-3-
determine the number of times of irradiation with the
laser.

[0005]

In an intensity distribution of a beam cross section
of a pulsed laser, there 1s an area at a scanning
direction end section in which the intensity gradually
decreases to 0. Patent Literature 1 addresses an issue
that in the overlap irradiation of the pulsed laser with
the intensity distribution, there i1is a difference in
mobility when transistors are formed in irradiation areas
irradiated for a plurality of times with different
intensity areas (paragraphs 0015 to 0019). To solve the
problem, proposed is a method of setting the scanning
pitch equal to or smaller than a predetermined value
according to the intensity area. Patent Literature 1
states that the method allows manufacturing thin-film
transistors with significantly small variations in

mobility (paragraph 0026) .

Citation List

Patent Literature

[0006]

Patent Literature 1; Japanese Patent Laid-Open No. 9-

45926

Summary of Invention
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According to the first aspect of the invention, a laser

procegsing method of forming a crystal semiconductor film

by performing overlap irradiation at a predetermined

scanning pitch while scanning a non-single crystal

semiconductor film by a pulsed laser with a predetermined

beam cross section profile is provided, wherein

the overlap irradiation of the pulsed laser isg

performed by setting the scanning pitch in a range

satisfying the following Formula (1), wherein

b denotes a length in a scanning direction of a base

of a rising section formed by the idrradiation of the

gemiconductor £ilm with the pulsed laser, formed on a

back end side in the scanning direction of a pulsed laser

beam directed to the semiconductor film, and p denotes

the scanning pitch.

0.75b 2p 2 0.25b L. (1)

According to the second aspect of the invention, A lager

processing apparatus comprising:

a pulse oscillation laser light source that outputs

a pulsed laser at a predetermined repetition frequency;

an optical system that adjusts a beam crosgs section

profile of the pulsed laser and guides the pulsed laser

to a non-single crystal semiconductor f£ilm;

an attenuator that adjusts an energy density of the

pulsed laser;
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a scanning apparatus that relatively scans the non-single

crystal semiconductor film with the pulsed laser at a

predetermined scanning speed; and

a control unit that controls the laser light source,

the attenuator, and the scanning apparatus, wherein

the contrcocl unit acquires a length b in a scanning

direction of a base of a risging section formed by

irradiation of a semiconductor film with the pulsed laser,

formed on a back end side in the scanning direction of a

pulsed laser beam directed to the semiconductor film, and

determines the repetition freguency in the laser light

gource and the scanning speed of the scanning apparatus

according to the length in the scanning direction go that

a scanning pitch p at the irradiation of the non-single

crystal semiconductor film with the pulsed laser

gsatisfies the following Formula (1).

0.75b 2 p 2 0.25b L. (1)

Technical Problem



Claims

[Claim 1]

A laser processing method of forming a
semiconductor film by performing overlap irradia///
predetermined scanning pitch while scanning §/60n~single
crystal semiconductor f£ilm by a pulsed ’/;ser with a
predetermined beam cross section profile;y wherein
the overlap dirradiation of ¢ pulsed laser 1is
performed by setting the scannifg pitch in a range
satisfying the following Formul#d (1), wherein

b denotes a length in a Scanning direction of a base
of a rising section fo;ﬁgé by the irradiation of the
semiconductor £film wyﬁf the pulsed laser, formed on a
back end side in tgé/scanning direction of a pulsed laser
beam directed 1§fgthe semiconductor f£ilm, and p denotes
the Scanning/pifch.

0.7510/’21;3 > 0.25b (L)

[Claim 21
//
ﬁ/The laser processing method according to claim 1,

7
&

wherein

K
e

the irradiation of the semiconductor film with the
pulsed laser is performed at an irradiation energy
/ density optimal for crystallization on the semiconductor

kfilm.

[Claim 3]



The laser processing method according to claim 1 o
2, wherein

a wavelength of the pulsed laser is 400 nm or Jéss.

,{g any of

[Claim 4]

The laser processing method according

claims 1 to 3, wherein ,
a pulse half value width of the pul 44 laser is 200
ns or less. g
[Claim 5]

The laser processing methi?/ﬂaccording to any of

s

claims 1 to 4, wherein ///

the non-single crystal sgmiconductor is silicon.
[Claim 6]

The laser processifig methed according to any of

claims 1 to 5, whereil

the scanning pftch is 5 to 20 um.
[Claim 7]

The laijy/ processing method according to any of
claims 1 t%/6, wherein

the JYength in the scanning direction of the base of
the r%ﬂ&ng section formed on the back end side in the
scagﬁéng direction of the pulsed laser beam directed to
Eyg semiconductor film Dby the irradiation of the

/semiconductor film with the pulsed laser is measured ,

and the scanning pitch is determined based on a result of

the measurement.

