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LASER IRRADIATION APPARATUS, LASER 
IRRADIATION METHOD AND METHOD FOR 

MANUFACTURING SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a laser irradiation appara 

tus used to crystallize a semiconductor ?lm. Moreover, the 
present invention relates to a laser irradiation method and a 
method for manufacturing a semiconductor device that use 
the laser irradiation apparatus. 

2. Related Art 
A thin ?lm transistor formed using a poly-crystalline semi 

conductor ?lm (this thin ?lm transistor is hereinafter referred 
to as a poly-crystalline TFT) is superior in mobility by tWo 
digits or more compared to a TFT formed using an amorphous 
semiconductor ?lm. Therefore, the poly-crystalline TFT has 
an advantage that a pixel portion and its peripheral driver 
circuit of a semiconductor display device can be integrally 
formed over a same substrate. The poly-crystalline semicon 
ductor ?lm can be formed over an inexpensive glass substrate 
by using a laser annealing method. 

In the lasers, there are a pulsed laser and a continuous Wave 
(CW) laser according to the oscillation method. The output 
poWer per unit time of the pulsed laser typi?ed by an excimer 
laser is approximately three to six digits higher than that of the 
CW laser. Therefore, the laser irradiation can be performed 
e?iciently to the semiconductor ?lm by shaping a beam spot 
(the region on the surface of the processing object Where the 
laser light is irradiated in fact) of pulsed laser light into a 
rectangle having a length of several cm in a side or a line 
having a length of 100 mm or more through an optical system. 
That is to say, the pulsed laser has an advantage of high 
throughput. For this reason, the pulsed laser has been mainly 
used to crystalliZe the semiconductor ?lm. 

It is noted that the term of linear herein used does not mean 
a line in a strict sense but means a rectangle having a large 
aspect ratio (or an oblong). For example, the rectangular 
having an aspect ratio of 2 or more (preferable in the range of 
10 to 10000) is referred to as the linear. It is noted that the 
linear is still included in the rectangular. 

The semiconductor ?lm crystalliZed thus by the pulsed 
laser has an aggregation of crystal grains each having a ran 
dom position and a random siZe. Compared to the inside of 
the crystal grain, a boundary betWeen the crystal grains (a 
crystal grain boundary) has an amorphous structure and an 
in?nite number of recombination centers and trapping centers 
existing due to crystal defects. When a carrier is trapped in the 
trapping center, potential of the crystal grain boundary 
increases to become a barrier against the carrier, and therefore 
a transporting characteristic of the carrier is loWered. 

In vieW of the above problem, recently, attention has been 
paid to a technique of crystalliZing the semiconductor ?lm 
using a CW laser. Unlike the conventional pulsed laser, the 
CW laser makes it possible to groW crystal continuously 
toWard the scanning direction and to form an aggregation of 
crystal grains including a single crystal extending long in the 
scanning direction by irradiating the semiconductor ?lm With 
the CW laser light While scanning the CW laser light in one 
direction. With this technique, it is considered that a semi 
conductor ?lm having almost no crystal grain boundary at 
least that intersects the channel direction of the TFT can be 
formed. 

The laser light having higher absorption coef?cient to the 
semiconductor ?lm can crystalliZe the semiconductor ?lm 
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2 
more e?iciently. In the case of crystalliZing a silicon ?lm 
having a thickness from several tens to several hundred nm, 
Which is generally used in a semiconductor device, With the 
use of aYAG laser or aYVO4 laser, a second harmonic having 
a shorter Wavelength than a fundamental Wave is usually used 
because the second harmonic has much higher absorption 
coe?icient than the fundamental Wave. The fundamental 
Wave is hardly used in the crystallization step. The harmonic 
can be obtained by converting the fundamental Wave using a 
non-linear optical element. 

HoWever, the CW laser has a problem that the resistance of 
the non-linear optical element against the laser light is much 
loWer than that When using the pulsed laser because the CW 
laser burdens the non-linear optical element continuously. 
Moreover, since the CW laser has loWer output poWer than the 
pulsed laser per unit time, the density of photon to time is also 
loW, and therefore the conversion ef?ciency into the harmonic 
using the non-linear optical element is loW. Speci?cally, 
although the conversion ef?ciency depends on the mode char 
acteristic or the time characteristic of the incident light, the 
CW laser generally has the conversion ef?ciency from 
approximately 0.2 to 0.3% While the pulsed laser has the 
conversion e?iciency from approximately 10 to 30%. 

Therefore, since the harmonic of the CW laser has loWer 
poWer than that of the pulsed laser per unit time, it is dif?cult 
to increase the throughput by enlarging the beam spot of the 
CW laser. For example, the fundamental Wave of the CW 
YAG laser can have a poWer of 10 kW While the second 
harmonic thereof can have a poWer as loW as approximately 
10 W. In this case, in order to obtain the energy density that is 
required to crystalliZe the semiconductor ?lm, it is necessary 
to make the square measure of the beam spot as small as 
approximately 10-3 mm2. As thus described, the CW laser is 
inferior to the pulsed excimer laser in terms of throughput, 
and this causes loW productivity. 

It is noted that opposite ends of the beam spot in the 
direction perpendicular to the scanning direction form a 
region in Which the crystal grain is extremely small and the 
crystallinity is inferior compared to the center of the beam 
spot. Even though a semiconductor element is formed in such 
a region, high characteristic cannot be expected. Moreover, 
although the adjustment of the optical system can decrease to 
some extent the region in Which the extremely small crystal 
grain is formed, this region cannot be eliminated completely. 
Therefore, it is important to enlarge the Width of the beam 
spot in the directionperpendicular to the scanning direction in 
order to relax the restriction on the layout of the semiconduc 
tor element. HoWever, in the case of the CW laser, it is dif?cult 
to enlarge the beam spot according to the above reason, and 
the Width of the beam spot of the CW laser is narroWer than 
that of the pulsed laser. Therefore, the layout of the semicon 
ductor element is restricted. 

Although the CW laser can form the nonequilibrium state 
thermodynamically, the CW laser has an output poWer as loW 
as approximately several kW in contrast With the pulsed laser 
having a peak poWer as high as several MW or more. There 
fore, even in the nonequilibrium state, the CW laser is not 
preferable because the CW laser gives more thermal damage 
to the glass substrate than the pulsed laser When performing 
the laser annealing to the semiconductor ?lm over the glass 
substrate. When the thermal damage is given too much to the 
glass substrate, the glass substrate shrinks accordingly. 

SUMMARY OF THE INVENTION 

In vieW of the above problem, it is an object of the present 
invention to provide a laser irradiation apparatus that can 
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make the beam spot much larger than a CW laser irradiation 
apparatus, that can suppress the thermal damage given to the 
glass substrate, and that can groW the crystal continuously 
toWard the scanning direction so as to form an aggregation of 
the crystal grains including a single crystal extending long in 
the scanning direction. Moreover, it is an object of the present 
invention to provide a laser irradiation apparatus that can 
suppress the deterioration of the non-linear optical element 
and that can obtain the laser light having higher poWer. Fur 
thermore, it is an object of the present invention to provide a 
laser irradiation method and a method for manufacturing a 
semiconductor device that use the laser irradiation apparatus. 
The present inventors considered that it is possible to 

obtain the crystal grain groWing continuously toWard the 
scanning direction by oscillating the laser light at the pulse 
repetition rate that is determined so that the pulsed laser light 
is irradiated after the semiconductor ?lm is melted by the 
previous pulsed laser light and before it is solidi?ed. That is to 
say, the loWer limit of the pulse repetition rate is determined 
so that the pulse period becomes shorter than the period since 
the semiconductor ?lm is melted until it is solidi?ed. 

In the present invention, the pulsed laser has a repetition 
rate of 10 MHZ or more. This repetition rate is extremely 
higher than that of the pulsed laser used usually, Which is from 
several tens to several hundred Hz. It is said that it takes 
several tens to several hundred ns to solidify the semiconduc 
tor ?lm completely after the semiconductor ?lm is irradiated 
With the pulsed laser light. When the pulsed laser light has a 
repetition rate of 10 MHZ or more, it is possible to irradiate the 
pulsed laser light after the semiconductor ?lm is melted by the 
previous laser light and before the semiconductor ?lm is 
solidi?ed. Therefore, unlike the case using the conventional 
pulsed laser, the interface betWeen the solid phase and the 
liquid phase can be moved continuously in the semiconductor 
?lm, and the semiconductor ?lm having a crystal grain groWn 
continuously toWard the scanning direction is formed. Spe 
ci?cally, it is possible to form an aggregation of crystal grains 
each of Which has a Width from 10 to 30 pm in the scanning 
direction and a Width from approximately 1 to 5 um in a 
direction perpendicular to the scanning direction. It is also 
possible to form a semiconductor ?lm having almost no crys 
tal grain boundary at least in the channel direction of the TFT 
by forming a crystal grain of a single crystal extending long in 
the scanning direction. 
When the conventional pulsed laser is used to crystallize 

the semiconductor ?lm, the impurity such as oxygen, nitro 
gen, or carbon is likely to segregate in the crystal grainbound 
ary. Particularly When the crystallization using the laser light 
is combined With the crystallization using the catalyst metal, 
the catalyst metal that is not gettered may segregate. HoW 
ever, in the present invention, since the interface betWeen the 
solid phase and the liquid phase can be moved continuously, 
it is possible to prevent the impurity having positive segrega 
tion coef?cient from segregating, to purify the semiconductor 
?lm, and to homogenize the density of the solute like a zone 
melting method. Therefore, the characteristic of the semicon 
ductor element formed using the semiconductor ?lm can be 
enhanced, and the variation of the characteristic can be sup 
pressed betWeen the semiconductor elements. 

