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Title of Invention: LASER LINE BEAM IMPROVEMENT APPARATUS

AND LASER PROCESSING APPARATUS

Technical Field
[ooozl

This invention wrelates to a lfaser lins beam
improvemnent apparatus that improves an intensity
distributicn of a line beam and to a laser processing
apparatus including the laser line beam improvement

apparatus.

Background Art
focozl

A method of drradiating an object to be processed
with a laser to anneal the object is Iimplemented for

o
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stallization of an amorphous semiconductor, activation
of semiconductory impurities, and the like. In this laser
annealing process, the beam profile of che laser is
formed into a predetermined profile through an optical
system, and the beam intensity is uniforw (top flat: flat
section) in bsam cross section. The beam ls condensed as
necesgsary to lrradiate the object to be processsad.

focoz]

2 line beam proifiles with a minor axis width and a

major axis width in besam cross-sectionzl view is known
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a type of beam profile, and the object Lo be processed
can be dlrradiated while scanning the line beam profile to
collectively and efficiently process a wide arxea of the
object to be processad. However, after going through
varicus optical members and the like, even the top-£flat
line beam profile includes parts {(also called steepness
sections) where the ensrgy intensity decreases toward the
outside, at edgeg in the wminor axis direction and the
mador axis divection. On the minor axis sides, the width
of the steepness sections ig small dus to a reduction in
the beam width after condensing or the like, and scanning

is performed by overlap irradiastion in the wminor axis

direction. Therefore, the effect of ghteepness zection
irradiation is reducsd On the othsr hand, irradiation

ig performed with the =teepness secticons having a large
width on the majiory axis side, and the width 1s usually
about 250 times that of the wminor axis direction. 2 part

of the oblect to bhe provessed irvradiated with the

L

staspness sections on the major axls side ig irradiated

with & laser at an energy intensity different from that

opiect to be processed lrradiated with the stesepness
sectiong on the major axis side is usually not used as a
product.

foco4l



A technigque of arvanging slits for removing or
reducing attenuation sections equivalent to the stespness
secticons ig proposed (for example, ses Patent Literaturs
1),

The zteepness sectlong are removed or reduced in the
line |peam transmitted through the slits, and the
irradiation area of giteepness can be reduced in ths
chiect to e provessed irradiated with the line besam. If
permitted in terms of gquality, the ilrradiation area of

the steepness sections can be included in the product.

Patent Literaturs 1: Japanese Patent Laid-Cpen No. 2002-
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Summary of Invention

Technical Problem

line besam transmitted through the slits dues to
diffraction and the like sfter the transmigsion. #With an
increass Ln the distance after the transmission, the
steepness sectionsg are extended, and the width increases.

Therefore, the smaller the distance from the glits to the
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oblject to be processed, the smaller the width o¢f the
steepness sechtions.

Howsver, the wminor awis side of the line beam is
usually condensed to irrvadiate the oblect to be processed,
and the snergy density increases with a decrease in the
distance to the object to bhs processed. The glits are
eagily damaged 1f the slits are arranged at positions

near the object to be processed, and the durability
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Fine fragments are Iurther
generated from the damaged slits, and mwmay be mixed into

he object Lo be processed as contaminations.

b

Particularly, the energy density psr unit time of a

pulsed laser is higher than that of a continuous wave
lager, and the problem becomes prominent. On the other

hand, 1f the slits are arranged al from the
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obdject to ba procegsed, the degree of condensing is swmall,
and the minor axis widith is relatively large. Therefore,
the energy density is rvelatively small, and the damage to

rhe glits can bes reduced. However, 1f the glits are ab

positicons far from the objsct to be processed, the

6]
4
D
D
6]

ness ssctilons generated in the line beam trangmitied

through the slits are significantly extended subseguently,

ot

The width of the steep sections incrsasgeg, and the effezc
of shielding the steepness sections is x@dﬁcad;
1o0e7]

When laser processing 1s executed Lo reserve a

plurality of pansl areas on a seniconductor gubstrate,



the irradiation is perfcormed so that the steepness

sectiong are poeitioned atbt gaps between the panels. The
smaller fhe gaps between the panels, the more the number
of panels that can be cub out from ons semiconductor
gubstrate. Therefore, there is a demand for reducing th
width of the steepness assctions to reduce the gaps
petwsen the panels. Redently, there 1s an increasing
demand for line beam irradiation of a semiconductor with
reduced intervals of tramsistor areas {including expected
areag) in order to efficiently form transistors. In ths
line beam irrediation, the irradiation arsas of the
stespness gactions need to ke within the intervals of the
trangistor areas. In this case, there is zlso a demand

for reducing the width of the steepness sections.

