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Summary of Invention

[0007a] According to the first aspect of the invention, there
ig provided a laser annealing methed comprising irradiating a
non-gingle-crystal semiconductor film with a pulsed laser beam
‘having a linear beam cross-sectional shape while geanning the
non-single-~crystal semiconductor film with the linear beam in
a minor-axis direction of the linear beam, wherein

the linear beam has, in the minor-axis direction, a flat

portion and steepness portions in a beam intensity profile,

the steepnesgs porticng located in minor-axis-direction end

portions—in—s—beam —dntensity rofide, and the steepness
portions are arsas having intensities greater than or egual to
10% but smaller than or equal to 90% of a maximum intensity in

the beam intensity profile, and

the flat porticon has a minor-axise-direction width of an

area having intengitieg at least 96% of the maximum intensity,

and the minor-axis-direction width ranges from 100 to 500 um

on the idrradiaticn surface of the mnon-single-crystal

semiconductor film, and a screening iersdistion—is performed

in an area ocutward from a posgition where the intensity is from

70 to 90% of the maximum intensity at a rear side in a minor-
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axis scanning direction of the flat portion such that a minor-

axis-direction width of the sgteepness portion which is one of
the steepness portions and which is located on the rear side
in the scan direction is 350 pum or smaller on an irradiation
surface of the non-single-crystal semiconducteor £ilm.

[0007b] According to the second aspect of the invention, there
is a laser apnealing apparatus comprising:

a—taser—light—sourec—that-eubtputs——a puised daser—beowms
] . . il 3

surfaee—of the nen-single—crystal —semicenducter—£ilw-a laser

light scurce that outputs a pulsed laser beam;

an attenuator that adjusts transmittance at which ths

attenuator transmits the pulsed laser beam; and




an optical sgystem that shapes the beam cross-sectional

shape of the pulged laser beam and guides the shaped pulsed

laser beam to an irradiation surface of a non-single-crystal

gemiconductor film, wherein

the optical system includes an optical member and a

screener, and

the optical member shapes the beam crossg-sectional

shape of the pulsed laser beam tc a linear beam , the linear

peam having a high intengity area where the intensity is

higher than or equal to a predetermined intensity in a bean

intensity prefile, the linear beam having, in the minor-axis

direction, a flat portion and sgteepness portions in a beam

intensity profile, the steepnesgs portions located in minor-

axis-direction end portions and being areas having intensities

greater than or equal to 10% but smaller than or eqgual tc 20%

of a maximum intensity in the beam intensity profile, the flat

portion having a minor-axis-direction width of an area having

intensities at least 96% of the maximum intensity, the minor-

axis~direction width ranging from 100 to 500 um on the

irradiation surface of the non-single-crystal semiconductor

film, and

the screener is disposed in an optical path of the

pulged lagser beam and screens a beam cross gection of the

pulsed laser beam in an area outward from a position where the

intensity is from 70 to 90% of the maximum intensgity at a rear

side in the minor-axis gcanning direction of the flat portion

in such a way that a minor-axig-direction width of at least a

steepness portion which is one of steepness portions located




in minor-axis-direction end portiong of the linear beam and

which i1s the steepness portion on the rear gide in a scan

direction is 50 um or smaller on the irradiation surface of

the non-sgsingle-crystal semiconductor film.

Technical Problem
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It is, however, difficult to completely eliminate
the steepness portions even by using a mask, a slit, or a
variety of optical systems. The steepness pertions can
be suppressed, for example, through optical member design,
but an attempt of excessive suppressicn of the steepness
porticns, for example, through optical member design
undesirably results in local formation of intensity
impulges 15la, where the intensity steeply increases, at
the minor-axis ends of a flat portion 151 in the beam
intensity profile of a pulsed laser beam 150, as shown in
Figure 8. On the other hand, when a mask or a slit is
uséd, a diffraction phencmenon undesirably similarly
causes formaticon of the intensity impulses 151ia, where
the intensity steeply increases, at the minor-axis ends

of the flat portion 151 in the beam intensity profile of
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Claims
[Claim 1]

A laser annealing method comprising irradiating a non-single-crystal
semiconductor film with a pulsed laser beam having a linear beam cross-sectional
shape while scanning the non-single-crystal semiconductor film with the linear
beam in a minor-axis direction of the hinear beam, wherein

the linear beam has. in the mincrawis divection. a flat porbon and

stecpness porfions in o beam intenwmty profile. the steepness portions located in