In the case of the CW laser, the time for Which any one 
point in the semiconductor ?lm is irradiated With the laser 
light is an order of 10 us. In the present invention, since the 
pulse repetition rate is as high as 10 MHz or more, the pulse 
Width is 1 ns or less. Therefore, the time for Which the one 
point is irradiated With the laser light can be 104 times shorter 
than that of the CW laser, and the peak poWer can be made 
considerably higher than that of the CW laser. For this reason, 
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4 
When a semiconductor ?lm formed over a substrate is crys 
tallized, the present invention can suppress the amount of heat 
given to the substrate to a large degree compared to the CW 
laser. Therefore, it is possible to prevent the substrate from 
shrinking and to prevent the impurity from diffusing to the 
semiconductor ?lm from another ?lm. As a result, the char 
acteristic of the semiconductor element can be enhanced and 
the yield can be boosted. 

Moreover, since the pulse repetition rate is considerably 
higher than before, the pulse Width is shortened to be an order 
of picosecond in accordance With the pulse repetition rate. 
Accordingly, an additional advantage can be also obtained in 
Which the interference caused by the light re?ected from the 
rear surface of the substrate can be suppressed even When the 
laser light is irradiated vertically to the substrate. The inter 
ference canbe suppressedbecause the time for Which the light 
returned to the semiconductor ?lm after re?ecting on the rear 
surface of the substrate having a thickness of approximately 1 
mm exists simultaneously With the light neWly incident into 
the semiconductor ?lm can be made considerably short When 
the pulse Width is an order of picosecond. The pulsed laser 
generally used has a pulse Width from 10 to several hundred 
ns for Which the light travels approximately 3 to 100 m. On 
the other hand, the pulsed laser of the present invention has a 
pulse Width that is an order of picosecond. For example, When 
the pulse Width is 10 ps, the light travels approximately 3 mm, 
Which is extremely short compared With the case using the 
conventional pulsed laser. Therefore, the time for Which the 
light returned to the semiconductor ?lm after re?ecting on the 
rear surface of the substrate having a thickness of approxi 
mately 1 mm exists simultaneously With the light neWly inci 
dent into the semiconductor ?lm is short, and the interference 
can be suppressed. As a result, it is not necessary to irradiate 
the laser light obliquely to the semiconductor ?lm in consid 
eration of the interference, and the laser light can be irradiated 
to the substrate vertically. This makes the optical design easy 
and can make the energy distribution of the obtained beam 
spot more homogenous. Moreover, When the laser light is 
irradiated obliquely, it is di?icult to perform the homoge 
neous laser annealing because the condition of the laser irra 
diation is different according to the scanning direction of the 
processing object. In order to perform homogeneous anneal 
ing When the laser light is irradiated obliquely, it is necessary 
to perform the laser annealing in one direction though the 
throughput is decreased. HoWever, in the present invention, 
since the laser light can be irradiated vertically, the condition 
of the laser irradiation is alWays the same regardless of the 
scanning direction. Therefore, even When the processing 
object is scanned back and forth, the homogeneity of the laser 
annealing is not affected, and the throughput can be raised. 

In order for the laser light not to cause the interference at 
all, the pulse Widtht of the laser light may be determined so as 
to satisfy an inequality 1 shoWn beloW Where c is the speed of 
light in vacuum, n is the refractive index of the substrate, and 
d is the thickness of the substrate. 

For example, When a glass substrate has a thickness of 0.7 
mm and a refractive index of 1.5 and When the speed of light 
in vacuum is 300,000 km/s, the pulse Width t may be less than 
7 ps in order for the laser light not to cause the interference at 
all. 

In the case Where the poly-crystalline semiconductor ?lm 
is formed by the laser annealing method, When the poWer of 
the laser light ?uctuates Widely, the crystallization is not 
performed homogeneously. In such a case, When TFTs are 
manufactured using the poly-crystalline semiconductor ?lm 
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as the active layer, the characteristic such as the on current or 
the mobility varies betWeen these TFTs. Since the laser light 
?uctuates temporally for 11% even though the laser light does 
not interfere, it is considered that the spatial light and shade of 
the luminance due to the interference can be prevented from 
being visible in the pixel portion by suppressing the interfer 
ence to such a degree that the spatial ?uctuation of the poWer 
becomes less than 11% When forming the TFT used for the 
pixel portion of the semiconductor display device. 
On the other hand, in the case of irradiating an amorphous 

semiconductor ?lm formed over a glass substrate With laser 
light having a second harmonic, it is considered that a half of 
the laser light is re?ected on a surface of the amorphous 
semiconductor ?lm and that the other half thereof goes into 
the amorphous semiconductor ?lm. Since the semiconductor 
?lm used as an active layer of the TFT in the semiconductor 
display device has a thickness of approximately several tens 
nm, it is considered from the absorption coef?cient of the 
amorphous semiconductor ?lm that a half of the laser light 
among the laser light going into the amorphous semiconduc 
tor ?lm is absorbed in the amorphous semiconductor ?lm and 
that the other half thereof goes into the glass substrate. Then, 
approximately 4% of the laser light going into the glass sub 
strate is re?ected on the rear surface of the glass substrate and 
goes into the amorphous semiconductor ?lm again. There 
fore, the ratio of the light returned to the amorphous semi 
conductor ?lm after re?ecting on the rear surface of the glass 
substrate With respect to the light incident into the amorphous 
semiconductor ?lm from the laser oscillator is approximately 
2%. When these light interfere, the poWer ?uctuates for 12%. 

Therefore, in order to suppress the interference to such a 
degree that the spatial ?uctuation of the poWer is less than 
11%, the time for Which the light interferes may be made 
shorter than a half of the pulse Width t. It is more preferable 
that the time for Which the any one region in the amorphous 
semiconductor ?lm is irradiated simultaneously With the tWo 
laser light is 10% or less of the pulse Width. In the case of 
making the time for Which the laser light interferes shorter 
than a half of the pulse Width t, it is understood from the 
inequality 1 that the pulse Widtht of the laser light may satisfy 
an inequality 2 shoWn beloW. 

Speci?cally, the present invention provides a laser irradia 
tion apparatus including a pulsed laser oscillator, a non-linear 
optical element for converting a Wavelength of laser light 
emitted from the pulsed laser oscillator, and an optical system 
for condensing the laser light Whose Wavelength is converted 
on a processing object, Wherein the pulsed laser oscillator has 
a pulse repetition rate of 10 MHZ or more. The laser irradia 
tion apparatus having the above structure can suppress the 
deterioration of the non-linear optical element compared With 
the case using the CW laser, increase the poWer of the laser 
light Whose Wavelength is converted, and enlarge the beam 
spot formed on the processing object. When a semiconductor 
?lm is irradiated With the laser light using the laser irradiation 
apparatus of the present invention, the present invention can 
provide a semiconductor ?lm having a crystal grain groWn 
continuously to the scanning direction, Which cannot be 
obtained by the conventional pulsed laser. 

