
;e3e*0*-||}l6.T*"   LASER IRRADIATION APPARATUS AND METHOD OF TREATING
SEMICONDUCTOR THIN FILM BACKGROUND OF THE INVENTION The present invention
relates to a laser irradiation apparatus and a method of treating a
semiconductor thin film, and particularly to a laser irradiation apparatus
used preferably for a treatment for crystallizing a semiconductor thin
film, and a method of treating a semiconductor thin film conducted by use
of the laser irradiation apparatus. Thin film transistors (abbreviated to
TFT) widely used as switching devices for flat-type display systems such as
liquid crystal display systems include the TFT using polycrystalline
silicon as an active layer (polycrystalline silicon TFT) and the TFT using
amorphous silicon as an active layer (amorphous silicon TFT). Among these,
the polycrystalline silicon TFT is higher in driving current as compared
with the amorphous silicon TFT, so that it has the merit that it is
possible to miniaturize the switching devices and enlarge the numerical
aperture of pixel. In addition, the polycrystalline silicon TFT can be used
not only as the switching device but also as peripheral driving circuits, 1
r for example, a shift register or a level converter, and these peripheral
circuits can be formed on a display substrate in the same step as formation
of the switching device. For these reasons, the polycrystalline silicon TFT
is used as a device for high-precision display systems. In recent years, a
technology for fabricating the polycrystalline silicon TFT by a
low-temperature process at or below 600C (the so-called low temperature
polysilicon process) has been developed and put to practical use. By
applying the low temperature polysilicon process to the production of a
flat-type display system, it becomes unnecessary to use a high
heat-resistant but expensive substrate such as quartz and
single-crystalline silicon as the display substrate, so that it is possible
to achieve reductions in cost and size of the high-precision flat-type
display system. Here, the low temperature polysilicon process is a method
of obtaining a polycrystalline silicon layer by irradiating a silicon layer
(amorphous silicon layer) formed on a substrate with laser light or
electron beam to rapidly heat and melt the silicon without damaging the
substrate, and crystallizing the silicon through the subsequent cooling
process to obtain the polycrystalline 2   _Y t 



r silicon layer. In order to obtain a polycrystalline silicon layer with a
greater grain diameter in such a low temperature polysilicon process, the
method of irradiating the silicon layer with the laser light or electron
beam is important. In the low temperature polysilicon process at present, a
multi-shot irradiation method is widely used. In the multi-shot irradiation
method, the laser beam is scanningly radiated onto the silicon layer, and
the same portion of the silicon layer is irradiated with laser at least two
times, typically, 10 to 20 times. By this, it is known that, for example,
in the case of a silicon layer having a thickness of 50 nm, a
polycrystalline silicon layer with a grain diameter of 0.1 to 5 um,
typically, about 0.3 to 1 um is obtained. Other than the low temperature
polysilicon process applying the multi-shot irradiation method mentioned
above, there is known a sequential lateral solidification method
(hereinafter referred to as SLS method) as reported, for example, in
Applied Physics Letters, vol. 69, pp. 2864 to 2866 (1996). FIG. 13 shows an
outline of a treatment of a semiconductor thin film by the SLS method. In
the method shown in the figure, first, a laser beam H oscillated from a
laser light generating means Z 3   J a 1 



is made to be incident on a mask 6 having a periodic light-dark pattern, by
use of optical means 2 to 5 such as lenses and reflectors. The laser beam H
transmitted through the mask 6 is radiated onto a silicon layer on the
surface of a substrate W mounted on a stage 9 through a focusing lens 7 and
a reflector 8, whereby the silicon layer is perfectly melted in a width of
several ,um. At the time of cooling, crystals are grown laterally from
peripheral portions toward the inside of the melting regions, and stripe
form lateral growth regions are obtained. Next, the mask 6 or the stage 9
with the substrate W mounted thereon is mechanically moved by a distance
not more than the width of the melting regions, typically, about 0.75 um
and then lateral growth is caused similarly to the above. It is reported
that by such a method, it is possible to obtain an elongate polycrystalline
silicon thin film which is uniform over a wide area and has grain
boundaries parallel to the scanning direction. Further, as an example of
application of the SLS method, Japanese Patent Laid-open No. 2000-150412
discloses a method in which the above-mentioned periodic light-dark pattern
is formed as an interference fringe by interference of laser light. The
publication also 4    , discloses the technique of changing the positions
of the 



interference fringe and, hence, the melting positions of the silicon layer,
by moving mirrors and a stepped transmissive plate disposed on the optical
path of the laser light by a mechanical means. However, in the process
applying the multi-shot irradiation method, of the above-mentioned low
temperature polysilicon processes, the crystal size of the polycrystalline
silicon obtained (grain diameter: 0.1 to 5 Vim) is extremely small as
compared with the size of the thin film transistors at present (about 5 to
50 um square). Therefore, the characteristic of the thin film transistor
fabricated by use of the polycrystalline silicon is, for example, such that
the electron mobility is as low as 100 cm2/Vs due to carrier trap at grain
boundaries of the polycrystalline silicon; thus, the thin film transistor
obtained is inferior to the transistor fabricated in single-crystalline
silicon. Here, in a display system using a thin film transistor, if the
characteristics of the thin film transistor in a display area are
dispersed, it is recognized as dispersion of display characteristics,
resulting in low display quality. The dispersion of the thin film
transistor characteristics is due primarily to 5    ,, the dispersion of
polycrystalline grain diameter, which arises from dispersion of laser
energy in the polycrystallization process, specifically, dispersion on an
irradiation shot basis and distribution of light intensity in the
irradiation plane. FIG. 14 shows the variation of mean grain diameter of
polycrystalline silicon against laser energy in the case where the same
portion is irradiated with laser light 20 times. From the figure, it is
seen that where the laser energy may possibly vary by 8%, if the laser
energy exceeds the irradiation energy of 380 mJ/cmz corresponding to the
maximum grain diameter even once in the 20 times of irradiation, the grain
diameter is rapidly lowered, and fine crystallization occurs partly, so
that it is necessary to perform irradiation at 350 mJ/cm2. It is also seen
that the dependency of grain diameter on laser energy is heavy and, for
example, a dispersion of energy of only 1% leads to a dispersion of grain
diameter of no less than about 10%. However, suppressing the dispersion of
laser energy to, for example, within 0.5% is difficult to achieve at
present, because the pulse oscillation is performed in a short time (for
example, in the case of excimer laser, the pulse width is 20 to 200 ns);
accordingly, the crystal 6    



grain diameter is dispersed. On the other hand, in the SLS method, it is
possible to obtain large-grain-diameter crystals uniform over a wide area.
However, since the irradiation of a semiconductor thin film with laser
light is conducted through the mask 6 and the lenses 5, 7 of the focusing
optical system, utilization efficiency of light energy is lowered,
resulting in increases in treatment time and cost per substrate. In
addition, there is need for a mechanism for correction of focusing errors
due to waviness of the substrate or the like, which also leads to increase
in treatment time and cost per substrate. Further, the stage on which to
mount the substrate needs a movement accuracy on the order of 1 Vim, so
that equipment cost is high, Besides, it is difficult to enlarge the
irradiation area in view of production cost of the focusing optical system
and distortion of image, and, therefore, there is the problem that the
treatment takes much time. In the method of utilizing the interference of
laser light as an application of the SLS method, utilization efficiency of
light energy is good, but there axe the following problems. Namely, in this
method, at the time of varying the optical path lengths of split 7
laser light so as to vary the positions of the interference fringe, the
mirrors and the stepped transmissive plate are moved by a mechanical means.
Here, 



in the case of using laser light which is oscillated in a pulse form, it is
necessary to synchronize the displacement of the interference fringe with
the oscillation frequency. However, in the method of displacing the
interference fringe by moving the mirrors and the stepped transmissive
plate by the mechanical means as above-mentioned, it is impossible to
synchronize the movement of the mirrors and the stepped transmissive plate
with the laser light oscillated in a pulse form at a high frequency, due to
limitations as to the moving velocity and movement accuracy of the mirrors
and the stepped transmissive plate. Therefore, it is difficult to perform a
treatment by applying pulse-oscillated laser light at a high frequency of
more than 10 kHz, such as the laser light oscillated from a pulse
oscillation solid laser based on laser diode excitation, and this
difficulty hampers an increase in the speed of treatment of a semiconductor
thin film. SUMMARY OF THE INVENTION It is an object of the present
invention to provide 8    t a laser irradiation apparatus capable of moving
at a high frequency a light pattern formed by an interference action of
laser light and thereby contriving an increase in the speed of treatment
with the laser light, and a method of treating a semiconductor thin film by
which it is possible to perform at a high speed a treatment for obtaining
large-grain-diameter polycrystalline silicon with excellent uniformity of
grain diameter by use of the laser irradiation apparatus. In order to
obtain the above object, in accordance with one aspect of the present
invention, there is provided a laser irradiation apparatus, including a
laser light generating means, a splitting means for splitting the laser
light generated from the laser light generating means into a plurality of
beams, a light interference means for causing the beams split by the
splitting means 



to interfere with each other to form a periodic light pattern, and a phase
shifting means for.electro-optically shifting the phase of at least one of
the plurality of beams split by the splitting means. In the laser
irradiation apparatus thus constituted, the laser light generated from the
laser light generating means is split by the splitting means into a
plurality of beams, which are caused by the light interference means 9   ,
,  to interfere with each other, thereby forming a periodic light pattern.
Therefore, it is possible to generate a light pattern with utilization
efficiency of laser light energy maintained at a higher value, as compared
with the case of forming a light pattern by use of a mask. In addition,
since the phase shifting means for shifting the phase of at least one of
the beams split from the laser light is provided, it is possible to
optically move the light pattern formed by interference. Besides, since the
phase shifting means is for electro-optically shifting the phase, optical
movement of the light pattern can be performed at a high frequency. As a
result, it is possible to contrive an increase in the speed of treatment.
Therefore, it is possible to contrive a reduction in treatment time in
treating a semiconductor thin film with laser light. Further, since it is
possible to shift the phase at a high frequency synchronized with the laser
light generating means for pulse oscillation at a high frequency, it is
possible to use a laser light generating means in which the life of an
excitation light source is long but the repeated pulse oscillation 



frequency is high, such as, for example, a pulse oscillation solid laser
based on laser diode excitation. Therefore, in the laser irradiation
apparatus for 10    t performing a treatment by optically moving the light
pattern, it is possible to build up an apparatus which can operate
continuously for a long time and which is high in reliability. In
accordance with another aspect of the present invention, there is provided
a method of treating a semiconductor thin film including the steps of
irradiating the semiconductor thin film with a periodic light pattern
generated by interference of a plurality of beams split from laser light,
thereby partially melting the semiconductor thin film, and thereafter
moving the light pattern in the arrangement direction of the light pattern
within the range of the period thereof, wherein the movement of the light
pattern is carried out by electro-optically shifting the phase of at least
one of the split beams. In the treating method, at the time of shifting the
phase of the beam for optically moving the light pattern formed by
interference of the split beams, so as thereby to obtain
large-grain-diameter polycrystalline silicon with excellent uniformity of
grain diameter, the phase of the beam is shifted electro-optically, so that
the optical movement of the light pattern is performed at a high frequency.
Therefore, a treatment by moving the 11   ., t light pattern at a high
speed is conducted, and the speed of treatment is enhanced. Therefore, the
treatment time in treating the semiconductor thin film for obtaining
large-grain-diameter polycrystalline silicon with excellent uniformity of
grain diameter can be shortened. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1
is a diagram showing the constitution of a laser irradiation apparatus
according to First Embodiment; FIGS. 2A to 2F are diagrams illustrating a
method of treating a semiconductor thin film according to First Embodiment;
FIG. 3 is a plan view illustrating the method of 



treating a semiconductor thin film according to First Embodiment; FIG. 4 is
a diagram illustrating the lateral growth of silicon crystals; . FIG. 5 is
a diagram showing the constitution of a laser irradiation apparatus
according to Second Embodiment; FIG. 6 is a diagram showing the
constitution of a laser irradiation apparatus according to Third
Embodiment; 12   , ,  FIG. 7 is a diagram illustrating a method of treating
a semiconductor thin film according to Third Embodiment; FIGS. 8A and 8B
are sectional step diagrams (No. 1) illustrating a first example of a
method of fabricating a thin film transistor by application of the method
of treating a semiconductor thin film according to the present invention;
FIGS. 9A and 9B are sectional step diagrams (No. 2) illustrating the first
example of the method of fabricating a thin film transistor by application
of the method of treating a semiconductor thin film according to the
present invention; FIGS. 10A and 10B are sectional step diagrams (No. 1)
illustrating a second example of the method of fabricating a thin film
transistor by application of the method of treating a semiconductor thin
film according to the present invention; 



FIG. 11 is a sectional step diagram (No. 2) illustrating the second example
of the method of fabricating a thin film transistor by application of the
method of treating a semiconductor thin film according to the present
invention; FIG. 12 is a sectional view of a major part of a 13   t display
system constituted by use of a thin transistor obtained by application of
the method of treating a semiconductor thin film according to the present
invention; FIG. 13 is a constitutional diagram showing an outline of the
treatment of a semiconductor thin film by a conventional SLS method; and
FIG. Z4 is a graph showing the relationship between laser energy and mean
grain diameter of polycrystalline silicon. DESCRIPTION OF THE PREFERRED
EMBODIMENTS Hereinafter, embodiments of a laser irradiation apparatus and a
method of treating a semiconductor thin film according to the present
invention will be described in detail below referring to the drawings.
[First Embodiment] Laser Irradiation Apparatus FIG. 1 is a diagram showing
the constitution of one example of the laser irradiation apparatus
according to the present invention. The laser irradiation apparatus shown
in the figure is used, for example, for a treatment for crystallizing a
semiconductor thin film. 



