulse
waveforms. Upper and lower limits for the pulse energy density suitable for the
crystallization were obtained for the pulse lasers light other than the pulse laser light
having a rising time of 51 nanoseconds.

FIG. 4 shows the irradiation result obtained by using the pulse laser light of the

10



FIG. 4 shows the irradiation result obtained by using the pulse laser light of the respective pulse
waveforms. It is appreciated that, as the pulse rising time decreases, the optimum pulse energy
density gradually decreases, and the optimum energy density sharply decreases if the pulse rising
time is equal to or less than 35 nanoseconds. Therefore, the rising time needs to be equal to or less
than 35 nanoseconds. The optimum pulse energy density remarkably decreases if the rising time is
equal to or less than 30 nanoseconds. [00291 FIG. 5 shows electron microscope photographs
obtained byeipaciatngpulsatasaemniight havingpecgatee hayveforthe witlséhéspiglsanisitgriimes of 22
nanosecoqﬁg gntcli tp}%pu e g%lflzirn t'mn%i;()f 87 Janos C(%st on a(?t morPhous silicon film, and
observing the RIHECESTor the Ehrstalized SHitoh hﬁnse yaasﬁsél%% ron r‘%ﬁ@r%lslglo%%?rﬁyis %&fb%ciated,
from the plshtopiraplesydizat thie thalpalsaaigy glensiyisangealsuitablddor thenchfstahoatiomds.330-370
inJ/cm2 anflh%ne%[%ti m I;gé{t]l%sée gﬁ%%r%? Snt%it%(iase?zgl%mu\%]/%{,n%ésg E%r‘% P §en[daser light irraﬂi%ates ata
n ensity suitable

I
pulse energy density Tower e pulse energy or the cr§/l§t3é3ﬁ|za |SC)n, & obtained

crystals prestntarspudt cnysigl deamtgdiameteeblf thecpulss idsbe lightdrimiiatesqatiapulsiesnergy

density hig&%%ﬂathoesgtélg .energy density suitable for the crystallization, the obtained crystals

present a large variation in the crystal grain diameter, and as the energy density further increases, the
crystal graindetome smaller. [0030]  However, for the pulse laser light having the rising time of 7

nanoseconds, g he e SCRIGY SRORISHIBR AR SHEIRIATP AsrBRReR e uantiy

of the margin for providing the proper range s IS IS betause the falling time is 78

nanosecorldsyvigithlisviessahrarseOvaasbsecenidisthe puikwsisbuttiithe o6 time eruidheddlling time
need to megL tha Congilions,aceereing.i0.the, RIS LNYER Hon AILROHIN e REGFENt

I5R{0Q
invention is described based on the embodiment and the e}(lg?npga,ie present invention is not limited
to the cont8mtssotitresdedciiptioryatatlinedy HEgeropErys ntodified deckorg asichesenpdification does not

depart fro@ﬁp&&é@&grﬁéﬁy%i%ﬂotog@hs, that the pulse energy density range suitable for the

crystallization is 330-370 mJ/cm” and an optimum pulse energy density is 340 mJ/em®.
If the pulse laser light irradiates at a pulse energy density lower than the pulse energy
density suitable for the crystallization, the obtained crystals present a small crystal grain
diameter. 1If the pulse laser light irradiates at a pulse energy density higher than the
pulse energy density suitable for the crystallization, the obtained crystals present a large
variation in the crystal grain diameter, and as the energy density further increases, the
crystal grains become smaller.

[0030]

However, for the pulse laser light having the rising time of 7 nanoseconds,
though the pulse energy density suitable for the crystallization decreases, the quantity of
the margin for providing the proper range sharply decreases. This is because the
falling time is 78 nanoseconds, which is less than 80 nanoseconds.

Thus, both the rising time and the falling time need to meet the conditions
according to the present invention.

[0031]

Though the present invention is described based on the embodiment and the
example, the present invention is not limited to the contents of the description, and may
be properly modified as long as the modification does not depart from the present

invention.
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DESCRIPTION OF REFERENCE NUMERAL [0032] 1laser annealing treatment apparatus 2treatment
chamber 3scan device 5substrate arrangement stand 6introduction window 10pulse laser light source
1lattenuator 12optical system 13waveform shaping unit 15pulse laser light

DESCRIPTION OF REFERENCE NUMERAL

[0032]

