
22 February 2007  METHOD OF PRODUCING CRYSTALLINE SEMICONDUCTOR MATERIAL
AND METHOD OF FABRICATING SEMICONDUCTOR DEVICE  BACKGROUND OF THE INVENTION
The present invention relates to a method of  producing a crystalline
semiconductor material by heating  an amorphous semiconductor material or a
polycrystalline  semiconductor material so as to crystallize the material,
and a method of fabricating a semiconductor device using  such a
crystalline semiconductor material. In recent years, semiconductor devices
used, for  example, for a solar cell including such semiconductor  devices
formed on a substrate in an array pattern and for  a. liquid crystal
display unit including such  semiconductor devices as pixel drive
transistors have  been actively studied and developed. Further, in recent
years, to realize a high degree of integration and multi- function of
semiconductor devices, a three-dimensional  integrated circuit including
the semiconductor devices  stacked on a substrate has been actively studied
and  developed. A glass material such as artificial quartz or a  plastic
material has drawn attention as a substrate  material used for these
semiconductor devices because the 1 22 February 2007  



glass material or plastic material is inexpensive and is  easily formable
into a large-size substrate. In general,  when a semiconductor thin film is
deposited on a substrate made from such an amorphous insulating material,
since the amorphous insulating material has no long-range.  order, the
deposited semiconductor thin film has an c amorphous or polycrystalline
structure. For example, with respect to a thin film transistor  (TFT) used
as a pixel drive transistor in a liquid  crystal display unit, an
operational region (channel  region) is formed by a polycrystalline silicon
(Si) film  formed on the above-described substrate. The use of the
polycrystalline silicon film for forming the operational  region, however,
has a disadvantage that the  crystallinity of the polycrystalline silicon
film is poor  because crystal grains boundaries are present at random  in
the fine structure of the film and crystal grains have  different face
orientations. Another disadvantage is that  as the grain sizes of crystal
grains in the  polycrystalline silicon film become as large as being  close
to the channel length of the TFT, the  characteristics of the TFT may
become uneven. In this way,  a semiconductor device such as a TFT using a
polycrystalline silicon film is very inferior in 2 22 February 2007  



characteristics to a semiconductor device using a single  crystal silicon
film. From this viewpoint, a single crystallization  technique of a silicon
film formed on a substrate made  from a glass material has bee proposed.
For example, an  attempt has been made to form a single crystal silicon
film on a substrate made from silicon oxide by using a ZMR (Zone Melting
Re-crystallization) technique (see H. A.  Atwater et al.: Appl. Phys. Lett.
41 (1982) 747, or K.  Egami et al.: Appl. Phys. Lett. 44 (1984) 962).
Another  attempt has been made to form a silicon film having a very large
area on a substrate made from quartz or glass  (see A. Hara et al.: AMLCD
Technical Digest p. 227, Tokyo  2002). The ZMR technique allows formation
of a silicon  film having a large area, but has a difficulty in control  of
orientation of crystal grains and crystal grain  boundaries. Accordingly, a
silicon film formed by the ZMR  technique contains crystal grain boundaries
that are  present at random, and is therefore difficult to be  applied to
three-dimensional integration of semiconductor  devices, which integration
requires a high-level  equalization of the semiconductor devices. Another
problem of the ZMR technique is that since the ZMR 3 22 February 2007  



technique is a high temperature process requiring a large  thermal load
such as about 14500C, such aZMR technique  cannot be applied to a plastic
material expected as a  substrate material. Taking into account the heat
resistance of a plastic material, a low temperature  process performed at
about 20000 or less is desirable. In recent year, a method of producing a
silicon  film having crystal grains grown in the {111}  orientations on a
buffer layer made from silicon nitride  by laser irradiation using a second
harmonic neodymium  laser (Nd:YVO4 laser) having a wavelength of 532 rim
has  been disposed (see M. Nerding et al.: Thin Solid Films  383 (2001)
110). This method, however, has an  inconvenience' that since a silicon
film having crystal  grains grown in the {100} orientations has been used
for  a semiconductor device in an advanced MOS transistor, the  silicon
film having the crystal grains grown in the {111}  orientations cannot be
applied to a process of  fabricating the above-described MOS transistor. In
addition, the reason why the silicon film having crystal  grains grown in
the {100} orientations is used for the  above-described semiconductor
device is that the silicon  crystal grains having the {100} orientations
are lower in  interface level density than silicon crystal grains 4 - ----
------ ------ 



22 February 2007  having face orientation other than the {100}
orientations,  and therefore, suitable for forming a transistor sensitive
to interface characteristics. As described above, according to the related
art  techniques, it has been difficult to control crystal grain  boundaries
of a crystalline film formed on a substrate made  from a glass material or
plastic material, to control the  face orientations of crystal grains to
specific face  orientations (for example, {100} orientations for a silicon
film) with respect to the vertical direction of the  substrate, and to
control face orientations of the crystal  grains in the in-plane direction
of the substrate, thereby  failing to equalize the quality of a
semiconductor device  and sufficiently enhance the performance thereof.
SUMMARY OF THE INVENTION Embodiments of the present invention provide a
method of producing a crystalline semiconductor material,  which is capable
of forming a semiconductor material having  good crystallinity at a low
temperature on a substrate made  from a glass material or plastic material,
and to provide a  method of fabricating a semiconductor device using such a
crystalline semiconductor material. 5 22 February 2007  According to a
first aspect of the present 



invention, there is provided a method of producing a  crystalline
semiconductor material composed of a  plurality of single-crystal grains of
a semiconductor,  comprising: a first step of forming an amorphous
material of the semiconductor or a polycrystalline  material of the
semiconductor on a substrate, and a  second step of forming a crystalline
material by  uniformly heat-treating the amorphous material or the
polycrystalline material by a plurality of times at such  a temperature as
to partially melt crystal grains having  a specific face orientation with
respect to the vertical  direction of the surface of the substrate and melt
the  amorphous material or crystal grains having a face  orientation other
than the specific face orientation. According to a second aspect of the
present  invention, there is provided a method of producing a  crystalline
semiconductor material composed of a plurality  of single-crystal grains of
a semiconductor, comprising: a  first step of forming an amorphous material
of the  semiconductor or a polycrystalline material of the  semiconductor
on a substrate, a second step of forming a  first crystalline material by
uniformly heat-treating the 6 22 February 2007  amorphous material or the
polycrystalline material by a  plurality of times at such a temperature as
to partially  



melt crystal grains having a specific face orientation  with respect to the
vertical direction of the surface of  the substrate and to melt the
amorphous material or  crystal grains having a face orientation other than
the  specific face orientation, and a third step of forming a  second
crystalline material by heat-treating the first  crystalline material by a
plurality of times so as to  selectively form, on the first crystalline
material, a  temperature distribution having a high temperature region  and
a low temperature region whose temperature is lower  than that of the high
temperature region, wherein the  temperature of the low temperature region
is set to  partially melt the crystal grains having the specific face
orientation. According to a third aspect of the present  invention, there
is provided a method of fabricating a  semiconductor device using a
crystalline semiconductor  material composed of a plurality of
single-crystal grains  of a semiconductor, comprising: a first step of
forming  an amorphous material of the semiconductor or a  polycrystalline
material of the semiconductor on a  substrate, and a second step of forming
a crystalline 7 22 February 2007  material by uniformly heat-treating the
amorphous material or the polycrystalline material by a plurality  



