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METHOD OF FORMING POLYCRYSTALLINE SEMICONDUCTOR FILM

CROSS REFERENCE TO RELATED APPT.TCATIONS
This application claims benefit of priority under 350SC
§ 119 to Japapese Patent Application Nos. 2000-281353 and
2001-208028 filed on September 18, 2000 and July 9, 2001,
respectively, in Japan, the entire contents of which are
incorporated by reference herein.

BACKGROUND OF THE INVENTTON
The present invention relates to a method of forming a

polycrystalline semiconductor film. Particularly, this
invention relates to a method of forming a polycrystalline
semiconductor £ilm as an active layer for thin-film transistors
used for liquid crystal displays, etc.

With advanced miniaturization in liquid crystal displays,
thin-film transistors (TFT) having polycrystalline silicon with
high mobility used for active layers have recently been used
instead of known transistors having amorphous silicon as active
layers.

Described with reference to FIG. 6 is a known method of
producing a transistor having polycrystalline silicon used for
an active layer.

As shown in FIG. §6(a), a thin film 42 of amorphous
semiconductor is deposited on an insulating £ilm 41 made of glass
for example. The thin film 42 is irradiated with energy-rich
beams such as the excimer laser tobemelted for recrystallization,
and hence changed into a polycrystalline thin film 43 as shown
in FIG. 6(b). The thin £film43 is patterned, followed hy impurity
doping to form semiconductor films 43a of low concentration as
shown in FIG. 6(c¢).

Next, as shown in FIG. 6{d), the semiconductor films 43a
are covered with a gate insulating film 44. A metallic film is
formed on the film 44 and pattered, thus forming a gate electrode
45 for an n~channel transistor and a metallic £ilm 45a that covers
the semiconductor film 43a for a p-channel transistor.
Subsequently, p- or n-type dopant is implanted into the
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semiconductor films 43a at a high concentration via the gate
electrode 45 as a mask, to form an n-type source/ drain region
46 as shown in FIG. 6(d).

A resist pattern 50 made of photoresist is formed as shown
in FIG. 6(e). Themetallic film45a is patterned with this resist
pattern to form a gate electrode 45a for the p-channel transistor.
P-type dopant of high concentration is implanted into the
gemiconductor film 43a for the p-channel transistor while masked
with the resist pattern 50 and the gate electrodes 45a to form
p-type source/drain regions 47.

The resist pattern 50 is removed, followed by annealing
for dopant activation, and an interlayer insulating film 48 is
formed on the entire surface as shown in FIG. 6(f). Contact holes
are formed on insulating films 48 and 44 and are filled with an
electrode-material film. The f£film is patterned to form
source/drain electrodes 49, thus producing the transistor.

Not only by irradiation of energy-rich beams such as the
excimer laser, polycrystalline silicon films can be formed by,
for example, solid phase epitaxy with annealing amorphous silicon
for a long time at a temperature in the range from about 400°C
to 600°C. In general, however, polycrystalline silicon films
formed by solid phase epitaxy have lower carrier mobility than
those formed by irradiation of energy-rich beams for
recrystallization by melting. Moreover, large substrates can
easilyberecrystallized by irradiation of energy-rich line beams,
but not by solid phase epitaxy. Polycrystalline silicon films
formed by solid phase epitaxy thus cannot be used for high-speed
cirouitry, and hence used only for small liquid crystal displays.

Irradiation of energy-rich beams such as the excimer laser
for recrystallization of amorphous silicon by melting causes
roughness on the silicon surface. Shown in FIG. 5 is a
cross-sectional view of a thin-film transistor having an active
layer of polycrystalline silicon formed by irradiation of the
excimex laser. It is expected from FIG. 5 that a gate insulating
£ilm 44, which is formed on a polycrystalline silicon 43a having
roughness formed on an insulative substrate 41, has thin sections
formed on convex portions of the polycrystalline silicon.
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Gate insulating films having thin portions cause a decrease
in gate dielectric strength. FIG. 4 indicates leak current
dependency on voltage for oxide films. One oxide f£ilmwas formed
on a substrate of single crystalline silicon whereas the other
film having the same thickness as the former was formed a
polycrystalline silicon film which was formed by irradiating the
excimer laser. The graphs teach that a leak current flowed
through the oxide £ilm formed on the polycrystalline silicon £ilm
at an extremely low voltage compared to the single crystal silicon.
It is speculated that electric fields converged on the surface
convex sections might have caused generation of current on the
convex sections.