-

g difficult to meet the demands in the

}...S .

However, it
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conventional slits while suppressing the damage of the
alits.
[ooo8]

The present invention hag been made in view of the
circumstances, and an obiject of the present invention is
to provide a laser line beam improvement apparatus and a
lasesr processing apparatus that can reduce damage of

shielding portiong and that can effectively reduce

stespness sections generated in a lins bsam.

Solution to Prablem
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More specifically, a first aspect of the invention
is a laser line beam improvement apparatus of the present
invention includes: a first shielding portion that is
arranged at a position relatively far from an object to
be processed on an optical path of a line beam emitted to
the object to be processed and that shields transmission
of major axis end sections o©f the line beam; the line
beam comprising a flat section and steepness sections
positioned at minor axis end sections and the major axis
sections in a Dbeam intensity profile; and a second
shielding portion that is arranged at a position
relatively near the object to be processed and that
further shields the transmission of the major axis end
sections of the line beam after the shielding of the
transmigsion of the major axis end sections by the first
shielding portion, wherein the firgt ghielding portion
shields the transmission of the steepness sectiong of the
major axis end sections of the line beam and the
transmigssion of major axis side end sections of the line
beam, and the gecond shielding portion shields the
steepness sections at outside of the first shielding
portion in the major axis direction of the line beam.
[0c10]

An  embodiment provides the lager line beam
improvement apparatus according to the first invention,
wherein the line beam includes a flat section and

steepness sections positioned at minor axis end sections
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and the major axis end sections in a beam intensity
preofile.
[0011]

An embodiment  provides the laserx line beam
improvement apparatus according to the above, wherein the
flat section is an area with an intensity that is 97% oxr
more of a maximum intensity in the beam intensity profile.

[co1z}l



An embodiment provides the lager line beam
improvement apparatus according to the above, wherein the
first shielding portion shields the transmission of the
steepness sections of the major axis end sections of the
line beam and the transmission of wmajor axis side end
sections of the flat section of the line beam.

[0013]

An  ewmbodiment provideé the laser line  beam
improvement apparatus according to the above, wherein the
second shielding portion performs the shielding at the
same position or outside of the first shielding portion
in a major axis direction of the line beam.

[0014]

An  embodiment provides the laser line  beam
improvement apparatus according to the above, wherein the
second shielding portions include a plurality of
shielding portions at different far-and-near positions
relative to the object tTo be processed, the plurality of
shielding portions further shielding the transmission of
the major axis end sections of the line beam after the
shielding of the transmission of the maijor axis end
gsections of the line beam by the shielding portion of a
former stage.

[0015]



An  embodiment provides the laser line  beam
improvement apparatus according to the above, wherein in
the plurality of shielding portions, the shielding
portion of a later stage performs the shielding at the
same position or outside of the shielding portion of the
former stage.

[0016]

According to a second aspect of the invention
provides a laser processing apparatus including: a laser
light source that outputs a laser; an optical system that
forms a beam profile of the laser into a line beam which
comprises a flat section and steepness sections
positioned at minor axis end sections and the major axis
end sections 1in a beam intensity profile to guide the
laser; a processing chamber that is provided with an
cbject to be processed and that introduces the laser
guided by the optical system through an introduction
window to emit the laser to the object to be processed;
and the laser line beam improvement apparatus according
to the above, wherein the first shielding portion of the
line beam improvement apparatus is arranged ocutside of
the processing chamber, between a condensing lens at a
final stage of the optical system and the introduction
window, and the second shielding portion of the line beam
improvement apparatus 1is arranged in the processing

chamber inside of the introduction window.
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[0017]
An  embodiment provides the laser  processing
apparatus according to the above that emits the laser to

the object to be processed and that is used



in a crystallization or activation process of the object
to be processed.
[oo18l

According to embodiments of the present invention,
the first shielding portion shieids the transmission of
the major axis end sections of the line beam at a stage
in which the degree of condensing on the minor axis side
is small, and the energy density is not high. The gecond
shielding portion further shields the transmission cf the
major axis end sections of the line beam with reduced
steepness sections, and the steepness sections are
effectively reduced.

