Specification [Title of the Invention] LASER ANNEALING METHOD AND
ANNEALING DEVICE FOR SEMICONDUCTOR FILM [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
liquid crystal displays and organic EL displays. [Background Art] [0002]
For the thin-film transistors used as the pixel switches and drive circuits
Splesitheligifid crystal displays and the organic EL displays, laser annealing
employing laser light is used as a part of a manufacturing method in a low

[Titlmpéndieinpeosess) This ArthoiNTadiates therlaseo iy on A RUWEALING
single crystal semiconductor film formed on a substrate, thereby locally

DI atimy RO rHENIgC O SIrTEDO@uETdrNIm, 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

[Toehwdrabilieldr the irradiation of the laser light, it is necessary to carry out
uniform processing on the semiconductor film, and thus, control is

[0 erally performed for maintaining a constant laser light output so that

the 1.irradiated laser light has stahle irradiation ene
lllhe presen mgenplon relates to a metfl%sé 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
m 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 singlercrystals 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



[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

irrbaeeengraliivsrchadnetnng phAatashing e daser light using a power

meter or a photodiode, thereby controlling the laser light output and the
[00i@] 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 |Hserosuillativmdevicscilbichacguirksi arratiombetveeersilitiple changes,
maximal values in a pulse waveform of laser light, and, when this ratio
or axpEdHs Waprdderrhimegesalle tortrdksan ferstoritifer dascof srquahiity the
of an_ excitation gas infused into a sealed container for laser gas or a
lasgg|idaghtalgateipplisd fal crarsittpdischetgiercuiefiom Hepowerstant
supﬁly (refer to patent document 1). [Related Art Document] [Patent

B SEUTEHG [BO0RS P& AT DAAUIMEN AP RS hnebE T ait DpE shhges in a
Easgxu bg%‘i‘éié’ nvgéglé%ln% I\Ivvohel_|nlol_z%szesr49puise 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
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, controls at least either ome 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)



[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"
NaeHiiited zbgértain 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
[Sempaisef Beeillawsmainnh pulse waveform irradiated on an object to be
irradiated are different from each other, [0006] The present invention is
[P HRles {0 Levemddpothedessibéanproblems of the conventional
méﬁgihods and devices, and has an object of providing a laser annealing
hod and an annealing device for semiconductor film which maintain
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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 irradiated are different from each other.
[0006]

The present invention is devised to solve the above-described
problems of the conventional methods and devices, and has an object of
providing a laser annealing method and an annealing device for
semiconductor film which maintain the stability of the laser light energy

contributing to crystallization, and provide semiconductor films having



[Means for Solving the Problems] [0007] That is, the laser annealing
method for semiconductor film of the first aspect 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. [0008] According to a laser annealing method for

cofSfRiePREMGLoN filiaf R $e6aNd aspect of the present invention, in the first
aspect of the present invention, the maximum peak height of the pulse

waveform of the laser light may be measured, and an output energy of
the pulsed laser light and/or an energy of the pulsed laser light after the
[Meutpsifonobe agjtisteBreb hatihe maximum peak height reaches the
predetermined height. [0009] According to the present invention,
[O(éwgtalline properties of the semiconductor film on which the laser light is
irradiated are constant by maintaining the maximum peak height of the

laser ligittwiavediornafem e predéne minebadkifiht. seshioud betootBththaf the

. the pulse width of the pulse waveform is generally equal to or less than
firghotsharosticdids, Bikde8 tpieraabigtedialto lBstasspenbog method for

nanoseconds,.However, the present, inyention |s not limited to a_case
e g 4 Upb e pblo TR BEVER [FHHE LreRb e e o sta
se hl% PR ‘fﬁ‘;%r% %%r;]) ye r{r?ggfllxgcjevlv Cetz%gin 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.
[0008]

According to a laser annealing method for semiconductor film of a
second aspect of the present invention, in the first aspect of the present
invention, the maximum peak height of the pulse waveform of the laser light
may be measured, and an output energy of the pulsed laser light and/or an
energy of the pulsed laser light after the output may be adjusted so that the
maximum peak height reaches the predetermined height.