Thin~film transistors having polycrystalline silicon as
active layers thus require a thick gate insulating film. An on
state current for thin-film transistors are inverse proportional
to the thickness of a gate insulating film. A thick gate
insulating film mitigates roughness on the surface of a
éolycrystalline silicon film, howevex, it causes decrease in
performance of transistors.

It is speculated that such roughness that causes decrease
in performance of thin-film transistors is formed on the surface
of a polycrystalline silicon due to segregation of an oxide £ilm
formed on the surface of amorphous silicon or formed with oxygen
existing in the atmosphere irradiated with 1laser, during
recrystallization by melting.

Such roughness thus can be mitigated by complete removal
of an oxide film formed on the surface of amorphous silicon with
lowering a partial pressure of oxygen existing in the atmosphere
irradiated with laser. Laser annealing undexr this condition,
however, causes abrasion of a silicon film at enerqy lower than
that of laser beam irradiation required for grain of
polycrystalline silicon to become large enough. Or, it causes
increase in energy of laser beams for crystallization. This
results in decreasing in operating rate of an apparatus fo_r
irradiating the laser beams.

Such a problem is solved by atomospheric laser annealing
for enlarging grain of polycrystalline silicon, followed by
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removal of the surface oxide f£ilm with hydrogen flouride (HF)
and vacuum laser annealing for minimizing roughness on the surface
of polycrystalline silicon. This is proposed in K. Suga et al.,
“the Effect of a Laser Annealing Awbient on the Morphology and
TFT Performance of Poly-Si Films”, Society for Information
Display 00 DIGEST, p534~537, May 2000.

This method, however, requires decompression from ambient
pressure ts vacuum for laser annealing or two separate systems

- for ambient pressure only and vacuum only. Either way requires

HF treatment after atomospheric laser annealing, thus decreasing
productivity.

SUMMARY OF THF INVENTION

A purpose of the present invention is to provide a method
of forming a polycrystalline semiconductor film that provides
high performance for thin-film transistors having this
polycrystalline semiconductor film and high productivity.

A first aspect of a method of forming a polycrystalline
semjconductor £ilm according to the present invention includes
depositing an amorphous semiconductor filmon a substrate, a first
irradiating the amorphous semiconductor film with an energy-
rich beam in an atmosphere of a gas containing an inert gas as
a major component with a specific amount of oxygen, to change
the amorphous semiconductor £ilm into a polycrystalline
semiconductor film, and a second irradiating the polycrystalline
semiconductor f£ilm with an enerqgy-rich beam in an atmosphere of
a gas containing an inert gas as a major component with oxygen
of an amount less than the specific amount.

The amount of oxygen for the first irradiating may be 5
ppm ox more but less than 10% and the amount of oxygen for the
second irradiating is preferably 200 ppm.

The total amount of energy for the second irradiating may
be larger than the total amount of energy for the first
irradiating.

It may be that the polycrystalline semiconductor film is
exposed to an atmosphere between the first irradiating and the
second irradiating, the atmosphere having an oxygen
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goncentration higher than oxygen concentrations in the
atmospheres in the first and the second irradiating.

The first and the second irradiating may be performed in
the same processing chamber.

Tt may be to perform removing a natural oxide film formed
on the surface of the amorphous semiconductor film before the
first irradiating.

" It may be to perform cxystallization while splaying an area
of the substrate, that is irradiated with the energy~-rich beam,
with a gas at a pressure higher than an ambient pressure in a
processing chambex.

It may be to use an excimer laser beam as the energy-rich
beam.

The number of irradiation of the energy-rich beam in the
first irradiating may be smaller than the number of irradiation
of the energy-rich beam in the second irradiating.

Moreover, a second aspect of a method of forming a
polycrystalline semiconductor £ilm according to the present
invention includes forming a pelycrystalline semiconductor £ilm
on a substrate, irradiating the polycrystalline semiconductor
£ilm with an energy-rich beam in an atmosphere of a gas containing
an inert gas as a major component with oxygen, an amount of the
oxygen being 1 ppm or more but 50 ppm or less.