The first sghielding portion is in a stage in which
condensing on the minor axis gide 1is gentle, and the
damage to the first shielding portion can be reduced with
the steepness sections zreduced. The extension of the
steepness sections extended after the transmission
through the first shielding portion is smaller than that
of the steepness sections reaching the £irst shielding
portion. The second shielding portion can shield the
transmission of the major axis side end sectiong of the
line beam, and the extension of the steepness sections
can be smaller.

The cross-sectional area of the steepness sections,
which are shielded by the second shielding portion,
emitted to the second shielding portion ig smaller than

when the steepness sections are emitted to the second



ghielding portion without the shielding, and the damage
to the second shielding portion can be reduced. 2All or
only part of the steepness sections can be shielded by
the second shielding portions, and the irradiation cross-
sectional area emitted to the second shielding portion
can be wminimized. Since the 1line beam transmitted
through the sgecond shielding portion transmits through
the second shielding portion at a position near the
ohiect to be processed, the extension of the steepness
sections caused by diffraction or the like after the
transmigsion through the second shielding portion is
small, and the line beam is applied to the object to ke
processed while the width of the steepness sections
remains small. If only part of the outer part of the
steepnegs sections in  the major axis direction 1s
shielded by the second shielding portion, the irradiation
energy of the steepness sections applied to the second
shielding portion is further reduced, and the damage Lo
the second shielding portion is further reduced.

(0019}

The line Pbeam iIncludes: a flat section; and
steepness sections at least on the maijor axis side. The
£lat section can be an area with an energy intensity that
is 97% or more of the maximum energy intensity of the
beam cross section. However, the present invention is
not limited to this. At both end sections of the flat

section, the line beam includes the steepness sections in



which the energy intensity is lower than that of the flat
gsection, and the intensity gradually decreases toward the
outside.

The line beam profile denctes a profile in which the
ratic of the major axis to the minor axis 1s large, and
for example, the ratic can be 10 or more. Although the
length of the major axis side and the length of the wminor
axis gide are not particularly limited in the present
inventiocn, an example of the length of the maior axis
side i1s 370 to 1300 mm, and an example of the length of
the minor axis side is 100 um to 500 um.

(o020}

Although the first shielding portion and the second
shielding portion prevent the transmission of the major
axis side end sections o©f the line beam, the sghielding
portion can completely Dblock the transmission, or the
shielding portion can reduce the transmittance tc reduce
the transmisgsion. In this case, 1t 1s desirable that the
transmittance is 50% or less. The method and the extent
of shielding can wvary between the first shielding portion
and the sescond shielding portion. For example, one of
the shielding portions {(for example, £first shielding
portion) can block the line beam, and the other shielding
portion (for example, second shielding portion) can
supprezs the transmission.

fooz1]



The first shielding potion can be arranged to shield
at least the steepness sections at both end sections on
the major axis side of the line beam, and the first
shielding portion can be arranged to shield part of the
outer part of the steepness sections. 211 of the
steepness sections and part of the flat section can be
ghielded to surely reduce the steepnsss sgections. The
degree of condensing on the minor axis side is low in the
first shielding portion, and thus the damage to the
shielding portion is relatively swall even 1f the flat
section gide is shielded.

The second shielding portion can be arranged o
shield at least the steepness sections of the line beam
transmitted through the first shielding portion. In this
case, the second shielding portion can shield part of the
outer part of the steepness sections. Preferably, the
steepness secticns formed after the transmission through
the first shielding portion can be shielded. The
shielding position of the first shielding porticn and the
shielding position of the second shielding portion can be
the same position in the major axis direction of the line
beam {for example, based on the center in the major axis
direction), or the shielding position of the second
shielding portion can be outside of the shielding
position of the first shielding portiocn.

