Specification [Title of the Invention] LASER ANNEALING METHOD AND ANNEALING DEVICE FOR
SEMICONDUCTOR FILM [Technical Field] [ow 1] The present invention relates to a method and a -
device for manufacturing poly-crystalline or single-crystalline semiconductor films used for thin-film
transistors used-as pixel switches and drive circuits for liquid crystal displays and organic EL displays.
[Background Art] [0002] For the thin-film transistors used as the pixel switches and drive circuits for
the liquid crystal displays and the organic EL displays, laser annealing employing laser light is used as
a part of a manufacturing method in a low temperature process. This method irradiates the laser light
ona non-sig(%lgc-%xstgil(l)gemiconductor film formed on a substrate, thereby locally heating and melting
the semiconductor Tilm, and then, crystallizes the semiconductor film into polycrystals or single-crystals
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resulting in an increased performance of the t m transistors. For the irra aser light, it
IS necessary o,qarty POrURIFNErRcessngor therggmiconductor film, and thus, control is generally

performed for maintaining a constant laser light output so that the
[Technical Field]
[0001]
The present invention relates to a method and a device for
manufacturing poly-crystalline or single-crystalline semiconductor films
used for thin-film transistors used as pixel switches and drive circuits for

liguid crystal displays and organic EL displays.

[Background Art]
[0002]

For the thin-film transistors used as the pixel switches and drive
circuits for the ligquid crystal displays and the organic EL displays, laser
annealing employing laser light is used as a part of a manufacturing method
in a low temperature process. This method irradiates the laser light on a
non-single-crystal semiconductor film formed on a substrate, thereby locally
heating and melting the semiconductor film, and then, crystallizes the
semiconductor film into polycrystals or single-crystals in a subsequent
cooling process. The crystallized semiconductor film presents high mobility
of carriers, resulting in an increased performance of the thin film transistors.
For the irradiation of the laser light, it is necessary to carry out uniform
processing on the semiconductor film, and thus, control is generally

performed for maintaining a constant laser light output so that the



irradiated laser light has stable irradiation energy. [0003] However, when an oscillation condition of
a laser oscillator changes, or a pulse waveform changes due to a degradation .of a laser gas while the
laser light output is still constant, there are cases that constant crystallization properties are not be
obtained. FIG. 3 shows changes in a laser pulse waveform when laser pulse energy is changed, and it
is appreciated that a profile itself of the pulse waveform changes as the laser pulse energy fluctuates.
Therefore, conventionally, there has been generally used a method of detecting the laser light using a
power meter or a photodiode, thereby controlling the laser light output and the like so that an energy

integral vallijl% Oéitg eflfmfer Ith W, ﬁeform ﬁmai%ac%nstant. Moreover, in addition to this, there has
been propose% apulse Sgeas ser 8§c§ﬁ3 lon" cetitd Wﬁi&?g’éﬁﬂires a ratio between multiple maximal

values in a pigejwaveform of laser light, and, when this ratio exceeds a predetermined value, controls
at least either one of a quantity of an excitation gas infused into a sealed container for laser gas or a
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Laid-Open Ratepuifablcaiion tfokRhinges due to a degradation of a laser gas while the
laser light output is still constant, there are cases that constant
crystallization properties are not be obtained. FIG. 3 shows changes in a
laser pulse waveform when laser pulse energy is changed, and it is
appreciated that a profile itself of the pulse waveform chaﬁges as the laser
pulse energy fluctuates.

Therefore, conventionally, there has been generally used a method of
detecting the laser light using a power meter or a photodiode, thereby
controlling the laser light output and the like so that an energy integral
value of the laser light waveform remains constant.

Moreover, in addition to this, there has been proposed a pulsed gas
laser oscillation device which acquires a ratio between multiple maximal
values in a pulse waveform of laser light, and, when this ratio exceeds a
predetermined value, confrols at least either one of a quantity of an
excitation gas infused into a sealed container for laser gas or a voltage value
supplied to a charging/discharging circuit from the power supply (refer to

patent document 1).

[Related Art Document]
[Patent Document]
[0004]

[Patent Document 1} Japanese Laid-Open Patent Publication (Kokai)



No. H10-12549 [Summary of the Inventian] [Problems to be solved by the Invention] [0005] The
conventional methods and devices are configured as described above, and thus pose the following
problems. 1. When a halogen gas is infused as the laser gas, the laser oscillation is unstable until the
laser gas compasitiorpkatio is stabilized. 2. As a halogen gas composition ratio increases, pulse
energy stability decreases

[Summary of the Invention]

[Problems to be solved by the Invention)]

[0005]

The conventional methods and devices are configured as described above, and

thus pose the following problems.