The laser irradiation apparatus shown in the figure 14   , ,  includes a
laser light generation means 101 consisting of a laser diode excitation
type YAG laser. The laser light generation means 101 generates laser light
H at a repeated pulse oscillation frequency of about 1 to 100 kHz. As the
laser light generation means 101, one provided with an injection seeder is
preferably used, for enhancing interference properties. In addition, it is
preferable to use a YAG laser having a top hat type beam profile so that a
uniform light intensity profile can be obtained in the irradiation region.
As such a laser light generation means 101, for example, a system obtained
by fitting an injection seeder to 210-W series, a product by Lightwave
Electronics, can be used. A higher harmonics generator 102 is disposed in
the emission direction of the laser light H generated by the laser light
generation means 101. The higher harmonics generator 102 is comprised of
LiB305 (LBO) or BaB204 (BBO) crystal, and converts the fundamental wave
(wavelength: 1064 nm) of the laser light H generated from the laser light
generation means 101 to the third harmonic (wavelength: 355 nm). By this,
the laser light H after the wavelength conversion has a pulse width of
about 30 ns, and energy per pulse of 0.6 mJ (at the time of 10 kHz
oscillation). 15     In the emission direction of the laser light H
transmitted through the higher harmonics generator 102, a
transmittance-variable light attenuator 103 and a beam splitter 104 as a
splitting means for splitting the laser light are sequentially arranged.
The beam splitter 104 splits the laser light H into two beams at an
intensity ratio of about 1:1, reflects a first beam h1 thus split, and
transmits a second beam h2 thus split. A phase shifting means 105 is
disposed in the transmission direction of the beam splitter 104. The phase
shifting means 105 is such that the phase of the light transmitted
therethrough is freely variable by utilizing an electro-optical effect. As
such a phase shifting means 105, there are those using the crystal of
KHzP04 (potassium dihydrogenphosphate: KDP), NH4H2P04 (ammonium
dihydrogenphosphate: ADP), LiTa03, LiNb03, BazNaNb5015 or the like, as well
known. These crystals can provide the. laser beam transmitted through the
crystal with a phase retardation according to the voltage impressed
thereon. Here, in order to prevent a disturbance from being generated in
the light intensity profile of the laser light radiated from the laser
irradiation apparatus due to the arrangement of the phase shifting means
105, the 16    crystal used for the phase shifting means 105 is a KDP
crystal polished with high accuracy which provides a phase retardation of
360 at an impressed voltage of 1500 V so that the wave front distortion at
the time of transmission of the second beam h2 will be not more than ~,/ 10
(35 nm) . In addition, a reflector 106 is disposed on the optical path of
the second beam h2 transmitted through the phase shifting means 105. The
reflector 106 is arranged as a light interference means; namely, the
reflector 106 reflects the second beam h2 transmitted through the beam
splatter 104 so that the second beam h2 intersects with the first beam h1
reflected by the beam splatter 104 at a predetermined angle, whereby the
first beam hl and the second beam h2 are superposed and interfere with each
other to generate a periodic light pattern (here, an interference fringe).
Here, the predetermined angle 8 at the time of intersection of the first
beam h1 and the second beam h2 is set as follows. Namely, the period P of
the interference fringe generated when two laser beams with a wavelength
,are incident on a substrate surface at an included angle 8 (radian) is
given by the formula: P = ~,/~2sin( 9/2)~. 17   



r From the formula, it is seen that when an interference fringe with a
period of 4.0 ~m is to be generated on the surface of the substrate W in
the case where ~ = 355 nm, the included angle is B = 5.09 . Accordingly,
the reflector 106 is so set as to reflect the second beam h2 so that the
second beam h2 intersects with the first beam h1 reflected by the beam
splitter 104 at an included angle B = 5.09' . In addition, a stage 100 on
which to mount the substrate W to be treated is arranged in the reflection
direction of the reflector 106 and the reflection direction of the beam
splitter 104. Here, such a setting is made that the periodic light pattern
(here, the interference fringe) Hp generated by superposition and .
interference of the first beam hl and the second beam h2 is radiated onto
the surface of the substrate W mounted on the stage 100. The stage Z00 is,
for example, an xy movable stage of the stepping motor drive type.
Transmittance-variable light attenuators 107 are disposed respectively on
the optical path of the first beam hl and the optical path of the second
beam h2. These light attenuators 107 are used by adjusting the
transmittances thereof so that the contrast ratio of the light pattern Hp
radiated onto the surface of the 18   1 t substrate W is maximized. Optical
systems 108 each comprised of cylindrical convex and concave lenses are
disposed in the emission directions of the light attenuators 107, and,
further, an 



orifice (diaphragm) 109 is disposed on the optical paths of the first beam
hl and the second beam h2 transmitted through these optical systems l08 so
that the light pattern Hp formed by the first beam hl and the second beam
h2 transmitted through the orifice 109 is radiated onto the substrate W.
These optical systems 108 and the orifice 109 are provided so as to shape
the irradiation region of the light pattern Hp relative to the surface of
the substrate W. Particularly, here, it is preferable to selectively shape
the irradiation region so that the variations in light intensity will be
within the range of 20%. Accordingly, for example, where the 210-W series
produced by Lightwave Electronics is used as the laser light generation
means l01, the region of 0.21 mm X 0.21 mm in a central portion of the
laser light generated is selected as the irradiation region. In the laser
irradiation apparatus constituted as above, the laser light H generated by
the laser light generation means 101 and the higher harmonics generator 19
102 is split by the beam splitter 104, the second beam h2 of the two split
beams is reflected by the reflector 106 to interfere with the first beam
hl, whereby the periodic light pattern (interference fringe) Hp is formed,
and it is radiated onto the surface of the substrate W on the stage 100.
Therefore, the light pattern Hp with utilization efficiency of laser light
energy maintained to be higher can be generated and radiated onto the
substrate W, as compared with the case of the related art where a similar
light pattern formed by use of a mask is radiated onto the substrate W as
has been described referring to FIG. 13. 



In addition, since the phase shifting means 105 for shifting the phase of
the second beam h2 is provided, the light pattern generated through
interference can be optically moved on the stage 100. The movement can be
performed within the range of high precision shorter than the period of the
light pattern Hp generated through interference. On the other hand, in the
case where a similar light pattern formed by use of a mask is similarly
moved on the stage, it is necessary to perform a mechanical movement by
driving the stage 100, and the stage 100 must be provided with a driving
system with high precision, so that equipment cost is raised. 20    1
Therefore, in the apparatus according to the present embodiment, the stage
100 provided as an xy movable stage of the stepping motor drive type is not
required to perform high-precision movements, so that a reduction in
equipment cost can be realized. Besides, while the apparatus using a mask
needs to have a focusing optical system, the apparatus of, the present
embodiment does not need a focusing optical system and does not need lenses
other than those for beam shaping. Therefore, even where a short wavelength
laser such as the fourth harmonic (wavelength: 266 nm) of YAG laser, an
XeCl excimer laser (wavelength: 308 nm) and a KrF ecimer laser (wavelength:
248 nm) is used as a light source, the apparatus of the present embodiment
does not need special lenses; therefore, equipment cost can be reduced, and
scale-up can be easily realized. 



Particularly, since the phase shifting means 105 used in the present
embodiment is one for shifting the phase electro-optically, the shifting of
phase can be performed at a high frequency, namely, the optical movement of
the light pattern Hp can be performed at a high frequency. Therefore, in
the case of irradiating the surface of the substrate W with the light
pattern Hp while optically moving the irradiation position of the 21   , S
v light pattern Hp, it is possible to optically move the irradiation
position of the light pattern Hp at a higher speed, and to contrive a
reduction in treatment time. In addition, since the phase can be thus
shifted at a high speed, it is possible to shift the phase synchronously
with laser light of the pulse oscillation type with a high oscillation
frequency. Therefore, it is possible to use a laser light generation means
101 with a high oscillation frequency such as a laser diode excitation type
YAG laser. The laser diode excitation type YAG laser has a life at the time
of continuous use of not less than 10,000 hr (10 kHz). This life is longer
by not less than one order, as compared with the lamp replacement period of
a flash lamp excitation Q switch pulse oscillation solid laser of 500 hr
(10 kHz), so that it is possible to build up a laser irradiation apparatus
with high reliability which can be operated continuously for not less than
one year. In the above, description has been made of the constitution in
which the phase shifting means 105 for shifting the phase of the beam
electro-optically is disposed on the optical path of the second beam h2
between the beam splitter 104 and the reflector 106. However, the phase
shifting means 105 can be disposed at 22   any position on the optical path
of the first beam hl or on the optical path of the second beam h2, without
any particular limitation, whereby the same effect as above can be
obtained. In addition, as the means for generating the light pattern Hp
(light interference means), an interferometer such as Michelson
interferometer and Fizeau interferometer may be used. In this case, by
providing the above-mentioned electro-optical phase shifting means on the
optical path of the split beam in each of these 



interferometers to constitute a laser irradiation apparatus, it is possible
to perform a high-speed treatment in the same manner as by the laser
irradiation apparatus shown in FIG. 1 described above. Besides, in the
above description, the optical systems 108 each comprised of cylindrical
convex and concave lenses and the orifice 109 have been provided for
shaping the irradiation region of the light pattern generated through
interference. When non-spherical lens type or non-spherical mirror type
optical systems are used as the optical systems 10S, it is possible to
uniformize to a certain extent the laser light H with a Gaussian profile
and to further enhance the utilization efficiency of laser light energy. 23
In the above, since it has been an object to optically move the light
pattern Hp at a high frequency, description has been made of the case where
the laser diode excitation type YAG laser is used as the laser light
generation means 101. However, a flash lamp excitation type Q switch YAG
laser may also be used as the laser light generation means 101. Method of
Treating a Semiconductor Thin Film Next, as a method of treating a
semiconductor thin film according to the present invention, a treating
method in the case of crystallizing an amorphous silicon thin film
(semiconductor thin film) by use of the laser irradiation apparatus
described referring to FIG. 1 will be described. First, a substrate W
including an amorphous silicon thin film L formed on a glass substrate S is
prepared. The amorphous silicon thin film L is, for example, formed on the
glass substrate S through a silicon nitride (SiNX) film and a silicon oxide
(Si02) film which are not shown 