[co22]



As for the arrangement positions of the first
shielding portion and the second shielding portion in the
far-and-near direction on the optical path, the first
shielding potion can be relatively far from the object to
be processed, and the second shielding porticn can be
relatively near the object to be processed. The relative
far-and-near relationship is a relationship between the
first shielding portion and the second shielding portion
based on the object to be processed. vLthough the
arrangement positions of the shielding portions are not
particularly limited in the present invention as long as
the posgitions have this relative relationship, based on
the laser light introduction window of the processing
chamber, the present invention i1illustrates the £first
shielding portion placed outside of the introduction
window and illustrates the second ghielding portion
placed inside of the introduction window. If the first
senielding portion is placed cutside of the introduction
window, the first shielding portion can be arranged at an
appropriate position in this area. If the second
shielding porticn is placed inside of the introduction
window, the second shielding portion can be arranged at
an appropriate position in this area according to the
cbhject to be processed, for example.

The second shielding portion can include a plurality

of shielding portions at different relative far-and-near

positions. In this case, the shielding poxrtion of the



former stage can shield the steepness sections of the
iine beam, and the shielding portion of the later stage
can block the steepness sections genevated by the
transmitted line beam.

In this case, the shielding portion of the later
stage can performs the shielding at the same pogitions or

outsilde of the shielding portions of the former stage.

Advantageous Effects of Invention
fo023]

As described, according to the present inventlion,
the steepness sections generated in the line beam can be
effectively reduced, and the process using this can be
favorably executed. Furthermore, the damage of the
shielding portions can be reduced when the minor axis

direction of the line beam is condensed.

Brief Description of Drawings

[0024]

[Figure 1] Figure 1 1s a schematic diagram showing a
laser l1ine Dbeam 1lmprovement apparatus and a laser
processing apparatus according to an embodiment o©f the
present invention.

[Figure 21 Figure 2 is a plan view showing shielding
portions and a line beam transmitting through the
shielding portions according to the embodiment of the

present invention.



[Figurs 3] Figure 3 is a diagraw viewsd from the front
gide of the line beam transmitting through the shielding

portions  accoxding to the embodiment of the present

H

invention.
[Figure 4] Pigure 4 is a diagram wviewsd from the F£front
side of the line beam transmitting through the shislding
portions according to another embodiment of the present
invention.
[Figure 5] PFigure 5 ig & diasgram viswed from thse front

side of the line beam transwmitiing through conventional

[Figure 6! Figure 6 1s a diagram showing a major axisg

beaw profile of the line beam.

Description of Embodiments
fo025]
Hereinafter, a laser line bsam improvement apparatus

and a laser processing apparatus including the laser line

F

beam improvement apparatus according to an embodiment of
the present inventicn will be described with reference to
the attached drawings.

Figure 1 shows a laser annealing apparstus

gmz

egquivalent to the laser processing apparatus. The laser
annealing apparatus 1 incliudes a processing chamber 2,
includes a scanning apparatus 2 that can wmove in an X-V
direction in the processing chamber 2, and inciudes a

baze 4 above the scanning apparatus 3. A gubstrats



arrangement board 5 as a stage is provided con the base 4.
A motor not shown or the like drives the scanning
apparatus 3.

2n introduction window 6 for introducing a pulsged
laser from the outside is provided on the processing
chamber 2.

[0G26]

During an annealing process, an amorphous silicon
film 100 or the like as a semiconductor film is ingtalled
on the substrate arrvangement becard 5. The silicon film
100 is formed with a thickness of, for sxample, 40 to 108
nm (specifically, thickness of 50 nm for example) on a
substrate not shown. The formation can be performed by
an ordinary method, and the formation method o¢f the
semiconductor £ilm is not particularly limited in the
present invention.