of times at such a temperature as to partially melt  crystal grains having
a specific face orientation with  respect to the vertical direction of the
surface of the  substrate and melt the amorphous material or crystal
grains having a face orientation other than the specific  face orientation.
According to a fourth aspect of the present  invention, there is provided a
method of fabricating  semiconductor device using a crystalline
semiconductor  material composed of a plurality of single-crystal grains
of a semiconductor, comprising: a first step of forming  an amorphous
material of the semiconductor or a  polycrystalline material of the
semiconductor on a  substrate, a second step of forming a first crystalline
material by uniformly heat-treating the amorphous  material or the
polycrystalline material by a plurality  of times at such a temperature as
to partially melt  crystal grains having a specific face orientation with
respect to the vertical direction of the surface of the  substrate and to
melt the amorphous material or crystal  grains having a face orientation
other than the specific  face orientation, and a third step of forming a
second 8 22 February 2007  crystalline material by heat-treating the first
crystalline material by a plurality of times so as to  



selectively form, on the first crystalline material, a  temperature
distribution having a high temperature region  and a low temperature region
whose temperature is lower  than that of the high temperature region,
wherein the  .temperature of the low temperature region is set to
partially melt the crystal grains having the specific  face orientation. In
accordance with the method of producing a  crystalline semiconductor
material according to the first  aspect and the method of fabricating a
semiconductor  device according to the third aspect, since the amorphous
material or the polycrystalline material are uniformly  heat-treated by a
plurality of times at such a  temperature as to partially melt crystal
grains having a  specific face orientation with respect to the vertical
direction of the surface of the substrate and melt the  amorphous material
or crystal grains having a face  orientation other than the specific face
orientation, it  is possible to form a crystalline material which has
crystal grains preferentially grown in the specific face  orientation with
respect to the vertical direction of the  substrate and thereby has sharp
crystal grain boundaries, 9 22 February 2007  and hence to improve the
crystallinity of the crystalline  material. 



In accordance with the method of producing a  crystalline semiconductor
material according to the  second aspect and the method of fabricating a
semiconductor device according to the fourth aspect, in  the second step, a
first crystalline material is formed  by uniformly heat-treating the
amorphous material or the  polycrystalline material by a plurality of times
at such  a temperature as to partially melt crystal grains having  a
specific face orientation with respect to the vertical  direction of the
surface of the substrate and to melt the  amorphous material or crystal
grains having a face orientation other than the specific face orientation;
and  in the third step, a second crystalline material is t - formed by
heat-treating the first crystalline material by  a plurality of times so as
to selectively form, on the  first crystalline material, a temperature
distribution  having a high temperature region and a low temperature
region whose temperature is lower than that of the high  temperature
region, wherein the temperature of the low  temperature region is set to
partially melt the crystal  grains having the specific face orientation. As
a result,  it is possible to form the second crystalline material 10 22
February 2007  having crystal grains preferentially grown in the specific
face orientation with respect to the vertical  



direction of the substrate and preferentially grown in a  controlled face
orientation in the in-plane direction of  the substrate, and hence to
control the crystal grain  boundaries in the second crystalline material
and improve  the crystallinity of the second crystalline material.  BRIEF
DESCRIPTION OF THE DRAWINGS These and other embodiments, features, and
advantages of the present invention will become more  apparent from the
following detailed description in  conjunction with the accompanying
drawings, wherein: FIG. 1 is a typical block diagram showing the  structure
of a liquid crystal display unit fabricated by  a method according to one
embodiment of the present  invention; FIG. 2'is a view showing the
structure of a sample  used in the embodiment of the present invention;
FIGS. 3A to 3C are sectional views illustrating a  first heat-treatment;
FIG. 4 is a diagram showing a schematic shape of  one pulse of a pulse
laser beam shown in FIG. 2; FIG. 5A is a plan view illustrating the heating
11 22 February 2007  step shown in FIGS. 3A to 3C, and FIG. 5B is a diagram
showing a schematic shape of the pulse laser beam used  for the heating
step shown in FIGS. 3A to 3C; 



FIG. 6A is a plan view illustrating the heating  step shown in FIGS. 3A to
3C, and FIG. 6B is a diagram  showing a schematic shape of the pulse laser
beam used  for the heating step shown in FIGS. 3A to 3C; FIG. 7A is a plan
view illustrating the heating  step shown in FIGS. 3A to 3C, and FIG. 7B is
a diagram  showing a schematic shape of a pulse laser beam used for  the
heating step shown in FIGS. 3A to 3C; FIG. 8 is a sectional view
illustrating a second  heat-treatment; FIG. 9 is a sectional view of
a.diffraction grating  used for the second heat-treatment shown in FIG. 8;
FIG. 10 is a typical view of a lamellae formed by  the second
heat-treatment; FIGS. 11A to 11E are typical views illustrating the  second
heat-treatment; FIGS. 12A to 12E are typical views illustrating the  second
heat-treatment; FIG. 13A is a SEM photograph of a sample having  been
subjected to the first heat-treatment, and FIGS. 13B  and 13C are EBSP
photographs of the sample having been 12 22 February 2007  subjected to the
first heat-treatment; FIG. 14 is a diagram showing the degrees of crystal
orientations of the sample having been subjected to the  



first heat-treatment; FIG. 15 is a diagram showing the degrees of crystal
orientations of the sample having been subjected to the  first
heat-treatment; FIG. 16 is a view illustrating the crystal  orientations of
the sample having been subjected to the  first heat-treatment; FIGS. 17A to
17C show the results of X-ray analysis  of the sample having been subjected
to the first heat- treatment; FIG. 18.is a EBSP photograph of a sample
having  been subjected to the second heat-treatment; and FIG. 19 is a SEM
photograph of the sample having  been subjected to the second
heat-treatment; DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the present  invention will be
described with reference to the  drawings. In the following embodiments,
description will be  made by example of a method of fabricating a 13 22
February 2007  semiconductor device unit represented by a liquid crystal
display unit 100 shown in FIG. 1. The liquid crystal display unit 100
includes, on a  substrate (not shown), a pixel portion 101 and a  



peripheral circuit portion 102 disposed on the periphery  of the pixel
portion 101. A liquid crystal layer 103 and  a plurality of thin film
transistors 104 arrayed in a  matrix are formed on the pixel portion 101.
The thin film  transistors 104 are adapted to drive portions,
corresponding to respective pixels, of the liquid crystal  layer 103. The
peripheral circuit portion 102 includes a  horizontal scanning portion
(horizontal scanning circuit  or signal electrode drive circuit) 106 and a
vertical  scanning portion (vertical scanning circuit or scanning
electrode drive circuit) 107. The horizontal scanning f portion 106 has a
video signal terminal 105 and is  adapted to feed a horizontal scanning
signal together  with an inputted image signal. The vertical scanning
portion 107 is adapted to feed a vertical scanning signal  to the pixel
portion 101. In this liquid crystal display unit 100, an image  signal is
fed to the horizontal scanning portion 106 via  the video signal terminal
105, and the image signal and a  horizontal scanning signal are fed from
the horizontal 14 22 February 2007  scanning portion 106 to the thin film
transistor 104  corresponding to each of the pixels of the pixel portion
101; and a vertical scanning signal is fed from the  



vertical scanning portion 107 to the thin film transistor  104
corresponding to each of the pixels of the pixel  portion 101, whereby the
liquid crystal layer 103 is  switchingly controlled, to perform image
display. FIGS. 2 to 12E are views illustrating a method of  producing a
crystalline semiconductor material according  to one embodiment of the
present invention, wherein FIG.  2 is a view showing a structure of a
sample including an  amorphous film 14; FIGS. 3A to 3C are views
illustrating a first heat-treatment applied to the sample shown in FIG.  2;
FIG. 4 is a diagram showing one pulse of an excimer  laser beam used for
the first heat-treatment and a second  heat-treatment subsequent thereto;
FIGS. 5A to 7B are  diagrams illustrating a crystalline film 16 formed by
subjecting the amorphous film 14 to the first heat- treatment; FIG. 8 is a
view illustrating a second heat- treatment; FIG. 9 is a view illustrating a
diffraction  grating used for the second heat-treatment; and FIGS. 10 to
12E are typical views illustrating a method of forming  a crystalline film
17A or 17B by subjecting the  crystalline film 16 to the second
heat-treatment. In 15 22 February 2007  addition, FIGS. 5A, 6A, and 7A each
show the surface of  the sample, and FIGS. 5B, 6B, and 7B each show a
schematic waveform of a pulse laser beam used for  