1. When a halogen gas is infused as the laser gas, the laser oscillation is unstable until

the laser gas composition ratio is stabilized.

2. As a halogen gas composition ratio increases, pulse energy stability decreases

3. "Keeping the ratio between the maximal values within the predetermined range"

requires a certain time period.

4. "Keeping the ratio between the maximal values within the predetermined range" and

a stable oscillation presenting a small energy fluctuation in the laser are opposite to each

other.

5. Due to influence of beam divergence and the like, an original pulse waveform of the

laser oscillator and a pulse waveform irradiated on an object to be mrradiated are

‘different from each other.

[0006]

The present invention is devised to solve the above-described problems of the

conventional methods and devices, and embodiments of the present invention seek to

provide a laser annealing method and an annealing device for semiconductor film which

maintain the stability of the laser light energy confributing to crystallization, and

provide semiconductor films having



3. "Keeping the ratio between the maximal values within the predetermined range" requires a certain
time period. 4. "Keeping the ratio between the maximal values within the predetermined range" and a
stable oscilladiant Rreseniinga-peralienergy fluctuation in the laser are opposite to each other. 5. Due
to influence of beam divergence and the like, an original pulse waveform of the laser oscillator and a
pulse waveform irradiated on an object to be irradiated are different from each other. [0006] The
present invention is devised to solve the above-described problems of the conventional methods and
devices, qnt-gipBodinients gftreopresant invention seek to provide a laser annealing method and an
annealing device for semiconductor film which maintain the stability of the laser light energy
contributingotwrgrystallization, and provide semiconductor films having constant crystalline properties.
[Means for Solving the Problems] [0007]

According to an aspect of the present invention, there is provided a laser
annealing method for semiconductor film of irradiating pulsed laser light of an excimer
laser light on a silicon film of a non-single-crystal semiconductor film to appiy annealing
and thus to crystallize the non-single-crystal semiconductor film, wherein the pulse laser
light irradiating on the non-single-crystal semiconductor film has a first peak as a
maximum peak height of a temporal pulse profile of the pulse laser light, and a laser
pulse energy of the pulsed laser light to be outputted from a laser oscillator and/or a laser
pulse energy of the pulsed laser light after outputted from the laser oscillator is adjusted
so that the maximum peak height of the temporal pulse profile being changed due to a
change of an oscillation condition of the laser oscillator maintains a predetermined
prescribed maximum peak height composed of a maximum peak height of a temporal
pulse profile obtained with an initially set irradiation energy density optimum for
crystallization.

The laser annealing method for semiconductor film of the first embodiment of the
present invention is a laser annealing method for semiconductor film of irradiating pulsed
laser light on a non-single-crystal semiconductor film to apply annealing, wherein energy
control for the pulsed laser light is performed so that a maximum peak height of a pulse

waveform of the laser light maintains a predetermined height.



According to an aspect of the present invention, there is provided a laser annealing method for
semiconductor film of irradiating pulsed laser light of an exci e laser light on a silicon film of a
non-singlgaegital semiconductor film to apply annealing and thus to crystallize the non-single-crystal
semiconductor film, wherein the pulse laser light irradiating on the non-single-crystal semiconductor
film has a first peakagiamaxinlmepeainbeight alethteimperatpidsaduatiie tfthe pulsedasér light, and
a laser pulse energy of the pulsed laser light to be outputted from a laser oscillator and/or a laser pulse
energy ofcthbqalilses lasefdighisaftemoutpaticdnrbem fike abodiscHiator thagdidstat isodhasiithe
maximum peak height of the temporal pulse profile being changed due to a change of an oscillation
condition tat thelasemoseilldiergmainidingspredetarsnddiy eserbigh tmaxime mdpealcd) eight
composed of a maximum peak height of a temporal pulse profile obtained with an initially set
irradiatioruenetpyt dassity dptipalstor lasgstalllzatialior an Therdasef anedinplmethiptddatier
semiconductor film of the first embodiment of the present invention is a laser annealing method for
semiconduetotfifinn phivradiating plisethiases lighfionm posklivgle:-ecysiaksdmigedeuaidanddm to apply
annealing, wherein energy control for the pulsed laser light is performed so that a maximum peak
height of hepglise wavefoon of the laser light maintains a predetei wined height. [0008] According
to a laser annealing method for semiconductor film of a second embodiment of the present invention,
in the firsf@obpdiment of the present invention, the maximum peak height of the pulse wavefonn of
the laser light may be measured, and an output energy of the pulsed laser light and/or an energy of the
pulsed laser lighhalieihg eumbioiay-he adjtisigdeserthad/diei onaxinil peakdeighireadies the
predetermined height. [0009] According to embodiments of the present invention, crystalline
properties@hibedecnednaiuciowfiioh ahevidiehlipkt |aserdightis dreaciatethabe eoristainihy theaintaining
the maximum peak height of the laser light waveform at the predetermined height. It should be noted
that the puiseiwigihpefithejphilsef \wavikerh id0enesfliynequit toraidessihanikdgo. nabsekbnds, and is
preferably equal to or less than 500 nanoseconds. However, embodiments of the present invention are
not limitetdmatcaskanavingudsspetific pluthe withh Wostavers thegrddetguuinedbhaightioiithe pulse
waveform can be properly selected, and is set so that the crystalline properties are constant and
excellent.1G@hamkyceoraingend defiredeldbhtkepietdetemainebhheighthancséhendontidbiseperformed so
that the maximum peak height of the pulse waveform is kept within this range.