Although laser processing of crystallizing the
amorphous film by laser processing isg described in the
present embodiment, the details of the laser processing
are not limited to thies in the present invention. For
example, single crystallization of a non-gingle crystal
semiconductor £ilm can be performed, or a crystal
gemiconductor f£ilm can be modified. The present
invention can be related to other processes, and the
obdect to be processed is not limited to a specific
object.

f0027]



A pulged laser light gource 10 1s installed outside
of the processing chamber 2. The pulsed lasar light
source 10 includes an excimer laser oscillator {trade
name: LSX215¢), and a pulsed laser with a wavelength of
308 nm and a repeated oscillation freguency of 300 Ez can
be putput. In the pulsed laser light source 10, fesdback
control can control and maintain the output of the pulsed
ilagey within a predestermined range. The type of the
pulsed laser light socurce 13 not limited to the one
degcribed above.

{cozs]

An attenuator 11 adjusts, as necessary, the snergy

dengity of a pulsed laser 15 oscillated and cutput by the
pulsed laser light source 10. Zn optical system 12

inciuding optical wmembers, such zs a homogenizer 12a, a

reflection wirror 12b, and a condensing lens 12c, Lorms

the pulsed laser 15 into a line beam profile or deflects
the pulsed laser 15. The pulsad laser 15 is emitted to

the amorphous silicon f£ilm 100 in the processing chamber
2 through tThe introduction window © provided on the

ng chamber 2. The optical members included in

[

process
the optical svstem 12 are not limited teo the ones
described above, and wvarious lenses, wmirrors, waveguide
portions, and the like can be included.
foo2el

First shielding plates 20 equivalent to a Ifirst

ghielding portion are arranged betwsen the condensing



lens 1Z2c and the introduction window 6, and second
shielding plates 21 eqguivalent to second shielding
porticns are arranged in the processing chamber 2. As
shown 1in Figure 2, the first shielding plates 20 are
arranged sc that the tips of a pair of shielding plates
face each other, and a first transmigsion gap 20a is
reserved between the shielding plates. The first
transmission gap 20a has a gap with a length that allows
shielding end sections in the major axis direction of a
pulsed laser 150. Similarly, the second ghielding plates
21 are arranged so that the tips of a pair of shielding
plates face each other, and a second fransmission gap 2la
ig reserved between the shielding plates. The seccnd
transmission gap 21a has a gap with a length that allows
shielding end sections in the major axils direction of the
pulisad laser 150 transmitted through the second shielding
plates 21. The first shielding plates 20 and the second
shielding plates 21 constitute the laser line beam
improvement apparatus of the present invention.

The pairs cof shielding plates of the first shieliding
plates 20 and the second shielding plates 21 can be
automatically or manually moved to adjust the gaps
between the shielding plates.

[0030]
Next, operation of the laser annealing apparatus 1

willl be described.



The pulse full width at balf nmaximum of the pulsed
laser 15 oscillated and output by the pulsed laser light
source 10 1is, for axaumple, 200 ns or less. However, the
pregsent invention is not limited Lo these.

The attenuator 11 adjusts the pulse energy density
of the pulsed laser 15. The atienuator 11 is set to a
predetermined attenuation factor, and the attenuation

'

factor is adijusted to obtain a predeternined irradiation

.

pulse ensrgy dengity on the irradi

.

b

tion surface of the

semiconductor film. For example, in the crystallization
the amorphous silicon £ilm 100, the attenuation factor
can be adiusted so that the energy density dg 100 to 500

mJ/om’ on the irradiation surfans,

h

The optical system 12 orms the pulssed Ilaser 15

kel

transmitted through the attenuator 11 into a line beam
profils. The minor awis width of the pulsad laser 15 is
condensed through the condensing leng 12c, such as a
cylindrical lens, of the optical system 12, and the
puiged laser 15 is introeduced into the introduction

window & provided on the processing chamber 2. Figure §

p-

shows & Dbeam intensity profile n  the major axis
direction of the line beam 150 emitted frowm the optical

gystem 12, The profile 1llustrated in Figure 6 is

th

ied,

[...i «

simpli

The lins beam 150 includes: s flat section 151 with

an energy intensity that is 97% or more 0f the maximum



energy intensity; and steepness sections 152 that are
positioned at both end sections in the major Caxis
direction and that have an energy intensity smaller than
that of the flat section 151, wherein the energy
intensity gradually decreases toward the outside.
Although a major axis direction width 152a of the
steespness sections is not particularily limited, the width
is usually about 1 mm to 25 mm, in which the energy
intensity decreases to 10% of the maximum intensity. The
percentage of the flat section relative to the maximum
energy infensity can be appropriately determined.