irradiation of the surface of the sample. In the following description, the
term "a silicon  crystal having {100} orientations" means a silicon
crystal preferentially oriented in <100> directions. In  the drawings, a
silicon crystal (or silicon crystal  grain) having the {100} orientations
is often expressed  by "Si(100) or (100)". First, as shown in FIG. 2, an
insulating substrate  11 made from a glass material is prepared. A silicon
nitride film 12 made from silicon nitride (SiNx: x is a .positive number)
is formed on the substrate 11 to a  thickness of 50 nm, and a silicon oxide
film 13 made from  silicon oxide (SiO2) is formed on the silicon nitride
film  12 to a thickness of 120 nm. Each of the silicon nitride  film 12 and
the silicon oxide film 13 is formed by a CVD  (Chemical Vapor Deposition)
process or a sputtering process.  The material of the substrate 11 is not
limited to  the glass material but may be a plastic material. The  silicon
nitride film 12 and the silicon oxide film 13  function as protective films
for preventing an amorphous 16 22 February 2007  film 14 (which is to be
converted to a polycrystalline  film 15, to a crystalline film 16, and
further to a  crystalline film 17A or 17B as will be described later)  



from being contaminated by impurities contained in the  substrate 11 made
from the glass material. An amorphous film 14 made from amorphous silicon
is  formed on the silicon oxide film 13 by a CVD process,  PECVD (Plasma
Enhanced Chemical Vapor Deposition) process,  or sputtering process. The
thickness of the amorphous  film 14 is preferably in a range of 10 nm to
200 nm for  desirably forming a crystalline film 16, and a crystalline film
17A or 17B in the subsequent  crystallization step. In this embodiment, for
example,  the amorphous film 14 having a thickness of.40 nm is  formed. /
In the case of forming the amorphous film 14 by the  plasma CVD process, a
large amount of hydrogen is  contained in the amorphous film 14. To cope
with such an  inconvenience, it is preferred to remove hydrogen from  the
amorphous film 14 formed by plasma CVD by heating the  amorphous film 14
for 2 hr at 4500 C or annealing the  amorphous film 14 by a RTA (Rapid
Thermal Annealing)  process using ultraviolet rays. [First Heat-Treatment]
17 22 February 2007  The amorphous film 14 is subjected to a first heat
treatment. In the first heat-treatment, the surface of  the amorphous film
14 is irradiated with an energy beam  



El by a plurality of times in an inert gas, typically, a  nitrogen
atmosphere. The energy beam E1 is exemplified by  a pulse laser beam
emitted from a XeCl excimer laser. To  uniformly irradiate the surface of
the amorphous film 14  with the energy beam El, the energy beam El is
shaped  into a plane beam. In the first heat-treatment, the energy beam El
is  set to heat the amorphous film 14 (and a polycrystalline  film 15, and
further a crystalline film 16 to be described later) at such a temperature
as to partially  melt silicon crystal grains having {100} orientations
with respect to the vertical direction of the substrate  11 and perfectly
melt amorphous silicon or silicon l +r crystal grains having face
orientation other than the  {100} orientations. The setting of such a
temperature of  the amorphous film 14 heated by the energy beam El is
performed by adjusting parameters of the energy beam El,  specifically, an
energy density, the number of  irradiation, and a pulse width of the XeCl
excimer laser  beam. silicon crystal grains having the {100}  18 22
February 2007  orientations have melting points higher than those of
silicon crystal grains having face orientations other  



than the {100} orientations. The interface energy between  silicon crystal
grains preferentially grown in the {100}  orientations and the silicon
oxide film 13 is about 0.01  mJ/cm2 smaller than the interface energy
between silicon r crystal grains preferentially grown in face orientations
other than the {100} orientations and the silicon oxide  film 13.
Accordingly, assuming that the amorphous film 14  has a thickness of 40
rim, the melting points of silicon  crystal grains having the {100}
orientations are about  0.2C higher than those of silicon crystal grains
having  face orientations other than the {100} orientations (see  H. A.
Atwate et al.: J. Electro Chemical Society 130  (1983) 2050) The fact that
silicon crystal grains having  the {100} orientations have higher melting
points is also  revealed by a report (W. G. Hawkins et al.: Appl. Phys.
Lett. 42 (1983) 358) This report shows that when silicon  is melted by
laser irradiation using the ZMR method and  the melted silicon is observed
in-situ, non-melted  residues called lamellaes having the {100}
orientations  are present in a liquid phase. In view of the foregoing,
according to this  19 22 February 2007  embodiment, to allow lamellaes
having the {100} orientations to remain in a liquid phase of melted  



silicon, the energy density of the energy beam El is set  to about 450
mJ/cm2 so as to heat the silicon at such a  temperature as to partially
melt silicon crystal grains  having the {100} orientations and melt silicon
crystal  grains having face orientations other than the {100}
orientations. It is to be noted that the value of the  irradiation energy
of the energy beams El contains an  error of a measuring device caused at
the time of  measuring the energy. The number of pulse laser irradiation is
set in a  range of 10 times to 400 times, typically, 150 times. If  the
number of pulse laser irradiation is less than 10  times, the degrees of
the {100} orientations with respect a to the vertical direction of the
substrate 11 become very  small, whereas if the number of pulse laser
irradiation  is more than 400 times, the total amount of evaporation  of
silicon becomes large. The XeCl excimer laser is configured as a long
pulse laser for emitting a pulse excimer laser beam  having a pulse width
of, for example, 150 ns as shown in  FIG. 4. In the case of irradiating the
amorphous film 14  having a thickness of 40 rim with one long pulse (pulse
20 22'February 2007  width: 150 ns) of the pulse laser beam, a solidifying
time for solidifying the silicon melted by the pulse  



laser irradiation becomes 36 ns. It is to be noted that  the solidifying
time is also called a dwelling time for  allowing a mixing state of a solid
phase and a liquid  phase of silicon. Accordingly, the probability of
bringing the interface between the silicon oxide. film 13  and the melted
silicon into a thermal equilibrium state  by such one pulse laser
irradiation becomes large, with a  result that silicon crystals having the
{100}  orientations occur at the interface in such a manner as  to minimize
the energy at the interface. The use of the  XeCl excimer laser is
effective to lower the process  temperature because the pulse laser
irradiation takes  only about 150 ns, thereby making it possible to use a
plastic material for the substrate. The pulse interval is set to 0.1 s.
Such a pulse  interval allows the silicon melted by the previous pulse
laser irradiation to be perfectly solidified. It is to be  noted that
according to this embodiment, the setting of  the pulse interval is not
important so much. The conditions of the first heat-treatment are  listed
as follows: Irradiation Conditions 21 22 February 2007  pulse width: 150 ns
pulse interval: 0.1 s 