here, according to the constitution of a thin film transistor to which the
method of treating a semiconductor thin film is applied. The formation of
these films is conducted, for 24    example, by the so-called plasma CVD
(chemical vapor deposition) method or other CVD method in which raw
material gases are introduced into a vacuum film formation chamber in which
the glass substrate is contained, and glow discharge is caused between
parallel flat plate electrodes on which rf power with a frequency of 13.56
MHz is impressed, thereby decomposing the mixture gas and building up the
desired film, according to the steps for fabricating a thin film
transistor. Here, in the case where the film formation is conducted by the
plasma CVD method, first, the glass substrate S is contained in the vacuum
film formation chamber, and the glass substrate S is preliminarily heated
(for example, 400C) . Silane gas (SiH4) and ammonium gas (NH3) as raw
material gases are introduced at a pressure of 100 Pa into the vacuum film
formation chamber, whereby an SiNX film is built up in a thickness of 100
nm on the glass substrate. Next, silane gas and oxygen (02) as raw material
gases are introduced, whereby an Si02 film is built up in a thickness of
200 nm on the SiNX film. Thereafter, only the silane gas is introduced at a
pressure of 150 Pa, whereby a hydrogenated amorphous silicon thin film L is
built up in a thickness of 30 to 300 nm, typically 50 nm, on the Si02 film.
The amount of 25   hydrogen in the amorphous silicon thin film L in terms
of atomic ratio is about 2%. The amorphous silicon thin film L formed in
the manner as above is polycrystallized according to the following
procedure described referring to the sectional step diagram shown in FIGS.
2A to 2F. First, by adjusting each portion of the laser irradiation
apparatus shown in FIG. 1, pulse oscillation of laser light H at a
frequency of, for example, 1 kHz is conducted and interference thereof is
caused. Then, as shown in FIG. 2A, a light pattern Hp having a light
intensity profile such that a light portion with a width of 2 um appears at
a period of 4 um is radiated onto a first region L1 (0.2 mm X 0.2 mm) of
the amorphous silicon thin film L on the surface of the substrate W. By
this, each of irradiation portions (light portions) with 



a width of 2 um in the first region L1 of the amorphous silicon thin film L
is selectively melted as the crystallization portion at the first shot 201.
In this case, each of non-irradiation portions (dark portions) with a width
of 2 um is maintained at a temperature lower than the melting point of
amorphous silicon by not less than 100C. In the irradiation at the first
shot 201, no voltage is impressed on the phase shifting means (105) of 26
the laser irradiation apparatus. During cooling after completion of the
irradiation at the first shot 201, polycrystalline silicon is caused to
laterally grow from the boundary portion between a molten region and an
unmelted region toward the molten region. In this case, where the width of
the molten regions is not more than 2 times the distance over which the
crystal can laterally grow, for example, where the width of the molten
regions is not more than 2 times of about 0.1 to 5 um in the case of a
silicon thin film with a thickness of 50 nm one time of irradiation results
in the formation of lateral growth regions in a stripe pattern over the
entire area of the light portions. The distance over which the crystal can
grow laterally depends on the pulse width and pulse shape of the laser, and
increases as the thickness of the semiconductor thin film increases and as
the substrate temperature rises. The lateral growth will be detailed later.
After the irradiation with laser light at the first shot 20Z is conducted
one time or a plurality of times as required, a voltage of 500 V is
impressed on the phase shifting means (105) synchronously with the pulse
oscillation of the laser irradiation apparatus. By this, as shown in FIG.
2B, the first optical primary scanning 27  



for moving the light pattern Hp by 1.33 um in the arrangement direction
thereof is performed, and irradiation at the second shot 202 with end edges
overlapped with the first shot 201 is conducted. Then, at the portions at
the second shot 202 in the first region L1, crystals are caused to
laterally grow in the same manner as in the case of the first shot 201. In
the lateral growth at the second shot 202, the laterally grown
polycrystalline silicon is already present at the boundaries with the
portions of the first shot 201, and lateral growth occurs with the
polycrystalline silicon as seeds without any supercooling process, so that
longer polycrystalline grains can be obtained as compared with the case of
the first shot 201. Thereafter, the voltage impressed on the phase shifting
means (105) is changed over from 500 V to 1000 V synchronously with the
pulse oscillation of the laser irradiation apparatus. By this, as shown in
FIG. 2C, the second primary scanning fox moving the light pattern Hp
further by 1.33 um in the arrangement direction thereof is performed,
irradiation at the third shot 203 with end edges on both sides overlapped
with the second shot 202 and the first shot 20Z is conducted, and crystals
are caused to laterally grow without any supercooling process 28   in the
same manner as in the case of the second shot 202. By the above three shots
201 to 203 of irradiation, amorphous silicon in the first region L1 of 0.2
mm X 0.2 mm of the amorphous silicon thin film L is crystallized 



into uniform polycrystalline silicon. The time required for this is about 3
ms, and the crystallization rate is about 0.133 cm2/sec. FIG. 3 is a plan
view for illustrating the method of irradiation attended by the
above-mentioned primary scanning, and shows that amorphous silicon in the
first region L1 can be entirely melted and polycrystallized by performing
the first shot 201, the second shot 202 and the third shot 203 of
irradiation in the overlapping manner as described above. In FIG. 3, the
shots 201 to 203 are shown in the state of being shifted in the extending
direction of the light pattern (in the lateral direction in the figure),
for ease of understanding. After amorphous silicon in the first region L1
of the amorphous silicon thin film L is crystallized in the manner
described above, mechanical secondary scanning is conducted as shown in
FIG. 2D. Namely, the substrate W is moved by about 0.2 mm by driving the xy
movable stage of the stepping motor drive type, whereby the irradiation
region of the laser light by the laser irradiation 29    apparatus is moved
to the second region L2 adjacent to the first region L1 of the amorphous
silicon thin film L. Then, the second region L2 is subjected to three shots
201 to 203 of irradiation with laser light shown in FIGS. 2D to 2F, in the
same manner as described above referring to FIGS. 2A to 2C. By this,
amorphous silicon in the second region L2 of 0.2 mm X 0.2 mm adjacent to
the first region L1 is crystallized. 



Subsequently, the mechanical secondary scanning by driving the stage and
the electro-optical primary scanning by driving the phase shifting means
are repeated, whereby a required region (for example, the whole area) of
the amorphous silicon thin film L is irradiated with the light pattern Hp.
By the treating method as described above, amorphous silicon in the
required region (for example, the whole area) of the amorphous silicon thin
film L is crystallized, whereby a polycrystalline silicon thin film can be
obtained. FIG. 4 schematically shows an image of crystal grains 40 of a
silicon thin film obtained after the amorphous silicon thin film L is
irradiated with the light pattern (interference fringe) only one time by
the above-described technique, observed under scanning 30    electron
microscope (SEM) after an etching (Secco etching) for making the grain
boundaries visible. The blocks in the figure represent individual crystal
grains 40. As shown in the figure, each irradiation portion (light portion)
with a width of 2 um is polycrystallized through perfect melting, and the
edge portions A-A' and B-B' adjacent to the dark portion are ends of
melting, namely, boundary regions between a molten portion and an unmelted
portion and, therefore, solidify prior to the other regions. Therefore, a
large number of nuclei (crystal grains 40) are generated in the edge
portions, and the crystal grains 40 with comparatively higher growth rate
among these crystal grains grow preferentially, resulting in that the
crystal growth is completed at the position where the crystals having grown
respectively from the edges A-A' and B-B' collide with each other, namely,
roughly at the center in the melting width direction, as seen from the
figure. Principally, the lateral growth occurs as follows. Namely, the
portion crystallized in the initial stage liberates the latent heat of
fusion (1.6 X 106 J/kg for Si) upon solidification, thereby heating the
liquid phase (unsolidified) portion in the `off-shore' region. On the 31
other hand, the coefficient of nucleation in the liquid phase portion is a
steep function of temperature, so that nucleation is restrained by the
heating from the solidified portion. As a result, the crystal growth from
the solidified portion is sustained. This is a phenomenon which occurs
because the thermal conductivity of liquidphase silicon, 110 W/mK, is
overwhelmingly greater than the thermal conductivities of the underlying
Si02 layer, SiNX layer and glass substrate, 1 to 2 W/mK. However, where the
melting width is increased, in the vicinity of the center of the melting
region, the dissipation of heat to the underlying Si02/SiNx layer and glass
substrate surpasses the supply of heat from the solidified portion, so that
nucleation occurs before the lateral growth of crystals arrives. Therefore,
there is a limit as to the distance over which the lateral growth can
occur. In the case where the substrate is not heated especially) the limit
is empirically 2 to 5 um for a silicon thin film with a thickness of 50 nm.
Therefore, it is necessary to set the melting width or melting diameter to
be not more than 10 Vim, and, hence, set the period of the interference
fringe to be not more than 20 um . 



It is unnecessary to set the melting width at just 32   1/2 of the period
of the light pattern (interference fringe). For example, where the average
laser light intensity in the irradiation plane is reduced, the melting
width becomes less than 1/2 of the period of the interference fringe. In
this case, only the number of times of irradiation required at the time of
performing irradiation by moving or changing the laser light intensity
profile at the same substrate position is increased, and no special
inconvenience is generated principally. As has been described above,
according to this method of treating a semiconductor thin film, the
semiconductor thin film is perfectly melted in the irradiation areas of the
laser light in the light pattern, so that a predetermined
polycrystallization can be achieved without dependence on laser energy
dispersions of about 10 to 20%. Therefore, there is no need for special
contrivance or cost for stabilization of laser energy. Accordingly,
uniformity of thin film transistor characteristics is enhanced, and display
characteristics are also enhanced. Further, since the polycrystalline
grains having grain boundaries parallel to the primary scanning direction
predominate, in the case where this treating 33   method is applied to the
fabrication of a thin film transistor as will be described later, it is
possible, by setting the direction of current flowing through the 



channel parallel with the grain boundaries, to reduce the influence of
carrier trap at the grain boundaries and to enhance the thin film
transistor characteristics. Accordingly, when the thin film transistor
fabricated by application of this treating method is used for a driving
circuit in a liquid crystal display panel, an EL display panel or the like,
it is possible to achieve a reduction in the size of the thin film
transistor and an increase in the speed of operation. In addition,
particularly, since the primary scanning for optically moving the light
pattern is conducted through electro-optical shifting of phase, it is
possible to achieve a high-speed movement of the light pattern through a
phase shift at a high frequency. As a result, it is possible to enhance the
speed of treatment of the semiconductor thin film. [Second Embodiment]
Laser Irradiation Apparatus FIG. 5 is a diagram showing the constitution of
another example of the laser irradiation apparatus utilizing interference
of laser light. The laser 34   irradiation apparatus shown in the figure is
used, for example, for a treatment for crystallizing a semiconductor thin
film, particularly, in the case where a high-speed treatment is not needed.
The laser irradiation apparatus shown in FIG. 5 includes a mechanical phase
shifting means 205, in place of the electro-optical phase shifting means
(105) used in the laser irradiation apparatus according to the present
invention which has been described above referring to FIG. 1. Namely, the
phase shifting means 205 is comprised of, for example, a piezo drive type
micrometer for mechanically moving a reflector 106 for reflecting the
second beam h2 toward the stage side. The phase shifting means 205 changes
the optical path length of the second beam h2 by moving the reflector 106
relative to the incidence direction of the second beam h2. In addition,
following up to this movement, the angle of. the reflector 106 relative to
the incidence direction of the second beam h2 is also changed so that the
angle (included angle) between the first beam hl and the second beam h2
will be a predetermined angle (for example, 5.09 ). By this, the first beam
hl and the second beam h2 are made to overlap and interfere with each
other, to generate a 35   light pattern of interference fringe with good
contrast. 



In the laser irradiation apparatus provided with the phase shifting means
205, a laser light generation means 206 with an oscillation frequency of
about 10 kHz such as, for example, a flash lamp excitation type Q switch
YAG laser is used. As the laser light generation means 206, one fitted with
an injection seeder is preferably used for enhancing interference
properties. The pulse width of the laser light H after being converted to
the third harmonic (wavelength: 355 nm) by a higher harmonics generator 102
is about 10 ns, the energy of the laser light H is 500 mJ, and dispersion
of the energy is within 7%. It is preferable to use a YAG laser having a
top hat type beam profile so that a uniform light intensity profile can be
obtained in the irradiation region. The beams are so shaped that a light
spot of 50 mm X 2 mm is obtained on the substrate, by use of optical
systems 108 each comprised of cylindrical convex and concave lenses and an
orifice 109. Due to loss in these irradiation optical systems, the light
intensity on the amorphous silicon thin film is about 400 mJ/cm2. Each of
the beams hl and h2 is transmitted through a transmittance-variable light
attenuator 107, of which the 36   light transmittance is so adjusted that a
light pattern Hp generated by interference of the beams hl and h2 attains a
maximum contrast on the surface of the substrate W. By this, a light
pattern Hp having a contrast ratio of about 10:1, which is sufficient for
providing the amorphous silicon thin film with a melting pattern according
to the light pattern Hp (interference fringe), is formed. 