Purthermore, a third aspect of a method of forming a
polycrystalline semiconductor film according to the present
invention includes depositing an amorphous semiconductor film
on a substrate, removing a natural oxide film on the amorphous
semiconductor £ilm, first irxrradiating the amorphous
semiconductor film with an energy-rich beam in an atmosphere of
a gas containing an inert gas as a major component with oxygen,
an amount of the oxygen being 5 ppm or more but less than 10%,
to change the amorphous semiconductor £film into a polycrystalline
semiconductor f£ilm, and second irradiating the polycrystalline
semiconductor film with an energy-rich beam in an atmosphere
containing an inert gas as a major component with oxygen, an amount
of the oxygen being 1 ppm or more but 50 ppm or less.,

It may be to perform crystallization while splaying an area
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of the substrate, that is irradiated with the enerqgy-rich beam,
with a gas at a pressure higher than an ambient pressure in a
processing chamber.

BRIEF DESCRIPTJON OF DRAWINGS
FIG. 1 is a flow chart of a first embodiment of a method

of forming a polycrystalline semiconductor £ilm according to the
present invention;
' FIG. 2 explains effects of the first embodiment;

FIG. 3 explains effects of the first embodiment;

FIG. 4 shows a graph indicating the relationship between
a gate voltage and a leak curxent for a known thin~film transistor;

FIG. 5 is a cross-sectional view of the known thin-film
transistor:

FIG. 6 show cross-sectional views indicating steps of
producing a thin-film transistor;

FIG. 7 shows cross-sectional views indicating steps of a
second embodiment of a method of forming a polycrystalline
semiconductor film according to the present invention;

FIG. 8 shows graphs indicating results of experiments for
determining optimum laser irradiation requirements for
recrystallization of polycrystalline silicon;

FIG. 9 shows cross-sectional views indicating steps of
producing a thin-£ilm transistor under a third embodiment of a
method of forming a polycrystalline semiconductor £film according
to the present invention; and

FIG. 10 shows a graph indicating change in mobility of
thin-film transistors in accordance with change in 1laser
irradiation requirements under which the transistors were
produced.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiments of forming a polycrystalline semiconductor
film according to the present invention will be disclosed with
reference to the attached drawings.

(First Embodiment)

Disclosed with reference to FIGS. 1 to 3 is a first
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embodiment of a method of forming a polycrystalline semiconductor
film according to the present invention. The forming method in
this embodiment is shown in FIG. 1.

Firstly, an amorphous siljcon £ilm is formed on a substrate,
as shown in step Fl in FIG. 1. In this embodiment, a 50nm-thick
amorphous silicon film is formed by CVD (chemical Vapor
Deposition) with SiH, as a source gas.

Next, as shown in step F3 in FIG. 1, annealing is performed
to decrease the amount of hydrogen in the amorphous silicon film
for restricting abrasion that will occur during energy-rich beam
irradiation. In this embodiment, annealing is performed at 450°C
for 30 min.

An etching process is performed to remove an natural oxide
film formed on the surface of the amorphous silicon film , as
shown in step F5 in PIG. 1. In this embodiment, 1-wt$% HF solution
is flown over the substrate surface for 2 min., followed by nltra
pure water washing.

Immediately after this, the substrate is transferred into
a processing chamber of a processing system filled with an
atmosphere containing nitrogen as a major component. The
processing system has a mechanism in which the substrate is
sprayed with a gas containing nitrogen as a main component and
also slight oxXygen, at a pressure higher than the ambient pressure
so that an area of the substrate to be irradiated with a laser
beam is enclosed by the gas. A flow rate for nitrogen and oxygen
is thus controlled by massflow, so that a ratio of nitrogen to
oxygen is accurately controlled in the atmosphere to be irradiated
with laser. The total flow rate for nitrogen and oxygen is set
at 3¢ liter/min., in this embodiment.

Next, as shown in step F7 in FIG. 1, the substrate is scanned
with an excimer-laser pulse beam of 308 nm in wavelength at 390
mj/cn’ in energy density in this atmosphere so that the substrate
surface is irradiated with the laser twice. This laser-scanning
recrystallizes the amorphous silicon film by melting to form a
polycrystalline silicon £ilm (the firxst laser irradiating step).
The amount of oxygen in the first laser irradiating step in the
this embodiment is a specific amount which is preferably from
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1 ppmn to 10%, as disclosed later. The first laser irradiating
step is performed to decrease hydrogen in the silicon film for
restricting abrasion and also form a thin oxide £ilm on the surface
of the polycrystalline silicon film.