£

minor-axis-direction end portions ir—s—beswn—iateasitv-peefile, and the steepness

o

portions are areas having intensities greater than or equal to 10% but smaller than

oortion has a munorams-divection width of an ares having Intensities at least 9%

of the maximum intensity, and the minoraxis-direction width ranges from 100 to

500w on the irradiation surface of the nonssingle-crvatal semiconductor film, and

a screening thederadiation 18 performed in an ares cutward from a position

where the intensity is from 70 $0 90% of the marimum intensity at a rear side in g

minor-axis scanning divection of the flat portion such that a minor-axis-direction

width of the steepness portion which is one of the steepness portions and which is
located on the rear side in the scan direction is 50 um or smaller on an irradiation
surface of the non-single-crystal semiconductor film.
[Claim 2]

The laser annealing method according to claim 1, wherein the pulsed laser
beam has a wavelength of 400 nm or shorter.
[Claim 3]
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The laser annealing method according to claim 1 or 2, wherein a pulse of
the pulsed laser beam on the irradiation surface has a full width at half maximum
of 200 ns or smaller.

[Claim 4]

The laser annealing method according to any of claims 1 to 3, wherein the
pulsed laser beam has a maximum intensity ranging from 250 to 500 md/cm? in the
beam intensity profile on the irradiation surface.

[Claim 5]

The laser annealing method according to any of claims 1 to 4, wherein the
non-single-crystal semiconductor is silicon.
[Claim 6!

The laser annecaling method according to any of claims 1 to 5, wherein $he

et nentile ol the melend lacss bosim oo fat martion jn the minoeasic
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direetion—and the maximum intensity is defined as an average of the intensities

across the flat portion.
[Claim 7]

The laser annealing method according to any of claims 1 to 6, wherein when
the beam intensity profile of the pulsed laser beam has an intensity impulse where
the intensity locally increases at one of the ends or at both ends of the beam
intensity profile, the maximum intensity is defined as a value within a range

excluding the intensity impulse.
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[Claim & €]

A laser annealing apparatus comprising:

a laser light source that outputs a pulsed laser beam;

an attenuator that adjusts transmittance at which the attenuator
transmits the pulsed laser beam: and

an optical system that shapes the beam cross-sectional shape of the pulsed
laser beam and guides the shaped pulsed laser beam to an irradiation surface of a
non-single-crystal semiconductor film, wherein

the optical system includes an optical member and 2 sereener, and

the optical member $hat shapes the beam cross-sectional shape of the

pulsed laser beam to a linear beam , the linear beam having a high intensity area

where the intensity is higher than or equal to a predetermined intensity in a beam

intensity profile_the linsar beam having, in the miner-axis direction, a flat portion

and steepness portlons in a beam intensity profile, the steepness portions located in

minor-axigdirection end portions and being areas having intensities sreater than

or equal to 10% but smeaeller than or egusl to 90% of a maximum intensity in the

beam mtensity profie. the flat nortion hovine o minoraua-divecton width of an

ares  having  intensities gt least 96% of the moswimurm  intensitv.  the

minoraxisdirection width raneine from 100 10 5300 wm on the rvadistion surlyes of

the non-single-erveial sermiconductor {ilm, and

the screener ap-eptical-member that-wieopens is disposad in an optical path

of the nulsed Inser beam and sereens g beam cross section of the vulsed laser heam

in an ares outward from g nostiion where the intensiiv is from 70 to 90% of the

maximum intenstty at g rear side i the minor-axis seanning divection of the flat
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sorbionon-therenr-side-br-gseap-direstion-1n such a way that a minor-axis-direction
width
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of at least o the steepness portion which is one of steepness portions located

in minoraxisdirection end portions of the Hnear heam and which s the steenness

portion on the rear side in o scan direction is 50 um or smaller on the irradiation

surface of the non-single-crystal semiconductor film.
eladm-104
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[Claim & 1£]
The laser annealing apparatus according to any of claims 8 §-+¢s-11, wherein
the puised laser beam outputted from the laser light source has a wavelength of 400
nm or shorter.
[Claim 10 23]
The laser annealing apparatus according to any of claims % o § S-te12

wherein the pulsed laser beam outputted from the laser light source has a full width

at half maximum of 200 ns or smaller,
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[Claim 1% 15}
The laser annealing apparatus according to any of claims & to 10 834

wherein the attenuator adjusts the maximum intensity in the beam intensity

profile of the pulsed laser beam on the irradiation surface of the non-single-crystal

semiconductor film to a value ranging from 250 to 500 mdJ/cm?.