The present invention provides a laser irradiation method 
including the steps of converting a Wavelength of laser light 
emitted from a pulsed laser oscillator using a non-linear opti 
cal element and irradiating a processing object With the laser 
light Whose Wavelength is converted, Wherein the pulsed laser 
oscillator has a pulse repetition rate of 10 MHZ or more. The 
laser irradiation method having the above structure can sup 
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6 
press the deterioration of the non-linear optical element com 
pared With the case using the CW laser, increase density of the 
photon to time because the peak poWer increases, and 
increase the conversion ef?ciency into the harmonic of the 
non-linear optical element. Therefore, it is possible to 
increase the poWer of the laser light Whose Wavelength is 
converted, to enlarge the beam spot formed on the processing 
object, and therefore to increase the throughput. When a 
semiconductor ?lm is irradiated With the laser light using the 
laser irradiation method of the present invention, the present 
invention can provide a semiconductor ?lm having a crystal 
grain groWn continuously to the scanning direction, Which 
cannot be obtained by the conventional pulsed laser. 
The present invention provides a method for manufactur 

ing a semiconductor device including the steps of converting 
a Wavelength of laser light emitted from a pulsed laser oscil 
lator using a non-linear optical element and irradiating a 
processing object With the laser light Whose Wavelength is 
converted, Wherein the pulsed laser oscillator has a pulse 
repetition rate of 10 MHZ or more. The method for manufac 
turing a semiconductor device having the above structure can 
suppress the deterioration of the non-linear optical element 
compared With the case using the CW laser, increase density 
of the photon to time because the peak poWer increases, and 
increase the conversion ef?ciency into the harmonic of the 
non-linear optical element. Therefore, it is possible to 
increase the poWer of the laser light Whose Wavelength is 
converted and to enlarge the beam spot formed on the pro 
cessing object. This makes it possible to increase the through 
put and to relax the restriction of the layout of the semicon 
ductor element. When a semiconductor element is 
manufactured using the method for manufacturing a semi 
conductor device of the present invention, it is possible to 
obtain a semiconductor element including a semiconductor 
?lm that has a crystal grain groWn continuously to the scan 
ning direction, Which cannot be obtained by the conventional 
pulsed laser, and to enhance the characteristic of the semi 
conductor element. 

When the beam spot is shaped into linear, it is possible to 
decrease the proportion of the region formed in opposite ends 
of the linear beam spot in a direction of its long side Where the 
crystallinity is inferior in the Whole beam spot. HoWever, the 
shape of the beam spot in the present invention is not limited 
to linear, and it may be rectangular or square When the su?i 
cient annealing can be performed to the irradiated object. 
The present invention can be applied to a pulsed laser that 

can oscillate at a repetition rate of 10 MHZ or more. It is 
possible to use anAr laser, a Kr laser, an excimer laser, a C02 
laser, a YAG laser, a YZO3 laser, a YVO4 laser, a YLF laser, a 
YAlO3 laser, a GdVO4 laser, a ceramic laser, a glass laser, a 
ruby laser, an alexandrite laser, a Ti: Sapphire laser, a copper 
vapor laser, or a gold vapor laser When it can achieve the pulse 
repetition rate of 10 MHZ or more. 

In the step of crystalliZing the semiconductor ?lm using the 
laser, the throughput can be raised When the semiconductor 
?lm is crystalliZed in such a Way that the beam spot is shaped 
into a long ellipse or a rectangle and that the beam spot is 
scanned in a direction of its short axis. The laser light is 
shaped into ellipse because the original shape of the laser light 
is circular or near circular. The laser light Whose original 
shape is rectangular may be also used after transforming the 
laser light by expanding it in one direction through a cylin 
drical lens or the like so that its long side becomes longer. 
Moreover, a plurality of laser light each of Which is shaped 
into long ellipse or rectangle may be chained in one direction 
to form a longer beam in order to raise the throughput further. 
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It is noted that the method for manufacturing a semicon 
ductor device of the present invention canbe applied to manu 
facture an integrated circuit and a semiconductor display 
device. As the semiconductor display device, there are a liq 
uid crystal display device, a light-emitting device With a 
light-emitting element typi?ed by an organic light-emitting 
element equipped in each pixel, a DMD (Digital Micromirror 
Device), a PDP (Plasma Display Panel), an FED (Field Emis 
sion Display), and the like. 

In the present invention, the beam spot can be enlarged 
remarkably compared With the beam spot of the CW laser. 
Therefore, it is possible to decrease the proportion of the 
region Where the crystallinity is inferior in the beam spot and 
to increase the throughput. Moreover, the thermal damage to 
the glass substrate can be suppressed compared With the CW 
laser. Furthermore, in the present invention, since the resis 
tance of the non-linear optical element against the laser can be 
raised compared With the case using the CW laser, the main 
tenance of the non-linear optical element can be facilitated. 
Particularly When using a solid laser, the present invention 
can take an advantage of the solid laser that the maintenance 
free state can be kept long. In the present invention, unlike the 
conventional pulsed laser, the crystal can be groWn continu 
ously to the scanning direction, and an aggregation of the 
crystal grains including a single crystal extending long 
toWard the scanning direction can be formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a draWing for shoWing a laser irradiation appara 

tus of the present invention; 
FIG. 2 is a draWing for shoWing a scanning route of a beam 

spot 110 on a semiconductor ?lm 106; 
FIG. 3 is an enlarged photograph of a semiconductor ?lm 

after being irradiated With the laser light With a light micros 
C0P3’; 

FIGS. 4A and 4B are draWings for shoWing examples of the 
optical system in the laser irradiation apparatus of the present 
invention; 

FIGS. 5A to 5C are draWings for shoWing a laser irradiation 
method and a method for manufacturing a semiconductor 
device of the present invention; 

FIGS. 6A to 6D are draWings for shoWing a laser irradia 
tion method and a method for manufacturing a semiconductor 
device of the present invention; 

FIGS. 7A to 7D are draWings for shoWing a laser irradia 
tion method and a method for manufacturing a semiconductor 
device of the present invention; and 

FIG. 8 is a draWing for shoWing a pixel structure of a 
light-emitting device, Which is one of the semiconductor dis 
play devices formed using the laser irradiation apparatus of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT MODE 

This embodiment mode explains a structure of the laser 
irradiation apparatus of the present invention With reference 
to FIG. 1. 
A reference numeral 101 denotes a pulsed YVO4 laser 

having an output poWer of 1.8 W. A reference numeral 102 
denotes a non-linear optical element. The laser oscillator 101 
has a stable resonator and preferably has a spatial pro?le of 
TEM0O mode. In the case of TEMO0 mode, the laser light has 
Gaussian intensity distribution and is superior in the focusing 
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property, and therefore the beam spot can be easily trans 
formed. Laser light emitted from the laser oscillator 101 is 
converted into a second harmonic (Wavelength 532 nm) by 
the non-linear optical element 102. Although the harmonic is 
not particularly limited to the second harmonic, the second 
harmonic is preferable because it is superior in the energy 
e?iciency to the other higher harmonics. The pulse repetition 
rate is set to 80 MHZ and the pulse Width is set to approxi 
mately 12 ps. Although the present embodiment mode uses a 
solid laser having an output poWer of approximately 1.8 W, a 
large laser having an output poWer as high as 300 W may be 
used. Moreover, a laser having a third harmonic that oscillates 
at the repetition rate of 80 MHZ or more, Which is often used 
for laser scribing or the like, may be used. 
The pulse repetition rate is not limited to 80 MHZ in the 

present invention, and it may be 10 MHZ or more. Moreover, 
in the present invention, the upper limit of the repetition rate 
may be 100 GHZ so as to obtain the laser light having high 
circularity and having the same Wavefront to such a degree 
that the focusing property is not interrupted. 

In the laser irradiation apparatus of the present invention, 
the non-linear optical element 1 02 may be provided inside the 
resonator of the laser oscillator 101, or the non-linear optical 
element may be provided outside the resonator of the laser 
oscillator 101. The former structure has an advantage that the 
siZe of the apparatus becomes compact and that the accurate 
control of the resonator length is not necessary. The latter 
structure has an advantage that interaction of the fundamental 
Wave and the harmonic can be ignored. 
As the non-linear optical element 102, the crystal Whose 

non-linear optical constant is relatively large such as KTP 
(KTiOPO4), BBO ([3-BaB2O4), LBO (LiB3O5), CLBO 
(CsLiB6OlO), GdYCOB (YCa4O(BO3)3), KDP (KD2PO4), 
KBS, LiNbO3, Ba2NaNb5O15, or the like is used. Particularly, 
the crystal such as LBO, BBO, KDP, KTP, KBS, CLBO, or 
the like can increase conversion e?iciency from the funda 
mental Wave into the harmonic. 

Since laser light is generally emitted to the horiZontal 
direction, laser light emitted from the laser oscillator 101 is 
re?ected by a re?ecting mirror 103 and its traveling direction 
is changed so as to have an angle (incident angle) 0 from the 
vertical direction. In this embodiment mode, the angle 0 is 
18°. The beam spot of the laser light Whose traveling direction 
is changed is transformed by a lens 104 and is irradiated to a 
processing object mounted on a stage 107. In FIG. 1, a semi 
conductor ?lm 106 formed over a substrate 105 is the pro 
cessing object. Moreover, in FIG. 1, the re?ecting mirror 103 
and the lens 104 correspond to the optical system that con 
denses the laser light on the semiconductor ?lm 106. 

