MeETHED-OF PRODUCI NG CRYSTALLI NE SEM CONDUCTOR MATERI AL AND METHOD OF
FABRE-CATI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTI ON The present
invention relates to a method of producing a crystalline seniconductor
material by heating an anorphous sem conductor material or a _
polycrystalline sem conductor naterial so as to crystallize the material,
and a nethod of fabricating a sem conductor device using such a

crystalline sem conductor material. In recent years, sem conductor devices
used, for exanple, for a solar cell including such sem conductor devices
formed on a substrate in an array pattern and for a. liquid crystal

tr ansh ot or D L*ﬁ%%??é*ﬁkve‘rsy Wi, é‘*ﬁ“é"ﬁ*ﬁ’@%@ﬁ%@ftﬁr n recen
i - function o
}s/g?nr ionélac{ gfl :jew ces, E?hr e%‘%’ﬁ%%ﬁ&ﬁ” yiie {Iﬁ% ® i ncl udi ng

t he sem conduct or deV|ces stacked on a substrate has been actlvely studi ed
and devel oped. A glass material such as artificial quartz or a plastic
material has drawn attention as a substrate material used for these
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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 aétively 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



glass material or plastic material is inexpensive and is easily fbrmable
It o-a.| arge-si ze substrate. In general, when a sem conductor thin fi
deposited on a substrate nade from such an anorphous insulating material,
si nce the anorphous insulating material has no | ong-range order, the

deposited sem conductor thin filmhas an

structure.
as a pixel
oper at i onal
(Si) film

pol ycrystal line silicon

For exanple, with respect to a thin filmtransistor (TFT)

drive transistor in a liquid crystal display unit, an
region (channel region) is formed by a polycrystalline si
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since the amorphous insulating material has no long~range
order, the deposited semiconductor thin film has an
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. 1In this way,
a semiconductor device such as a TFT using a

polycrystalline silicon film is very inferior in

cl ose



chraract'eri stics to a sem conductor device using a single crystal silicon
film-Fromthis viewoint, a single crystallization technique of a silicon
filmfornmed on a substrate made froma glass material has bee proposed.

For exanple, an attenpt has been made to forma single crystal silicon
filmon a substrate made fromsilicon oxide by using a ZMR (Zone Ml ting
Re-crystal lization) technique (see H A Atwater et al.: Appl. Phys. Lett.
41 (1982) 747, or K. Egam et al.: Appl. Phys. Lett. 44 (1984) 962)

Anot her attenpt has been made to forma silicon filmhaving a very |arge
area on a substrate made fromquartz or glass (see A Hara et al.: AMLCD

N e S

of a silicon aving a large area, as a of

orientaticnbfg vSsial. rai§% and crystal grain boundaries. Accordingly, a
silicon film %#%% igléﬁﬁa “techni que contains crystal grain boundaries
y q y g

that are present at r %QOng.and i,s . therefore difficult to be applied to
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requires aig%%pnlevel equal.i zation of the sem conductor devices. Anqther

pr obl em of ARG hift qudion il sifeach ey R sibstrate made

from a glass material has bee proposed. For example, an
attempt has been made to form a single crystél 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



technique is a high tenperature process requiring a |large thermal | oad
such -as about 14500C, such a ZMR technique cannot be applied to a plastic
mat eri al expected as a substrate material. Taking into account the heat
resistance of a plastic material, a |ow tenperature process perfornmed at
about 200a C or less is desirable. In recent year, a nethod of producing a
silicon filmhaving crystal grains grown in the {111} orientations on a
buffer |ayer made fromsilicon nitride by laser irradiation using a second
har moni ¢ neodym um | aser (Nd: YVO4 | aser) having a wavel ength of 532 nm has
been di sposed (see M Nerding et al.: Thin Solid Films 383 (2001) 110).
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process performed at about 200C 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:YVO; laser) having a wavelength of 532 nm 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



havi ng face orientation other than the f1001 orientations, and therefore,
suitable for formng a transistor sensitive to interface characteristics.
As descri bed above, according to the related art techniques, it has been
difficult to control crystal grain boundaries of a crystalline filmforned
on a substrate nade froma glass material or plastic material, to control
the face orientations of crystal grains to specific face orientations (for
exanple, 1100) 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 toeguald 28504 her pud f ] d or, i . fficiently
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sem conductor materi , orm'ng a sem conduct or

mat eri al fgﬁﬂgﬁkévéxkéﬂﬁf éyéé | t é%ac éf%g H%gRerature on a substrate
made froma glass material or plasti¢ material™, ~"and to provide a nethod of
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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

An object of the present invention is to 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.