number of irradiation: 150 times  energy density: about 450 mJ/cm2 The
first pulse laser irradiation is made under the  above irradiation
conditions. At this time, since the ((~ energy density of the energy beam
El is set to heat the  amorphous film at such a temperature as to partially
melt  the silicon crystal grains having the {100} orientations  and melt
silicon crystal grains having face orientations  other than the {100}
orientations, the amorphous silicon  is perfectly melted, to form
liquid-phase silicon 21 as  shown in FIG. 3A. In the liquid-phase silicon
21, since the  solidifying time for the melted silicon becomes 36 ns
during the first pulse laser irradiation, the probability  of bringing the
interface between the silicon oxide film  13 and the melted silicon into a
thermal equilibrium  state becomes large. As a result, silicon crystals 22
having the {100} orientations occur at random at the  interface in such a
manner as to minimize the interface  energy. After the end of the first
pulse laser  irradiation, the silicon crystals 22 are bonded to each  other
at random, to form crystal grains (solid silicon) 22 22 February 2007  23
having the {100} orientations. In this way, a polycrystalline film 15
composed of polycrystalline  



silicon, which film partially contains the crystal grains  23 of square
shapes preferentially grown in the {100}  orientations, is formed as shown
in FIG. 5A. The surface of the polycrystalline film 15 is then  subjected
to a second pulse laser irradiation. At this  time, in the polycrystalline
film 15, the crystal grains  23 having the {100} orientations formed by the
first  pulse laser irradiation remain as lamellaes (non-melted  residues),
and the other region is melted as described  with respect to the first
pulse laser irradiation, to  form liquid-phase silicon 21 as shown in FIG.
3B. In the  liquid-phase. silicon 21, as described with respect to the
first pulse laser irradiation, crystals 22 having the  {100} orientations
occur at random in such a manner as to  ~t minimize the energy of the
interface. After the end of  the second pulse laser irradiation, as
described with  respect to the first pulse laser irradiation, the silicon
crystals 22 are bonded to each other at random, to newly  form crystal
grains 23 having the {100} orientations. The pulse laser irradiation is
further repeated in  the same manner as that of the first and second pulse
laser irradiations. At this time, the crystal grains 23 23 22 February 2007
having the {100} orientations formed by the previous  



pulse laser irradiation remain as lamellaes (non-melted  residues), and in
the other region of the liquid-phase  silicon 21, crystals 22 having the
{100} orientations  newly occur at the interface between the silicon oxide
film 13 and the liquid crystal silicon 21 as shown in FIG.  3C. After the
end of the pulse laser irradiation, the  silicon crystals 22 are bonded to
each other at random, to newly form crystal grains 23 having the {100}
orientations. As a result of repetition of the pulse  laser irradiation as
shown in FIG. 6B, the number of the  crystal grains 23 preferentially grown
in the {100}  orientations with respect to the vertical direction of  the
substrate 11 becomes large as shown in FIG. 6A. The pulse laser irradiation
is further repeated as  shown in FIG. 7B, and after the amorphous film 14
is  subjected to the 150th pulse laser irradiation, a  crystalline film 16
having square-shaped crystal grains  preferentially grown in the {100}
orientations with  respect to the vertical direction of the substrate 11 is
formed. The grain boundaries of the square-shaped crystal  grains of the
polycrystalline film 16 are very sharp as  shown in FIG. 7A. The degrees of
orientations, offset  from the {100} orientations by an angle within 100 ,
is in 24 --- -------- -- 22 February 2007  



a range of 80% or more. On the other hand, in the crystalline film 16, the
crystal grains have various face  orientations in the in-plane direction of
the substrate  11. It is to be noted that lateral crystal growth occurs
with the crystals 22 having the {100} orientations taken  as nuclei;
however, such lateral crystal growth is negligible as compared with the
above-described crystal  growth due to occurrence of the crystals 22 having
the  {100} orientations in the liquid-phase silicon 21. In this way,
according to the first heat-treatment,  the amorphous film 14 is uniformly
subjected to pulse  laser irradiation by 150 times in such a manner as to
be  heated at such a temperature as to partially melt silicon  crystal
grains having the {100} orientations with respect  to the vertical
direction of the substrate 11 and melt  amorphous silicon or crystal grains
having face  orientations other than the {100} orientations, to
selectively repeat the crystal grain formation step in  which the crystals
22 having the {100} orientations newly  occur at the interface between the
silicon oxide film 13  and the liquid-phase silicon 21 and the silicon
crystals  22 are bonded to each other at random, to newly form  silicon
crystal grains 23 having the {100} orientations.  As a result, the
crystalline film 16 having the square 25 22 February 2007  



shaped crystal grains preferentially grown in the {100}  orientations with
respect to the vertical direction of  the substrate 11 is formed, wherein
the crystal grain  boundaries of the crystal grains in the polycrystalline
film 16 become sharp. This makes it possible to enhance  the crystallinity
of the crystalline film 16. Since the first heat-treatment is performed by
irradiating the amorphous film with a pulse laser beam  emitted from the
excimer laser, the crystalline film 16  having good crystallinity can be
obtained at a low  temperature even by using the substrate 11 made from a
plastic material or a glass material. [Second Heat-Treatment] The
crystalline film 16 obtained by the first heat- treatment is subjected to a
second heat-treatment. In the  second heat-treatment, as shown in FIG. 8, a
diffraction  grating 31 functioning as a mask is provided in such a  manner
as to be separated from the crystalline film 16 by  a gap L, and an energy
beam E2 emitted from a XeCl  excimer laser is projected from above the
diffraction  grating 31 in a nitrogen atmosphere by a plurality of  times.
The energy beam E2 is modulated by the diffraction  grating 31, to
selectively form, on the crystalline film  16, a temperature distribution
having maximum temperature 26 22 February 2007  



regions 16H and minimum temperature regions 16L whose  temperatures are
lower than those of the maximum  temperature regions 16H as shown in FIG.
9. The  temperature of the minimum temperature region 16L is set  to, for
example, such a temperature as to partially melt  crystal grains having the
{100} orientations. The diffraction grating 31 is made from quartz, and
has a plurality of very fine grooves. A gap "a" between  the adjacent
grooves of the diffraction grating 31 is set  to 2 Lim. The presence of
such very fine grooves causes  interference between light components
diffracted from the  adjacent grooves. Assuming that the energy beam E2 is
made incident on the diffraction grating 31 at a variable  incident angle 0
, a pitch "d" of interference patterns  formed on the crystalline film 16
by the diffraction C grating 31 is expressed by an equation of d = a/2,
which  .is irrespective of the incident angle 0. That is to say,  even if
the energy beam E2 is made incident on the  diffraction grating 31 at the
variable incident angle 0,  the pitch of the interference patterns is not
affected by  the incident angle 0. The energy density of the energy beam E2
is set to  450 mJ/cm2 so as to heat the minimum temperature region  16L at
such a temperature as to partially melt crystal 27 22 February 2007  



grains having the {100} orientations. With this setting  of the energy
density, in the minimum temperature regions  16L, crystal grains having the
{100} orientations partially remain as lamellaes 24 (non-melted residues,
that is, solid silicon) On the other hand, in the  regions other than the
minimum temperature regions 16L,  crystal grains having the {100}
orientations are  perfectly melted, to become liquid-phase silicon. At this
time, at the solid-liquid interfaces, each lamellae 24  has the {lll} faces
as side faces (see FIG. 10); however,  since the {111} faces of the
lamellae 24 are directed in  the maximum temperature gradient directions,
and  therefore, preferentially oriented toward the solid- liquid
interfaces, that is, the maximum temperature  regions 16H. As a result, by
suitably modulating the ~- temperature distribution of the crystalline film
16, the  orientations of crystal grains in the polycrystalline  film 16
within the in-plane direction of the substrate 11  can be controlled. In
the case of modulating a pulse laser beam in two  orthogonal directions, a
temperature distribution  controlled in orthogonal two directions of the
crystalline film 16 is formed by using the diffraction  grating 31 having
grooves arranged in a matrix, and pulse 28 ------- ----------- 