FIG. 1 shoWs an example in Which a planoconvex spherical 
lens is used as the lens 104. The planoconvex spherical lens 
has a focal length of 20 mm. The planoconvex spherical lens 
is set so that the laser light is incident into a center of the 
curved surface and that the plane portion thereof is parallel to 
the substrate 105. The distance betWeen the plane portion of 
the planoconvex spherical lens and the semiconductor ?lm 
106 is 20 mm. This forms a beam spot 110 having a siZe of 
approximately 10 um><100 pm on the semiconductor ?lm 
106. The beam spot 110 can be extended long because of the 
effect of astigmatism of the lens 104. 

In the case Where the substrate 105 With the semiconductor 
?lm 106 formed thereover is used as the processing object as 
shoWn in FIG. 1, When the semiconductor ?lm 106 is an 
amorphous semiconductor, it is preferable to perform thermal 
annealing to the semiconductor ?lm 106 before the laser 
irradiation in order to increase the resistance of the semicon 
ductor ?lm 106 against the laser light. Speci?cally, the ther 
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mal annealing may be performed in the nitrogenous atmo 
sphere of 500° C. for approximately 1 hour. Instead of the 
thermal annealing, the thermal annealing of the semiconduc 
tor ?lm With the catalyst metal added may be performed to 
crystallize the semiconductor ?lm. In both cases, the opti 
mum condition of the laser irradiation is almost the same. 

The stage 107 can move in XY directions in a plane parallel 
to the substrate 105 by a robot 108 for scanning in an X-axis 
direction (uniaxial robot for X-axis) and a robot 109 for 
scanning in a Y-axis direction (uniaxial robot for Y-axis). 
The stage 107 is scanned in a direction of a minor axis of 

the beam spot 110 using the uniaxial robot 109 forY-axis. The 
scanning speed of the stage 107 is appropriate in the range of 
approximately several tens to several thousand mm/ s (more 
preferably, 100 to 2000 m/ s), and it is set to 400 mm/ s in this 
embodiment. The scanning of the stage 107 moves the beam 
spot 110 relative to the surface of the semiconductor ?lm 106. 
Therefore, a region in the semiconductor ?lm that is irradi 
ated With the beam spot 110 is melted, and the interface 
betWeen the solid phase and the liquid phase moves continu 
ously toWard the scanning direction. Thus, a plurality of crys 
tal grains of single crystals groWn in the scanning direction 
each having a Width of several um and a length from approxi 
mately 10 to 30 um is formed in a paved state in a region 
having a Width of 70 um. 

Next, FIG. 2 shoWs the scanning route of the beam spot 110 
on the semiconductor ?lm 106. In the case Where the Whole 
surface of the semiconductor ?lm 106, Which corresponds to 
the processing object, is irradiated With the laser light, after 
the beam spot 110 is scanned in one direction using the 
uniaxial robot 109 forY-axis, the beam spot 110 is slid using 
the uniaxial robot 108 for X-axis in the direction perpendicu 
lar to the direction scanned by the uniaxial robot 109 for 
Y-axis. 

For example, the beam spot 110 is scanned in one direction 
by the uniaxial robot 109 forY-axis. In FIG. 2, the scanning 
route is indicated by a reference character A1. Then, the beam 
spot 110 is slid in a direction perpendicular to the scanning 
route A1 using the uniaxial robot 108 for X-axis. The scan 
ning route by the slide is indicated by a reference character 
B1. Next, the beam spot 110 is scanned in one direction 
opposite to the scanning route A1 With the use of the uniaxial 
robot 109 for Y-axis. This scanning route is indicated by a 
reference character A2. Next, the beam spot 110 is slid in a 
direction perpendicular to the scanning route A2 using the 
uniaxial robot 108 for X-axis. The scanning route by the slide 
here is indicated by a reference character B2. By repeating the 
scanning by the uniaxial robot 109 forY-axis and the uniaxial 
robot 108 for X-axis in order, the Whole area of the semicon 
ductor ?lm 106 can be irradiated With the laser light. 

The region Where the crystal grain groWn in the scanning 
direction is formed by the irradiation of the laser light has 
very superior crystallinity. Therefore, When this region is 
used as the channel-forming region of the TFT, considerably 
high mobility and on current can be expected. HoWever, When 
there is the region in the semiconductor ?lm not requiring 
such high crystallinity, the laser light may not be irradiated to 
such a region. Alternatively, the laser light may be irradiated 
at higher scanning speed so that the high crystallinity is not 
obtained for example. 
As the method for scanning the laser light, there are an 

irradiation system moving method in Which a substrate as a 
processing object is ?xed While an irradiated position of the 
laser light is moved; an object moving method in Which the 
irradiated position of the laser light is ?xed While the substrate 
is moved as shoWn in FIGS. 1 and 2; and a method in Which 
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10 
these tWo methods are combined. In any case, it is necessary 
to control the moving direction of the beam spot relative to the 
semiconductor ?lm. 

FIG. 3 is a photograph enlarged by 500 times that is taken 
by an optical microscope and shoWs a semiconductor ?lm 
after being irradiated With the laser light. In FIG. 3, silicon 
oxide is formed in 200 nm thick on one surface of a glass 
substrate having a thickness of 0.7 mm, and then an amor 
phous silicon (a-Si) ?lm is formed in 66 nm thick as a semi 
conductor ?lm on the silicon oxide by a plasma CVD method. 
After that, in order to increase the resistance of the semicon 
ductor ?lm against the laser, thermal annealing is performed 
for one hour in the nitrogenous atmosphere of 500° C. Then, 
the laser irradiation apparatus shoWn in FIG. 1 is employed to 
crystalliZe the amorphous silicon ?lm formed over the sub 
strate under the condition Where a YVO4 laser has a second 
harmonic (532 nm) With a poWer of 1.8 W, a spatial pro?le of 
TEMO0 mode, a pulse repetition rate of 80 MHZ, and a pulse 
Width of 12 ps; the scanning speed is 400 mm/s; and the siZe 
of the beam spot is approximately 10 um><100 pm. 
By using the laser irradiation method of the present inven 

tion, a plurality of crystal grains including single crystals 
groWn in the scanning direction each having a Width of sev 
eral um and a length from approximately 10 to 30 pm is 
formed in a paved state in a region having a Width of 70 pm 
that is indicated by a line A-A' shoWn in FIG. 3. 

In order to compare, another laser crystallization is per 
formed under the condition Where aYVO4 laser has a second 
harmonic (532nm) With a poWer of 18 W, the spatial pro?le of 
TEMO0 mode, a pulse repetition rate of 100 kHZ, and a pulse 
Width of 40ns; the scanning speed is 200 mm/ s; and the siZe of 
the beam spot is approximately 7 pm ><6 mm. In this case, a 
crystal grain formed by pulsed laser light and a crystal grain 
formed by the next pulsed laser light are not connected at a 
crystal level, and the crystal formed in the region indicated by 
A-A' in FIG. 3 is not obtained. 

Embodiment 1 

This embodiment explains an optical system in the laser 
irradiation apparatus of the present invention With reference 
to FIGS. 4A and 4B. 
The optical system shoWn in FIG. 4A has tWo cylindrical 

lenses 701 and 702. The beam spot of the laser light incident 
from the direction indicated by an arroW is shaped by the 
cylindrical lenses 701 and 702 and then it is irradiated to a 
processing object 703. It is noted that the cylindrical lens 702 
closer to the processing object 703 has a shorter focal length 
than the cylindrical lens 701. 
When the laser having a pulse Width of approximately 10 

ps is used according to the present invention, the optical 
system can be set Without considering the effect of the inter 
ference. In other Words, the laser light may be made incident 
into the processing object 703 vertically. 

FIG. 4B shoWs an optical system for combining four beam 
spots into one beam spot. The optical system shoWn in FIG. 
4B has six cylindrical lenses 717 to 722. The four laser light 
being incident from directions indicated by the arroWs are 
incident into the four cylindrical lenses 719 to 722 respec 
tively. The tWo laser light shaped by the cylindrical lenses 719 
and 721 are shaped again by the cylindrical lens 717, and they 
are irradiated to the processing object 723. On the other hand, 
the tWo laser light shaped by the cylindrical lenses 720 and 
722 are shaped again by the cylindrical lens 718, and they are 
irradiated to a processing object 723. 
The beam spots on the processing object 723 overlap each 

other partially to form one beam spot. 



US 7,486,706 B2 
11 

Although a designer can set the focal length of the lenses 
and the incidence angle appropriately, the focal length of the 
cylindrical lenses 717 and 718, Which are the closest to the 
processing object 723, should be shorter than that of the 
cylindrical lenses 719 to 722. For example, the focal length of 
the cylindrical lenses 717 and 718 is set to 20 mm, and the 
focal length of the cylindrical lenses 719 to 722 is set to 150 
mm. The cylindrical lenses are set so that the laser light 
emitted from the cylindrical lenses 719 to 722 are incident 
into the cylindrical lenses 717 and 718 at an angle of 10° and 
the laser light emitted from the cylindrical lenses 717 and 718 
are incident into the processing object 723 at an angle of 25°. 