Then, as shown in step F9 in FIG. 1, an oxygen
concentration in the gas with which the substrate is sprayed is
varied to be less than that for the first irradiating step. The
substrate is then scanned with an excimer-laser pulse beam of
308 nm in wavelength at 440 mJ/cw’ in energy density so that the
substrate surface is irradiated 16 times to grow the grain to
a desired diameter (the second laser irradiating step). The
amount. of oxygen at this time is a specific amount which is
preferably from 1 ppm to 200 ppm, as disclosed later.

The total amount of enerqgy for the second irradiating step
is thus larger than that for the first irradiating step. Thetotal
amount of ehergy is obtained as energy density multiplied by the
number of times of irradiation. 1In this embodiment, energy
density for one~time irradiation is 390 mJ/cm’ and 440 mJ/cm’ for
the first and the second laser irradiating steps, respectively.
The energy density for one-time irradiation for the second
irradiating step may, however, be smaller than that for the first
irradiating step when the total amount of energy for the second
irradiating step can be set as larger than that for the first
irradiating step.

The polycrystalline silicon film is thus formed on the
substrate through the steps F1 to F9 disclosed above.

It is preferable that the polycrystalline silicon film is
exposed to an atmosphere between the firat laser irradiating step
and the second laser irradiating step, to have a desired thickness
for the natural oxide film formed on the polycrystalline silicon
film in the first irradiating step. Such atmosphere may have an
oxygen concentration higher than those for atmospheres in the
first and the second laser irradiating steps.

In an experiment, substrates were left for 10 hours with
no processing after the natural oxide £ilm formed on the amorphous
silicon film had been etched away with HF, and then crystallized
to produce samples. A spectral ellipsometer measured an about
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1. 5nm-thick natural oxide film formed on the amorphous silicon
film that had been left for 10 hours after etching.

The atmosphere contains nitrogen gas as a major component
in the embodiment disclosed above, not only that, however, it
may contain a rare gas instead of nitrogen gas. In other words,
an inert gas with low response such as nitrogen gas and a rare
gas can be used for such atmosphere.

I1llustrated in FIG. 2 are an evaluation of a sample by
atomic force microscopy on roughness and the number of occurrence
of abrasion on a polycrystalline silicon film crystallized by
the steps described above at 10 ppm in oxygen concentration in
the second laser irradiating step and 1 ppm, S ppm, O. 1%, 1.
0% and 10% in oxygen concentration in the first laser irradiating
step.

Illustrated in FIG. 3 is an evaluation of a sample by atomic
force microscopy on roughness on a polycrystalline silicon film
crystallized by the steps described above at 0. 1% in oxygen
concentration in the first laser irradiating step and 1 ppm, 10
ppm, 100 ppm, and 200 ppm in oxygen concentration in the second
laser irradiating step.

Also illustrated in FIG. 3 is another evaluation of a sample
by atomic force microscopy on roughness on a polycrystalline
silicon film crystallized by the steps described above in which
a natural oxide film formed on an amorphous semiconductor film
was removed by HF treatment and left for 10 hours with no
processing to form an about 1. 5mm~thick natural oxide film on
the amorphous semiconductor film, followed by the first laser
irradiating step at 0. 1% in oxygen concentration and the second
laser irradiating step at 10 ppm in oxygen concentration. The
evaluation in this case teaches that this sample is not good in
guality compared to the former sample because this sample has
as about 13 mm-thick roughness on the polycrystalline silicon
film whereas the former about 8 mm-size-roughness that had been
Jeft foxr 10 hours after HF-treatment.

The term “roughness ” means surface mean Yyoughness
expressed by RMS (Root-Mean-Square}.

FIG. 2 teaches that abrasion occurred at 1 ppm in oxygen
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concentration in the first laser irradiating step, however, it
was completely prevented at 5 ppm or more. Also taught in FIG.
2 is that the surface mean roughness was about 14 nm at 10% or
more in oxygen concentration in the first laser irradiating step,
thus no decrease in surface mean roughness, whereas the roughness
was 10 nm or less when the oxygen concentration was less than
10%.

FIG. 3 teaches that the surface mean roughness was about
13 nm at 200 ppm or more in oxygen concentration in the second
laser irradiating step, thus no decrease in surfacemean roughness,
whereas the roughness was sufficiently decreased when the oxygen
concentration was less than 200 ppm.

These figures further teach that a surface oxide film of
1. 5 nm or more in thickness formed before the first laser
irradiation in step F7 causes less decrease in surface mean
roughness even if the oxygen concentrations in both the first
and the second laser irradiating steps lie in an allowable range.