[0032]

The first transmission gap 20a of the first
shielding plates 20 ig arranged to shield the line beam
150 up to positions partially extended into the steepness
sections 152 at both ends and the flat section 151 as
shown in Figure 2 and Pigure 3.

The l1ine Dbeam 150 with the reduced steepness
sections 152 passes through the first transmission gap
20a of the first shielding plates 20 as shown 1n Figure 2,
and sitieepness sectiocons 153 are formed at both ehd
sectiong in the major axis direction due to diffraction
and the like. However, the steepnsss sections 153 are
formed by shielding the steepness sections 152, and thus
the extension width is significantly smaller than that of
the steepness sectiong 152.

[0033}



The line beam 150 including the steepness sections
152 transmits through the introduction window 6 and is
introduced into the processing chamber 2.

The line beam 150 further advances and reaches the
gecond shielding plates 21 as shown in Figure 2 and
Figure 3. In the second shielding plates 21, the major
axis direction width of the second transmission gap 21a
is longer than the major axisgs direction width of the
first transmission gap 20a, and the steepness sections
153 of the line beam 150 are positioned at ends in the
major axis direction of the second transmission gap 2la.
Therefore, in the second shielding plates 21, the
remaining part of the steepness sections 153 1s shielded
except for part of the steepness sections 153 inside in
the major axis direction. Although steepnessg sectlons
154 are formed by diffraction and the like in the line
beam 150 passed through the second transmission gap 21a
as shown im Figure 2{c) and Figure 3, the extension width
is further reduced comparsd to the steepness sections 153,
and the steepness sections are reduced.

How much the second ghielding plates 21 shield the
inside of the steepnessg sections 153 can be appropriately
pet. In this case, the amount of shielding can be set by
congidering the damage of the second shielding plategs 21
and the extensicon width of the steepness sections 153 to

be reduced.. In this example, the major axis direction



width of the second transmission gap 2la is set according
to the width of the flat section 151.
[0034]

The second shielding plates 21 are arrangsed at
positions relatively close to the silicon Film 100, and
the 1ins beam 150 transmitted through the second
shielding plates 21 is applied to the silicon film 100
without significant extension of the steepness sectilons
153.

In the annealing process in which the line beam 150
is emitted while the scanning apparatus 3 moves the
silicon £ilm 100 to perform relative scanning, the width
of the area of the irradiation of the gteepness sections
154 1ig vrelatively small, and the wasted area can be
reduced. For the demand for executing the procegsg with
the arrangement intervals of the transistorz reduced, the
steepness sectiong 154 can be positioned at the intexrvals
to favorably crystallize the areas of the transistors by
the flat section 1i51.

The speed of the scan in the present invention is
not particularly limited to 3 specific speed, and for
example, the speed can be seleacted from a range of 1 Lo
100 mm/second.

[ccas]

Although the first shielding plates 20 eguivalent to

the first shielding portion and the second shielding

plates 21 eguivalent to the second shielding portion are



included in the description of the embodiments, a
plurality of shielding plates equivalent to the second
shielding portion can be provided along the optical path
of the line beam, and each shielding plate can shield the
steepness section. Figure £ shows an example including
the second ghielding plates 21 and third shielding plates
22 as the second shielding portion, and the number of the
second shielding plates is not particularly limited in
the present invention. As in the other shielding plates,
the tips of a pair of shielding plates face each other in
the third shielding plates 22. The third shielding
plates 22 are arranged with a gap betwsen the plates, and
a third transmisgsion gap 22a 1s reserved between the
plates. The third sghielding plates 22 c¢an alsc be
automatically or manually moved to adjust the gap between
the pair of shielding plates.

The line Dbeam 150 transmits through the third
transmission gap 22a of the third shielding plates 22,
and the steepnesg sections can be further reduced.