[0009]

According to the present invention, crystalline properties of the
semiconductor film on which the laser light is irradiated are constant by
maintaining the maximum peak height of the laser light waveform at the
predetermined height. It should be noted that the pulse width of the pulse
waveform is generally equal to or less than 1000 nanoseconds, and is

preferably equal to or less than 500 nanoseconds. However, the present

invention is not limited to a case having a specific pulse width. Moreover,



and is set so that the crystalline properties are constant and excellent.
Generally, a range is defined for the predetermined height, and the control
is performed so that the maximum peak height of the pulse waveform is
kept within this range. [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,
ththeoptinum anetdyadghsitf ishdiffelept darwifferant ;asepPiep 8NeTgigseied,
and it is thus appreciated that, even when the control of maintaining a
angbnstant istegiahvalbe oftheglilse prapefcinsisperforsesh thembtimusiient.
condition for the crystallization cannot be maintained if the laser pulse
Genrarfylactangs iotelecdtiior Hanrede forthaeddxingimn pedktheighttrol is
the optimum maximum peak height is approximately constant for different
pepformsdise dhalgide BRI RURE pdiimd tooithetanlgsevoptipiiorm is kept
.conditjons for the crystallization by maintaining a constant maximum peak
Wl% 19HtBf e ®aveform even if the laser pulse energy fluctuates. Whether
[Oél'jb(mcondition is optimum for the crystallization can be determined by the
obServation of crystal grain diameter using an electron microscope, or the

e 0 1 B TR B B o
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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 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
laser 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.
[0011]

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

1]



apparent from the figure, the pulse energy and the maximum peak height
are not in proportional relationship, and thus, it is not possible to maintain
a state optimum for the crystallization even if the pulse energy is
maintained constant. [00121 According to the second aspect of the
present invention, it is possible to properly maintain the maximum peak
height of the pulse waveform at the predetermined height by adjusting the
output energy or the energy of the laser light while the maximum peak

appaightisReingpeasyred (10 'il!t%@“@ﬁa%?%lﬂa“919?“1%%‘3&&8‘&98%%%91}’ height

may include an adjustment of the quantity’of the infused excitation gas o

aréhgdpsenossiliatonandanashiustpent ofia udisghargs valagsivalig, af ihgin a

laser oscillator. Moreover, the adjustment of the energy of the pulsed

stdasepligitaieh theheutpr taidly De Gauies Bt hY pueansof gyatallentained
attenuator which can adjust the attenuation rate of the pulsed laser light

comsftput.from the laser oscillator. The variable attenuator may be any
attenuator which can properly change the attenuation rate of the laser

[0%21}, and is not limited to a specific one in the present invention,, [00131
According to the laser annealing method for semiconductor film of a third
aspect@PIBEdsesRASINEN2 iR ¢hE Fir she mMyssend Hyprationttik is possible

presen} invention, the non-single-crystal semiconductor film may be a

tO BRGH HIM o0 1R W&%ﬁ%&lﬁb@h@%&éﬂé&h&aﬁﬁbwﬁﬁdwafwaorm at the
orFsonducior i o fouth aspest o e present oventon any o .,
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 attenuator 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 aspect of the present invention, in the first or second aspect 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 aspect of the present invention, in any of the first to third aspects of



6 the present invention, the pulsed laser light may be excimer laser light.
[00151 According to the laser annealing method for semiconductor film of
a fifth aspect of the present invention, in any of first to fourth aspects of
the present invention, the maximum peak height of the pulse waveform
may be measured on a pulse waveform of the laser light irradiated on the
non-single-crystal semiconductor film. [00161 The laser annealing device
for semiconductor film of a sixth aspect of the present invention, includes:

thdla 'IH% that.Qut lsed laser, light; an optical system that
B e e P R R e
[odRgximum peak height measurement unit that measures a maximum peak

height of the pulsed laser light; and a control unit that receives a

measyFeg sty e dnaxifmp ek heighteasWemendiiteAflm of a
controls an energy of the pulsed laser light of the laser oscillator so that

fiftheampaxinuMolpepkdieight nieacties a predetempinadibeight« 1037 dcddher the
laser annealing device for semiconductor film of a seventh aspect of the
prorasem vevension; linclndesna tager-dséiliagbr thatlouiprits:patsedidaseinay be
light; a variable attenuator that adjusts an attenuation rate of the pulsed
mdaserdighprandotickiesysteve firanlealistie patsed laget lightwbiated on the
non-single-crystal semiconductor film; a maximum peak height
noyenglremrErtal e hiomeastie & Emaximum peak height of the pulsed

[0016]

The lagser annealing device for semiconductor film of a sixth aspect 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 hight 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 aspect
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