FIG. 4B shoWs an example in Which four beam spots are 
combined. In this case, four cylindrical lenses are provided to 
correspond With four laser oscillators, and tWo cylindrical 
lenses are provided to correspond With the four cylindrical 
lenses. The number of beam spots to be combined is not 
limited to this, and the number thereof may be no feWer than 
2 nor more than 8. When n (n:2, 4, 6, 8) number of the beam 
spots are combined, n number of the cylindrical lenses are 
provided to correspond With n number of the laser oscillators 
respectively, and n/2 number of the cylindrical lenses are 
provided to correspond With n number of the cylindrical 
lenses. When n (n:3, 5, 7) number of the beam spots are 
combined, n number of the cylindrical lenses are provided to 
correspond With n number of the laser oscillators respectively, 
and (n+l)/ 2 number of the cylindrical lenses are provided to 
correspond With n number of the cylindrical lenses. 
When ?ve or more of the beam spots are overlapped, it is 

desirable that the ?fth and subsequent laser light are irradi 
ated from the side of the rear surface of the substrate in 
consideration of the position of the optical system, interfer 
ence, and the like. Moreover, the substrate is necessarily 
transparent. 

The optical system in the laser irradiation apparatus of the 
present invention is not limited to that shoWn in this embodi 
ment. 

Embodiment 2 

This embodiment explains a laser irradiation method and a 
method for manufacturing a semiconductor device of the 
present invention With reference to FIGS. 5A to SC. 

Initially, a base ?lm 501 is formed on a substrate 500 as 
shoWn in FIG. 5A. A glass substrate such as a barium boro 
silicate glass or an alumino borosilicate glass, a quartz sub 
strate, a stainless substrate, or the like can be used as the 
substrate 500 for example. In addition, although a substrate 
made of ?exible synthetic resin such as acrylic or plastic 
typi?ed by PET, PES, or PEN tends to be inferior to the above 
substrates in point of the resistance against the heat, the 
substrate made of ?exible synthetic resin can be used When it 
can resist the heat generated in the manufacturing process. 

The base ?lm 501 is provided in order to prevent the alkali 
earth metal or alkali metal such as Na included in the substrate 
500 from diffusing into the semiconductor ?lm. The alkali 
earth metal or the alkali metal causes an adverse effect on the 
characteristic of the semiconductor element When it is in the 
semiconductor ?lm. Therefore, the base ?lm is formed of an 
insulating material such as silicon oxide, silicon nitride, or 
silicon nitride oxide, Which can suppress the diffusion of the 
alkali-earth metal and alkali metal into the semiconductor 
?lm. In the present embodiment, a silicon nitride oxide ?lm is 
formed in thickness from 10 to 400 nm (preferably from 50 to 
300 nm) by a plasma CVD method. 

It is noted that the base ?lm 501 may be formed of a single 
insulating ?lm or may be formed by laminating a plurality of 
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insulating ?lms. In the case of using the substrate including 
the alkali metal or the alkali-earth metal in any Way such as 
the glass substrate, the stainless substrate, or the plastic sub 
strate, it is effective to provide the base ?lm in terms of 
preventing the diffusion of the impurity. When the substrate 
such as the quartz substrate that hardly diffuses the impurity 
is used, the base ?lm is not alWays necessary to be provided. 

Next, a semiconductor ?lm 502 is formed on the base ?lm 
501 in thickness from 25 to 100 nm (preferably from 30 to 60 
nm). The semiconductor ?lm 502 may be an amorphous 
semiconductor or a poly-crystalline semiconductor. More 
over, not only silicon but also silicon germanium can be used 
as the semiconductor. When silicon germanium is used, it is 
preferable that the density of germanium is in the range of 
approximately 0.01 to 4.5 atomic %. 

Next, the laser irradiation apparatus of the present inven 
tion is used to irradiate the semiconductor ?lm 502 With the 
laser light and to crystallize it as shoWn in FIG. 5B. 

In this embodiment, the laser irradiation is perfor'medusing 
aYVO4 laser that provides 2 W at 532 nm (second harmonic) 
With a repetition rate of 80 MHz, a pulse Width of 12 ps, and 
a spatial pro?le of TEM0O mode. Moreover, a beam spot 510 
formed on the semiconductor ?lm 502 by shaping the laser 
light through an optical system has a rectangular shape of 10 
pm in a short side and 100 um in a long side. The condition of 
the laser irradiation is not limited to that shoWn in this 
embodiment. 

Then, the beam spot S10 is scanned on the semiconductor 
?lm 502 in a direction indicated by a White arroW shoWn in 
FIG. 5B. By setting the pulse repetition rate to 80 MHz, the 
interface betWeen the solid phase and the liquid phase can be 
moved continuously to the direction indicated by the White 
arroW. Therefore, the crystal grain groWn continuously 
toWard the scanning direction is formed. By forming a grain 
of the single crystal extending long in the scanning direction, 
it is possible to form the semiconductor ?lm having almost no 
crystal grain boundary at least in the channel direction of the 
TFT. 
A semiconductor ?lm 503 having the crystallinity further 

enhanced is formed by irradiating the semiconductor ?lm 502 
With the laser light as described above. 

Next, the semiconductor ?lm 503 is patterned to form 
island-shaped semiconductor ?lms 507 to 509 as shoWn in 
FIG. 5C. The island-shaped semiconductor ?lms 507 to 509 
are used to form various semiconductor elements typi?ed by 
a TFT. 

In the case of manufacturing the TFT, a gate insulating ?lm 
(not illustrated in the ?gure) is formed to cover the island 
shaped semiconductor ?lms 507 to 509. The gate insulating 
?lm can be formed of silicon oxide, silicon nitride, silicon 
nitride oxide, or the like by the plasma CVD method, the 
sputtering method, or the like. 

Next, a gate electrode is formed by forming a conductive 
?lm on the gate insulating ?lm and patterning it. Then, a 
source region, a drain region, an LDD region, and the like are 
formed by adding an impurity imparting n-type or p-type 
conductivity to the island-shaped semiconductor ?lms 507 to 
509 using the gate electrode as a mask or using the resist to be 
formed and patterned as a mask. 

The above process can form the TFT. The method for 
manufacturing a semiconductor device of the present inven 
tion is not limited to the manufacturing process of the TFT 
after forming the island-shaped semiconductor ?lms shoWn 
in this embodiment. When the semiconductor ?lm crystal 
lized by the laser irradiation method of the present invention 
is used as an active layer of the TFT, it is possible to suppress 
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the variation of the mobility, threshold, and on-current 
betWeen the semiconductor elements. 

Before the laser crystallization step, a crystallization step 
using the catalyst element may be performed. As the catalyst 
element, nickel (Ni), germanium (Ge), iron (Fe), palladium 
(Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt), copper 
(Cu), or gold (Au) can be used. When the laser crystallization 
is performed after the crystallization using the catalyst ele 
ment, the laser irradiation melts an upper part of the semicon 
ductor ?lm but does not melt a loWer part of the semiconduc 
tor ?lm. Therefore, a crystal remained Without being melted 
in the loWer part of the semiconductor ?lm becomes a crystal 
nucleus, and the crystallization is promoted uniformly from 
the loWer part toWard the upper part of the semiconductor 
?lm. Compared to the case in Which the semiconductor ?lm is 
crystallized only by the laser light, it is possible to enhance 
the crystallinity of the semiconductor ?lm further and to 
suppress the roughness of the surface of the semiconductor 
?lm after the laser crystallization. Therefore, the variation of 
the characteristics of the semiconductor element to be formed 
afterward typi?ed by a TFT can be more suppressed and the 
off current can be also suppressed. 

It is noted that the crystallization may be performed in such 
a Way that the heat treatment is performed after the catalyst 
element is added in order to promote the crystallization and 
then the laser light is irradiated in order to enhance the crys 
tallinity further. Alternatively, the heat treatment may be 
omitted. Speci?cally, after adding the catalyst element, the 
laser light may be irradiated to the semiconductor ?lm instead 
of the heat treatment to enhance the crystallinity. 

Although the present embodiment shoWs an example in 
Which the laser irradiation method of the present invention is 
used to crystallize the semiconductor ?lm, the laser irradia 
tion method may be applied to activate the impurity element 
doped in the semiconductor ?lm. 

Embodiment 3 

Unlike the embodiment 2, this embodiment explains an 
example in Which the crystallization method by the laser 
irradiation apparatus of the present invention is combined 
With the crystallization method by the catalyst element. 