embodiments of the present invention are not limited to a case having a specific pulse

width. Moreover,
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{00101 FIG. 4 shows the maximum peak height optimum for crystallization and an energy density
(measured by a laser power meter) optimum for the crystallization at an irradiated location of laser with
respect to the laser pulse energy. As apparent from the figure, the optimum energy density is different
for different laser pulse energies, and it is thus appreciated that, even when the control of maintaining
a constant integral value of the pulse waveform is performed, the optimum condition for the
crystallization cannot be maintained if the laser pulse energy fluctuates. On the other hand, as for the
maximum peak height, the optimum maximum peak height is approximately constant for different laser
pulse energiks, grddtisthiiseAossiie to fmaintainl daevoptisturmconditens fopshby ceylatidation by
maintaining a constant maximum peak height of the waveform even if the laser pulse energy
fluctuates. Ahdthersthe contisiortis optirstaiifos the«ystallizatiencoasthe tetednied lbynthe
observation of crystal grain diameter using an electron microscope, or the like. [00111 Moreover,
FIG. 5 shovZeaseidlionstimpeiwdefitid putstenaeetmmaswdrherghialan byhe sowaohigter or
energy meter), a pulse area (integral value of pulse waveform), and the maximum peak height. As
apparent frogrfhentigdre thehiile wasigyemdperknheiphinifdaandihiereaiorm Frdsbitional
relationship, and thus it is not possible to maintain a state optimum for the crystallization even if the
pulse energ'yl@ﬁﬁ‘aﬁﬁﬂéiﬁéﬁ%nstant. [0012] According to the second embodiment of the present
invention, it.is passible to properly maintain the maximum peak height of the pulse waveform at the
predetermir(@g ight by adjusting the output energy or the energy of the laser light while the

maximum peak height s being measured. The method of adjusting the output enger. ay include an
adjustment of the q%llﬁritg 8?@%%?1?&%&%%369%% lg?)tﬁ Hé)gg%%géﬂlg gr"éﬁé grg };Zgﬁ%dg/{lment of a
discharge voltage value of the laser oscillatar. eove ' 0 rgy,ofjthe pulsed
laser light a?trel?tﬁg gaxt%r@r mdée)}ﬂ %%zgolrrrlé%sgﬁté g‘l\ﬁ%n);eaa‘},l%g’%?f Sﬁ%gﬁgég%nuﬁ%n%c%can adjust the

attenuation i@jeqtihe puisen Iaser ol erinuidiamdhc st aseaior. hecariabig.atigapator may
e any attenuator which can properly change the attenuation rate of the laser light, and is not limited to
a specific opg igL.the Aresenhinvenionn{d94a] the figure, the optimum energy density is
different for different laser pulse energies, and it is thus appreciated that,
even when the control of maintaining a constant integral valué of the pulse
waveform is performed, the optimum. condition for the crystallization cannot
be maintained if the laser pulse energy fluctuates. On the other hand, as
for the maximum peak height, the optimum maximum peak height is
approximately constant for different laser pulse energies, and it is thus
possible to maintain the optimum conditions for the crystallization by
maintaining a constant maximum peak height of the waveform even if the
lager pulse energy fluctuates. Whether the condition is optimum for the
crystallization can be determined by the observation of crystal grain
diameter using an electron microscope, or the like.
[o011]
Moreover, FIG. 5 shows a relationship between the pulse energy