In the laser irradiation apparatus constituted as above, the phase shifting
means 205 is of the type in which the reflector 106 is mechanically moved.
Therefore, this laser irradiation apparatus is inferior to the laser
irradiation apparatus according to First Embodiment described referring to
FIG. 1, in the velocity of optical movement of the light pattern Hp by
shifting the phase of the second beam h2. However, the other effects can be
obtained in the same manner as in the case of the apparatus according to
First Embodiment. Method of Treating a Semiconductor Thin Film A treating
method in the case of crystallizing an amorphous silicon thin film by use
of the laser irradiation apparatus described above referring to FIG. 5 can
be carried out following the same procedure as 37    described in the
treating method according to First Embodiment. It should be noted that, in
the case of performing mechanical secondary scanning for moving the
irradiation region of the laser light by the laser irradiation apparatus by
moving the substrate W through driving an xy movable stage of the stepping
motor drive type, the moving distance is set according to the irradiation
region (50 mm X 2 mm) of the laser irradiation apparatus so that no gap is
generated between the individual irradiation regions. [Third Embodiment]
Laser Irradiation Apparatus FIG. 6 is a diagram showing the constitution of
one example of the laser irradiation apparatus utilizing interference of
laser light. The laser irradiation apparatus shown in the figure is used,
for example, for a 



treatment for crystallizing a semiconductor thin film. This laser
irradiation apparatus is different from the laser irradiation apparatus
according to First Embodiment described referring to FIG. 1 in that laser
light H generated from a laser light generation means 101 is split into
three beams, which are made to interfere with each other. Namely, the laser
irradiation apparatus includes 38   the laser light generation means 101, a
higher harmonics generator 102 and a light attenuator Z03, in the same
manner as in First Embodiment. In the emission direction of the laser light
transmitted through the light attenuator 103, a beam splitter 301 as a
splitting means for splitting the laser light is disposed. The beam
splitter 301 splits the laser light H into two beams, reflects the first
beam hl thus split, and transmits the remaining laser light H'. Here, the
first beam h1 which is reflected and the laser light H' which is
transmitted are split from each other in a ratio of 1:2. Another beam
splitter 302 is disposed in the transmission direction of the beam splitter
301. One half (1/2) of the laser light H' incident on the beam splitter 302
is reflected as the second beam h2, while the remaining 1/2 is transmitted
as the third beam 3. Here, the second beam h2 and the third beam h3 are
split from each other in a ratio of 1:1. Namely, the laser light generated
from the laser light generation means 101 is split by the beam splitters
301 and 302 into the first beam hl, the second beam h2 and the third beam
h3 in a ratio of 1:1:1. Particularly, the beam splitter 302 is used also as
an interference means by which the second beam h2 is so 



39   reflected that it intersects with the first beam hl at an angle of 120
on a plane basis, whereby the first beam hl and the second beam h2 are
caused to overlap and interfere with each other. On the optical path of the
third beam h3 transmitted through the beam splatter 302, a required number
of sheets (here, three sheets) of reflectors 303 to 305 are arranged. The
reflectors 303 to 305 are so arranged that the third beam h3 transmitted
through the beam splatter 302 is bent by 90 at a time on an plane basis,
whereby the third beam h3 is so reflected that it intersects with the first
beam hl and the second beam h2 at an angle of 120 on a plane basis. Namely,
the reflectors 303 to 305 are used as an interference means for causing the
first beam hl, the second beam h2 and the third beam h3 to overlap and
interfere with each other. In order to reflect the first beam h1, the
second beam h2 and the third beam.h3 so that they intersect at angles of
120 on a plane basis, where the optical path of the laser light H is laid
on the plane of the figure, the beam splatters 301 and 302 and the
reflectors 303 to 305 are erected vertical to the plane of the figure and
arranged at the following angles. Namely, the beam splatter 301 is arranged
with its normal maintained at 40   



75 relative to the incidence direction of the laser light H. The beam
splitter 302 is arranged with its normal maintained at 15 relative to the
incidence direction of the laser light H'. The reflectors 303 to 305 are so
arranged as to bend the third beam h3 by 90 at a time relative to the
incidence direction of the third beam h3. In the incidence directions of
the beam splitters 301 and 302 and the reflector 305 arranged as described
above, transmittance-variable light attenuators 306 and phase shifting
means 307 are disposed respectively. The light attenuators 306 and the
phase shifting means 307 are the same as those in First Embodiment;
particularly, the phase shifting means 307 are preferably ones for
electro-optically shifting the phases of the beams hl to h3. Further,
steering mirrors 308 are disposed respectively on the.optical paths of the
first beam hl, the second beam h2 and the third beam h3 transmitted through
the phase shifting means 307. The steering mirrors 308 are so arranged as
to refract the beams h1 to h3, which are incident to intersect at angles of
120 on a plane basis, to the same direction (for example, in the depth
direction on the figure), whereby the beams hl to 41   h3 are incident on
the substrate (not shown) on a stage disposed in the refraction direction
at an incidence angle (vertical incidence angle) of about 3.5 relative to
the normal to the substrate and are superposed on each other on the
substrate. By this, the surface of the substrate mounted on the stage is
irradiated with a periodic light pattern which is formed by superposition
and interference of the first beam hl, the second beam h2 and the third
beam h3. Such superposition and interference of the three beams hl to h3
generates the periodic light pattern as shown in FIG. 7. This light pattern
has a light intensity profile in which circular high light intensity spots
401-1 having a diameter according to the vertical incidence angle are
regularly arranged in the irradiation plane, as reported, for example, in
Journal of Applied Physics, vol. 82, pp. 1497 to 1499 (1997). In addition,
as shown in FIG. 6, an orifice (diaphragm) 309 is disposed on the optical
paths of the beams hl to h3 transmitted through the steering mirrors 308 so
that the beams hl to h3 transmitted through the orifice intersect with each
other on the substrate while maintaining the above-mentioned predetermined
angle. The orifice 309 is provided for shaping the 42 



irradiation region of the laser light on the surface of the substrate;
here, the light spot on the substrate is shaped to be 0.5 mm X 0.5 mm. Due
to losses in these irradiation optical systems, the average light intensity
on the substrate is about 160 mJ/cm2. The stage on which to mount the
substrate and which is not shown here is disposed beneath and in proximity
to the orifice 309, and is an xy movable stage of the stepping motor drive
type, the same as in the laser irradiation apparatus in First Embodiment.
In the laser irradiation apparatus constituted as above, the transmittances
of the light attenuators 306 inserted into the optical paths of the beams
hl to h3 are adjusted, whereby the light intensity profile of the light
pattern radiated onto the surface of the substrate placed on the stage is
so adjusted that the contrast ratio between the circular light portions and
the other dark portions will be maximized, and the ratio can be made to be
about 8:1. This contrast is sufficient for producing a melting pattern
according to the light pattern in an amorphous silicon thin film formed on
the surface of the substrate. Movement of the light pattern can be achieved
by impressing a DC voltage on each of the phase shifting 43   means 307.
Further, by the stepping motor drive type xy 



movable stage, the substrate mounted on the stage can be mechanically moved
relative to the irradiation position of the light pattern. Even in the
laser irradiation apparatus constituted as above, the phase shifting means
307 are ones for electro-optically shifting the phases, as in the laser
irradiation apparatus in First Embodiment, so that it is possible to shift
the phases at a high frequency, namely, to perform optical movements of the
light pattern at a high frequency. Besides, the other effects can be
obtained in the same manner as in First Embodiment. Method of Treating a
Semiconductor Thin Film A treating method for crystallizing an amorphous
silicon thin film by use of the laser irradiation apparatus described above
referring to FIG. 6 can be carried out following the same procedure as
described in the treating method of First Embodiment. It should be noted
here that, while the optical movement (primary scanning) of the light
pattern in the same irradiation region has been in one direction in the
arrangement direction of the interference fringe in First Embodiment, it is
preferable to move in at least two directions in 44   the case of using
this laser irradiation apparatus. In concrete, four shots (401-1 to 401-4)
of irradiation are conducted while moving (primary scanning) by 1.0 um step
in the x direction in the irradiation region, then a movement by 1.0 um
step in the y direction is conducted, and at this position, four shots
(402-1 to 402-4) of irradiation are conducted while moving (primary
scanning) by 1.0 um step in the -x direction; thus, the primary scanning in
the x direction (or the -x direction) and the primary scanning in the y
direction are repeated, and a total of 16 shots of irradiation are
conducted in the irradiation plane. FIG. 7 is a plan view illustrating the
irradiation method attended by the primary scanning, in which only the
first shot 401-1 is shown by six spots, while the second to sixteenth shots
are each shown by only one spot. By this, amorphous silicon in the
irradiation region of 0.5 mm X 0.5 mm is uniformly polycrystallized in
about 0.02 sec. Subsequently, the substrate provided with the amorphous
silicon thin film is mechanically moved by 0.5 mm (secondary scanning) by
the stepping motor drive type xy movable stage, and polycrystallization of
the adjacent region is conducted. Then on, similarly, irradiation with
laser attended by the optical movement of the light 45   



pattern (primary scanning) and the mechanical movement of the substrate
(secondary movement) is repeated, to thereby crystallize amorphous silicon
into polycrystalline silicon over the whole area of the substrate. In the
treating method of Third Embodiment as above, the irradiation portions
(light portions) of the light pattern are circular, so that grain
boundaries of the polycrystalline silicon are substantially uniformized in
a11 directions in the irradiation plane. By this, as will be described
next, when a thin film transistor, for example, is fabricated by use of the
polycrystalline silicon thin film obtained by the above-mentioned
treatment, it is possible to suppress dispersion of characteristics
depending on the fabrication direction of the thin film transistor. Namely,
where the grain boundaries are oriented in only one direction, there arises
characteristic anisotropy such that the influence of grain boundary default
is smaller and the characteristics of the thin film transistor are higher
in the case where the direction of current flowing through the channel of
the thin film transistor is parallel to the grain boundaries of
polycrystalline silicon than in the case where the current direction is
perpendicular to 46   the grain boundaries. On the other hand, where the
grain boundaries of polycrystalline silicon are oriented in a11 directions,
the anisotropy can be obviated. As a result, as will be described later,
when the thin film transistor is applied to a driving circuit in a liquid
crystal display panel or an EL display panel, there can be 



obtained the effect that the direction of the channel can be laid out
freely. Method of Fabricating Thin Film Transistor-1> Now, a first example
of a method of fabricating a thin film transistor by application of the
method of treating a semiconductor thin film described above will be
described below. Here, as the first example, a method of fabricating a
bottom gate type thin film transistor will be described referring to FIGS.
8A and 8B. While a method of fabricating an N channel type thin film
transistor is shown here, the method can be applied in the same manner to a
P channel type thin film transistor by only changing the impurity species
(dopant species). First, as shown in FIG. 8A, a layer of A1, Ta, Mo, W, Cr,
Cu or an alloy of these elements is formed in a thickness of 30 to 300 nm
on an insulating substrate 600 formed of a glass or the like, and
patterning is conducted to form a gate electrode 601. 47   Next, as shown
in FIG. 8B, a gate insulation film 602 is formed on the insulating
substrate 600 in the state of covering the gate electrode 601, and,
further, an amorphous silicon thin film 603 is formed on the gate
insulation film 602. The gate insulation film 602 has a two-layer structure
consisting, for example, of a gate nitride film (SiNX) as a lower layer and
a gate oxide film (Si02) as an upper layer. The formation of each of these
films is conducted by the method described in the method of treating a
semiconductor film in First Embodiment, continuously while maintaining a
vacuum condition in a vacuum film formation chamber. For example, by a
plasma CVD method, the gate nitride film is built up in a thickness of 50
nm, and then the gate oxide film is built up in a thickness of about 100 to
200 nm to form the gate insulation film 602, followed continuously by
building up the amorphous 