22 February 2007  laser irradiation is performed under the following
conditions. With respect to the diffraction grating 31,  the pitch "a" is
set to 2 I m, and the gap L is set to 150  Mm. Irradiation Conditions
pulse width: 150 ns  pulse interval: 0.1 s number of irradiation: 150 times
energy density: about 450 mJ/cm2 First, as shown in FIG. 11A, the
crystalline film  16 obtained by the first heat-treatment is prepared. The
crystalline film 16 has the crystal grains preferentially  grown in the
{100} orientations with respect to the vertical direction of the substrate
11 and are grown in  various face orientations in the in-plane direction of
the substrate 11. A temperature distribution is formed on  the crystalline
film 16 by using the diffraction grating  31 capable of modulating the
pulse laser beam in the  orthogonal two directions. To be more specific, as
shown  in FIG. 11B, four maximum temperature regions 16H2 are  formed at
four points around each crystal grain (two  points on both ends of the
extension line of a diagonal  of the crystal grain), and a minimum
temperature region  16L2 is formed in a region surrounded by these four 29 



22 February 2007  maximum temperature regions 16H2. At this time, since the
temperature of the minimum  temperature region 16L2 is set to the
above-described  value, by subjecting the crystalline film 16 to one pulse
laser irradiation, lamellaes 24 having the {100}  orientations with respect
to the vertical direction of  the substrate 11 remain. The lamellae 24 is
rolled with  the {111} faces (side faces) directed toward the maximum
temperature regions 16H2 in a state that the {100}  orientations are kept
in the vertical direction of the  substrate 11 as shown in FIG. 11C. After
one pulse laser  irradiation, crystal grains are formed by lateral crystal
growth with the lamellaes 24 as nuclei. The crystal  grains are
preferentially grown in the {100} orientations  with respect to the
vertical direction of the substrate  11, and are preferentially grown in
the {100}  orientations in the in-plane direction of the substrate  11 as
shown in FIGS. 11D and 11E. As a result of further repetition of pulse
laser  irradiation, the number of crystal grains preferentially  grown in
the {100} orientations in.the in-plane direction  of the substrate 11
becomes large, and after the 150th  pulse laser irradiation, a crystalline
film 17A having  crystal grains preferentially grown in the {100} 30 



22 February 2007  orientations with respect to the vertical direction of
the substrate 11 and preferentially grown in the {100}  orientations in the
in-plane direction of the substrate  11 is formed. Since the crystal grains
are preferentially  grown in the {100} orientations in the in-plane
direction  of the substrate 11, the crystal grain boundaries in the
crystalline film 17A are controlled. It is to be noted  that the crystal
growth due to occurrence of nuclei  having the {100} orientations in the
liquid-phase silicon  is performed; however, such crystal growth is
negligible  as compared with the lateral crystal growth with the  crystal
grains having the {100} orientations taken as  nuclei. In the case of
modulating a pulse laser beam in one  direction, the diffraction grating 31
having grooves  arrayed in the one direction is used to form, on the
crystalline film 16, a temperature distribution  controlled in the one
direction on the crystalline film  16, and the polycrystalline film 16 is
irradiated with  the modulated pulse laser beam under the following
irradiation conditions. With respect to the diffraction  grating 31, the
pitch "a" is set to 2 Am and the gap L is  set to 150 Jim. Irradiation
Conditions 31 



22 February 2007  pulse width: 150 ns pulse interval: 0.1 s number of
irradiation: 150 times  energy density: about 450 mJ/cm2 First, as shown in
FIG..12A, the crystalline film  16 is prepared. A temperature distribution
controlled in  one direction is formed by using the diffraction grating  31
capable of modulating a pulse laser beam in the one  direction. The
temperature distribution has maximum  temperature regions 16H1 and minimum
temperature regions  16L1 along the one direction in such a manner that
each of  the minimum temperature regions 16L1 is formed between two  of the
maximum temperature regions 16H1 as show in FIG.  12B. The temperature of
the minimum temperature region  16L1 is set to such a temperature as to
partially melt  crystal grains having the {l00} orientations. Since the
temperature of the minimum temperature  region 16L1 is set as described
above, the lamellaes 24  having the {100} orientations with respect to the
vertical direction of the substrate 11 remain non-melted  by one pulse
laser irradiation. The lamellae 24 is rolled  with the {111} faces (side
faces) of the lamellae 24  directed toward the maximum temperature regions
16H1 in a  state that the {100} orientations of the lamellae 24 are 32 



22 February 2007  kept in the vertical direction of the substrate 11 as
shown in FIG. 12C. After the end of the one pulse laser  irradiation,
crystal grains are newly formed by lateral  crystal growth with the
lamellaes 24 taken as nuclei. The  crystal grains are preferentially grown
in the {100}  orientations with respect to the vertical direction of  the
substrate 11 and are preferentially grown in the {110} orientations in the
in-plane direction of the  substrate 11 as shown in FIGS. 12D and 12E. As a
result of further repetition of pulse laser  irradiation, the number of
crystal grains preferentially  grown in the {110} orientations in the
in-plane direction  of the substrate 11 become large, and after the 150th
pulse laser irradiation, a crystalline film 17B.having  crystal grains
preferentially grown in the {l00} t orientations with respect to the
vertical direction of  the substrate 11 and preferentially grown in the
{110}  orientations in the in-plane direction of the substrate  11 is
formed. In this polycrystalline film 17B, since the  crystal grains have
been preferentially grown in the {110} orientations in the in-plane
direction of the  substrate 11, the grain boundaries of the crystal grains
in the polycrystalline film 17B are controlled. It is to  be noted that
crystal growth due to occurrence of nuclei  33 



22 February 2007  having the {100} orientations in. the liquid-phase
silicon  occurs; however, such crystal growth is negligible as  compared
with the lateral crystal growth with the crystal  grains having the {100}
orientations taken as nuclei. In this way, according to the second
heat-treatment,  the crystalline film 16 is irradiated with the energy beam
E2 from above the diffraction grating 31 as a mask  by 150 times. In this y
pulse laser irradiation, the  temperature distribution having the maximum
temperature  regions 16H and the minimum temperature regions 16L is
selectively formed on the crystalline film 16, wherein  the temperature of
the minimum temperature region 16L is  set to such a temperature as to
partially melt the crystal grains having the {100} orientations. As a
result,  the lamellae 24 occurring upon the pulse laser irradiation is
rolled with the {110} faces (side faces)  directed to the maximum
temperature regions 16H in a  state that the {100} orientations of the
lamellae 24 are  kept in the vertical direction of the substrate 11. The
lateral crystal growth occurs with the lamellaes 24 as  crystal nuclei,
with a result that the crystalline film  17A or 17B having crystal grains
preferentially grown in  the {100} orientations in the vertical direction
of the  substrate 11 and preferentially grown in the controlled 



34 - - ---------- 22 February 2007  orientations in the in-plane direction
of the substrate  11 is formed. Accordingly, the crystal grains in the
crystalline film 17A or 17B are not only preferentially  grown in the {100}
orientations in the vertical direction  of the substrate 11 but also
preferentially grown in the  controlled orientations in the in-plane
direction of the  substrate 11, to control the boundaries of the crystal
grains, thereby enhancing the crystallinity of the  crystalline film 17A or
17B. Since the second heat-treatment is performed by  pulse laser
irradiation using the excimer laser, the  crystalline film 17A or 17B
having good crystallinity can  be formed at a low temperature even by using
a substrate  made from a plastic material or a glass material. After
formation of the crystalline film 17A or 17B,  ff.; a liquid crystal
display unit including TFTs is  fabricated by using the substrate 11
provided with such a  crystalline film 17A or 17B in accordance with a
general  known method. The process typically includes steps of  forming a
gate oxide film after device isolation, forming  a source region and a
drain region after formation of a  gate electrode, forming an interlayer
insulating film,  forming a contact hole, forming metal wiring and ITO  