[Craiwm 87—



A laser processing apparatus comprising:

a pulse oscillation laser light source that oufputs

a pulsed laser at a predetermined repetition fre;y ncy;

an optical system that adjusts a beam crogs section
profile of the pulsed laser and guildes the/ﬁéﬁled laser
to a non-single crystal semiconductor film//

an attenuator that adjusts an energgrdensity of the
pulsed laser; /

7
a scanning apparatus that relatively scans the non-
7
single crystal semiconductor fiyﬁ with the pulsed laser
//J{
at a predetermined scanning spged; and

s

a control unit that cogf}ols the laser light source,
the attenuator, and the.sgénning apparatus, wherein

/// « 0l .
the control unit acqguires a length b in a scanning
/

direction of a ba§éf of a rising section formed by

s
£

irradiation c¢f a sgmiconductor film with the pulsed laser,

/

formed on a baqkfend side in the scanning direction of a
pulsed laser/béam directed to the semiconductor film, and
determineS/{he repetition frequency in - the laser light
A
source 3ﬁé the scanning speed of the scanning apparatus
p

accorging to the length in the scanning direction so that
P
a gﬁ%nning pitch p at the irradiation of the non-single

y
9éystal semiconductor film with the pulsed laser

Ve

x/satisfies the following Formula (1).

0.75b =z p 2 0.25b eon (1)
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The laser processing apparatus accordiqg/fﬁﬁblaim 8,

further comprising e

-

a film surface profilgfﬂﬁgésurement apparatus That

measures the lengtb/b“ﬁn the scanning direction of the

base of thew;iéfﬁg section formed by the irradiation of

thejﬁemiébnductor film with the pulsed laser, formed on

e

_~"the back end side in the scanning direction of the pulsed

Tlaser beam directed tothe semiconductor LTI



[Claim 1]

A laser processing method of forming a crystal semiconductor
film by performing overlap irradiation at a predetermined scanning
pitch while scanning a non-single crystal semiconductor film by a
pulsed laser with a predetermined beam cross section profile,
wherein

the overlap irradiation of the pulsed laser is performed by
setting the scanning pitch 1in a range satisfying the following
Formula (1), wherein

b denotes a length in a scanning direction of a base of a
rising section formed by the irradiation of the semiconductor film
with the pulsed laser, formed on a back end side in the scanning
direction of a pulsed laser beam directed to the semiconductor film,
and p denotes the scanning pitch.

0.75b 2p 2 0.25b .o (D)

[Claim 2]

The laser processing method according to claim 1, wherein

the irradiation of the semiconductor film with the pulsed
laser 1is performed at an irradiation energy density optimal for

crystallization on the semiconductor £ilm.
[Claim 3]
The laser processing method according to claim 1 or 2, wherein

a wavelength of the pulsed laser is 400 nm or less.

[Claim 4]




The laser processing method according to any of claims 1 to 3,
wherein

a pulse half value width of the pulsed laser is 200 ns or less.

[Claim 5]
The laser processing method according to any of claims 1 to 4,
wherein

the non-single crystal semiconductor is silicon.

[Claim 6]
The laser processing method according to any of claims 1 to 5,
wherein

the scanning pitch is 5 to 20 m.

[Claim 7]

The laser processing method according to any of claimg 1 to 6,
wherein |
the length in the scanning direction of the base of the rising
section formed on the back end side in the scanning direction of
the pulsed laser beam directed to the semiconductor £ilm by the
irradiation of the semiconductor £ilm with the pulsed laser is
measured , and the scanning pitch is determined based on a result

of the measurement.

[Claim 8]
A laser processing apparatus comprising:

a pulse oscillation laser light source that outputs a pulsed

laser at a predetermined repetition frequency;



an optical system that adjusts a beam cross section profile of
the pulsed laser and guides the pulsed laser to a non-single
crystal semiconductor film;

an attenuator that adjusts an energy density of the pulsed
lager;

a scanning apparatus that relatively scans the non-single
crystal semiconductor film with the pulsed laser at a predetermined
scanning speed; and
a control wunit that controls the laser light source, the
attenuator, and the scanning apparatus, wherein
the control unit acguires a length b in a scanning direction
of a base of a rising section formed by irradiation of a
semiconductor f£ilm with the pulsed laser, formed on a back end side
in the scanning direction of a pulsed laser beam directed to the
semiconductor film, and determines the repetition frequency in the
laser light source and the scanning speed of the scanning apparatus
according to the 1length in the scanning direction so that a
scanning pitch p at the irradiation of the non-gingle crystal
semiconductor film with the pulsed laser satisfies the following
Formula (1).

0.75b 2 p 2 0.25b oo (1)

[Claim 9]

The laser processing apparatus according to claim 8, further
comprising
a film surface profile measurement apparatus that measures the
length b in the scanning direction of the base of the rising

section formed by the irradiation of the semiconductor film with




the pulsed laser, formed on the back end side in the scanning
direction of the pulsed laser beam directed to the semiconductor

film.