silicon thin film 603 in a thickness of about 30 to 80 nm. Where the
formation of these films is conducted by the plasma CVD method, after the
film formation a heat treatment is conducted at a temperature of 400 to
450C in a nitrogen atmosphere for about 1 hr, to release hydrogen contained
in the amorphous silicon thin film 603. Namely, the so-called
dehydrogenation annealing is conducted. 48   After the amorphous silicon
thin film 603 is formed on the gate insulation film 602 in the
above-described manner, the method of treating a thin film semiconductor
substrate as described above (for example, the treating method of First
Embodiment) is applied to the amorphous silicon thin film 603; namely, the
amorphous silicon thin film 603 is irradiated with a light pattern Hp
generated by interference of split laser beams h1 and h2, whereby the
amorphous silicon thin film 603 is crystallized to form a polycrystalline
silicon thin film 603a. Subsequently, as shown in FIG. 9A, Vth ion
implantation is applied to the polycrystalline silicon thin film 603a as
required, for the purpose of controlling the threshold voltage Vth of the
thin film transistor. For example, here, B+ ions 609 are injected under the
conditions of an acceleration energy of 10 keV and a dose of about 5 X 1011
to 4 X 1p12/cm2. Subsequently, on the polycrystalline silicon thin film
603a formed by crystallization in the preceding step, an insulating stopper
film 605 is formed in the state of being matched to the gate electrode 601.
In this case, first, an Si02 film is formed in a thickness of about 100 to
300 nm by a plasma CVD method. Here, for example, silane gas SiH4 and
oxygen Oz are decomposed into plasma, 49   to build up the Si02 film. Next,
the Si02 film is patterned into a predetermined shape, to form the stopper
film 605. In this case, the stopper film 605 is patterned so as to achieve
self-matching to the gate electrode 601 by use of a back side exposure
technique. The portion of the polycrystalline silicon thin film 603a
beneath the stopper film 605 is protected as a channel region 611. As has
been described above, B+ ions have preliminarily been injected into the
channel region 611 in a relatively low dose by the Vth ion implantation.
Subsequently, with the stopper film 605 as a mask, ion doping is conducted
to inject an impurity (for example, P+ ions) into the polycrystalline
silicon thin film 603a, thereby forming LDD regions 612. At this time, the
dose is, for example, 5 X 1012 to 1 X 1013/cm2, and the acceleration
voltage is, for example, 10 keV. Furtheer, a photoresist (not shown) is
patternedly formed so as to cover the stopper film 605 and the LDD regions
612 on both sides thereof, thereafter, with the photoresist as a mask, an
impurity (for example, P+ ions) is injected into the polycrystalline
silicon thin film 603a in a high concentration, to form source and drain
regions 613. The injection of the impurity can be carried out, for example,
by ion doping (ion shower). This 50   technique is to inject the impurity
by electric-field acceleration without applying mass separation, whereby
the impurity is injected in a dose of, for example, about 1 X 1015/cm2, to
form the source and drain regions 613. The acceleration voltage is, for
example, 10 keV. Though not shown in the figure, in the case where a P
channel type thin film transistor is fabricated on the same insulating
substrate 600 to constitute a CMOS circuit, the region of the N channel
type thin film transistor is covered with a photoresist, thereafter the
impurity is changed from P+ ions to B+ ions, and ion doping is conducted at
a dose of about 1 X 1015/cm2. In this case, the impurity may be injected by
use of a mass separation type ion implantation apparatus. After the above
steps, activation of the impurity injected into the polycrystalline silicon
thin film 603a is conducted by RTA (rapid thermal annealing) using a W
lamp. In this case, laser activation annealing using an excimer laser may
conducted,as required Thereafter needless portions of the polycrystalline
silicon thin film 603a and the gate insulation film 602 are patterned
simultaneously to form a thin film transistor 615,and to separate the thin
film transistor 615 on a device region basis. 



excimer laser may be conducted, as required. Thereafter, needless portions
of the polycrystalline silicon thin gate insulation film 602 are patterned
simultaneously to form a thin film transistor 615, and to separate the thin
film transistor 615 on a device region 51   Thereafter, as shown in FIG.
9B, a film of Si02 in a thickness of about 100 to 200 nm and a film of SiNX
in a thickness of about 200 to 400 nm are successively formed by plasma CVD
in the state of covering the thin film transistor 615 on the insulating
substrate 600, to form an interlayer dielectric film 617. On this stage,
the socalled hydrogenation annealing was conducted; namely, a heat
treatment at a temperature of 350 to 400C was conducted in nitrogen gas, in
a forming gas or in vacuum, to diffuse hydrogen atoms contained in the
interlayer dielectric film 617 into the polycrystalline silicon thin film
603a. Thereafter, a contact hole is opened in the interlayer dielectric
film 617, and then a film of Mo, A1 or the like is sputtered in a thickness
of 100 nm to 1 ,um, followed by patterning the sputtered film into a
predetermined shape to form a wiring electrode 618 connected to the source
and drain regions 613. Further, a planarizing layer 620 formed of a
photosensitive acrylic resin or the like is applied in a thickness of about
1 to 3 um and photolithography is conducted to open a contact hole reaching
the source and drain regions 613. Then, a transparent conductive film
formed of indium tin oxide (In203+Sn02; hereinafter referred to as ITO) or
the like or a reflective electrode film formed of Ag, A1 or the 52   like
is sputtered on the planarizing layer 620, and is thereafter patterned into
a predetermined shape to form a pixel electrode 621 connected to the source
and drain regions 613. In the polycrystalline silicon thin film transistor
615 fabricated as above, the mobility is 250 to 340 cm2/Vs for the N
channel type and 120 to 180 cm2/Vs for the P channel type, which is not
less than 2 to 3 times higher than that in the prior art. Thus, mobility is
largely enhanced. Method of Fabricating Thin Film Transistor-2> Now, a
second example of the method of fabricating a thin film transistor by
applying the method of treating a semiconductor thin film described above
will be described below. Here, as the second example, a method of
fabricating a top gate type thin film transistor will be described based on
FIGS. 10 and 11. While the method of fabricating an N channel type thin
film transistor is shown here, the method can be applied to the P channel
in 



the same manner by only changing the impurity species (dopant species).
First, as shown in FIG. 10A, a ground film with a two-layer structure to be
a buffer layer 801 is continuously built up on an insulating substrate 800
by a 53   plasma CVD method. The first layer ground film is formed of SiNx
and has a thickness of 100 to 200 nm. The second layer ground film is
formed of Si02 and has a thickness of 100 to 200 nm. An amorphous silicon
thin film 802 is formed on the buffer layer 801 in a thickness of about 30
to 80 nm by a plasma CVD method or an LP-CVD method. Where the plasma CVD
method is used for forming the amorphous silicon thin film 802, annealing
in nitrogen atmosphere at 400 to 450C is conducted for about 1 hr, in order
to reduce the amount of hydrogen in the film. Here, if required, Vth ion
implantation is conducted as abovedescribed to inject B+ ions into the
amorphous silicon thin film 802 in a dose of, for example, 5 X 101l to 4 X
1012/cm2. In this case, the acceleration voltage is about 10 keV. Next, the
above-described method of treating the thin film semiconductor substrate
(for example, the treating method of First Embodiment) is applied to the
amorphous silicon thin film 802; namely, the amorphous silicon thin film
802 is irradiated with a light pattern Hp generated by interference of
split laser beams hl and h2, to crystallize the amorphous silicon thin film
802, thereby forming a polycrystalline silicon thin film 802a.
Subsequently, as shown in FIG. 10B, the 54   polycrystalline silicon thin
film 802a is patterned into island form. A film of Si02 is grown on the
patterned polycrystalline silicon thin film 802a in a thickness of 10 to
400 nm (here, for example, 100 nm) by a plasma CVD method, a normal
pressure CVD method, a low pressure CVD method, an ECR-CVD method, a
sputtering method or the like, to form a gate insulation film 803. Next, a
film of A1, Ti, Mo, W, Ta, doped polycrystalline silicon or the like or an
alloy thereof is formed on the gate insulation film 803 in a thickness of
100 to 800 nm, and is patterned into a predetermined shape to form a gate
electrode 804. The portion of the polycrystalline silicon thin film 802a
beneath the gate electrode 804 is protected as a channel region 811. As
described above, B+ ions have preliminarily been injected into the channel
region 811 in a comparatively low dose by Vth ion implantation. Next, P+
ions are injected into the polycrystalline silicon thin film 802a by an ion
injection method using mass separation, to provide LDD regions 812. The ion
injection is conducted over the whole surface of the polycrystalline
silicon thin film 802a with the gate electrode 804 as a mask. The dose is 6
X 1012 to 5 X 1013/cm2. The acceleration voltage is, for example, 90 keV.
55   Thereafter, a resist pattern (omitted in the figure) is formed so as
to cover the gate electrode 804 and the surroundings thereof, and P+ ions
are injected in a high concentration by an ion shower doping method of the
mass non-separation type, to form source and drain regions 813. In this
case, the dose is, for example, 1 X 1015/cm2, and the acceleration voltage
is, for example, 90 keV. As the doping gas, a hydrogen-diluted 20% PH3 gas
is used. Though not shown here, where a P channel type thin film transistor
is formed on the same insulating substrate 800 to constitute a CMOS
circuit, the region of the N channel type thin film transistor is covered
with a photoresist, then the doping gas is changed to a 5 to 20% BZHZ/HZ
gas, and ion injection is conducted under the conditions of a dose of about
1 X 1015 to 3 X 1015/cm2 and an acceleration voltage of, for example, 90
keV. The formation of the source and drain regions 813 may be conducted by
use of a mass separation type ion injection . apparatus. Thereafter, a
treatment for activation of the dopant injected into the polycrystalline
silicon thin film 802a is conducted. The activation treatment can be
carried out by use of RTA (rapid thermal annealing) using a W lamp, in the
same manner as in the case of 56  



fabrication of a bottom gate type thin film transistor. Thereafter,
needless portions of the gate insulation film 803 and the buffer layer 801
are simultaneously patterned, to separate the thin film transistor 815 on a
device region basis. Thereafter, as shown in FIG. 11, a film of SiOz in a
thickness of about 100 to 200 nm and a film of SiNX in a thickness of about
200 to 400 nm were successively formed by plasma CVD, in the state of
covering the thin film transistor 815 on the insulating substrate 800, to
form an interlayer dielectric film 817. On this stage, the so called
hydrogenation annealing was conducted; namely, a heat treatment at about
350 to 400C was conducted in nitrogen gas, in a forming gas or in vacuum
for 1 hr, to diffuse hydrogen atoms contained in the interlayer dielectric
film 817 into the polycrystalline silicon thin film 802a. Thereafter, a
contact hole is opened in the interlayer dielectric film 817 and the gate
insulation film 803, and then A1-Si or the like is sputtered, followed by
patterning into a predetermined shape to form a wiring electrode 818
connected to the source and drain regions 813. Further, a planarizing layer
820 formed of a photosensitive acrylic resin or the like is applied in a
thickness of about 1 to 3 Vim, and then photolithography 57   is conducted
to open a contact hole reaching the source and drain regions 813. A
transparent conductive film formed of ITO or the like or a reflective
electrode film formed of Ag, A1 or the like is sputtered on the planarizing
layer 820, and is patterned into a 



predetermined shape to form a pixel electrode 821 connected to the source
and drain regions 813. In the polycrystalline silicon thin film transistor
815 fabricated as described above, the mobility is 310 to 420 cm2/Vs for
the N channel type and 150 to 210 cm2/Vs for the P channel type, which is
higher than that in the prior art. <Display System> FIG. 12 is a sectional
structural view of a display portion (pixel portion) of an active matrix
reflection type liquid crystal display panel (display system) constituted
by use of the bottom gate type thin film transistor or the top gate type
thin film transistor fabricated as described above. The display system
shown in the figure has a panel structure in which a pair of insulating
substrates 90l and 902 are laminated on each other with spacers 903 having
a diameter of 2 to 5 um therebetween and with an electro-optical substance
904 held therebetween. As the 58   electro-optical substance 904, torsion
nematic (TN) type liquid crystal materials are widely used. On the
insulating substrate 901 on the lower side (the side of the electro-optical
substance 904), a laminate structure is provided in which thin film
transistors 905, a light scattering layer 906 consisting of a resin layer
having a roughness of 1 to 2 um, pixel electrodes 907 consisting of a
silver thin film having a 