(Indium-Tin Oxide) and enclosing liquid crystal. The 35 22 February 2007
steps of the method of producing a crystalline film and  the method of
fabricating a semiconductor device according to the preferred embodiments
are thus ended,-to  accomplish the semiconductor device unit shown in FIG.
1.  The above-described embodiments of the present invention have the
following advantages. The first heat-treatment is performed as follows:
namely, the amorphous film 14 or the polycrystalline film  15 is uniformly
heat-treated by a plurality of times at  such a temperature as to partially
melt silicon crystal  grains having the {100} orientations with respect to
the  vertical direction of the substrate 11 and melt amorphous  silicon or
silicon crystal grains having face  orientations other than the {100.}
orientations. As a  result, it is possible to form the crystalline film 16
which has crystal grains preferentially grown in the 1 ;{100} orientations
with respect to the vertical direction  of the substrate 11, to form the
square-shaped sharp  crystal grain boundaries, thereby enhancing the
crystallinity. For example, the degrees of orientations,  offset from the
{100} orientations by an angle within a  range of 100 , can be set in a
range of 80% or more. In  particular, since the heat-treatment is performed
by  



pulse laser irradiation using the XeCl excimer laser, it 36 22 February
2007  is possible to form the crystalline film 16 having good
crystallinity at a low temperature even by using a substrate made from a
glass material or plastic material,  and hence to reduce the production
cost. The second heat-treatment is performed as follows:  namely, the
crystalline film 16 formed by the first heat- treatment is heat-treated by
a plurality of times in such  a manner that a'temperature distribution
having the maximum temperature regions 16H and the minimum  temperature
regions 16L whose temperatures are lower than  those of the maximum
temperature regions 16H is  selectively formed on the crystalline film 16
by using  the diffraction grating 31, wherein the temperature of  the
minimum temperature region 16L is set so as to  partially melt crystal
grains having the {100}  orientations. As a result, the crystal grain
boundaries  in the in-plane direction of the substrate 11 are  controlled
in a state that the preferential {100}  orientations are kept with respect
to the vertical  direction of the substrate 11. For example, in the case of
using the diffraction  grating capable of modulating the temperature
distribution in orthogonal two directions, it is possible  



to form the crystalline film 17A having crystal grains 37 22 February 2007
preferentially grown in the {100} orientations with  respect to the
vertical direction of the substrate 11 and  preferentially grown in the
{100} orientations in the in- plane direction of the substrate 11.
Meanwhile, in the  case of using the diffraction grating capable of
modulating the temperature distribution in one direction,  it is possible
to form the crystalline film 17B having  crystal grains preferentially
grown in the {100}  orientations with respect to the vertical direction of
the substrate 11 and preferentially grown in the {110}  orientations in the
in-plane direction of the substrate  11. By using the crystalline film 17A
or 17B having  good crystallinity for forming a semiconductor device  such
as a TFT, it is possible to equalize the quality of  the semiconductor
device and improve the performance  thereof. While the preferred
embodiments of the present  invention have been described, the present
invention is  not limited thereto but may be variously modified. For
example, in the above-described first heat- treatment, the number of pulse
laser irradiation is set  to 150 times, the energy density is set to 450
mJ/cm2, and  



the pulse width is set to 150 ns; however, each of the 38 22 February 2007
number of pulse laser irradiation, the energy density,  and the pulse width
may be changed insofar as the  amorphous film 14 (polycrystalline film 15,
crystalline  film 16) is heated at such a temperature as to partially  melt
silicon crystal grains, for example, having the  {100} orientations with
respect to the vertical direction pp' of the substrate 11 and melt the
amorphous silicon or  silicon crystal grains having face orientations other
.than the {100} orientations. In the above-described second heat-treatment,
the  number of pulse laser irradiation is set to 150 times,  the energy
density is set to 450 mJ/cm2, and the pulse  width is set to 150 ns;
however, each of the number of  pulse laser irradiation, the energy
density, and the  pulse width may be changed insofar as the temperature of.
each low temperature region of the temperature  distribution for forming
the crystalline film 17A or 17B  is set to partially melt the crystal
grains having the  {100} orientations. In each of the first and second
heat-treatments,  the film is heated by using the energy beam El emitted
from the XeCl excimer laser; however, the film may be  heated by a general
electric furnace (diffusion furnace)  



or another heating means such as a lamp. Further, the  39 22 February 2007
XeCl excimer laser may be replaced by any other laser. In the embodiments,
description has been made by  example of the method of forming the
crystalline film 16,  17A, or 17B composed of a quasi-single crystal phase
in  which a group of square-shaped nearly-single crystal  grains
preferentially grown in the {100} orientations  with respect to the
vertical direction of the substrate  11 are arrayed in a grid shape by the
first heat- treatment or the second heat-treatment; however, crystal
grains in the crystalline film 16, 17A, or 17B may be  preferentially grown
in face orientations other than the  {100} orientations. In the
embodiments, description has been made by  example of the method of
producing a crystalline  semiconductor material represented by the
crystalline  film 16, 17A or 17B made from silicon; however, the  present
invention can be applied to a method of producing  another crystalline
semiconductor material such as a  covalent type semiconductor having a
diamond type crystal  structure, typically, another group IV semiconductor.
In  addition, examples of the group IV semiconductors include  silicon,
germanium (Ge), carbon (C), and a compound  semiconductor containing at
least one kind selected from  



a group consisting of silicon, germanium, and carbon, for 40 22 February
2007  example, SiGe or SiC. In the embodiments, after the crystalline film
17A  or 17B is formed, a TFT is formed by using the  crystalline film 17A
or 17B and a liquid crystal display  unit is fabricated by using the TFTs
in accordance with a  known method; however, after the crystalline film 16
is  formed, a TFT may be formed by using the crystalline film  16 and a
liquid crystal display unit be fabricated by  using the TFTs in accordance
with a known method. With  this configuration, since the crystalline film
16 is used  for forming a semiconductor device such as a TFT, it is
possible to equalize the quality of the semiconductor  device and enhance
the performance thereof. In the above embodiments, description has been
made  by example of the liquid crystal display unit 100 as a {
semiconductor device unit including semiconductor devices  l of the present
invention; however, the present invention  is applicable to another
semiconductor device unit  including semiconductor devices, for example, a
solar  cell. The present invention will become more apparent by  way of the
following examples. 



[Example]  FIG. 13A is a SEM (Scanning Electron Microscope)  41 22 February
2007  photograph of a crystalline film obtained by the first
heat-treatment under the following conditions. FIGS. 13B  and 13C are EBSP
(Electron Back Scattering Pattern)  photographs of the crystalline film in
a normal direction  and a rolling direction, respectively. FIG.. 14 is a
graph  indicating the degrees of the {100} orientations with  respect to
the vertical direction of a glass substrate  after repetition of pulse
laser irradiation by 150 times,  and FIG. 15 is a graph indicating the
degrees of the {100} orientations with respect to the vertical direction
of the glass substrate after repetition of pulse laser  irradiation by 200
times. FIG. 16 is a view illustrating  the normal direction (vertical
direction of the glass  substrate) and the rolling direction (in-plane
direction  of the glass substrate) shown in FIGS. 13B and 13C. f In
addition, before the SEM photograph of the  l crystalline film is taken,
the crystalline film is  subjected to Secco etching. The Secco etching is
performed to increase the sharpness of crystal grain  boundaries in the
crystalline film by making use of the  characteristic that the etching rate
for a region  



containing defects is different from that for another  region. In the
embodiments, a water-solution containing  potassium dichromate (K2Cr2O7),
hydrogen fluoride (HF), 42 22 February 2007  and water (H2O) at a mixing
rate of 1: 2: 9 is used as an  etching solution for Secco etching. Sample
Structure amorphous silicon film (thickness: 40 nm)/Si02 film  (thickness:
120 nm)/SiNx film (thickness: 50 nm)/glass  substrate Irradiation
Conditions  pulse width: 150 ns  pulse interval: 0.1 s number of
irradiation: 150 times  energy density: about 450 mJ/cm2 From the data
obtained in the example, it is  apparent that as a result of the first
heat-treatment,  the amorphous silicon film is crystallized, to form a
crystalline film having crystal grains preferentially  grown in the {100}
orientations with respect to the  vertical direction of the glass
substrate. It is also  apparent that the degrees of orientations, offset
from  the {100} orientations by an angle within a range of 100 ,  becomes
83%, and that the degrees of orientations, offset  from the {100}
orientations by an angle within a range of  