Initially, the process up to forming the semiconductor ?lm 
502 is performed With reference to FIG. 5A of the embodi 
ment 2. Next, as shoWn in FIG. 6A, a nickel acetate solution 
including Ni in the range of l to 100 ppm in Weight is applied 
to the surface of the semiconductor ?lm 502 by a spin coating 
method. It is noted that the catalyst may be added not only by 
the above method but also by another method such as a 
sputtering method, a vapor deposition method, or a plasma 
process. Next, the heat treatment is performed for 4 to 24 
hours at temperatures ranging from 500 to 650° C., for 
example for 14 hours at a temperature of 570° C. This heat 
treatment forms a semiconductor ?lm 520 in Which the crys 
tallization is promoted in the vertical direction from the sur 
face With the nickel acetate solution applied thereon toWard 
the substrate 500 (FIG. 6A). 

The heat treatment is performed for example at a tempera 
ture of 740° C. for 180 seconds by RTA (Rapid Thermal 
Anneal) using radiation of the lamp as a heat source or by 
RTA using heated gas (gas RTA). The set temperature is the 
temperature of the substrate measured by a pyrometer, and the 
measured temperature is herein de?ned as the set temperature 
in the heat treatment. As another method, the heat treatment 
using an annealing furnace at a temperature of 550° C. for 4 
hours may be employed. It is the action of the metal element 
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having the catalytic activity that loWers the temperature and 
shortens the time in the crystallization. 
Although the present embodiment uses nickel (Ni) as the 

catalyst element, another element such as germanium (Ge), 
iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), 
platinum (Pt), copper (Cu), or gold (Au) may be also used. 

Subsequently, the semiconductor ?lm 520 is crystallized 
using the laser irradiation apparatus of the present invention 
as shoWn in FIG. 6B. In this embodiment, the second har 
monic of a pulsedYVO4 laser With a repetition rate of 80 MHz 
and a pulse Width of approximately 12 ps is used. A beam spot 
527 formed on the semiconductor ?lm 520 by shaping the 
laser light through the optical system has a rectangular shape 
of 10 pm in a short side and 100 pm in a long side. HoWever, 
the condition of the laser irradiation of the present invention 
is not limited to that shoWn in this embodiment. 
The beam spot S27 is scanned on a surface of the semicon 

ductor ?lm 520 in a direction indicated by a White arroW 
shoWn in FIG. 6B. By setting the pulse repetition rate to 80 
MHz, the interface betWeen the solid phase and the liquid 
phase can be moved continuously to the direction indicated 
by the White arroW. Thus, the crystal grain groWn continu 
ously toWard the scanning direction is formed. When the 
grain of the single crystal extending long in the scanning 
direction is formed, it is possible to form a semiconductor 
?lm having almost no crystal grain boundary at least in the 
channel direction of the TFT. 
By the irradiation of the laser light to the semiconductor 

?lm 520 as described above, a semiconductor ?lm 521 in 
Which the crystallinity is enhanced further is formed. It is 
considered that the semiconductor ?lm 521 crystallized using 
the catalyst element includes the catalyst element (herein Ni) 
at the density of approximately 1x 1 0l9 atoms/cm3 . Therefore, 
the gettering of the catalyst element existing in the semicon 
ductor ?lm 521 is performed next. 

Initially, an oxide ?lm 522 is formed on a surface of the 
semiconductor ?lm 521 as shoWn in FIG. 6C. By forming the 
oxide ?lm 522 in thickness from approximately 1 to 10 nm, it 
is possible to prevent the surface of the semiconductor ?lm 
521 from becoming rough in the folloWing etching process. 
The oxide ?lm 522 can be formed by a knoWn method. For 
example, the oxide ?lm 522 may be formed by oxidizing the 
surface of the semiconductor ?lm 521 using ozone Water or 
using the solution in Which hydrogen peroxide solution is 
mixed With sulfuric acid, hydrochloric acid, nitric acid, or the 
like. Alternatively, the oxide ?lm 522 may be formed by the 
plasma process, heat treatment, or ultraviolet ray irradiation 
in the atmosphere including oxygen. Moreover, the oxide ?lm 
522 may be formed separately by the plasma-CVD method, 
the sputtering method, the vapor deposition method, or the 
like. 
A semiconductor ?lm 523 for the gettering including the 

noble gas element at the density of l ><l02O atoms/cm3 or more 
is formed in thickness from 25 to 250 nm on the oxide ?lm 
522 by the sputtering method. It is desirable that the mass 
density of the semiconductor ?lm 523 for the gettering is 
loWer than that of the semiconductor ?lm 521 in order to 
increase the selecting ratio to the semiconductor ?lm 521 
When being etched. As the noble gas element, one or a plu 
rality of elements selected from the group consisting of 
helium (He), neon (Ne), argon (Ar), krypton (Kr), and xenon 
@(e) is used. 

Next, the gettering is performed by the heat treatment 
according to the furnace annealing method or the RTA 
method. When the fumace annealing method is employed, the 
heat treatment is performed for 0.5 to 12 hours at tempera 
tures from 450 to 600° C. in the atmosphere of nitrogen. 
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When the RTA method is employed, a lamp light source for 
heating is turned on for 1 to 60 seconds, preferably from 30 to 
60 seconds, Which is repeated from 1 to 10 times, preferably 
from 2 to 6 times. The luminance intensity of the lamp light 
source is set so that the semiconductor ?lm is heated instan 
taneously at temperatures ranging from 600 to 1000° C., 
preferably from approximately 700 to 750° C. 

Through the heat treatment, the catalyst element inside the 
semiconductor ?lm 521 is moved to the semiconductor ?lm 
523 for the gettering due to the diffusion as indicated by an 
arroW, and the catalyst element is thus gettered. 

Next, the semiconductor ?lm 523 for the gettering is 
removed by etching selectively. The etching process is per 
formed by dry etching using CIF3 not applying plasma or by 
Wet etching using an alkali solution such as the solution 
including hydrazine or tetraethylammonium hydroxide 
(chemical formula (CH3)4NOH). On this occasion, the oxide 
?lm 522 can prevent the semiconductor ?lm 521 from being 
etched. 

Next, after removing the oxide ?lm 522 by hydro?uoric 
acid, the semiconductor ?lm 521 is patterned to form island 
shaped semiconductor ?lms 524 to 526. (FIG. 6(D)) Various 
semiconductor elements, typically TFT, can be formed using 
these island-shaped semiconductor ?lms 524 to 526. It is 
noted that the gettering method is not limited to that shoWn in 
this embodiment. Another method may be also employed to 
decrease the catalyst element in the semiconductor ?lm. 

In this embodiment, the laser irradiation melts an upper 
part of the semiconductor ?lm but does not melt a loWer part 
of the semiconductor ?lm. Therefore, a crystal remained 
Without being melted in the loWer part of the semiconductor 
?lm becomes a crystal nucleus, and the crystallization is 
promoted uniformly from the loWer part toWard the upper part 
of the semiconductor ?lm. Moreover, the crystal orientation 
is easily aligned. Therefore, the surface of the semiconductor 
?lm is prevented from becoming rough compared With the 
case of the embodiment 2. Moreover, the variation of the 
characteristic of the semiconductor element to be formed 
afterward, typically TFT, can be more suppressed. 

It is noted that this embodiment explained the process to 
promote crystallization by performing the heat treatment 
after the catalyst element is added and to enhance crystallinity 
further by irradiating the laser light. HoWever, the present 
invention is not limited to this, and the heat treatment may be 
omitted. Speci?cally, after adding the catalyst element, the 
laser light may be irradiated instead of the heat treatment in 
order to enhance the crystallinity. 

Embodiment 4 

This embodiment also explains an example in Which the 
crystallization method by the laser irradiation apparatus of 
the present invention is combined With the crystallization 
method by the catalyst element. HoWever, the example 
explained here is different from the embodiment 3. 

Initially, the process up to forming the semiconductor ?lm 
502 is performed With reference to FIG. 5A of the embodi 
ment 2. Next, a mask 540 having an opening is formed on the 
semiconductor ?lm 502. Then, a nickel acetate solution 
including Ni in the range of 1 to 100 ppm in Weight is applied 
to the surface of the semiconductor ?lm 502 by a spin coating 
method. The catalyst element may be applied not only by the 
above method but also by the sputtering method, the vapor 
deposition method, the plasma process, or the like. The nickel 
acetate solution contacts the semiconductor ?lm 502 through 
the opening of the mask 540 (FIG. 7A). 
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Next, a heat treatment is performed for 4 to 24 hours at 

temperatures from 500 to 650° C., for example for 14 hours at 
a temperature of 570° C. This heat treatment forms a semi 
conductor ?lm 530 in Which the crystallization is promoted 
from the surface With the nickel acetate solution applied 
thereon as indicated by a continuous line (FIG. 7A). The heat 
treatment may be performed not only by the above method but 
also by another method such as the method shoWn in the 
embodiment 3. As the catalyst element, elements recited in 
the embodiment 3 can be used. 