It is not clear why laser irradiation to an atmosphere
containing oxygen of 5 ppm or more in the first laser irradiating
step can restrict abrasion. It is, however, speculated that
crystallization in an oxygen atmosphere at a specific
concentration or wore might promote dehydrogenation with help
of formed minute roughness and a surface oxide film formed in
the first laser irradiating stepmight serve to restrict abrasion.

as discussed in the known method, it has been reported that
surface roughness becomes small by completely removing a surface
oxide film by HF-treatment after laser annealing in the ambient
atmosphere, followed by vacuum laser annealing to a
polycrystalline silicon.

on the contrary, this embodiment allows the first and the
second laser irradiating steps to be performed in the same
processing chamber, which can provides polycrystalline silicon
with small surface roughness, thus lowering of the performance
of thin~film transistor being preven::ed, with no decrease in
productivity which may otherwise occur due to requirements for
the known method such as switching the atmosphere into vacuum
and treatment between processing steps.
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Moreover, this embodiment uses the excimer laser as the
energy-rich beam in the first and the second laser irradiating
steps, however, not only that, any other types of emergy-rich
beam can be used at as long as they can change an amorphous
semiconductor film into a polycrystalline semiconductor film.

(Second Embodiment )

Disclosed with reference to FIC. 7 is a second embodiment
of a method of forming a polycrystalline semicopductor film
according to the present invention. FIG. 7 is a cross-sectional
view showing forming steps in the forming method in this
embodiment .

Firstly, an under-coating layer 2 made of SiN and Si0, £films
is formed by plasma CVD on an insulative substrate 1 containing
nonalkali glass of 400mm x 500mm in size, and a 50pm-thick
polycrystalline silicon £ilm 3 is forxmed on the layer 2, as shown
in FI1G6. 7(a).

The polycrystalline silicon film 3 may be formed by one
of the following three methods.

(1) An amorphous silicon £ilm is formed, followed by 1-hour
annealing at 500°C, to decrease hydrogen concentration in the
amorphous silicon £ilm. Subsequently, like the first embodiment,
the amorphous silicon film is changed into the polycrystalline
silicon £ilm 3 in an atmosphere of an inert gas containing oxygen
at 5 ppm or more but less than 10%.

(2) The polycrystalline silicon film 3 is directly formed
on the substrate 1. Or,

(3) An amorphous silicon film is formed on the substrate
1, followed by annealing in an oven at a temperature at which
silicon will be melted or lower, thus changed into the
polycrystalline silicon film 3.

The following experiments were conducted to determine
optimum laser-annealing requirements to the polycrystalline
silicon £ilm formed as described above.

Polycrystalline silicon films 3 were formed on several
substrates 1 according to the methods disclosed above.

These substrates 1 were set in annealing chambers with
N,~atmosphere containing oxygen at 0. 1 ppm, 1 ppm, 10 ppm, 50
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ppm, 100 ppm and 1000 ppm, respectively. The polycrystalline
silicon films were annealed by laser beam annealing using the
excimer laser at 308 nm (XeCl) in wavelength while scanning each
substrate 1 so that it was irradiated with 20 pulses per section
on the substrate, to recrystallize each polycrystalline silicon
film 3, thus forming a polycrystalline silicon film 3a, as shown
in FIG. 7(b). The laser beam used for crystallization may be KrF
or ArF, etc. Irradiating energy density were varied from 300
mJ/cn’ to 450 mI/cm’.

Results of the experiments are shown in FIGS. 8(a), 8(b)
and 8(c).

FIG. 8(a) is a graph indicating laser irradiating energy
required for obtaining average grain size at 0. 3um or larger
under each excimer-laser annealing atmosphere requirements. It
is taught in FIG. 8(a) that the sample produced at oxygen
concentration of 0. 1 ppmrequires a certain degree of laser enerqgy
for obtaining average grain size at 0. 3zm or larger, the degree
being higher and having a margin narrower than the other oxygen
concentration requirements. On the other hand, the oxygen
concentrations from 1 ppm to 1000 ppm require almost the same
laser energy-

FIG. 8(b) is a graph indicating the nunber of occurrence
of abrasion in each atmosphere. It is indicated in FIG. 8(b) that
abrasion did mot occur at the oxygen concentration of 1 ppm or
more whereas it occurred for 1. 2 times per 1 cm' at the oxygen
concentration of 0. 1 ppm.