100 , is increased to 96.4% by increasing the number of  pulse laser
irradiation to 200 times. It is further  apparent that the crystal grains
are directed in various 43 22 February 2007  orientations in the in-plane
direction of the glass  substrate. FIGS. 17A and 17B each show part of the
result of  X-ray analysis of the sample irradiated with a specific  number
(50 times, 100 times, and 150 times) of pulses of  a laser beam. FIG. 17A
shows the (111) peak, and FIG. 17B  shows the (110) peak. FIG. 17C shows
the whole of the  result of X-ray analysis of the sample irradiated with
laser beams by 150 times. The data of FIGS. 17A to 17C  show that the peak
of silicon crystal grains having the  {100} orientations becomes large and
the peak of silicon  crystal grains having the {111} orientations becomes
smaller as the number of pulse laser irradiation becomes  large. FIG. 18 is
a EBSP photograph of a crystalline film  C obtained by the second
heat-treatment performed, after  the first heat-treatment, under the
following conditions  by using a diffraction grating capable of modulating
a  pulse laser beam in one direction. The photograph is  taken along the
in-plane direction of the glass substrate.  The EBSP photograph shows that
crystal grains in the  



crystalline film are preferentially grown in the {100}  orientations with
respect to the vertical direction of the glass substrate and preferentially
grown in the {110}  44 22 February 2007  orientations in the in-plane
direction of the glass  substrate. Irradiation Conditions  pulse width: 150
ns  pulse interval: 0.1 s number of irradiation: 150 times.  energy
density: about 450 mJ/cm2 In this way, it is apparent that the second heat-
treatment performed, after the first heat-treatment, by  using the
diffraction grating capable of modulating a  pulse laser beam in one
direction, the crystal grains in  the crystalline film are preferentially
grown in the  {100} orientations with respect to the vertical direction  of
the glass substrate.and preferentially grown in the  {110} orientations in
the in-plane direction of the glass  substrate. FIG. 19 is a SEM photograph
of the crystalline film  thus obtained. The photograph shows that the
crystal  grain boundaries in the crystalline film are also  controlled by
the first and second heat-treatments. In  addition, before the SEM
photograph of the crystalline  



film is taken, the crystalline film is subjected to Secco  etching. The
present invention configured as described above  45 22 February 2007
hasthe following effects: According to the first method of producing a
crystalline semiconductor material or according to the  first method of
fabricating a semiconductor, a  crystalline film is formed by uniformly
heat-treating an  amorphous material or a polycrystalline material by a
plurality of times at such a temperature as to partially  melt crystal
grains having a specific face orientation  with respect to the vertical
direction of the surface of  the substrate and melt the amorphous material
or crystal  grains having a face orientation other than the specific  face
orientation. The crystalline film thus formed has  the crystal grains
preferentially grown in the specific  face orientation with respect.to the
vertical direction  of the substrate. As a result, it is possible to form a
ff crystalline film having good crystallinity and hence to  fabricate a
semiconductor device such as a TFT excellent  in equalization and
performance by using such a  crystalline film. In the above-described
method, since the heat- treatment is performed by pulse laser irradiation
using  



an excimer laser, it is possible to form a crystalline  film having good
crystallinity at a low temperature even  on a substrate made from a glass
material or plastic 46 22 February 2007  material, and hence to reduce the
production cost. According to the second method of producing a  crystalline
semiconductor material or the second method of fabricating a semiconductor
device, in the second step,  a first crystalline film is formed by
uniformly heat- treating the amorphous material or the polycrystalline
material by a plurality of times at such a temperature as  to partially
melt crystal grains having a specific face  orientation with respect to the
vertical direction of the  surface of the substrate and to melt the
amorphous  material or crystal grains having a face orientation other than
the specific face orientation; and in the  third step, a second crystalline
film is formed by heat- treating the first crystalline film by a plurality
of  times so as to selectively form, on the first crystalline n film, a
temperature distribution having a high  temperature region and a low
temperature region whose  temperature is lower than that of the high
temperature  region, wherein the temperature of the low temperature  region
is set to partially melt the crystal grains having  the specific face
orientation. Accordingly, in the second  



crystalline film, the crystal grains can be  preferentially grown in the
specific face orientation  with respect to the vertical direction of the
substrate 47 --- - - ------- 22 February 2007  and also preferentially
grown in a controlled face orientation in the in-plane direction of the
substrate.  This makes it possible to control the crystal grain
boundaries. As a result, it is possible to form a  crystalline film having
good crystallinity and hence to  fabricate a semiconductor device such as a
TFT excellent  in equalization and performance by using such a  crystalline
film. In the above-described method, since each of the  first and second
heat-treatments is performed by pulse  laser irradiation using an excimer
laser, it is possible  to form a crystalline film having good crystallinity
at a  low temperature even on a substrate made from a glass  material or
plastic material, and hence to reduce the  production cost. While the
preferred embodiments of the present  invention have been described using
the specific terms,  such description is for illustrative purposes only,
and  it is to be understood that changes and variations may be  made
without departing from the spirit or scope of the  



following claims. 48 - --------- -  22 February 2007  FIG. 4 TEMPERATURE
('C).  TIME (ns)  SOLIDIFYING TIME  FIG. 11C ROLLING  FIG. 12C  ROLLING
FIG. 14 DEGREE OF ORIENTATION (%)  ANGLE ( ) FIG. 15 DEGREE OF ORIENTATION
(s)  ANGLE ( ) FIG. 16  CRYSTALLINE FILM  Si02 FILM FIG. 17A 49 22 February
2007  20 ( )  



150 TIMES  100 TIMES  50 TIMES  FIG. 17B  20 ( )  150 TIMES  100 TIMES  50
TIMES  FIG. 17C  20( )  t' 50 22 February 2007  CLAIMS: 1. A method of
producing a crystalline  semiconductor material composed of a plurality of
single- crystal grains of a semiconductor, comprising: a first step of
forming an amorphous material of  said semiconductor or a polycrystalline
material of said  semiconductor on a substrate; and a second step of
forming a crystalline material by  uniformly heat-treating said amorphous
material or said  polycrystalline material by a plurality of times at such
a  temperature as to partially melt crystal grains having a  specific face
orientation with respect to the vertical  direction of the surface of said
substrate and melt said  



amorphous material or crystal grains having a face  orientation other than
said specific face orientation. 2. A method of producing a crystalline
semiconductor material according to claim 1, wherein said  semiconductor is
at least one kind selected from a group  consisting of silicon (Si),
germanium (Ge), and carbon (C).  3. A method of producing a crystalline
semiconductor material according to claim 1 or 2, further  comprising the
step of forming a silicon oxide film  between said substrate and said
amorphous material or 51 22 February 2007  said polycrystalline material.
4. A method of producing a crystalline  semiconductor material according to
claim 1, 2 or 3,  wherein said face orientation is a {l00} orientation. 5.
A method of producing a crystalline  semiconductor material according to
any one of the  preceding claims, wherein said heat-treatment in said
second step is performed by irradiating said amorphous  material or said
polycrystalline material with a pulse  laser beam. 6. A method of producing
a crystalline  semiconductor material according to claim 5, wherein said
pulse laser beam is an excimer laser beam. 7. A method of producing a
crystalline  