Subsequently, after removing the mask 540, the semicon 
ductor ?lm 53 0 is crystallized using the laser irradiation appa 
ratus of the present invention as shoWn in FIG. 7B. In this 
embodiment, aYVO4 laser providing 2 W at 532 nm (second 
harmonic) With a repetition rate of 80 MHz and a pulse Width 
of 12 ps is used. It is noted that a beam spot 538 formed on the 
semiconductor ?lm 530 by shaping the laser light through an 
optical system has a rectangular shape of 10 pm in a short side 
and 100 um in a long side. HoWever, the condition of the laser 
irradiation is not limited to that shoWn in this embodiment. 
The beam spot S38 is scanned on the semiconductor ?lm 

530 in a direction indicated by a White arroW shoWn in FIG. 
7B. By setting the pulse repetition rate to 80 MHz, it is 
possible to move the interface betWeen the solid phase and the 
liquid phase continuously in the direction indicated by the 
White arroW and therefore to form the crystal grain groWn 
continuously in the scanning direction. When the grain of the 
single crystal extending long in the scanning direction is 
formed, it is possible to form a semiconductor ?lm having 
almost no crystal grain at least in the channel direction of the 
TFT. 
By irradiating the semiconductor ?lm 530 With the laser 

light, a semiconductor ?lm 531 in Which the crystallinity is 
further enhanced is formed. 

It is considered that the semiconductor ?lm 531 crystal 
lized using the catalyst element includes the catalyst element 
(herein Ni) at the density of approximately 1><10l9 atoms/ 
cm3 . Therefore, the gettering of the catalyst element existing 
in the semiconductor ?lm 531 is performed next. 

Initially, as shoWn in FIG. 7C, a silicon oxide ?lm 532 for 
the mask is formed in 150 nm thick so as to cover the semi 
conductor ?lm 531. Then, the silicon oxide ?lm 532 is pat 
temed to form an opening so that a part of the semiconductor 
?lm 531 is exposed. Then, phosphorous is added to the 
exposed part of the semiconductor ?lm 531 to form a region 
533 With the phosphorus added. When a heat treatment is 
performed in this state for 5 to 24 hours at temperatures from 
550 to 800° C., for example for 12 hours at a temperature of 
600° C., the region 533 With the phosphorus added Works as 
a gettering site, and the catalyst element left in the semicon 
ductor ?lm 531 moves to the gettering region 533 With the 
phosphorous added. 
By etching aWay the region 533 With the phosphorous 

added, the density of the catalyst element can be loWered to be 
1><10l7 atoms/cm3 or less in the rest of the semiconductor ?lm 
531. Next, after removing the silicon oxide ?lm 532 for the 
mask, the semiconductor ?lm 531 is patterned to form island 
shaped semiconductor ?lms 534 to 536 (FIG. 7D). These 
island-shaped semiconductor ?lms 534 to 536 can be used to 
form various semiconductor elements typi?ed by a TFT. The 
gettering method is not limited to that shoWn in this embodi 
ment. Another method may be also employed to decrease the 
catalyst element in the semiconductor ?lm. 

In this embodiment, the laser irradiation melts an upper 
part of the semiconductor ?lm but does not melt a loWer part 
of the semiconductor ?lm. Therefore, a crystal remained 
Without being melted in the loWer part of the semiconductor 
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?lm becomes a crystal nucleus, and the crystallization is 
promoted uniformly from the loWer part toWard the upper part 
of the semiconductor ?lm. Moreover, the crystal orientation 
is easily aligned. Thus, the surface of the semiconductor ?lm 
is prevented from becoming rough compared With the case of 
the embodiment 2. Therefore, the variation of the character 
istic of the semiconductor element to be formed afterward, 
typically TFT, can be suppressed. 

It is noted that this embodiment explained the process to 
promote crystallization by performing the heat treatment 
after the catalyst element is added and to enhance crystallinity 
further by irradiating the laser light. However, the present 
invention is not limited to this, and the heat treatment may be 
omitted. Speci?cally, after adding the catalyst element, the 
laser light may be irradiated instead of the heat treatment in 
order to enhance the crystallinity. 

Embodiment 5 

This embodiment explains With reference to FIG. 8 a pixel 
structure of a light-emitting device, Which is one of semicon 
ductor display devices that can be manufactured using the 
laser irradiation apparatus. 

In FIG. 8, a base ?lm 6001 is formed on a substrate 6000, 
and a transistor 6002 is formed on the base ?lm 6001. The 
transistor 6002 has an island-shaped semiconductor ?lm 
6003, a gate electrode 6005, and a gate insulating ?lm 6004 
sandWiched betWeen the island-shaped semiconductor ?lm 
6003 and the gate electrode 6005. 
The island-shaped semiconductor ?lm 6003 is a poly-crys 

talline semiconductor ?lm that is crystalliZed by the laser 
irradiation apparatus of the present invention. The island 
shaped semiconductor ?lm may be formed of not only silicon 
but also silicon germanium. When the silicon germanium is 
used, it is preferable that the density of the germanium is in 
the range of approximately 0.01 to 4.5 atomic %. Moreover, 
silicon With carbon nitride added may be used. 
As the gate insulating ?lm 6004, silicon oxide, silicon 

nitride, or silicon oxynitride can be used. Moreover, the gate 
insulating ?lm 6004 may be formed by laminating these 
materials. For example, a ?lm in Which SiN is formed on SiO2 
may be used as the gate insulating ?lm. The gate electrode 
6005 is formed of an element selected from the group con 
sisting of Ta, W, Ti, Mo, Al, and Cu or formed of an alloy 
material or a chemical compound material including the 
above element as its main component. Furthermore, a semi 
conductor ?lm typi?ed by a poly-crystalline silicon ?lm With 
an impurity element such as phosphorus doped may be used 
as the gate electrode 6005. Not only a single conductive ?lm 
but also a conductive ?lm including a plurality of layers may 
be used as the gate electrode 6005. 

The transistor 6002 is covered by a ?rst interlayer insulat 
ing ?lm 6006. A second interlayer insulating ?lm 6007 and a 
third interlayer insulating ?lm 6008 are formed on the ?rst 
interlayer insulating ?lm 6006 in order. The ?rst interlayer 
insulating ?lm 6006 may be a single layer or multilayer 
formed of silicon oxide, silicon nitride, or silicon oxynitride 
by the plasma CVD method or the sputtering method. 

The second interlayer insulating ?lm 6007 can be formed 
of an organic resin ?lm, an inorganic insulating ?lm, an 
insulating ?lm that includes SiiCH,C bond and SiiO bond 
made from the material selected from the siloxane group, or 
the like. In this embodiment, non-photosensitive acrylic is 
used. The third interlayer insulating ?lm 6008 is formed of 
the material that is hard to transmit the substance causing to 
promote deterioration of the light-emitting element such as 
moisture, oxygen, and the like compared With another insu 
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lating ?lm. Typically, it is preferable to use a DLC ?lm, a 
carbon nitride ?lm, a silicon nitride ?lm formed by the RF 
sputtering method, or the like. 

In FIG. 8, a reference numeral 6010 denotes a ?rst elec 
trode, a reference numeral 6011 denotes an electrolumines 
cent layer, a reference numeral 6012 denotes a second elec 
trode, and the part in Which the ?rst electrode 6010, the 
electroluminescent layer 6011, and the second electrode 6012 
are overlapped corresponds to a light-emitting element 6013. 
One of the transistors 6002 is a driver transistor for control 
ling the current supplied to the light-emitting element 6013, 
and it is connected directly or serially through another circuit 
element to the light-emitting element 6013. The electrolumi 
nescent layer 6011 is a single light-emitting layer or multi 
layer including the light-emitting layer. 
The ?rst electrode 6010 is formed on the third interlayer 

insulating ?lm 6008. An organic resin ?lm 6014 is formed as 
the partition Wall on the third interlayer insulating ?lm 6008. 
Although the present embodiment uses the organic resin ?lm 
as the partition Wall, an inorganic insulating ?lm, an insulat 
ing ?lm that includes SiiCH,C bond and Si4O bond made 
from the material selected from the siloxane group, or the like 
can be also used as the partition Wall. The organic resin ?lm 
6014 has an opening portion 6015, and the light-emitting 
element 6013 is formed by overlapping the ?rst electrode 
6010, the electroluminescent layer 6011, and the second elec 
trode 6012 in the opening portion 6015. 
A protective ?lm 6016 is formed on the organic resin ?lm 

6014 and the second electrode 6012. As Well as the third 
interlayer insulating ?lm 6008, the protective ?lm 6016 is 
formed of the material that is hard to transmit the substance 
causing to promote deterioration of the light-emitting ele 
ment such as moisture and oxygen compared With another 
insulating ?lm. For example, a DLC ?lm, a carbon nitride 
?lm, a silicon nitride ?lm formed by the RF sputtering 
method, or the like is used as the protective ?lm 6016. 