(measurement value by a power meter or energy meter), a pulse area

(integral value of pulse waveform), and the maximum peak height. As



According to the laser annealing method for semiconductor film of a third embodiment of the present
invention, in the first or second embodiment of the present invention, the non-single-crystal

semicondysgtarcfilnimnaythe AgitieothéilpulfeOdtrey Adcardingtintbe |psek aridaling methad for
semiconductor film of a fourth embodiment of the present invention, in any of the first to third
embodimerigwtidhel preskathiyenibmihapyisedjasablight maythe axaimespasaidight (2015]
According to the laser annealing method for semiconductor film of a fifth embodiment of the present
invention ciyanyi aftfirsteieiadte enibodisrents afdheapresestdnyention, the maximum peak height of
the pulse waveform may be measured on a pulse waveform of the laser light irradiated on the
non-singléaomgstal semiconductor film. [0016] The laser annealing device for semiconductor film of
a sixth embodiment of the present invention, includes: a laser oscillator that outputs pulsed laser light;
an optical systera tbatdizads thie: pelsed lastolghtio afnbe-shagla:crsial sanitcangugioldilm; a
maximum peak height measurement unit that measures a maximum peak height of the pulsed laser

light; and greentyohanitdhathkeseivesummpesstireghresulibythe maxiform-perk fetgmeasurement
unit, and controls an energy of the pulsed laser light of the laser oscillator so that the maximum peak
height redehgs dpudfiatenmineddipighinergy or the energy of the laser light while the maximum

peak height is being measured. The method of adjusting the output energy may include

an adjustment of the quantity of the infused excitation gas of the laser oscillator and an

~ adjustment of a discharge voltage value of the laser oscillator. Moreover, the adjustment

of the energy of the pulsed laser light after the output may be carried out by means of a

variable attenuator which can adjust the attenuation rate of the pulsed laser light output

from the laser oscillator. The variable attenuator may be any attennator which can

properly change the attenuation rate of the laser light, and is not limited to a specific one

in the present invention,.

[0013]

According to the laser annealing method for semiconductor film of a third
embodiment of the present invention, in the first or second embodiment of the present
invention, the non-single-crystal semiconductor film may be a silicon film.

[0014]

According to the laser annealing method for semiconductor film of a fourth

embodiment of the present invention, in any of the first to third embodiments of



[0017] The laser annealing device for semiconductor film of a seventh embodiment of the present
invention, includes: a laser oscillator that outputs pulsed laser light; a variable attenuator that adjusts

an attenugdion¢ader aftbetioulshd tasardight datoplicabsysiemdhhkteadsthe pulsed laser light to a
non-single-crystal semiconductor film; a maximum peak height measurement unit that measures a
maximunf@eeR height of the pulsed laser light; and a control unit that receives a measured result by
the maximum peak height measurement unit, and controls the attenuation rate of the variable

attenuator so thatdbe-diaxinumpeaicheighiamainiainbod pfedsianmindddeightnl0048] fifikThe control
unit may control both the energy of the pulsed laser light in the laser oscillator and the attenuation rate

of the variaie ditieny atohd @9dRht invAsgendingty thehirses anndaling sivieatsarrsamieengiuctor film of
an eighth embodiment of the present invention, in the sixth or seventh embodiment of the present
invention ifReniéxithdim paakiheighk measuemenhusit vy ineligay dbeamsspliltes thatiisprovided
on an optical path of the pulsed laser light; a pulse waveform detection unit that detects a waveform of
a part of thevetsedobgrr1Hghtisgit inudheddeantheplstesiand a-eaxivamadpeRkibe i determination

unit that determines the maximum peak height of the pulse waveform detected by the pulse waveform
detection jaoitsjEffects of the Invention]

The laser annealing device for semiconductor film of a sixth embodiment of the
present invention, includes: a laser oscillator that outputs pulsed laser light; an optical
system that leads the pulsed laser light to a non-single~-crystal semiconductor film; a
maximum peak height measurement unit that measures a maximum peak height of the
pulsed laser light; and a control unit that receives a measured result by the maximum
peak height measurement unit, and controls an energy of the pulsed laser light of the laser
oscillator so that the maximum peak height reaches a predetermined height.

[0017]

The laser annealing device for semiconductor film of a seventh embodiment of
the present invention, includes: a laser oscillator that outputs pulsed laser light; a variable
attenuator that adjusts an attenuation rate of the pulsed laser light; an optical system that
leads the pulsed laser light to a non-single-crystal semiconductor film; a maximum peak

height measurement unit that measures a maximum peak height of the pulsed laser light;