thickness of 100 to 300 nm and connected respectively to the thin film
transistors 905, and a polyimide oriented film 908 having a thickness of 50
to 150 nm are sequentially laminated. Particularly, the thin film
transistors 905 are bottom gate type thin film transistors or top gate type
thin film transistors which are obtained by the above-described method. On
the other hand, on the insulating substrate 902 on the upper side (on the
side of the electro-optical substance 904), a laminate structure is
provided in which a black matrix 909 for inter-pixel light shielding formed
by patterning a sputtered chromium thin film by photolithography and wet
etching, red, green and blue color filter patterns 910 provided in the gaps
in the black matrix 909, an overcoat layer 911 having a thickness of 1 to 3
um covering these, an ITO common 59   electrode 912 having a thickness of
100 to 200 nm, and a polyimide oriented film 913 having a thickness of 50
to 150 nm are sequentially laminated. In the display system constituted as
above, the thin film transistors 905 functioning as switching devices for
the pixel electrodes 907 are fabricated according to the present invention,
and mobility and uniformity of characteristics are higher than those in the
prior art. As a result, there are obtained the merits that uniformity of
display is also improved and that generation of display spots and
luminescent spots in half tone which occurs in the case where the thin film
transistors are fabricated by the conventional polycrystallization process
can be obviated. The present invention is not limited to the details of the
above described preferred embodiments. The scope of the invention is
defined by the appended claims and a11 changes and modifications as fall
within the equivalence of the scope of the claims are therefore to 



be embraced by the invention. 60   WHAT IS CLAIMED IS: 1. A laser
irradiation apparatus comprising: a laser light generation means; a
splitting means for splitting laser light generated from said laser light
generation means into a plurality of beams; a light interference means for
causing said plurality of beams split by said splitting means to interfere
with each other to form a periodic light pattern; and a phase shifting
means for electro-optically shifting the phase of at least one of said
plurality of beams split by said splitting means. 2. A laser irradiation
apparatus according to claim 1, wherein said laser light generation means
is a pulse oscillation laser based on laser diode excitation. 3. A method
of treating a semiconductor thin film, comprising the steps of irradiating
said semiconductor thin film with a periodic light pattern generated by
interference of a plurality of beams split from laser light, thereby
partially melting said semiconductor thin film, and thereafter moving said
light pattern in the arrangement direction of said light pattern within the
period thereof, wherein 61   the movement of said light pattern is carried
out by electro-optically shifting the phase of at least one of said beams. 



4. A method of treating a semiconductor thin film according to claim 3,
wherein said laser light is laser light which is pulse-oscillated by laser
diode excitation. 5. A laser irradiation apparatus according to claim 1,
wherein the laser light source is an excimer laser, and the wavelength of
said laser light is in the range of 150 to 450 nm. 6. A laser irradiation
apparatus according to claim 1, wherein the period of light interference is
in the range of 0.5 to 20 um. 7. A laser irradiation apparatus according to
claim 1, wherein the melting width or melting diameter in one time of
melting is in the range of 0.5 to 20 Vim. 8. A method of treating a
semiconductor thin film according to claim 3, wherein the laser light
source is an excimer laser, and the wavelength of said laser light is in
the range of 150 to 450 nm. 9. A method of treating a semiconductor thin
film according to claim 3, wherein the period of light interference is in
the range of 0.5 to 20 um. 10. A method of treating a semiconductor thin
film 62   according to claim 3, wherein the melting width or melting
diameter in one time of melting is in the range of 0.5 to 20 Vim. 63
.A@.AS.A@N.A9.A@F.A.Af.A.A;
.Au.Aa.AN.Al.Au.A.Ay%.Al.AY.An.A5.A.A.Al!`.A3s.A.AaL.A`.Af.A`.A@N.A!.Aa`.A`
.A`.A3L.A`.A`.A@.A`.A`.AFHL.A`.A5`.AF`.AaL.A(`.A
!L.AYN9.As.AYL.A9.AN`.An.Al.AYNs.A`.A `.A !s.A `.AY`.A
n.A(`.AAf.Oabk?vC}>?l
bgln{vqlgb]WU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]cTa]cTa!n} 



R y z
5nD^`n}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Bvwz!Y^`d?y!V-CEa8L|wrmhc^YU]]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca!L}"TYZ\8[+e=qI}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!INOR
ij  0 1 N S T U r
!C!z!R"""",#`###$$H$}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!H$y$$$
%%%&%'%V%%%%%%*&[&&&&g'h'!("(L(((($)]){)))))}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!))
*>*w**++,K,,,,,-b------,.f....../40l00000}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!01L1~1112T222273i3334444566W8X88888#9[9999:}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!:P:::::;3;i;u;;;;"<.<`<<<<<<<====I=====3>>
?}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
?R????@9@r@@@@@@3AgAAAAB*B^BBBBBCCC0DgDDDEE|wrmhc^YU]]ca]ca]ca]ca]ca]ca]ca]
c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!EE E7F8FUFGGGGJJ JJ}J~JJJJJKKL
LLfLgLLLMMAMBMN}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NNNQSSSSSTHT{TTTUU%UFUuU
UUUUVV\WeWfW|W}WWWWX}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!X
X.X7X8XgXXXXXXX&YAYBY`YYYZ;ZsZZZ[[[
\\3\l\\\\0]|wrmhc^YU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!0]h]n]o]]]U^^^^(_b____`S````
,aaaaab9bkbqbrbtbbbcPc}xsnid_ZU]]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!Pcpccc
dGddddd(eaeeee-f6f7fcfffg<gsgyg}gghkk"l#l|ll}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]c
a]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!l
ll*m;mnmmmmmmm
n"n#nCnznnnoBoqoLpppppppp%qGqMqzq}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!zqqqrP
rrrr sAss-tdtttuDuquuuuuvvBxxx}y~yz zzz
{|wrmhc^YU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca! {:{j{{{{{{,|e||| }C}H}J}d}f}z}}}
~-~/~~1i6}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!6oI*;
rBtN}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(\ST3iK3gH]}xsnid_ZU]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!'(7
F{Y~:tM1}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1iL=yzde79GZ_4m}wrmhc^YU]]ca]ca
]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca!m
Avst(`FL)b@yCD}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!D/C_12rD{IK.dI|wrmhc^YU]]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]c^a]ca]ca]ca]ca!%^7hAUAj3flm}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m
@xKo:tP:WXp|wrmhc^YU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!JK'Tde'_;
r.h}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!K)b>pRDEtu{}xsnid_ZU]]]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!/0ZFG(`R0\<q}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!HH|J%[G},Bv}xsni
d_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!O%Z6<*,5OU}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!U
+`@tIP06oP}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1Fx
S"T2i$:rO}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!4:LR1yzZ[ioTuv:<=L}xsnid_ZU]]]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca!Ll'MUg%7^dx8}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!JW6
lvC}$^BH_`B H
}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!H 



\fAG&l"lm@F~(6iLRSXY|wrmhc^YU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y;u!Z`7;
<f5m-`}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!`S&(7a1i
}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! C
!>!h!i!!!"N""""""")#.#/#a####$P$b%%%%%%*&a&&}xsnid_ZU]]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!&&&&'/'O'{'''''(Z(g(((((()W)))*+#+)+[+a+b++++,}xsnid_ZU]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!,G,u,,,,,,)-a-|---.L....../C/q////0'0*0}xs}xsnid_ZU]]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca.OkfH*10%&'()-Y10%&'()-&10%&'()-s10%&'()-10%&'()-!10%&'()- @
10%FF&'()-?viK-y2M10%&'()-`010%&'()-Y.'10%&'()- "- 10%&'()-
`10%&'()-10%&'()-10%&'()-C}}siHy2M10%&'() S10%&'()-101010&f;
s10%&'()-,810%&'()-610%&'()-410%&'()-l bdeaB7H 10,;t10%&'()-
*10%&'()-M!T*10%qq&'()-M10%&'()-  `G10%&'()-Y`G10%&'()-Yefgln}jKH 10Y
10%&'()-S10%&'()-910%&'()-`10%&'()-!i @s10%)N)N&'()- 10 10 R    5dEKH 10
10%&'()-10%&'()- 10%&'()-10%&'()-y10%&'()-s10%&'()-5nDndEKH
10%10%&'()-#10%&'()-!10%&'()-10%&'()-10%&'()-310%&'()-nBzdEKH
10,210%&'()-010%&'()-.s10%&'()-+10%&'()-)10%&'()-'10%&'()-!Y[\]^`xmb@
10!`l10%//&'()-, 10 10 10;`10%&'()-S810%&'()-L6@
10%&'()-34m10%&'()-`d?ydEmb@ 10!f10%/&'()-L&10%/&'()-3
10%/&'()-,10%/&'()-10%/&'()-10%/&'()-y!VdEmb@
10!F10%/&'()-10%/&'()-10%/&'()-y910%/&'()-10%/&'()-lF10%/&'()--adEmb@
10!)10%/&'()-'m10%/&'()-%10%/&'()-#10%/&'()-!10%/&'()-10%/&'()-8L}"dEmb@
10!610%/&'()-4310%/&'()-1`10%/&'()-/10%/&'()--
10%/&'()-+10%/&'()-"TVWXYZ\bC 10!9410%&'()-@10%&'()-s@Fs10%&'()- 10/ 



10/ 10/:t10%/&'()-,810%/&'()-8[dEbC 10!10%&'()-y-10%&'()-10%&'()-s10%&'()-l
10%&'()-S410%&'()-+edEbC 10!,10%&'()-*10%&'()-10%&'()-
10%&'()-10%&'()-10%&'()-=qIdEbC
10!f8310%&'()-L610%&'()-3410%&'()-,2L10%&'()-0l10%&'()-.10%&'()-IKLMNORIb@
10! 910%//&'()-g910%/&'()-gls10%/&'()-10%/&'()- 10 10 10;s10%&'()-N P Q R S
T U r bC 10!`s10%&'()-f:10%&'()-M`10%&'()- 10/ 10/ 10/;`10%/&'()-
10%/&'()-fr    !C!z!R"dEbC 10!10%&'()-10%&'()-10%&'()-10%&'()-
F10%&'()-@y10%&'()-R"""",#`##dEbC 10!
(10%&'()-&10%&'()-&$10%&'()-"310%&'()- f10%&'()-10%&'()-##$$H$y$$dEbC
10!Y410%&'()-S210%&'()-f9010%&'()-3.10%&'()-,,10%&'()-&*10%&'()-$$
%"%#%$%%%&%'%bC 10!M10% h&'()-`10% h&'()-s 10 10 10@;
10%&'()-8z10%&'()-s6s10%&'()-'%V%%%%*&[&dEbC 10!10% h&'()-10% h&'()- "10%
&'()-  10% h&'()-y10% h&'()-`10% h&'()-[&&L(((($)dEbC 10!3.10% h&'()-,,10%
h&'()-*10% h&'()-(:10% h&'()-@ 10% h&'()-&10% h&'()-$)]){)))))))dYNC 10! 10
h 



10 h 10 h@;`10% h&'()-y8Z10% h&'()-6Z 10% h&'()-@2 10% h&'()-90310%
h&'()-))) *>*w**dEYNC 10! s10% U&'()-l F10% U&'()-S10% U&'()-910%
U&'()-,:10% U&'()-s10% U&'()-`*++,K,,,dEYNC 10! #10% U&'()-!10% U&'()-10%
U&'()-10% U&'()-S10% U&'()-10% U&'()-,,,-b----dEYNC 10! 0F10% U&'()-.10%
U&'()-+10% U&'()-Y*z10% U&'()-'310% U&'()-%10% U&'()--,.f.......dYNC 



10! 10 U 10 U 10 Uy;s10% U&'()-f810% U&'()-L610% U&'()-3410% U&'()-f,210%
U&'()-.../40l00dEYNC 10! 10% U&'()-10% U&'()-@10% U&'()-&&G10% U&'()-M10%
U&'()-10% U&'()-`001L1~111dEYNC 10! #310% U&'()-!10% U&'()-10% U&'()-10%
U&'()-'10% U&'()-10% U&'()-12T222273dEYNC 10! 010% 