aspect ‘of the present invention, there is provided a nethod of producing a
crystalline sem conductor material conposed of a plurality of
single-crystal grains of a sem conductor, including a first step of
form ng an. anorphous material of the sem conductor or a polycrystalline
material of the sem conductor on a substrate, and a second step of formng
a crystalline material by uniformy heat-treating the anorphous nmateri al
or the polycrystalline nmaterial by a plurality of times at such a
tenperature as to partially nelt «crystal grains having a specific face
orientation wwth respect to the vertical direction of the surface of the

substrate and mel trd ReHARRIPRAS MRRS 0Bl e, Cla¥ehdlai ngf ANS RAYLRY a face
orientation other than the specific facé orientation. "According to a
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materi al Orsénﬁeccﬁgél}/&{c}/rs,t a':l!rlc;lnuedinx?g} ealt’ ifai!rsbe/ satep 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 rroducing a
crystalline semiconductor material composed of a
plurality of single—crystal grains of a semiconductor,
including 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



plurality of times at such a tenperature as to partially nmelt crysta
ing a specific face orientation wth respect to the vertical
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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, including 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 or the polycrystalline material by a plurality of tinmes at such a
tenperature as to partially nelt crystal grains having a specific face
orientation with respect to the vertical direction of the surface of the
substrate and nelt the anorphous 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 nethod of
fabricating sem conductor device using a crystalline sem conductor

mat eri al conposed of a plurality of single-crystal grains of a

sem conductor, including a first step of form ng an anorphous material of
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substrate, a second step of formng a first crystal mat eri al by
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substrate and melt the amorphous material or crystal
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face orientation.

According to a fourth aspect of the preseht
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, including a first step of forming an
amorphous material of the semiconductor or a
pelycrystalline 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



crystalline material by a plurality of tinmes so as to selectively form on
the first crystalline material, a tenperature distribution having a high
tenperature region and a | ow tenperature regi on whose tenperature is | ower
than that of the high tenperature region, wherein the .tenperature of the
| ow tenperature region is set to partially nelt the crystal grains having
the specific face orientation. In accordance with the nethod of producing
a crystalline sem conductor material according to the first aspect and
the nethod of fabricating a sem conductor device according to the third
aspect, since the anorphous material or the polycrystalline material are

unifornly - begétdr paketnbyeaipl Uspl iddeofrdd OBy AlnSUehge tenperature as
to partially nelt crystal grains having a specific face orientation with
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CryStalliniéﬁH(g fgﬁ %éﬂ%%f%%&ﬂg region whose temperature is lower
than that of the high temperature region, wherein the
-temperature of the low temperature region is set to
paftially 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,



material. In accordance with the nethod of producing a crystalline

sem conductor material according to the second aspect and the nethod of
fabricating a sem conductor device according to the fourth aspect, in the
second step, a first crystalline material is formed by uniformy
heat-treating the anmorphous material or the polycrystalline material by a
plurality of times at such a tenperature as to partially nelt crysta
grains having a specific face orientation with respect to the verti cal
direction of the surface of the substrate and to nelt the anorphous
material or crystal grains having a face orientation other than t he

speci fic fagel oidrasd atd Offipaie 1k L4, 44l 110 S16P.o 2 dine
material is formed by heat treating the first crysta I ne naterla by a

plurality giatds®es SO as to selectively form on the first crystalline
material, a tenperature distribution having a high tenperature regi on and

a | ow tenper at Ur e 1,y QAR uRRSe L RHPELA WG LR Lower Lhan that of the high
tenperature region, Mmmﬂnthetmmmauueo F Ee%mmuweremon

s set to Q%h@@l]ﬂr{@léer&l}% YR n A0S a1, e £ 3Peqdl e Tace

orientation. "As a result |s possi o T Trystalline

material 1Q é@ovr{dqgas I’<=_ycst:t nc§J ept efciar ej:ntéa Irln.yc:a rl%vg] a: n the
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 surxrface 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
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 teémperature 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. 2As a result,

it is possible to form the second crystalline material
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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 inprove the
crystallinity of the second crystalline material. BRI EF DESCRI PTI ON OF THE
DRAW NGS These and ot her objects, features, and advantages of the present
invention will become nore apparent from the follow ng detailed
description in conjunction with the acconpanying drawi ngs, wherein: FIG 1
is a typical block diagramshow ng the structure of a |IC]UId crystal

di splay uniga§ahy @@%@Qa:py & et t 8% di ment of the
present i nvaentl on g]fs a v%%/jvf&ﬁovm ng%he& cht g“rb\et of 3?: sanpl e
used in the f 'S t ventl on: 0 ar e
sectional Vi eév\%i)fyf ust?(gt?fn{g;@mpgflorelglt 1_[ehat sPeea? lqkf?l é{be tjlcsahja di agrglme
showing a s shape of__.one ul se ul se eam shown in

2: FIG 5A i&%@%@é;{% %ige@vﬂ ﬁu T hgh ‘ﬁ ee‘gﬁ%tﬁslslf FYHowid i FI GS.

hemati c. shape of the pul se
?2‘8;? ggama%gsin qleSc? face or f&taarglc?rpom n'gleal Cpelane dlrecptlon of P