FIG. 8(c) is a graph indicating the size of roughness formed
on the surface of the polycrystalline silicon in each atmosphere.
It is indicated in FIG. 8(c) that the size of roughness was 10
nm or lower at the oxygen concentration of 50 ppm or less whereas
it suddenly become higher at the oxygen concentration of 100 ppm.

These experiments teach that the optimum laser irradiating
requirements for recrystallization of the polycrystalline
gilicon film 3 shown in FIG. 7(b) include the atmosphere
containing nitrogen as a major component with oxygen of 1 ppm
or more but 50 ppm or less in concentration.

The following are speculated reasons for the optimum laser
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irradiating requirements.

Convex portions on a polycrystalline silicon surface have
higher oxygen ratio than the other portions, which is speculated
that convex portions are formed by cubical expansion of oxides
that are formed by segregation of oxygen contained in a silicon
film during recrystallizatjon. The adjustment to oxygen
concentration at 50 ppm or less sexrves to restrict the amount
of oxygen to be-absorbed into the silicon £ilm, thus restricting
the surface roughness formed during recrystallization by melting.
Such adjustment, however, obstructs growth of grain or causes
abrasion of the silicon film when the oxygen concentration in
an atmosphere becomes less than 1 ppm. It is speculated that
oxygen absorbed into the silicon f£ilm during recrystallization
by melting become crystal nucleus to promote crsytallization.
It is thus further speculated that, since formation of mucleus
is restricted as oxygen concentration in an atmosphere becomes
too low, problems occur such as larger energy for crsytallization,
narrow margin of particle-diameter enlargement to eneragy, and
degraldation of particle-diameter distribution. Onthe contrary,
oxygen absorbed into the silicon film forms bonding of Si-O-H
etc., to restrict dehydrogenation from the £ilm, thus preventing
abrasion. As discussed above, the atmosphere to be irradiated
with laser requires oxygen concentration at a specific degree
or more.

Accordingly, in this embodiment, laser irradiation is
performed in an atmosphere containing nitrogen as a major
component with oxygen of 1 ppm or more but 50 ppm ox less in
concentration, to recrystallize the polycrystalline silicon £ilm
3, thus forming the polycrystalline silicon film 3a. This
process serxves to restrict roughness on the surface of the film
3a formed by recrystallization, so that performance of thin-
film transistors is prevented from lowering.

(Third Embodiment)

Disclosed with reference to FIG. ¢ is a third embodiment
of a method of forming a polycrystalline semiconductor film
according to the present invention. FIG. 9 shows cross—sectional
views indicating steps of producing a thin-film transistor
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accoxrding to the forming method in this embodiment.

According- to the method like the second embodiment, a
polycrystalline silicon film 3a is formed on an insulative
substrate 1 via an under-coating layer 2 formed thereon, as shown
in FIG. 9¢a). The film 3a is patterned like an island and then
a gate insulating f£ilm 4 made of an Si0, film is formed by plasma
CVD, as shown in FIG. 9(b).

Formed subsequently is a gate electrode 5 made of a
high-melting point metal such as Mo and Ta or doped
polycrystallinesilicon. After thegateelectrode5 ispatterned,
dopant is implanted by ion doping to form source/drain regions
6, as shown in FIG. 9(c).

Formed lastly are an interlayer insulating film 7 made of
Si0, and source/drain-contact holes. Further, Al-sourxce/drain
electrodes 8 are formed by sputtering. The electrodes B are
patterned to obtain a polycrystalline silicon TFT, as shown in
FIG. 9(d).

FIG. 10 is a graph indicating the relationship between
field-effect mobility and the requirements of oxygen
concentration in atmosphere for polycrystalline silicon
thin-film transistors (TPT) produced under several laser
irradiating requirements, like describhed in the second
enbodiment. The laser irradiating energy is set at a degree 8o
that grain size becomes 0. Spum in FIG. 10.

FIG. 10 teaches that the average field-effect mobility is
not dependant on atmosphere to be irradiated, however, there is
a big variation in the characteristics at 0. 1 ppm in oxygen
concentration.

As disclosed above, like the second emwbodiment, this
embodiment prevents lowering of the performance of thin-film
transistors with no decrease in productivity.

Also in the second and the third embodiments,
crystallization can be performed while a section of the substrate
to be irradiated with an energy—rich beam is sprayed with a gas
at a pressure higher than the atmosphere in the processing
chamber.