U&'()--10% U&'()-+10% U&'()-)F10% U&'()-', 10% U&'()-%10% U&'()-73i333444
44dYNC 10! 10 U 10 U 10 U;10% U&'()-S8`10% U&'()-96 10% U&'()-3410%
U&'()-2`10% U&'()-44445'78a?YNC 10! @ 10%MM&'()-@ 10%M&'()-!
L10%MM&'()-ML10%M)&'()-M,M10%M&'()-910%M&'()-L8888888#9[9bC 10!f
10%H&'()-`10%H&'()-910%H&'()-`fL10%H&'()-` 10M 10M 10M,;
10%M&'()-[9999:P::dEbC 10!10%H&'()-`10%H&'()-s10%H&'()- 10%H&'()-`10%H&'()-
10%H&'()-::::;3;i;dEbC
10!&10%H&'()-$10%H&'()-!10%H&'()-F10%H&'()-s10%H&'()-10%H&'()-i;u;
;;;"<.<dEbC 10!S210%H&'()-90S10%H&'()-
.`10%H&'()-,M10%H&'()-*10%H&'()-(10%H&'()-.<`<<<<<<<<xmbC 10!f10%/&'()-s
10H 



10H 10H@;10%H&'()-810%H&'()-s610%H&'()-Y4`10%H&'()-<<<==I==dEmbC
10!10%/&'()-@Y10%/&'()- 10%/&'()-f10%/&'()-@`10%/&'()-,lM10%/&'()-====3>>
?dEmbC 10!@$10%/&'()-10%/&'()-@Y10%/&'()-10%/&'()-10%/&'()-10%/&'()-
?R????@9@dEmbC 10!9010%/&'()-S
.10%/&'()-,&10%/&'()-*10%/&'()-(F10%/&'()-&`10%/&'()-9@r@@@@@@@@dYNC 10!
10/ 10/ 10/S,;10%/&'()-Sy810%/&'()-`6&10%/&'()-Y4
10%/&'()-@2Y10%/&'()-@@3AgAAAAdEYNC 10! 10%G&'()-g10%G&'()-
10%G&'()-y10%G&'()-`M10%G&'()-@910%G&'()-sAB*B^BBBBdEYNC 10!
Z10%G&'()-G10%G&'()-10%G&'()-10%G&'()-10%G&'()-Z10%G&'()-BBCCCC0DdEYNC 10!
9010%G&'()-
.l10%G&'()-0+'10%G&'()-m$10%G&'()-$10%G&'()-y!S10%G&'()-0DgDDDEEEEEdYNC 10!
10G 10G 10G@; 10%G&'()-y8l10%G&'()-s6s10%G&'()-Y410%G&'()-S210%G&'()-EE
EUFGJJJaB7C 10 h,,; 10% h&'()-!Y@ 10% h h&'()-y#Y@ 10% h&'()-y#YL10%
h&'()-@910% h&'()-s10% h&'()-JJJ JJKLNgHC 10 h,
10%&'()-!&10%&'()-Z!&10%&'()-Zy:10%&'()-`y10%&'()- 10 h 10 hNNNNNNNPQ~_=
10!L@ 10%mm&'()-ML@ 10%m&'()-Mfl&10%m&'()-` 



10 10 10f:10%&'()-! , 10%&'()-QZRSSSSSSS~sh]> 10!@&10%&'()-` 10m 10m 10m;
10%m&'()-  10%u u&'()-! 10%mm&'()-10%m]&'()-SSTHT{TTTdEh]>
10!lZ10%&'()-YM10%&'()-Y10%&'()-Y
10%&'()-lg10%&'()-,`10%&'()-T%UFUuUUUVdEh]>
10!l10%&'()-Y10%&'()-l10%&'()-,10%&'()-Y10%&'()-Y10%&'()-VV\WWWW.XdEh]>
10!Y4S10%&'()-l@2T 10%&'()-l90:10%&'()-,
.10%&'()-l*10%&'()-l(10%&'()-.XgXXXXXXXX_@ 10!:10%G&'()-`!`f10%&'()- 10 10
10@,;10%&'()-8s10%&'()-s6Y10%&'()-XXX&Y`YYYdE_@ 10!10%G&'()-m10%G&'()-
10%G&'()- `10%G&'()- t10%G&'()-s 10%G&'()-YZ;ZsZZZ[dE_@ 10!  10%G&'()-
10%G&'()-10%G&'()-10%G&'()-10%G&'()-10%G&'()-[[[3\l\\\dE_@ 10!
S210%G&'()-L010%G&'()- Y.10%G&'()-,,`10%G&'()-&*t10%G&'()-
3(10%G&'()-\\0]h]k]l]m]n]o]xmbC 10!:10%b&'()-` 10G 10G 10G@;
10%G&'()-810%G&'()- 610%G&'()- l4`10%G&'()-o]U^^^^(_b_dEmbC
10!10%b&'()-10%b&'()-10%b&'()-10%b&'()-:10%b&'()-`10%b&'()- b____`S``dEmbC
10!&10%b&'()-$10%b&'()- 



!10%b&'()-10%b&'()-10%b&'()-m10%b&'()-```,aaaaadEmbC
10!@2m10%b&'()-9010%b&'()-3.z10%b&'()-,-10%b&'()-*10%b&'()-(10%b&'()-ab9bkb
nbobpbqbrbxmbC 10!S10%B&'()- 10b 10b 10b,;
10%b&'()-y8M10%b&'()-`610%b&'()-Y410%b&'()-rbtbbbcPcpcdEmbC
10!l@10%B&'()-Ym10%B&'()-l 10%B&'()-ly10%B&'()-Ys-10%B&'()-&10%B&'()-`pccc
dGd(eaedEmbC
10!$F10%B&'()-F10%B&'()-10%B&'()-l10%B&'()-l10%B&'()-,10%B&'()-aeeee-fcffdE
mbC
10!L010%B&'()-3.10%B&'()-,,&10%B&'()-S*10%B&'()-(10%B&'()-&10%B&'()-ffg<gsg
vgwgxgygdYNC 10! 10B 10B 10B@@;10%B&'()-8&10%B&'()-s610%B&'()-Y4@
10%B&'()-S2910%B&'()-yg}gg%hhAk|la?YNC 10!! 10%&'()-!10%B&'()-!! s@
10%BB&'()-F s@ 10%;&'()-F &10%B&'()-M@10%B&'()-|lllllll*m;mbC 10!!10%&'()-l
10%&'()-lyM10%&'()-`F10%&'()- 10B 10B 10BS@; 10%B&'()-;mnmmm nCnzndEbC
10!!&10%&'()-310%&'()-10%&'()-&10%&'()-lZ10%&'()-@10%&'()-znnnoBoqoLpdEbC
10!!(10%&'()-@&10%&'()-$f10%&'()-!F10%&'()-s10%&'()-`10%&'()-Lpppp%qGqJqKqL
qdE:/ 10 10@,;
10%&'()-y8M10%&'()-`610%&'()-Y410%&'()-@210%&'()-9010%&'()-LqMqzqqqrPrrxY:/
10F10%&'()-F10%&'()-F10%&'()-3 



10%&'()-3y 10%&'()-s10%&'()- 10rrr sAss-tdE:/ 10F(m10%&'()-F
Z10%&'()-Ym10%&'()-10%&'()-310%&'()-F10%&'()--tdtttuDuqudE:/
10Fll410%&'()-YS210%&'()-l90
10%&'()-Y3.m10%&'()-Y,,10%&'()-Y&*10%&'()-quuuuuuuuwbC
10Ll10%&'()-@&10%&'()-M 10 10 10@;10%&'()-,810%&'()-ls6m10%&'()-wBxzzzzz
{:{~_@ 10S 10%4|&'()-L10%4|&'()- 10 10 10f; 10%&'()-!@ 10%&'()-f!
Ll10%&'()-@:{j{{{{,|e|dE~_@ 10310%4|&'()-
10%4|&'()-10%4|&'()-F10%4|&'()-10%4|&'()-l @10%4|&'()-e||| }C}z}}dE~_@ 10$
10%4|&'()-!10%4|&'()-F10%4|&'()-m10%4|&'()-10%4|&'()-10%4|&'()-}} ~~1idE~_@
10L6m10%4|&'()-F410%4|&'()-@2, 10%4|&'()-*10%4|&'()-'F10%4|&'()-%-
10%4|&'()-6obC 10 G10%G&'()-ff10%G&'()-`10%G&'()- 104| 104| 104|;
10%4|&'()-f810%4|&'()-oIdEbC
1010%G&'()-10%G&'()-G10%G&'()-10%G&'()-:10%G&'()-10%G&'()-*;rdEbC 10
.m10%G&'()-,T10%G&'()-*10%G&'()-Z10%G&'()-G10%G&'()- 10%G&'()-BtdE:/ 10G 



10G,;
10%G&'()-y810%G&'()-`6l10%G&'()-Y4L10%G&'()-@210%G&'()-&010%G&'()-NxY:/
10G10%&'()-- 10%&'()- M10%&'()-yS10%&'()-10%&'()-f:10%&'()-L 10G(\dE:/
10G10%&'()-10%&'()-10%&'()-10%&'()-10%&'()-10%&'()-3idE:/
10G`010%&'()-3.10%&'()-,,10%&'()-&*10%&'()-(10%&'()-&10%&'()-KdYNC 10G 10
10 10@; 10%&'()-810%&'()-s6y10%&'()-l410%&'()-S2310%&'()-3gHdEYNC 10G
10%4|&'()-10%4|&'()-10%4|&'()- Z10%4|&'()-y410%4|&'()-`10%4|&'()-H]7dEYNC
10G 10%4|&'()-310%4|&'()-10%4|&'()-10%4|&'()-`10%4|&'()- 10%4|&'()- F{dEYNC
10G 90310%4|&'()- .
10%4|&'()-,M10%4|&'()-*10%4|&'()-(310%4|&'()-&10%4|&'()-YdYNC 10G 104| 104|
104|,;10%4|&'()-y810%4|&'()-s610%4|&'()-Y4310%4|&'()-@2 10%4|&'()-:tdEYNC
10G y10%&'()-10%&'()-S 10%&'()-f10%&'()-L10%&'()-@910%&'()-LMdEYNC 10G
10%&'()- 10%[&'()-S10%&'()-10%&'()-M10%&'()- 



10%&'()-1idEYNC 10G ,10%&'()-*10%&'()-'10%&'()-S%@10%&'()-$10%&'()-
10%&'()-LdEYNC 10G y810%&'()-`6 10%&'()-F410%&'()-,2m10%&'()-f&010%&'()-
.10%&'()-d=_@ 10G10%B&'()-! lL10%BB&'()-MlL10%B&'()-M:10%B&'()-L 10 10 10S;
10%&'()-G~\= 10G- 10%4|&'()-!`T 10%&'()-l`T 10%4|&'()-l 10B 10B 10B@,;
10%B&'()-! 10%BB&'()-G_~_@ 10Gy10%m&'()-`10%m&'()- 104| 104| 104|@;
10%4|&'()-! @,10%||&'()-3 @,10%4|&'()-3 4m AdE~_@
10Gm10%m&'()-M10%m&'()-10%m&'()-10%m&'()-Y10%m&'()- 10%m&'()-Av(dE~_@
10G,10%m&'()- 10%m&'()-  10%m&'()- f10%m&'()-10%m&'()-10%m&'()-(`FdE~_@
10Gy8'10%m&'()-s6M10%m&'()-Y410%m&'()-S210%m&'()-90410%m&'()-3.
10%m&'()-FIJKL)bC 10G10%@&'()- 10%@&'()-f10%@&'()-`10%@&'()- 10m 



10m 10my@;10%m&'()-)b@ydEbC
10GF10%@&'()-F10%@&'()-10%@&'()-Y10%@&'()-&10%@&'()-F10%@&'()-y/dEbC 10G
.-10%@&'()-0+310%@&'()-Z$10%@&'()- !10%@&'()-@10%@&'()-10%@&'()-/C_dE:/ 10@
10@,;10%@&'()-y8&10%@&'()-s610%@&'()- Y4-10%@&'()-@2&10%@&'()- 90
10%@&'()-rrS4/ 10; 10%&'()-3#10%&'()-`! 3 10%&'()-3 10%&'()-!
3LF10%}}&'()-'3LF10%&'()-' 10@D{bC 10; 110%&'()-10%&'()-
&10%&'()-Sf10%&'()-` 10%&'()- 10 10 10.ddEbC 10;
1%&10%&'()-$10%&'()-!-10%&'()-10%&'()-10%&'()-10%&'()-I%dEbC 10;
1@210%&'()-&0 10%&'()- .10%&'()-,,:10%&'()-S*10%&'()-(Z 10%&'()-%^xmbC 10;
1`10%&'()- 10 10 10@,;10%&'()-y810%&'()-`610%&'()-34m10%&'()- 