and a control unit that receives a measured result by the



[0020] As described before, according to the laser annealing method for semiconductor film of the
present invention, in the laser annealing method for semiconductor film of irradiating pulsed laser light
on a nonsanglevenystak $emlaandactenfim toapply ermedknge thewrmigy rontrotfor tiatgalsed laser
light is performed so that the maximum peak height of the pulse waveform of the laser light maintains
the predeiaisnings beight thneh thénfoltopsdnig leffgot manetshissapradietednintd Heegbnergy density of the
laser irradiation is controlled according to the maximum peak height of the pulse waveform having a
high corr¢{sitién with the crystalline properties, and the constant crystalline properties are thus always
obtained. 2. Even when the pulse waveform changes due to a change of oscillation conditions of the
laser oscillator, thiescanstantcitystallioen oo petticbasaalyayStbbiaited 18eMgbhithtipldser waveform
changes due to a degradation of the laser gas while the output (W) is constant, the energy density of
the laser ysadliationnd tenitetediaccondinftte thei thhxatemapeak height of the pulse waveform having
a high correlation with the crystalline properties, and the constant crystalline properties are thus
always olptaingd. [Brief Description of the Drawings] [0021] [FIG. 1] A drawing schematically
showing a laser annealing device according to an embodiment of the present invention.
According to the laser annealing device for semiconductor film of an eighth

embodiment of the present invention, in the sixth or seventh embodiment of the present

invention, the maximum peak height measurement unit may include: a beam splitter that

is provided on an optical path of the pulsed laser light; a pulse waveform detection unit

that detects a waveform of a part of the pulsed laser light split by the beam splitter; and a

maximum peak height determination unit that determines the maximum peak height of

the pulse waveform detected by the pulse waveform detection unit.

[Effects of the Invention]
[0020]

As described before, according to the laser annealing method for semiconductor
film of the present invention, in the laser annealing method for semiconductor film of
irradiating pulsed laser light on a non-single-crystal semiconductor film to apply
annealing, the energy control for the pulsed laser light is performed so that the maximum
peak height of the pulse waveform of the laser light maintains the predetermined height,

and the following effects are thus provided.



[FIG. 2] A flow chart showing steps of maintaining a state optimal for crystallization. [FIG.31 A
chart showing a change in a laser pulse waveform when laser pulse energy is changed. [FIG. 4] A
chart showing an energy density and the maximum peak height that are optimal for the crystallization
with respect to the laser pulse energy. [FIG. 5] A chart showing a relationship of a pulse energy -
density and the maximum peak height with the laser pulse energy. [Modes for Carrying out the
Invention] [0022] A description will now be given of an embodiment of the present invention
referring to accompanying drawings.

1. The energy density of the laser irradiation is controlled according to the
maximum peak height of the pulse waveform having a high correlation with
the crystalline properties, and the constant crystalline properties are thus
always obtained.

2. Even when the pulse waveform changes due to a change of oscillation
conditions of the laser. oscillator, the constant crystalline properties are
always obtained.

3. When the pulse waveform changes due to a degradation of the laser gas
while the output (W) is constant, the energy density of the laser irradiation
is controlled according to the maximum peak height of the pulse waveform
having a high correlation with the crystalline properties, and the constant

crystalline properties are thus always obtained.

[Brief Description of the Drawings] -
[0021]

[F1G. 1] A drawing schematically showing a laser annealing device
according to an embodiment of the present invention.

[FIG. 2] A flow chart showing steps of maintaining a state optimal for
crystallization.

[FIG. 3] A chart showing a change in a laser pulse waveform when
laser pulse energy is changed.

[FIG. 4] A chart showing an energy density and the maximum peak
height that are optimal for thé éx‘ystallization with respect to the laser pulse
energy.

{FIG. 5] A chart showing a relationship of a pulse energy density and



A laser annealing device includes a laser oscillator 1 for outputting gas laser light, and the laser
oscillator 1 can adjust a laser light output by adjusting the quantity of a gas to be infused and a
discharge voltage. As the laser oscillator 1, an excimer laser oscillator LSX315C (wavelength: 308 nm,
repetition rate: 300 Hz) from Coherent, Inc. can be used, for example. [0023] A variable attenuator
2 is disposed on an optical path along which laser light 10 outputted from the laser oscillator 1 is
emitted. The variable attenuator 2 is constructed by an attenuator optical element the transmittance of
which changes according to an incident angle of the laser light, thereby enabling adjustment of an

attenuation faie:ph e @seh JgRIHEABRMIING thEauab,the i ri&@é%g%}penuator 2. The adjustment of the

attenuation rate on the variable attenuator 2 can be carried out bya variable-attenuator control unit 3,
and the variable-attenuator control unit 3 may be constructed by a CPU, a program operating the CPU,
and the like, for example. [00241 An optical system 4 in which an optical member such as a
homegenizéMsdrsangeisrpyonidedorhan epsicabpdth on an emission side of the variable attenuator
2, and the laser light 10 is shaped into a line beam having a length of 465 mm and a width of 0.4 mm,
for example[Ol@gZﬂie optical system 4. A part of the laser light 10 led by the optical system 4 is
extracted by a beam splitter 5, and a major part thereof transmits through the beam splitter 5, and is
irradiated on an objéctitstensiovessdl Bowshthezobiecofo e probedsed Bt arf akSi famamphous Si) film

having a thickness 50 nm, for example, is considered. [00251
mvention referring to accompanying drawings.