It is preferable to make the edge portion of the opening 
6015 of the organic resin ?lm 6014 round so as to prevent the 
electroluminescent layer 6011 partially overlapping the 
organic resin ?lm 6014 from staving. More speci?cally, it is 
desirable that the sectional surface of the organic resin ?lm at 
the edge of the opening has a radius of curvature ranging from 
approximately 0.2 to 2 pm. With the above structure, the 
coverage of the electroluminescent layer and the second elec 
trode to be formed afterWard can be improved, and it is 
possible to prevent a short circuit betWeen the ?rst electrode 
6010 and the second electrode 6012 in the hole formed in the 
electroluminescent layer 6011 from forming. Moreover, 
When the stress of the electroluminescent layer 6011 is 
relaxed, it is possible to decrease the defect called shrink in 
Which the light-emitting region decreases and to enhance the 
reliability. 

FIG. 8 shoWs an example using positive photosensitive 
acrylic resin as the organic resin ?lm 6014. In the photosen 
sitive organic resin, there are the positive type in Which the 
region Where the energy such as light, electron, or ion is 
exposed is removed and the negative type in Which the region 
that is exposed is not removed. The negative organic resin ?lm 
may be used in the present invention. Moreover, a photosen 
sitive polyimide may be used to form the organic resin ?lm 
6014. In the case of forming the organic resin ?lm 6014 using 
the negative acrylic, the edge portion of the opening portion 
6015 shapes like a letter ofS. On this occasion, it is desirable 
that the radius of curvature in the upper portion and the loWer 
portion of the opening portion is in the range of 0.2 to 2 pm. 
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It is noted that one of the ?rst electrode 6010 and the second 
electrode 6012 is an anode and the other one of them is a 
cathode. 

The anode can be formed of a light-transmitting conductive 
oxide material such as indium tin oxide (ITO), Zinc oxide 
(ZnO), indium Zinc oxide (IZO), or gallium-doped Zinc oxide 
(GZO). Moreover, ITO, indium tin oxide including silicon 
oxide (hereinafter referred to as ITSO), or indium oxide 
including silicon oxide in Which Zinc oxide (ZnO) is added in 
the range of 2 to 20% may be used. Furthermore, the anode 
may be a single layer including one or a plurality of elements 
selected from the group consisting of TiN, ZrN, Ti, W, Ni, Pt, 
Cr, Ag, Al, and the like; tWo layers formed by laminating a 
?lm mainly including titanium nitride and a ?lm mainly 
including aluminum; three layers formed by laminating a 
titanium nitride ?lm, a ?lm mainly including aluminum, and 
a titanium nitride ?lm; or the like. When the anode is formed 
of a material different from the light-transmitting conductive 
oxide material and When the light is emitted from the anode 
side, the anode is formed in the thickness of such a degree that 
the light can transmit (preferably from approximately 5 to 30 
nm). 

The cathode can be formed of a metal, an alloy, a conduc 
tive compound, or a mixture of these materials each having 
loW Work function. Speci?cally, the cathode can be formed of 
an alkali metal such as Li or Cs; an alkali-earth metal such as 
Ca, Sr, or Mg; an alloy including these such as Mg:Ag, Al:Li, 
or Mg:In; a chemical compound of these such as CaF2 or 
CaN; or rare-earth metal such as Yb or Er. When an electron 
injecting layer is provided in the electroluminescent layer 
6011, a conductive layer such as Al can be used. When the 
light is emitted from the cathode side, the cathode may be 
formed of a light-transmitting conductive oxide material such 
as the indium tin oxide (ITO), Zinc oxide (ZnO), indium Zinc 
oxide (IZO), gallium-doped Zinc oxide (GZO), or the like. 
Moreover, the cathode may be formed of ITO, indium tin 
oxide including silicon oxide (hereinafter referred to as 
ITSO), or indium oxide including silicon oxide in Which Zinc 
oxide (ZnO) is further mixed in the range of 2 to 20%. In the 
case of using the light-transmitting conductive oxide mate 
rial, the electron-inj ecting layer is preferably provided to the 
electroluminescent layer 6011 to be formed afterWard. By 
forming the cathode in the thickness of such a degree that the 
light can transmit (preferably from approximately from 5 to 
30 nm) Without the use of the light-transmitting conductive 
oxide material, the light can be taken from the cathode side. In 
this case, the sheet resistance of the cathode may be sup 
pressed by forming a light-transmitting conductive ?lm using 
the light-transmitting conductive oxide material so as to con 
tact the upper part or the loWer part of the cathode. 

Although FIG. 8 shoWs the structure in Which the light 
emitted from the light-emitting element is irradiated to the 
side of the substrate 6000, the light-emitting element may 
have a structure in Which the light is irradiated to the side 
opposite to it. 

After the light-emitting device shoWn in FIG. 8 is obtained, 
it is preferable to package (enclose) the light-emitting device 
using a protective ?lm (laminate ?lm, ultraviolet curable resin 
?lm, or the like) or a light-transmitting cover member that is 
highly airtight and hardly degases. The reliability of the light 
emitting element is enhanced When the inside of the cover 
member is ?lled With the inert atmosphere or the material 
having moisture-absorption characteristic (barium oxide, for 
example) is set in the cover member. 

Although the present embodiment shoWs the light-emitting 
device as an example of the semiconductor display device, the 
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semiconductor display device formed using the manufactur 
ing method of the present invention is not limited to this. 

What is claimed is: 
1. A laser irradiation apparatus comprising: 
a pulsed laser oscillator con?gured to supply a laser light; 
an optical system con?gured to introduce the laser light to 

a processing object, 
Wherein the pulsed laser introduced to the processing 

object has a pulse repetition rate of l 0 MHZ or more, and 
Wherein an inequality of ct<2nd is satis?ed Where c is a 

speed of light in vacuum, n is a refractive index of a 
substrate With the processing object formed thereover, d 
is athickness of the substrate, andtis apulse Width of the 
laser light. 

2. The laser irradiation apparatus according to claim 1 
further comprising a stage for irradiating the laser light to a 
processing object, 

Wherein a scanning speed of the stage is in the range of 
several tens to several thousand mm/ s. 

3. The laser irradiation apparatus according to claim 1 
further comprising a stage for irradiating the laser light to a 
processing object, 

Wherein a scanning speed of the stage is 100 to 2000 mm/ s. 
4. The laser irradiation apparatus according to claim 1, 

Wherein the processing object comprises a semiconductor 
?lm. 

5. A laser irradiation apparatus comprising: 
a pulsed laser oscillator con?gured to supply a laser light; 
an optical system con?gured to introduce the laser light to 

a processing object, 
Wherein the pulsed laser introduced to the processing 

object has a pulse repetition rate from 10 MHZ to 100 
GHZ, and 

Wherein an inequality of ct<4nd is satis?ed Where c is a 
speed of light in vacuum, n is a refractive index of a 
substrate With the processing object formed thereover, d 
is athickness of the substrate, andtis apulse Width of the 
laser light. 

6. The laser irradiation apparatus according to claim 5 
further comprising a stage for irradiating the laser light to a 
processing object, 

Wherein a scanning speed of the stage is in the range of 
several tens to several thousand mm/ s. 

7. The laser irradiation apparatus according to claim 5 
further comprising a stage for irradiating the laser light to a 
processing object, 

Wherein a scanning speed of the stage is 100 to 2000 mm/ s. 
8. The laser irradiation apparatus according to claim 5, 

Wherein the processing object comprises a semiconductor 
?lm. 

9. A laser irradiation apparatus comprising: 
a pulsed laser oscillator con?gured to supply a laser light; 
a non-linear optical element con?gurcd to convert a wave 

length of the laser light; and 
an optical system con?gured to introduce the laser light 
Whose Wavelength is converted to a processing object, 
and to condense the laser light Whose Wavelength is 
converted on a processing object, 

Wherein the pulsed laser introduced to the processing 
object has a pulse repetition rate of l 0 MHZ or more, and 

Wherein an inequality of ct<2nd is satis?ed Where c is a 
speed of light in vacuum, n is a refractive index of a 
substrate With the processing object formed thereover, d 
is athickness of the substrate, andtis apulse Width of the 
laser light. 