1 laser annealing treatment apparatus
2 treatment chamber

3 scan device

5 substrate arrangement stand

) introduction window

10 pulse Iaser light source

11 attenuator

12 optical system

13 waveform shaping unit
15 pulse laser light

100  silicon film

150  pulse laser light

i2



100silicon film 150pulse laser light WHAT IS CLAIMED IS: 1. A laser annealing treatment apparatus
comprising: a laser light source that outputs pulse laser light; an optical system that shapes the
pulse laser light, and leads the shaped pulse laser light to a semiconductor film subject to treatment;
and a stage to be set the semiconductor film to be irradiated by the pulse laser light, wherein the
pulse laser light irradiating the semiconductor film presents a rising time equal to or less than 35
nanoseconds from 10% of the maximum height to the maximum height in the pulse energy density,
and a fallingytimea egual sargrmare than 80 nanoseconds from the maximum height to 10% of the
maximum height. 2, The laser annealing treatment apparatus according to claim 1, wherein the rising

time is equil to or'tdasei g e G FOPAFRIYH ECTAIY Hne is equal to or more than 85

nanoseconds. 3. dhedekghtannaalingteatmephRRpadatusiagcording to claim 1 or 2, comprising a
waveform shapin%ﬁmit that shapes the pulse laser Iilght outpyt from the laser light source into a pulse
ﬁ% é%@ se laser Iy

waveform having tHePRERY B Rrlahshengndiswe! ght, and leads the"shaped pulse
laser light to a semiconductor film subject to treatment; and

a stage to be set the semiconductor film to be irradiated by the pulse laser light,
wherein the pulse laser light irradiating the semiconductor film presents a rising

time equal to or less than 35 nanoseconds from 10% of the maximum height to the
- maximum height in the pulse energy density, and a falling time equal to or more than 80

nanosecondé from the maximum height to 10% of the maximum height.

2. The laser annealing treatment apparatus according to claim 1, wherein the rising

time is equal to or less than 30 nanoseconds, and the falling time is equal to or more

than 85 nanoseconds.

3. The laser annealing treatment apparatus according to ¢laim 1 or 2, comprising a

waveform shaping unit that shapes the pulse laser light output from the laser light

source into a pulse waveform having the rising time and the falling time.

4, The laser annealing treatment apparatus according to claim 3, wherein the

waveform shaping unit comprises beam splitting means that splits the pulse laser light

output from the laser light source into a plurality of beams, delay means that delays

cach of the split beams, and beam synthesizing means that synthesizes the respective

split beams.

5. The laser annealing treatment according to any one of claims 1 to 4, comprising

a plurality of laser light sources, wherein beams of the pulse laser light output from the

respective laser light are superimposed, thereby obtaining the pulse laser light

irradiating the semiconductor film.

6. The laser annealing treatment according to any one of claims 1 to 5, wherein the

semiconductor film to be irradiated by the pulse laser light is non single-crystalline

silicon.

7. The laser annealing treatment apparatus according to any one of claims 1 to 6,

wherein the pulse laser light is excimer laser.

8. A laser annealing freatment method comprising:

obtaining pulse laser light which presents a rising time equal to or less than 35

13



4. The laser annealing treatment apparatus according to claim 3, wherein the wavefoiin shaping unit
comprises beam splitting means that splits the pulse laser light output from the laser light source into a
plurality of beams, delay means that delays each of the split beams, and beam synthesizing means
that synthesizes the respective split beams. 5. The laser annealing treatment according to any one of
claims | to 4, comprising a plurality of laser light sources, wherein beams of the pulse laser light output
from the respective laser light are superimposed, thereby obtaining the pulse laser light irradiating the
semicondugiab{doands e lases annealingkiiaatinasichecordisthiganupnepitiaimeel @k, wherein
the semiconductor. film to be jrradiated by the pulse laser light is non single-crystalline silicon. 7. The
laser anneSHAEt SRSt gﬂfi)é“r e g}ﬁiﬁé)‘{ ARy BB BEAIMSY BBOSHAMEH TRY fiie laser
light is excimediiaserhdetA laserashtelingdheatmbpeamethogutanmprisighgliaining pulse laser light
which presents a rising time equal to,or less than 35 panoseconds from 10% of the maximum height
to the maximum HEGHT TS BUIRE AHeRIHeHEHy Pk AYRITREPERd LA S BPIHBIE YR 80
nanoseconggifrothethpelsakirat ieheighital oM eofhih eaméxindimdreight, ithargbyseayvairgfeim; and
relatively sca aéréqr%g?npel%sefl%ser li htl\{\gth resfrljl%gzt to a semiconductor film while the pulse laser light

is irradiatinsguf e semicon u%torefﬁFn, fere C)J?O(garrylhg out surface treatment of the semiconductor film.
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