A laser annealing device includes a laser oscillator 1 for outputting
gas laser light, and the laser oscillator 1 can adjust a laser light output by
adjusting the quantity of a gas to be infused and a discharge voltage. As the
laser oscillator 1, an excimer laser oscillator LSX315C (wavelength: 308 nm,
repetition rate! 300 Hz) from Coherent, Inc. can be used, for example.

[0023]

A variable attenuator 2 is disposed on an opfical path along which
laser light 10 outputted from the laser oscillator 1 is emitted. The variable
attenuator 2 is constructed by an attenuator optical element the
transmittance of which changes according to an incident angle of the laser
light, thereby enabling adjustment of an attenuation rate of the laser light
transmitting through the variable attenuator 2. The adjustment of the
attenuation rate on the variable attenuator 2 can be carried out by a
variable-attenuator control unit 3, and the variable-attenuator control unit 3
may be constructed by a CPU, a program operating the CPU, and the like,
for example.

[0024]
An optical system 4 in which an optical member such as a

homegenizer is arrange is provided on an optical path on an emission side of

10



Laser light 10a extracted from the beam splitter 5 is input to a pulse waveform detection means 7. The
pulse waveform detection means 7 detects a pulse waveform of the laser light 10a, and corresponds
to a pulse waveform detection unit according to the present invention. For example, as the pulse
waveform detection means 7, a biplanar phototube from Hamamatsu Photonics (type R1193U-52) is
used. A result detected by the pulse waveform detection means 7 is output to a control unit 8. The
control unit 8 is constructed by a CPU, a program for operating the CPU, a memory unit storing data
relating to a predetermined maximum peak height of the pulse waveform in a non-volatile manner, and

the like. Theleonuelaliis 8 deirrmines the maximugepeak haight althsaayaipum fren ihe, detected
result by the pulse waveform detection means 7. The control unit 8 thus has a function as a maximum

peak heightdeterginkticrthunit 4dddeeoperiates \ith #i€ quisewRvelesm gRIEETAmMEANSY to
construct a maximum peak height measurement unit according to the present invention. The control
unit 8 can égAtesktHe output of the laser oscillator 1, and also issues a control command to the
variable-attenuator control unit 3. [0026] A description will now be given of an operation of the laser
annealing device. 4 PR faddelighe1dighsukpuettdm the laseradstiittton Hascordiagtd An output set
initially. Oscillgégn energy of the laser oscillator 1 is controlled by a built-in energy meter. A value of

the energy &A1 SROFSREoNaBhR iffedral Datie brtrebitsa savstomologe the beam

splitter 5, and is irradiated on an object to be processed 6. As the object to
be processed 6, an a-Si (amorphous Si) film having a thickness 50 nm, for
example, is considered.

[0025]

Laser light 10a extracted from the beam splitter 5 is input to a pulse
waveform detection means 7. The pulse waveform detection means 7
detects a pulse waveform of the laser light 10a, and corresponds to a pulse
waveform detection unit according to the present invention. For example,
as the pulse waveform detection means 7, a biplanar phototube from
Hamamatsu Photonics (type R1193U-52) is used.

A result detected by the pulse waveform detection means 7 is output
to a control unit 8. The control unit 8 is constructed by a CPU, a program
for operating the CPU, a memory unit storing data relating to a
predetermined maximum peak height of the pulse waveform in a
non-volatile manner, and the like. The control unit 8 determines the
maximum peak height of the waveform from the detected result by the pulse
waveform detection means 7. The control unit 8 thus has a function as a
maximum peak height determination unit, and cooperates with the pulse
waveform detection means 7 to construct a maximum peak height

measurement unit according to the present invention. The control unit 8

11



The laser light 10 reaches the variable attenuator 2. The variable attenuator 2 is controlled to transmit
the laser light 10 at an attenuation rate initially set by the variable-attenuator control unit 3: The
variable attenuator 2 sets an irradiation energy density optimum for crystallizing the object to be
processed 6. The laser light attenuated by the predetermined attenuation rate is shaped into the
belt shape by the optical system 4, and reaches the beam splitter 5. The laser light which transmits
through the beam splitter 5 is irradiated on the object to be processed 6 to apply the laser annealing
thereto. The laser light 10a split by the beam splitter 5 reaches the pulse waveform detection means 7,