semiconductor material according to claim 5 or 6, wherein a  pulse width of
said pulse laser beam is set to 150 ns. 8. A method of producing a
crystalline  semiconductor material according to claim 5, 6 or 7,  wherein
the number of pulse laser irradiation is in a range  of 10 times to 400
times. 9. A method of producing a crystalline  semiconductor material
according to any one of the  preceding claims, wherein said substrate is
made from a  glass material or plastic material. 10. A method of producing
a crystalline  52 22 February 2007  semiconductor material composed of a
plurality of single- crystal grains of a semiconductor, comprising: a first
step of forming an amorphous material of  said semiconductor or a
polycrystalline material of said  semiconductor on a substrate; a second
step of forming a first crystalline  material by uniformly heat-treating
said amorphous material  or said polycrystalline material by a plurality of
times at  such a temperature as to partially melt crystal grains  having a
specific face orientation with respect to the  vertical direction of the
surface of said substrate and to  melt said amorphous material or crystal
grains having a  face orientation other than said specific face
orientation;  



and a third step of forming a second crystalline material  by heat-treating
said first crystalline material by a  plurality of times so as to
selectively form, on said first  crystalline material, a temperature
distribution having a  high temperature region and a low temperature region
whose  temperature is lower than that of said high temperature  region,
wherein the temperature of said low temperature  region is set to partially
melt said crystal grains having  said specific face orientation. 11. A
method of producing a crystalline  53 22 February 2007  semiconductor
material according to claim 10, wherein said  semiconductor is at least one
kind selected from a group  consisting of silicon (Si), germanium (Ge), and
carbon (C). 12. A method of producing a crystalline  semiconductor material
according to claim 10 or 11, further  comprising the step of forming a
silicon oxide film  between said substrate and said amorphous material or
said polycrystalline material. 13. A method of producing a crystalline
semiconductor material according to any one of claims 10 to  12, wherein
said face orientation is a {100} orientation. 14. A method of producing a
crystalline  semiconductor material according to any one of claims 10 to  



13, wherein said heat-treatment in said second step is  performed by
irradiating said amorphous material or said  polycrystalline material with
a pulse laser beam. 15. A method of producing a crystalline  semiconductor
material according to claim 14, wherein  said pulse laser beam is an
excimer laser beam. 16. A method of producing a crystalline  semiconductor
material according to claim 14 or 15, wherein  a pulse width of said pulse
laser beam is set to 150 ns. 17. A method of producing a crystalline  54 22
February 2007  semiconductor material according to any one of claims 14 to
16, wherein the number of pulse laser irradiation is in a  range of 10
times to 400 times. 18. A method of producing a crystalline  semiconductor
material according to any one of claims 10 to  17, wherein said temperature
distribution is formed by  modulating a pulse laser beam in one direction
in said  third step. 19. A method of producing a crystalline  semiconductor
material according to any one of claims 10 to  17, wherein said temperature
distribution is formed by  modulating a pulse laser beam in orthogonal two
directions  in said third step. 20. A method of producing a crystalline  



semiconductor material according to any one of claims 10  to 17, wherein
said temperature distribution is formed by  using a diffraction grating in
said third step. 21. A method of producing a crystalline  semiconductor
material according to any one of claims 10 to  20, wherein the
heat-treatment in said third step is  performed by irradiating said first
crystalline material  with a pulse laser beam. 22. A method of producing a
crystalline  semiconductor material according to claim 21, wherein the
pulse laser beam for used in said third step is an excimer  laser beam. 55
22 February 2007  23. A method of producing a crystalline semiconductor
material according to any one of claims 10 to  22, wherein said substrate
is made from a glass material or  plastic material. 24. A method of
fabricating a semiconductor device  using a crystalline semiconductor
material composed of a  plurality of single-crystal grains of a
semiconductor,  C comprising: a first step of forming an amorphous material
of  said semiconductor or a polycrystalline material of said  semiconductor
on a substrate; and a second step of forming a crystalline material by  



uniformly heat-treating said amorphous material or said  polycrystalline
material by a plurality of times at such a  temperature as to partially
melt crystal grains having a  specific face orientation with respect to the
vertical l direction of the surface of said substrate and melt said
amorphous material or crystal grains having a face  orientation other than
said specific face orientation. 25. A method of producing a semiconductor
device  according to claim 24, wherein said semiconductor is at  least one
kind selected from a group consisting of  silicon (Si), germanium (Ge), and
carbon (C). 26. A method of fabricating a semiconductor device  56 22
February 2007  according to claim 24 or 25, further comprising the step  of
forming a silicon oxide film between said substrate and  said amorphous
material or said polycrystalline material. 27. A method of fabricating a
semiconductor device  according to claim 24, 25 or 26, wherein said face
orientation is a {100} orientation. 28. A method of fabricating
semiconductor device  according to any one of claims 24 to 27, wherein said
heat- treatment in said second step is performed by irradiating  said
amorphous material or said polycrystalline material  with a pulse excimer
laser beam. 29. A method of fabricating semiconductor device  



using a crystalline semiconductor material composed of a  plurality of
single-crystal grains of a semiconductor,  comprising: a first step of
forming an amorphous material of  said semiconductor or a polycrystalline
material of said  semiconductor on a substrate; a second step of forming a
first crystalline  material by uniformly heat-treating said amorphous
material or said polycrystalline material by a plurality of times at such a
temperature as to partially melt crystal  grains having a specific face
orientation with respect to  the vertical direction of the surface of said
57 22 February 2007  substrate and to melt said amorphous material or
crystal  grains having a face orientation other than said specific  face
orientation; and a third step of forming a second crystalline  material by
heat-treating said first crystalline material  by a plurality of times so
as to selectively form, on said  first crystalline material, a temperature
distribution  having a high temperature region and a low temperature
region whose temperature is lower than that of said high  temperature
region, wherein the temperature of said low  temperature region is set to
partially melt said crystal  grains having said specific face orientation 



30. A method of fabricating a semiconductor device  according to claim 29,
wherein said semiconductor is at  least one kind selected from a group
consisting of  silicon (Si), germanium (Ge), and carbon (C). 31. A method
of fabricating a semiconductor device  according to claim 29 or 30, further
comprising the step  of forming a silicon oxide film between said substrate
and  said amorphous material or said polycrystalline material. 32. A method
of fabricating a semiconductor device  according to any one of claims 29 to
31, wherein said face  orientation is a {100} orientation. 33. A method of
fabricating a semiconductor device  58 22 February 2007  according to any
one of claims 29 to 32, wherein said  temperature distribution is formed by
modulating a pulse  laser beam in one direction in said third step. 34. A
method of fabricating a semiconductor device  according to any one of
claims 29 to 32, wherein said  temperature distribution is formed by
modulating a pulse  laser beam in orthogonal two directions in said third
step. 35. A method of fabricating a semiconductor device  according to any
one of claims 29 to 32, wherein the  temperature distribution is formed by
using a diffraction  grating in said third step. 36. A method of
fabricating a semiconductor device  



according to any one of claims 29 to 35, wherein the heat- treatment in
said second step is performed by irradiating  said amorphous material or
said polycrystalline material  with a pulse excimer laser beam. 37. A
method of fabricating a semiconductor device  according to any one of
claims 29 to 36, wherein the heat- treatment in said third step is
performed by irradiating  said first crystalline material with a pulse
excimer laser  beam. 59 