Iaser light; and a control unit that receives a measured result by the



laser light; and a control unit that receives a measured result by the 7
maximum peak height measurement unit, and controls the attenuation
rate of the variable attenuator so that the maximum peak height maintains
a predetermined height. [0018] The control unit may control both the
energy of the pulsed laser light in the laser oscillator and the attenuation
rate of the variable attenuator. [0019] According to the laser annealing
device for semiconductor film of an eighth aspect of the present invention,

minctheusixfreak devighthiaspectofither praseahnventiasstie-paxmyminaak to
height measurement unit may include: a beam splitter that is provided on

of ghoptivahphthaofehe pulsed idser tightreapitseagyefbrhadgiectionuniins a
that detects a waveform of a part of the pulsed laser light split by the

pregebprspiited: haight maximum peak height determination unit that
det?rmines the maximum peak height of the pulse waveform detected by

[OQHé pulse waveform detection unit. [Effects of the Invention] [0020] As
descriped before, according to the laser annealing method for .
semic %ﬁefbtfff?’rh‘lé’fttﬁéaﬁré%m% aHtdRCiAAESASEthAmeHiRg Feerdight

. tor semiconductor film qgf irradiating pulsed laser, light on a
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[0 ﬂg]trol for the pulsed laser light is performed so that the maximum peak
height of the pulse waveform of the laser light maintains the

predeieuningdgige 1aser annealing device for semiconductor film of an
eighth aspect of the present invention, in the sixth or seventh aspect 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.



and the following effects are thus provided. 8 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

i ﬁg to a degradation of the laser gas while the output (W) is constant, the

R PEEREIGEOIE RsErSriaardisn adiabiitotfe R ERHER GG TREINg to the
maximum height of the pulse waveform having a high correlation .
R Py AT ABIHEIEA S 1 SarGER A K pASBERE Bhevich
exffy AN obtalned [Brief Descrntion of the Drawige] [002L[EI A
rawing sc erﬁaﬁgaﬁy snowing a(faser anneaﬁlﬁfg diewce accoraing toan

al\%g%ogg%@lte%f the present invention. [FIG. 2] A flow chart showing steps
of maintaining a state optimal for crystallization. [FIG. 3] A chart showing
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[FIG. 4] A chart showing an energy density and the maximum peak height
cothiBitigsoptivakbfanthe erysiaizatiomwith raspect dpvihe inger puliferties are

energy.
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
18 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]

[FIG. 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 the crystallization with respect to the laser pulse
energy.

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



[FIG. 5] A chart showing a relationship of a pulse energy density and 9
the maximum peak height with the laser pulse energy. [Modes for
Carrying out the Invention] [00221 A description will now be given of an
embodiment of the present invention 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

thifven daserosciledar Heigh exsimenlareresallatos k&%315C (wavelength:
308 nm, repetition rate: 300 Hz) from Coherent, Inc. can be used, for

example. [00231 A variable attenuator 2 is disposed on an optical path

along which laser light 10 outputted from the laser oscillator 1 is emitted.
[Mute ydeinblaratisguanor hdd uwastiooted by an attenuator optical element

the _transmittance of which changes according to an incident angle of the
m%‘@r light, thereby enabling adjustment of an attenuation rate of the laser

light transmitting through the variable attenuator 2. The adjustment of the

attenuAtiPEFAHR RN Whmate bitsitiators aanashediamuphyhe present

variable-attenuator control unit 3, and the variable-attenuator control unit 3

IMECRICK &g R B BB A ProgtafiiBRErating the CPU, and the like,
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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 1s 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 aftenuator 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
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homegenizer is arrange is provided on an optical path on an emission side
of 10 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, by
the optical system 4. Apart 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 object to be
processed 6. As the object to be processed 6, an a-Si (amorphous Si)

tHilmhanbig attbicknrss H0n thes 1axamplehisiconsidareed (90254 haseheam
light 10a extracted from the beam splitter 5 is input to a pulse waveform
hajargtioe mgehng 265 hepulsel wavelthnfdeteation foearsiplicteetsha optical
pulse waveform of the laser light 10a, and corresponds to a pulse
SYyiawaférm detection unit according to the present invention. For example,
as the pulse waveform detection means 7, a biplanar phototube from
HamafhBfall phbisriescaypehk19dsd s phe yadiva sestirddiéstedacthd by
ulse wayeform detection means 7 is output to a control unit 8. The