and the infymatigR9p1the deleqied ra@'%ﬁa/vwmeﬂs&mmpgga %%Qg ﬁ'ﬁ%gsga[%g%ﬂgl A

description will now be given of control steps in the contro ase irst, in a step

1, the pulsecwavedorantis Wrteatadnhand thedetesteddashitisipdtout to the control unit 8 as described
before (step sl). The control unit 8 determines, from the detected pulse waveform, the maximum

peak heighf@#gd waveform (step s2). A first peak in the waveform is generally the maximum peak as
shown in FIG. 3, and the maximum peak height can thus be recognized by determining this first peak
height. [00291  TPhéesonipolamiv8ithenrbadstbe dbtmamarprseietmindd sangsmftheamaximum
peak height stored in the memory unit, and compares it with the determined (detected) maximum peak
height (stepig?))?ﬂt should be noted that the predetermine range of the maximum peak height is stored
in advance in the memory unit. For the predetermined range of the maximum peak height, different

data may be set acéiigan kisd e israntost;fsnthe processedls tandl thectikding to an

output set initially. Oscillation energy of the laser oscillator 1 is controlled
by a built-in energy meter. A value of the energy meter is proportional to an
integral value of the pulse waveform.

. [0027]

The laser light 10 reaches the variable attenuator 2. The variable
attenuator 2 is controlled to transmit the laser light 10 at an attenuation
rate initially set by the variable attenuator control unit 3. The variable
attenuator 2 sets an irradiation energy density optimum for crystallizing the
object to be processed 6.

The laser light attenuated by the predetermined attenuation rate is
shaped into the belt shape by the optical system 4, and reaches the beam
splitter 5. The laser light which transmits through the beam splitter 5 is
irradiated on the object to be processed 6 to apply the laser annealing thereto.
The laser light 10a split by the beam splitter 5 reaches the pulse waveform
detection means 7, and the information on the detected pulse waveform is
output to the control unit 8.

[0028]
A description will now be given of control steps in the control unit 8

based on FIG. 2.
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If the detected maximum peak height is within the predetermined range of the maximum peak height in
the above comparison ("YES" in the step s3), it is considered that the present laser light 10 has the
maximum peak height optimum for the crystallization, and the detection of the laser light waveform
continues (to the step s1). The detection of the laser waveform carried out repeatedly may be
continuous or ntermittent with a predetermined interval. [00301 If the detected maximum peak
height is not within the predetermined range ("NO" in the step s3), the laser output is to be adjusted.
The output adjustment of the laser oscillator 1 is carried out by adjusting the discharge voltage. If the
detected maximum peak height is higher than the predetermined range, the control unit 8 adjusts the
discharge voltage §ftHE 1M B Atothe sydsartry slivpen is detrsirddanAdrednsamdm peak
height thus fallg in the predetermined range, and, on the gther hand, i{fthe detected maximum peak
height is IoWé?’iﬁéﬁ? p&%&éﬁé&nﬁ@@?ﬁﬁﬁé‘ftﬁ&%ﬁﬁﬁ%@ﬁﬂ @‘gﬂfﬁs Ste355er oscillator 1 so that the

output is increased,.and the maxi ak height thus falls jn the predetermined range. A quantity of
the adjustment m;j; %‘%ﬁ’éigfr%i%%g‘%%%%‘ﬁ%qﬁ%ﬁti %eé%?%%% r??)sfetﬁ‘éaag %?%dg}ﬁeaximum peak
height from the.predetermined range, After the.adjustment, waveform of the laser light is

continuouns%é%%%glgd Ft%at%e S le%)?l%n]tﬂ tﬁ}é aggrvﬁ;gaa%tiésrlte og?s?sin% izlﬁ%?;ﬁg’a %1:_5%{1 ih a step s5).

[0031] %@a@@%&fﬁe%a%gxsra\mw@%5&%@&%%95141%&&§%Mtiﬂucmte§g by pajptaining the

maximum peak height of the wavéform at the predetermined value, the laser annealing can be carried

outin the staigoptimye {RriBeGy sialliaationdegardisns afhe shans: Allbe RrSe-¥rqyeierm, thereby

always obtaining constant crystals. Though, in the above control steps, the maximum peak height
of the puls@ayaieform is adjusted by the output adjustment in the laser oscillator 1, the maximum peak
height of the pulse waveform may be adjusted by adjusting the attenuation rate in the variable
attenuator Ba#%the maximum peak height of the pulse waveform may be adjusted by both the output
The control unit 8 then reads the data on a predetermined range of
the maximum peak height stored in the memory unit, and compares it with
the determined (detected) maximum peak height (step s3). It should be
noted that the predetermine range of the maximum peak height is stored in
advance in the memory unit. For the predetermined range of the maximum
peak height, different data may be set according to the type of the object to
be processed 6 and the like.
If the detected maximum peak height is within the predetermined
range of the maximum peak height in the above comparison ("YES" in the
step 83), it is considered that the present laser light 10 has the maximum
peak height optimum for the crystallization, and the detection of the laser
light waveform continues (to the step sl1). The detection of the laser
waveform carried out repeatedly may be continuocus or intermittent with a
predetermined interval.
[0030]