As disclosed, the performance of thin-film transistors can
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be prevented from lowering, with no decrease in productivity,
accoxrding to the present invention.
Additional advantages and modifications will readily
oceur to those skilled in the art. Therefore, the invention in
5 its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without departing
from the sprit or scope of the general inventive concept as defined
by the appended claims and their eguivalents. o
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WHAT IS CLAIMED IS:

1. A method of forming a polycrystalline semiconductor film
comprisings:

depositing an amorphous semiconductor filmon a substrate;

first irradiating the amorphous semiconductor film with
an energy-rich beam in an atmosphere of a gas containing an inert
gas as a major component with a specific amount of oxygen, to
change the amorphous semiconductor £ilm into a polycrystalline
semiconductor film; and

second irradiating the polycrystalline semiconductor £ilm
with an energy-rich beam in an atmosphere of a gas containing
an inert gas as a major component with oxygen of an amount less
than the specific amount.

2. The method of forming a polycrystalline semiconductor film
according to claim 1, wherein an amount of oxygen for the first
irradiating is 5 ppm or more but less than 10% and an amount of
oxygen for the second irradiating is less than 200 ppm.

3. The method of forming a polycrystalline semiconductor film
according to claim 1, wherein the total amount of energy for the
second irradiating is larger than the total amount of energy for
the first irradiating.

4. The method of forming a polycrystalline semiconductor film
according to claim 1, wherein the polycrystalline semiconductor
film is exposed to an atmosphere between the first irradiating
and the second irradiating, the atmosphere having an oxygen
concentration higher than oxygen concentrations in the
atmospheres in the first and the second irradiating.

5. The method of foming a polycrystalline semiconductor £ilm

according to claim 1, wherein the first and the second irradiating
are performed in the same processing chamber.

6. The method of forming a polycrystalline semiconductor film

_—
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according to claim 1 further comprising removing a natural oxide
film formed on the surface of the amorphous semiconductor film
just before the first irradiating.

7. The method of forming a polycrystalline semiconductor £ilm
according to claim 1, wherein an excimer laser beam is used as

the energy-rich beam.

8. The method of forming a polycrystalline semiconductor f£ilm
according to claim 1, wherein the number of irradiation of the
energ;*rich beam in the first irradiating is smaller than the
number of irradiation of the energy-rich beam in the second
irradiating.

9. The method of foxming a polycrystalline semiconductor £ilm
accoxding to ¢claim 1, wherein crystallization is performed while
a section of the substrate to be irradiated with the energy-
rich beam is sprayed with a gas at a pressure higher than the
atmosphere in the processing chamber.

10. A method of forming a polycrystalline semiconductor £ilm
comprisings:
forming a polycrystalline semiconductor film on a

substrate;

irradiating the polycrystalline semiconductor film with
an energy-rich beam in an atmosphere of a gas containing an inert
gas as a major component with oxygen, an amount of the oxygen
being 1 ppm or more but 50 ppm or less.

11. The method of forming a polycrystalline semiconductor £ilm
according to claim 10, wherein crystallization is performed while
a section of the substrate to be irradiated with the enerqgy-

rich beam is sprayed with a gas at a pressure higher than the
atmosphere in the processing chamber.

12. 2 method of forming a polycrystalline semiconductor film
comprising:

R B
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depositing an amorphous semiconductor £ilm on a substrate;

first irradiating the amorphous semiconductor f£ilm with
an energy-rich beam in an atmosphere of a gas containing an inert
gas as a major component with oxygen, an amount of the oxygen
being 5 ppm or more but less than 10%, to change the amorphous
semiconductor f£ilm into a polycrystalline semiconductor f£ilm;
and

second irradiating the polycrystalline semiconductor film
with an energy-rich beam in an atmosphere containing an inert
gas as a major component with oxygen, an amount of the oxygen
being 1 ppm or more but 50 ppm or less.

13. The method of forming a polycrystalline semiconductoxr £i1m
according to claim 12 further comprising removing a natural oxide
film formed on the amorphous semiconductor film just before the
first irradiating. '

14. The method of forming a polycrystalline semiconductor £ilm
according to claim 12, wherein cxystallization is performed while
a section of the substrate to be irradiated with the energy-
rich beam is sprayed with a gas at a pressure higher than the
atmosphere in the processing chamber.
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