2 E5AtLITHIT BT CoRdifudtedl by w@,taﬁfwr&mmwew@gm@idzeam
[ [ ta relating, t determined maximum peak
o B, B e L T S
trol upjt @ d nd t imur k height of t veform from
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exdBitBthus.hasafunetion as a maximum peak height determination unit,
an cdoperates with the pulse

[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
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waveform detection means 7 to construct a maximum peak height
measurement unit according to the present invention. The control unit 8
11 can control the output of the laser oscillator 1, and also issues a control
command to the variable-attenuator control unit 3. [00261 A description
will now be given of an operation of the laser annealing device. The laser
light 10 is output from the laser oscillator 1 according to an output set
initially. Oscillation energy of the laser oscillator 1 is controlled by a

cabuiitiiteneryy metputAoralie ghiae erengyimeter isHaroneptionald? ancontrol
integral value of the pulse waveform. [0027] The laser light 10 reaches the

covarallé titeineatori2bEhetvaniabler aiapuatahig controlled to transmit
the laser light 10 at an attenuation rate initially set by the
[0¢gfhble-attenuator control unit 3. The variable attenuator 2 sets an
irradiation energy density optimum for crystallizing the object to be
procedsdeperiPhe TasaHighvae aiksted byt preticte miited latenaationling
rate is shaped into the belt shape by the optical system 4, and reaches
deffieeheam 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
anneeiaﬁ]ﬁ’ﬁ ?ﬁ]%%?g)g He | S5APHORE FoRmshie by steasstis <ilikacsorsherds an

S VAl TR T
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 Jaser 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 1s
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 mformation on the detected pulse waveform is
output to the control unit 8.
fo028]

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

based on FIG. 2,

12



[00281 A description will now be given of control steps in the control unit 8
based on FIG. 2. 12 First, in a step 1, the pulse waveform is detected, and
the detected result is output to the control unit 8 as described before (step
Si). The control unit 8 determines, from the detected pulse waveform, the
maximum peak height in the 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. [0029] The control unit 8 then reads the data on a
predel@fifingdl fafle of theerpastin une pefakmeigitatored irriné thendetypcted
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1). The deteciti

waveform continues (to the step s on of the laser waveform
hegglied out repeatedly may be continuous or intermittent with a

[0029]

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). [t 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 s1). The detection of the laser
waveform carried out repeatedly may be continuous or intermittent with a
predetermined interval.

[0030]
If the detected maximum peak height is not within the

predetermined range ("NO" in the step s3), the laser output is to be adjusted.
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predetermined interval. [0030] If the detected maximum peak height is not
within the predetermined range ("NO" in the step s3), the laser output is
to be adjusted. 13 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

rangecr%%doa@ptﬁﬁ PUNG 'Bp&gefggé%do@al iltgln; éj?el%kc%?éq]g&i%ut by

lower than the™ predetermined range, the control'un usts aser

adjseillatenhsatbatathe QRS ingreased. and dhe.maximyn ngsaﬁ Wl is

thus falls in the predetermined range. A quantity of the adjustment ma
hibhdetelminehdased onhe guantibhet a deviationafithgdetestetiiusts the
maximum peak height from the predetermined range. After the
dischastmentte whrlesdmm«of sheilkaet light iheentibunugt detestechdad, and
the step sl) until the laser irradiation processing is finished ("YES"in a

thetepaabin (00 3EpkSdesttibbd afidle e vha predntteroniplirehthe lastron the
light fluctuates, by maintaining the maximum peak height of the waveform

otherhdanddeterihihedoiaiiedthe rasanamneslivy benghd cirriboseut iththre the

state optimum for the_crystallization regardless of the shape of the pulse
Pfﬁ@ﬁ@ffdﬁiﬂ%ﬁé&%@%%@@%&hw&ér&@a%@@ybmﬂ@ser 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 is finished
("YES" in a step sb).