In the third shielding plates 22 positioned in the
later stage of the second shielding platesg 21, the inner
ends of the sghielding positions can be at the game
pogitions or outside of the second shielding plates in
the major axis direction.

[003¢]
Meanwhile, Figure 5 is an example of shielding the

line beam 15C by conventiocnal slit portions 25. When the



slit portions 25 are arranged relatively £far £from the
silicon £ilm 100 to reduce the damage to the slit
portions 25, the slit portions 25 shield the steepness
sections 152, and then the steepness sections 153 formed
by diffraction are gradually extended. The width of the
steepness sections increases, and the shielding effect by
the slit portions is reduced. Therefore, sufficient
laser line beam improvement effect cannot be obtained.
[oez7]

Although the shielding plates are included as the
shielding portion in the description of the embodiments,
the shielding portion can be a slit portion including
slits.

[0038]

Although the present invention has been described
based on the embodiments, the present invention is not
limited to the content of the embodiments, and
appropriate changes can be made without departing from

the scope of the present invention.

Reference Signs List

(00391

1 laser annealing apparatus

2 procesging chamber

3 gcanning apparatus

5 subgtrate arrangement board

& introduction window
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11

12

12¢
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208

23

21la

22

Z2a

100

pulsed laser light source
attenuator

optical system

condensing lens

first shielding plate
first transmission gap
gsecond shielding plate
second transmigsion gap

third shielding plate

third transmission gap

gilicon filim



Claims

[Claim 1]

A laser line beam improvement apparatus comprising:

a Iirst shielding portion that 1s arranged at a
positicn relatively far from an object to be processed on
an optical path of a line beam emitted to the object to
be processed and that shields transmission of majcor axis
end sections of the Iine beam, the line beam comprising &
flat section and steepness sectlons positioned at minor
axig end sectiong and the major axis end sections in a
beam intensity profile; and

a sescond shielding portion that is arrangsd at
positions relatively near the object to be procesgszed and
that further shields the transmission of the wmajor axis
end sections of the line beam after the shielding of the
transmission of the major axis end secticns by the first
shielding portion, wherein

the first shielding portion shields the transmission

s

of the steepness secticng cof the major axis end ssctions

th

of the line beam and the transmission of major axis side
end sections of the flat section of the line beam, and
the second shielding portion shields the steepness

secticons at cutside of the first shielding portion in the

major axis direction of the line beam.



[Claim 2]
The laser line beam improvement apparatus according
to claim 1, whereiln
the flat section ig an area with an intensity that
°

ig 97% or more of a maximum intensity idn the beam

intensity profile.

[Claim 3]

The laser line beam improvement apparatus according
to claims 1 or 2, wherein

the second shielding portion includes a plurality of

shielding portions at different <far-and-near positions

Hh

relative to the object to be processed, the plurality o
shielding portions further shielding the transmission of
the maior axis end sections of the line beam after tThe
shielding of the transmission of the major axis end
sections of the line beam by the shielding portion of a

former stage.

iClaim 4]

The laser line beam improvement apparatus according
ro claim 2, wherein

in the plurality of shielding ©portione, the
shielding portion of a later stage performs the shielding

at the same posgition or outside of the shielding portion

b

cf the former stage.



[Claim 5]

A lasser processing apparatus comprising:

a laser light source that outputs a laser;

an optical system that forms a beam profile of the
lager into a line beam which comprises a flat section and
steepness sections positioned at miner axis end sections
and the major axdis end gectioms in a Dbeam intensity

profile to gulde the laser;

a processing chamber that is provided with an object
to be processed and that introduces the laser guided by
the optical system through an introduction window Lo emit
the laser to the obiect to be processed; and

the laser line beam improvement apparatus according
to any of ciaims I to 4, wherein

the first shielding portion of the line beam
improvement apparatus 1s arranged outside o©f the
procegsing chamber, between a condensing lens at a final
stage ©of the optical system and the introduction window,
and

the second shielding portion of the line beam
improvement apparatus is arrangsad in the processing

chamber inside of the introduction window,

[Claim &}
The laser processing apparatus according to claim 5

that emits the laser to the object to be processed and



that is used in a c¢rystallization or activation process

of the object to be processed.