7hAdEmbC 10; 110%&'()-Y10%&'()-10%&'()-10%&'()- 10%&'()-yl10%&'()-AUAjdEmbC
10; 1, 10%&'()-*`10%&'()-(10%&'()- 10%&'()-SM10%&'()-Y 10%&'()-j3fijkdE:/
10 10@,;10%&'()-y810%&'()-`610%&'()-Y4@10%&'()-@@2s10%&'()-&010%&'()-klm
@xxY:/ 1010%&'()-10%&'()- 10%&'()-y10%&'()-`10%&'()-@910%&'()-L 10xKodE:/
1010%&'()-m10%&'()-10%&'()-10%&'()-s10%&'()-10%&'()-:tdE:/
10*10%&'()-(10%&'()-&F10%&'()-$10%&'()-S!10%&'()-910%&'()-PdE:/
10s610%&'()-Y4Z10%&'()-@210%&'()-9010%&'()-3.10%&'()-+910%&'()-G:pbC 10
10%m&'()-y10%m&'()-`F10%m&'()- 10 10 10S,;10%&'()-Sy810%&'()-'TdEbC 10"-
10%m&'()-S 10%m&'()-s10%m&'()-G10%m&'()- 10%m&'()-Z10%m&'()-'_;dEbC
1090'10%m&'()-3.:10%m&'()-&*10%m&'()-(10%m&'()-&`10%m&'()-$10%m&'()-;rdYNC
10 10m 10m 10mf@;
10%m&'()-810%m&'()-ys6m10%m&'()-l4-10%m&'()-S2:10%m&'()-.hdEYNC 10
10%&'()-@Y10%&'()-S10%&'()- 10%&'()-f 10%&'()- 



`10%&'()-K)bdEYNC 10 310%&'()-F10%&'()-10%&'()-
10%&'()-10%&'()-10%&'()-b>pdEYNC 10
0+10%&'()-ZS*`10%&'()-'10%&'()-&10%&'()-$10%&'()-!10%&'()- RdEYNC 10
y8&10%&'()-`6Y10%&'()-F410%&'()-@2F10%&'()-90 10%&'()- . 10%&'()-I{Z~_@
10F!m10%&'()-F310%&'()-! FL310%&'()-`FL310%&'()-` 10 10 10@,;10%&'()-(~_@
10f10%Z&'()-`10%Z&'()- 10 10 10,;10%&'()-F9010%&'()-'! F!m10%&'()-(`RdE~_@
10m10%Z&'()-10%Z&'()-y10%Z&'()-10%Z&'()-10%Z&'()-l  10%Z&'()- R0\dE~_@
10,10%Z&'()-* 10%Z&'()-( 10%Z&'()-3%10%Z&'()-10%Z&'()-310%Z&'()-\<qdE~_@
10y810%Z&'()-`610%Z&'()-F4G10%Z&'()-@2'10%Z&'()-&010%Z&'()- .10%Z&'()-HbC
10m10%O&'()- 10%O&'()-y10%O&'()-`10%O&'()- 10Z 10Z 10Z,;10%Z&'()-H|dEbC 



10T10%O&'()-10%O&'()-10%O&'()-10%O&'()- 10%O&'()-yg10%O&'()-JdEbC
10(10%O&'()-&Z10%O&'()-$10%O&'()-!10%O&'()-:10%O&'()- M10%O&'()-%[dEbC 10
Y4 10%O&'()-@210%O&'()-90 10%O&'()- .10%O&'()-+10%O&'()-Z*10%O&'()-G}bC
10Fy10%&'()-F`Z10%&'()- 10O 10O 10O,;10%O&'()- y810%O&'()-
`610%O&'()-,BvdEbC 10Ym10%&'()-F10%&'()-Y10%&'()-10%&'()-Y10%&'()-F
10%&'()-O%dEbC 10l
.10%&'()-l,Z10%&'()-l*10%&'()-l(t10%&'()-&10%&'()-Y$10%&'()-%Z69:;dE:/ 10
10,; 10%&'()-y8&10%&'()-l`610%&'()-lY410%&'()-l@2:10%&'()-l&010%&'()-;
<5OuS4/ 10&0g 10%Z&'()-&!S 10%--&'()-S 10%Z&'()-10%Z&'()- L@ 10%Z&'()-G
!<L@ 10%6u6u&'()-G  10ORSTU bC 10&0g 1 10%&'()- 10%&'()-y 10%&'()-`10%&'()-
10Z 10Z 10Z; 10%Z&'()- +`@dEbC 10&0g 1@
10%&'()-10%&'()-10%&'()-910%&'()-f10%&'()-y10%&'()-@tIdEbC 



10&0g 1(m10%&'()-&10%&'()-$10%&'()-!10%&'()--10%&'()-10%&'()-P0345dE:/ 10
10f,; 10%&'()-y8Z10%&'()-`610%&'()-Y4:10%&'()-@210%&'()-9010%&'()-56oPxY:/
10l 10%(&'()-10%(&'()-l10%(&'()-l 10%(&'()-Yf10%(&'()-lL10%(&'()- 101FxdE:/
10ll'10%(&'()-l10%(&'()-,t10%(&'()-l10%(&'()-l 10%(&'()-l10%(&'()-x SdE:/
10lF4F10%(&'()-l@2M10%(&'()-@&010%(&'()-l.10%(&'()-0 +10%(&'()-Y*910%(&'()-
!"TbC 10lS10%&'()-910%&'()- 10 10 10@:10%&'()-f810%(&'()-`610%(&'()-2idEbC
10 10%&'()-Yg 10%&'()-l:10%&'()-ly 10%&'()-lsZ10%&'()-ll 10%&'()-$:rdEbC
10l+ 10%&'()-l)10%&'()-l'10%&'()-Y 10%&'()-Y10%&'()-,t10%&'()-O4dEbC
10lS810%&'()-lL6 10%&'()-l3410%&'()-l2- 10%&'()-l0
10%&'()-l-:10%&'()-4789:_~\= 10&$ 10%&'()-M!  10%&'()-- 10%b&'()--!sf
10%bb&'()-  10 10 10,; 10%&'()-LOPQR1p~_= 10! Y@ 10%&'()-  Y@ 10%&'()-  YLS
10%&'()-  10b 



10b 10bS; 10%b&'()-! &$ 10%bb&'()-MilmnoT__@ 10!G10%Z&'()-! 9-
10%ZZ&'()-S9- 10%Z&'()-S 10 10 10,;10%&'()-l@ 10%&'()-l_:U^abcdxuj_= 10!`,
10%&'()-& 10Z 10Z 10Zy;10%Z&'()-.10%Z&'()-.}10%Z&'()-!G10%ZZ&'()-x8xmbC
10!&10%-u&'()- 10 10 10f,;10%&'()-L0 10%&'()-$ 10%&'()-  10%&'()-'JWdEmbC
10!10%-u&'()- 10%-u&'()- m10%-u&'()-10%-u&'()- 10%-u&'()-10%-u&'()-6lvdEmbC
10!"10%-u&'()-
10%-u&'()-10%-u&'()-10%-u&'()-10%-u&'()-310%-u&'()-C}$^dEmbC
10!F.10%-u&'()-,,z10%-u&'()-&* 10%-u&'()- ( 10%-u&'()-&-
10%-u&'()-$`10%-u&'()-^BEFGdE:/ 10-u 10-uS;
10%-u&'()-810%-u&'()-6@10%-u&'()-
l4M10%-u&'()-3f2&10%-u&'()-L010%-u&'()-GHc B E F G 



rSH= 10-u 1 10 10SS;10%&'()-!  10%gg&'()-#! 10%&'()-# 10%&'()-#l@ 10%&'()--
10-uG H \ fADrS4= 10,@;10%&'()-S2 10%g&'()- !l 10%&'()- l 10%&'()-
!YsZ10%&'()-YYsZ10%&'()-Y 10DEFG&l;@~_= 10!  10%&'()-t 10%&'()-t!  10%&'()-
10%&'()-`310%&'()- 10 10 10@CDEF~(bC 10! 10%(&'()-3  10%(&'()- y10%(&'()-
`10%(&'()- 10 10 10S,;10%&'()-(6iLdEbC 10!310%(&'()- 10%(&'()- 10%(&'()- ,
10%(&'()- 10%(&'()-  10%(&'()-L;dEbC 10!3 .10%(&'()-3,10%(&'()- $10%(&'()-
!@10%(&'()-310%(&'()-  10%(&'()-;u!Z]^_dE:/ 10( 10(,;10%(&'()-38 10%(&'()-
`6Y10%(&'()-3Y4- 10%(&'()-3@2F10%(&'()-39010%(&'()-_`7fxY:/ 10( `10%(&'()-
10%(&'()-310%(&'()-3 F10%(&'()-3f10%(&'()-3s10%(&'()- 10(5mdE:/ 



10(   y10%(&'()-3310%(&'()-3910%(&'()-310%(&'()-
m10%(&'()-3m10%(&'()--`dE:/ 10( 03+10%9&'()-Z3&*10%(&'()-3(10%(&'()-
&&10%(&'()- $m10%(&'()-3"10%(&'()-SdE:/ 10( 38
10%(&'()-3610%(&'()-3l410%(&'()-3S210%(&'()- 9010%(&'()-33.10%(&'()-7abC
10(Y10%(&'()-  L10%(&'()-3y10%(&'()- `310%(&'()- 10( 10( 10(@;10%(&'()-1i
dEbC 10( 10%(&'()- F10%(&'()- F10%(&'()- 10%(&'()- F10%(&'()- `10%(&'()- C
!>!!!"dEbC 10( &0@10%(&'()-3 .10%(&'()- *10%&'()- '10%(&'()-
F10%(&'()-310%(&'()-"N""""""""dYNC 10( 10( 10( 10(,;10%(&'()-38@10%(&'()-
`610%(&'()-3F4y10%(&'()- @210%(&'()-")#a####$dEYNC 10(
l10%&'()-l10%&'()-,-10%&'()-l 10%&'()-Yy10%&'()-l`G10%&'()-$P$b%%%%*&dEYNC
10( (10%&'()-,&m10%&'()-l$`10%&'()-!10%&'()-l-
10%&'()-l10%&'()-*&a&&&&&&&&dYNC 10( 10 10 10,,;10%&'()-9010%&'()-
.10%&'()-0+10%&'()-m*&10%&'()-&'/'O'{'''dEYNC 10( 



10%(&'()- 10%(&'()- 10%(&'()-  10%(&'()- 10%(&'()-
10%(&'()-'''(Z(g(((dEYNC 10( 3 10%(&'()- 10%(&'()- 10%(&'()-310%(&'()-
10%(&'()- 10%(&'()-(()W)))*aBYNC 10(3F.Y10%(&'()- !3&*10%((&'()-3 (
10%(&'()-3&10%(&'()- $10%(&'()-3"10%(&'()-*+#+&+'+(+)+[++bC
10(y10%m&'()-S``10%m&'()- 10( 10( 10(@;
10%(&'()-3810%(&'()-36&10%(&'()-+++,G,u,,dEbC 10(10%m&'()-S10%m&'()-
10%m&'()-10%m&'()-S10%m&'()- 10%m&'()-,,,)-a-|--dEbC 10(f$10%m&'()-
"10%m&'()-10%m&'()-f10%m&'()-10%m&'()-10%m&'()---.L....dEbC 10(90:10%m&'()-
.310%m&'()-,10%m&'()-y*10%m&'()- (-10%m&'()-&10%m&'()-./C/q//////dYNC 10(
10m 10m 10mf,;
10%m&'()-yy8Z10%m&'()-6310%m&'()-Y4M10%m&'()-y@210%m&'()-//0'0*0dYNC 10(
10m 10m 10mf,;10%m&'()-SS;10% h&'()- 



10% h&'()-l10% h&'()-10% h&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Fontf]XMR$"&+
159=BGKPUmZp_xdiLnrw|Kk;
T5!9QncGGFE_#((,*-2468:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~nLIH$)0:
?ENX0]Pclzq {61mDmULH Y` &,*0e5n`y"Ir R"#$'%[&$))*,-.017348[9:i;.<<=
?9@@AB0DEJNQSTV.XXY[\o]b_`arbpcaefyg|l;mznLpLqr-tquw:{e|}oHGA(F)y/%Ajkx;
b(R\%;O @5x4_x^GG D@(L;_ ""$*&&'(*+,-./*0   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 




