More specifically, a first aspect of the invention

of—1s a laser line beam improvement apparatus of the
present invention dincludes: 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
transmigsion of major axis end sections of 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 beam intensity profile; and a

second shielding portion that is arranged at a position
relatively mnear 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 first shielding portion

shields the transmission of the gteepness sectionsg of the

major axis end sections of the 1line beam and the

transmission of major axis side end sections of the line

beam, and the second shielding portion shields the

steepness gectiong at outside of the first shielding

portion in the major axis direction of the line beam.

[0010]

AE—seecond—inventionAn embodiment provides the laser

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
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sections and the major axig end sections in a beam
intensity profile.
[0011]

A—third—dnventionAn embodiment provides the laser

line beam improvement apparatus according to the seecend
inventienabove, wherein the flat section is an area with
an intensity that is 97% or more of a maximum intensity
in the beam intensity profile.

[0012]



A—fourth—inventionAn embodiment provides the laser

line beam improvement apparatus according to the seecend
inventionabove, wherein the first shielding portion
shields the transmission of the steepness sections of the
major axis end sections of the 1line beam and the
transmission of major axis side end gections of the flat
section of the line beam.

[0013]

A—fifeh—inventionAn embodiment provides the laser

line beam improvement apparatus according to any—eof—the
£first—to—fourth—inventionsthe 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]

A—sixth—inventionAn embodiment provides the laser

line beam improvement apparatus according to aay—of—the
First—to—fifsh—inventionsthe above, wherein the second
shielding portions include a plurality of shielding
portions at different far-and-near positions relative to
the object to 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 major axis end sectiong of the
line beam by the shielding portion of a former stage.

[oo15]



A-seventh—InventieonAn embodiment provides the laser

line beam improvement apparatus according to the sixth
inventionabove, 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]

in—eighth—inventioenAccording to a second agpect 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 in a beam intensity

profile to amd—guides 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 to emit the laser to the object to

be processed; and the laser line beam improvement

apparatus according to any—eof —+the —first—tethe above
seventh—inventions, wherein the first shielding portion
of the 1line beam improvement apparatus 1is arranged
outside 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 ig arranged in the

processing chamber inside of the introduction window.
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[00171]

A—minth—inventionAn embodiment provides the laser

processing apparatus according to the etghth
inventionabove 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.
[0018]

According to embodiments of the present invention,

the first shielding portion shields 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 gside
is small, and the energy density is not high. The second
shielding portion further shields the transmission of the
major axis end sections of the line beam with reduced
steepness sections, and the steepness sections are
effectively reduced.

The first shielding portion is in a stage in which
condensing on the minor axis side is gentle, and the
damage to the first shielding portion can be reduced with
the steepness gections reduced. 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 first shielding
portion. The second shielding portion can shield the
transmission of the major axis side end sections 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 is smaller than

when the steepness sections are emitted to the gecond



Claims

{Claim 1]

A lager line beam improvement apparatus compy
a first shielding portion that i1s arradged at a
position relatively far from an object~po be fprocessed on
an optical path of a line beanm emitteé tof the object to
be processed and that shields transmission of major axis

end sections of the line beam; and

a second shielding portion /that 1is arranged at
positiong relatively near the ofject to be processed and
that further shields the traysmigssion of the major axis
end sections of the line bgam after the shielding of the

he first

ot

transmission of the ma%Qr axis end sections by

shielding portion. //

[Claim 2] !/
The laser ljhe beam improvement apparatus according

to claim 1, wh€rein

beam includes a flat section and stesepness

ositioned at minor axis end sections and the

major is end sections in a beam intensity profile.

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

3

the flat section is an area with an intensity that

is 97% or wmore of a maximum intensity in the Dbeam
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[Claim 4]
The laser line beam improvement apparatus acco

to claim 2, wherein

of the steepness sections of the major axis
of the line beam and the transmission of jor axis side

end sections of the flat section of

s}

[Claim &)

The laser line beam improveme apparatus according

to any of claims 1 to 4, wherein

at the same position or outside of the first shielding
portion in a major axis ¢4 ] f the line beam.
[Claim 6]

The laser line/beam improvement apparatus according
to any of claims A to 5, wherein

the second shielding portion includes a plurality of
shielding rtions at different far-and-near positions
relative £o the object to be processed, the plurality of
shieldihg portions further shielding the transmisgion of
th ajor axis end sections of the line beam after the
lelding of the transmission of the wmajor axis end
sections of the line beam by the shielding portion of a
former stage.

[Claim 7]

The laser line beam improvement apparatus according
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[4¢]

in the plurality of shielding portions,
shielding portion of a later stage performs the shie}ding
at the same position or outside of the shielding portion

of the former stage. //

[Claim 8] //

an optical system that forms a am profile of the
laser into a line beam to guide th
a processing chamber that

to be processed and that

of the line beam
i arranged outside of the
processing amber, between a condensing lens at a final
gtage of e optical system and the introduction window,
and

he

(&3

gsecond shielding portion of he 1line beam
rovement apparatus 1is arranged in the processing
chamber inside of the introduction window.

[Claim 9]

The laser processing apparatus according to claim 8
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that is used in a crystallization or activation proces,

of the object to be processed.




Claims

[Claim 1]

A laser line beam improvement apparatus comprising:

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 of the line beam, the line beam comprising a
flat section and steepness sections positioned at minor
axis end sections and the major axis end sections in a
beam intensity profile; and

a second shielding portion that 1is arranged at
positions relatively near the object to be procesgsed and
that further shields the transmission of the major axis
end sections of the line beam after the shielding of the
transmission of the major axis end sections by the first
shielding portion, 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 major axis gide
end sections of the flat section of the line beam, and
the second shielding portion shields the steepness
sections at outside 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, wherein

the flat section is an area with an intensity that
is 97% or more of a maximum intensity in 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 posgitions
relative to the object to 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 major axis end
gections of the line beam by the shielding portion of a

former stage.

[Claim 4]

The laser line beam improvement apparatus according
to c¢laim 3, 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

cf the former stage.



[Claim 5]

A'laser processing apparatus comprising:

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 in a beam intensity
profile to guide 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 to emit
the laser to the object to be processed; and

the laser line beam improvement apparatus according
to any of claims 1 to 4, wherein

the first shielding portion of the line beam
improvement apparatus is arranged outside 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 1line beam
improvement apparatus is arranged in the processing

chamber inside of the introduction window.

[Claim 6]
The laser processing apparatus according to claim 5

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.