If the detected maximum peak height is not within the

predetermined range ("NO" in the step 83}, the laser output is to be adjusted.
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adjustment in the laser oscillator 1 and the adjustment of the attenuation rate in the variable attenuator
2. Though the present invention is-described based on the above embodiment, the present
invention is not limited to the contents of the description, and may be properly changed within the
scope of the present invention. [Description of the Numerals] [00321 1 Laser oscillator 2 Variable
attenuator 3 Variable-attenuator control unit 4 Optical system 5 Beam splitter

The output adjustment of the laser oscillator 1 is carried out by
adjusting the discharge voltage. If the detected maximum peak height is
higher than the predetermined range, the control unit 8 adjusts the
discharge voltage of the laser oscillator 1 so that the output is decreased, and
the maximum peak height thus falls in the predetermined range, and, on the
other hand, if the detected maximum peak height is lower than the
predetermined range, the control unit 8 adjusts the laser oscillator 1 so that
the output is increased, and the maximum peak height thus falls in the
predetermined range. A quantity of the adjustment may be determined
based on the quantity of a deviation of the detected maximum peak height
from the predetermined range.

After the adjustment, the waveform of the laser light is continuously
detected (to the step s1) until the laser irradiation processing 1s finished
("YES" in a step s5).

[0031]

As described above, even when the output of the laser light fluctuates,
by maintaining the maximum peak height of the waveform at the
predetermined value, the laser annealing can be carried out in the state
optimum for the crystallization regardless of the shape of the pulse
waveform, thereby always obtaining constant crystals.

Though, in the above control steps, the maximum peak height of the
pulse waveform is adjusted by the output adjustment in the laser oscillator 1,
the maximum peak height of the pulse waveform may be adjusted lby
adjusting the attenuation rate in the variable attenuator 2, or the maximum

peak height of the pulse waveform may be adjusted by both the output
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6 Object to be irradiated 7 Pulse waveform detection means 8 Control unit Claims [Claim 1] A
laser annealing method for semiconductor film of irradiating pulsed laser light of an excimer laser light
on a silicon film of a non-single-crystal semiconductor film to apply annealing and thus to crystallize
the non-single-crystal semiconductor film, wherein the pulse laser light irradiating on the
non-single-crystal semiconductor film has a 'first peak as a maximum peak height of a temporal pulse
profile of the pulse laser light, and a laser pulse energy of the pulsed laser light to be outputted from a
laser oscillator and/or a laser pulse energy of the pulsed laser light after outputted from the laser

oscillator IS ¢ that maX|mu eak hel t fthe te ora p rofile bein changed due
to a changquf antr%%g ati (?r% condition ¢ r&g Pskr ogs% ?ofqrqﬁ'l #Z%g @Fﬁ%‘éﬁ Bscribed
maximum peak height ggﬁmegtgg@u@%@um peak height of a temporal pulse profile obtained with

an initially set irradiation energy density optimum for crystallization.
Though the present invention iz described based on the above

embodiment, the present invention is not limited to the contents of the
description, and may be properly changed within the scope of the present

invention.

[Description of the Numerals]
[0032]

1 Laser oscillator

2 Variable attenuator

3 Variable-attenuator control unit
4 Optical system

5 Beam splitter

6 Object to be irradiated

7 Pulse waveform detection means

8 Control unit
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Claims

[Clazm 1]

A laser an:nealmg method for semiconductor flm of irradisting pulsed laseér
light of an e;xcsrner laser light on a silicon film of 2 non-single- crystal semiconductor film
to apply anneahng and thus to crystallize the non-single-crystal semiconductor film,
wherein the pulse laser light irradiating on the non-single-crystal semiconductor film
has 2 first peak as a maximum peak bheight of a temporal pulse profile of the pulse laser
light, and 2 laser pulse energy of the pulsed laser light to be outputted from 2 laser
oscillator and/or a laser pulse energy of the pulsed laser light after outputted from the
1aser oscillator is adjusted so that the maximum peak height of the temporal pulse
profile being changed dus to a change of an oscillation condition of the laser oscillator
maintains a predetermined prescribed maximum peak height composed. of & maximum
peak height of & temporal pulse profile obtained with an initially set irrediation energy

density optimum for erystallization.
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