[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 by
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

14



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 by
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 14
adjustment in the laser oscillator 1 and the adjustment of the attenuation
rate in the variable attenuator 2. Though the present invention is

' basgd on the aboye  embodiment, the. present invention is not
a(ﬁr%gltgeﬁt!it%t%dﬁtr%l %ﬁ%ﬁ%& ‘of ta‘l%ﬁ%%osicrlp |8ré],%a dﬁb@:’g@%ﬁ%p@rl gHgaation
ra‘ﬁ@tﬂ%ﬂ@v%q%lgfﬁ%ﬁﬁ%%%binvention- [Description of the Numerals]

[0032] 1 Laser oscillator 2 Variable attenuator 3 Variable-attenuator

controfHploh QHRlCe) SyRIaM 5 BEATL APILCRSORIRA B L radiald 7 1 ove

Pulse waveform detection means 8 Control unit 15 [Document Title
enfHaitadiiaithdlpresent invention is not limited to the contents of the
description, and may be properly changed within the scope of the present

mvention,

[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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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. [Claim 21 The laser annealing method for
semiconductor film according to claim 1, wherein the maximum peak
height of the pulse waveform of the laser light is measured, and an output

I d laser light and/or an energy of the pulsed laser light
[]%%glﬁtéé? %ﬁ%{l@x? %‘df&g’ted so that the maximum peak height maintains

[qurgrg}jetermined height. [Claim 31 The laser annealing method for
semiconductor film according to claim 1 or 2, wherein the

non-singlerctystal semicondnetanfintds a silicos, fim:JCaim, 45T '%?rli?cgj%ng

annealing method for semiconductor film according to any of claims

pudswéhereinthl ghised lasendahdiis:a0 excimer aselight, Jdelaimpl Theyynly

laser annealing method for semiconductor film according to any of claims
arhta Upwheteindhe naximummeskibeight pfithe Pulse War¥BIOIOSrformed so

measured on a pulse waveform of the laser light irradiating on the
thabnasimghecionystal sericdndgbtordiina. Itul€daimebform of the laser light
maintains a predetermined height.
[Claim 2]

The laser annealing method for semiconductor film according to
claim 1, wherein the maximum peak height of the pulse waveform of the
laser light is measured, and an output energy of the pulsed laser light and/or
an energy of the pulsed laser light after the output is adjusted so that the
maximum peak height maintains the predetermined height.

[Claim 3]

The laser annealing method for semiconductor film according to
claim 1 or 2, wherein the non-single-crystal semiconductor film is a silicon
film.

[Claim 41

The laser annealing method for semiconductor film aceording to any
of claims 1 to 3, wherein the pulsed laser light is an excimer laser light.
[Claim 5]

The laser annealing method for semiconductor film according to any
of claims 1 to 4, wherein the maximum peak height of the pulse waveform is
measured on a pulse waveform of the laser light irradiating on the

non-single-crystal semiconductor film.
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A laser annealing device for semiconductor film, comprising: 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 said maximum peak height measurement unit, and controls an output
energy of the pulsed laser light of said laser oscillator so that the
[c aiaélirg m peak height maintains a predetgrmined hejg_ht. [Claim 71 A
aser annealing device for semiconductor film, comprising: a laser
tenuator that adjusts

e B A Al e

an attenuation rate of thie pulsed laser light; an o

the pl&%ﬁ%%ﬁ(ﬁi@&ﬁ&?ﬁﬂ%@i&@%{ﬁ@gﬁqg@gmjg&&quctor film; a

maximum peak height measurement unit that meastires a maximum peak

heighy gf the Rrigeddasenlight, and g contrelunitihatrecqives.a light to a

measured result by said maximum peak height measurement unit, and
nogegiiiels the attniation rdecebsadnwariable attenuator so that the

maximum peak height maintains a predetermined height. [Claim 81 17

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 said maximum peak
height measurement unit, and controls an output energy of the pulsed laser
light of said laser oscillator so that the maximum peak height maintains a
predetermined height.
[Claim 7]

Alaser annealing device for semiconductor film, comprising:

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 maxunum 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 said maximum peak
height measurement unit, and controls the attenuation rate of said variable
attenuator so that the maximum peak height maintains a predetermined

height.

[Claim 8]
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The laser annealing device for semiconductor film according to claim 6 or
7, wherein said maximum peak height measurement unit comprises: 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 said beam splitter; and a maximum peak height
determination unit that determines the maximum peak height of the pulse
waveform detected by said pulse waveform detection unit. 18

The laser annealing device for semiconductor film according to claim
6 or 7, wherein said maximum peak height measurement unit comprises:

a beam splitter that is provided on an optical path of the pulsed laser
hight;

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

a maximum peak height determination unit that determines the
maximum peak height of the pulse waveform detected by said pulse

waveform detection unit,
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