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energy density with which microcrystallization occurs to
the non-single-crystal semiconductor film by irradiation
of the pulse laser, and is suitable for crystallization
by irradiation of a plurality of times N being set as EO,

a first step of irradiating a plurality of times N1

with the pulse laser having an irradiation pulse energy
density El1 which is the same as the irradiation pulse
energy density E0; and

a second step of irradiating after the first step, a

plurality of times N2 with the pulse laser having an

irradiation pulse energy E2 which is lower than the
irradiation pulse energy density EL1, and is equal to or
higher than an irradiation enexrgy density that 1is
necessary for a crystal to be remelted,

wherein the total number of times of irradiation to
the same irradiation surface in the first step and the
second step (N1 + N2) is equal to or larger than N times.

According to the second aspect of the present
inventicn, a wmanufacturing apparatus of a crystal
semiconductor is provided. The manufacturing apparatus
comprises

one or two or more laser light socurces that outputs
or output a pulse laser;

an optical system that shapes the pulse laser and
guides the pulse lager to a non-single-crystal
semiconductor;

an energy regulating section that regulates an

irradiation energy density of the pulse laser;



6C

scanning device with the irradiation pulse energy density
E2, to the sgemiconductor irradiated N1 times with the
pulge laser in the first step.

According to a third aspect of the present invention,
a manufacturing apparatus of a crystal semiconductor film
is provided. The manufacturing apparatus comprises

orne or two'of more laser light sources that outputs
or output a pulse laser;

an optical system that shapes the pulse laser and
guldes the pulse laser to a non~single-crystal
semiconductor;

an intengity regulating section that regulates, in a
peam section intensity distribution in a scan direction
of the pulse laser, the intensity distribution so that
intensity at a redr side in the scan direction tc a rear
end in the scan direction becomes lower than intensity at
a front side in the scan direction, and an irradiation
pulse energy density by the intensity at the rear side in
the scan direction becomes 0.95 times or more an
irradiation pulse energy density by the intensity at the
front side in the scan direction;

an energy regulating section that regulates an

irradiation energy density of the pulse laser;

a scanning device that causes the pulse laser to
scan relatively to the non-single-crystal semiconductor;

and
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Claims

[Claim 1] ' L

A manufacturing method of a crystal ‘semiconductor film that
performs crystallization by applying overlap irradiation while causing a
pulse laser to scan relatively in a short axis direction, onto a
non"sing'le“crystal semiconductor film, comprising:

with an irradiation pulse energy density which is lower than an
irradiation pulse energy density with which microcrystallization occurs to
the non-single-crystal semiconductor film by irradiation of the pulse laser,
and is suitable for crystallization by irradiation of a plurality of times N
being set as EQ,

a first step of irradiating a plurality of times N1 with the pulse

laser having an irradiation pulse energy density E1 which is the same as

the irradiation pulse energy density EO; and

a second step of irradiating .after the fivst step, a plurality of tirses
NZ with the pulse laser having an irradiation pulse energy E2 which is
lower than the irradiation pulse energy density El, and is equal to or
higher than an irradiation energy density that is necessary for a crystal to
be remelted,

wherein the total number of times of irradiation to the same
irradiation surface in the first step and the second step (N1+N2) is equal to

or larger than N times.

[Claim 2]
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The manufacturing method of a crystal semiconductor film
according to claim 1, ‘

wherein the irradiation pulse energy suitable for crystallization is
within a range of E x 0.98 to E x 1.03 where an irradiation pulse energy
density with which crystal grain size growth is saturated by irradiation of
the plurality of times N is E.

[Claim 3]
The manufacturing method of a crystal semiconductor film
according to claim 1 or 2,

wherein the irradiation pulse energy demnsity E2 is equal to or
higher than E1 x 0.85.

[Claim 4]

The manufacturing method of a crystal semiconductor film
according to any of claims 1 to 3,

wherein the total number of times of irradiation is equal to or
smaller than N x 1.5.
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[Claim § 8]

The manufacturing method of a crystal semiconductor film

wherein the N1 is made the number of times which is equal to or
larger than the N2.




[Claim & &l

The manufacturing method of a crystal semiconductor film

according to any of claims 1 to 5 &,
wherein a wavelength of the pulse laser 1s equal to or shorter than
400 nm.

[Claim 7 16]

The manufacturing method of a crystal semiconductor film
according to any of claims 1 to £ 8,

wherein a full width at half maximum of the pulse laser is equal to

or emaller than 200 ns.

[Claim 8 34]
The manufacturing method of a crystal semiconductor film
according to any of claims 1 to 7 16,

wherein the non-single-crystal semiconductor is of silicon.

[Claim & 32]
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scanning device with the irradiation pulse energy density E1, and a second
step of controlling the energy regulating section to regulate the irradiation
pulse energy density to irradiation pulse energy E2 which 1s lower than
the irradiation pulse energy density E1, and is equal to or higher than an
irradiation energy density necessary for a crystal to be remelted, and
sequentially performing irradiation of a plurality of times N2 (N2 < N, N1

+ N2 2 N) to the non-single-crystal semiconductor while causing the pulse

laser to scan by controlling the scanning device with the irradiation pulse







The manufacturing apparatus of a crystal semiconductor film

according to claim & 1213,

wherein the contro! section sets the irradiation pulse energy
suitable for crystallization to be within a range of E x (.98 to E x 1.03
where an irradiation pulse energy density with which crystal grain size

growth is saturated by irradiation of the plurality of fimes N is K.