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 othexr objects, 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
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for the heating step shown in FIGS. 3Ato 3C, FIG 6A is a plan view
tllustrating the heating step shown in FIGS. 3Ato 3C, and FIG 6B is a

di agram showi ng a schematic shape of the pul se | aser beamused for the
heating step shown in FIGS. 3Ato 3C, FIG 7Ais a plan viewillustrating
the heating step shown in FIGS. 3Ato 3C, and FIG 7B is a diagram

showi ng a schematic shape of a pulse | aser beamused for the heating step
shown in FIGS. 3Ato 3C, FIG 8 is a sectional viewillustrating a second
heat-treatnment; .FIG 9 is a sectional view of a diffraction grating used
for the second heat-treatnment shown in FIG 8; FIG 10 is a typical view of

a | amel | ae sospeshiyn Lier sesonsh heatad! ealdmiic RS s WATRE are

typical views illustrating the second heat-treatnent; FIGS. o 12E are

typical vieygohihgsirathsgathe sﬁ%@r@f haat 'ﬂﬁf@é [%Fy?]i %e%n‘héf’%bé_c{ s a SEM

phot ograph of a sanple having been subjected to rst a reat ment,

and FIGS. 188 and Hafeals £BSP mlpgﬁlazlp%s(;ﬁz %A;etaos%r@;l e having been 12

subjected to the first heat-treatnent; agram show ng t he

degrees of crySta%IG. 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 shaﬁe 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. §;

FIG. 10 is a typical view of a lamellae formed by
the second heat-treatment;

FIGS. 11A to llE 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
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orientations of the sanple having been subjected to the first
heat-treatnment; FIG 15 is a diagramshowi ng the degrees of crystal
orientations of the sanple having been subjected to the first
~heat-treatnment; FIG 16 is a viewillustrating the crystal orientations of
t he sanpl e havi ng been subjected to the first heat-treatnent; FIGS. 17A to
17C show the results of X-ray analysis of the sanple having been subjected
to the first heat- treatnent; FIG 18 is a EBSP photograph of a sanple
havi ng been subjected to the second heat-treatnment; and FIG 19 is a SEM
phot ograph of the sanple having been subjected to the second

heat - t r eat neab e OEFA t&EDRESCRE ST | €D OFt J&iE RREFERRED EMBODI MENTS

Hereinafter, preferred enbodi ments of the present invention will be
described with refrienag tigy theys ‘M'Eﬁ%w1n@'%m% E@dﬂ@@sn%fegqggk%gnts’
description will be nade by exanple a nethod of fabricating a

sen conduct or devkeeoddli & T 66 eoaR£L #Pé{ ving A SRl Aleq oRpy unit 100

shown in FIG 1. The liquid crysta dISp ay unit udes, on a
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 illuétrating the crystal
orientations of the sample having been subjected to the
first heat-treatment;

FIG5. 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;

DETATLED 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
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substrate (not shown), a pixel portion 101 and a peripheral circuit
portion 102 di sposed on the periphery of the pixel portion 101. Aliquid
crystal layer 103 and a plurality of thin filmtransistors 104 arrayed in
a mtrix 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 |ayer 103. The peripheral circuit portion 102 includes
a horizontal scanning portion (horizontal scanning circuit or signal

el ectrode drive circuit) 106 and a vertical scanning portion (vertical
scanning circuit or scanning electrode drive circuit) 107. The hori zont al
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feed a horizontal scanning signal together an in ge signal

The verticajy I 09i + PO G | Ol 07 4 apfed to feed a vertical scanning
signal to tﬁiﬁgﬁgel %ortion 101. }%Sﬁﬁ?é iquid crystal display unit 100,

an image signal isdaddad hehorizaniah seqnning pontion 496 via, the

video signal termna _ €1 mage signa _ ori zort & §Cannipg
Fonal o 4EbLER LR T, LS B enagn, Lo, Lhe L 1T
101; and a ﬁlgrga{lialgg‘éafcgfpti:&] S}_g Pi?‘iori Slgfddjfsr;g)ongé eon 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

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
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vertical scanning portion 107 to the thin filmtransistor 104
corresponding to each of the pixels of the pixel portion 101, whereby the
liquid crystal layer 103 is swtchingly controlled, to performinage
display. FIGS. 2 to 12E are views illustrating a nethod of producing a
crystalline sem conductor material according to one embodiment of the
present invention, wherein FIG 2 is a view showing a structure of a
sanpl e including an anorphous film14; FIGS. 3A to 3C are views
illustrating a first heat-treatnent applied to the sanple showmn in FIG 2;
FIG 4 is a diagram show ng one pul se of an exciner |aser beam used for

the first hesindipigenti A @ SECoME 41881 -E1RARNs SURsequent thereto,
FIGS. 5A to 7B are diagrans illustrating a crystalline film16 forned by

subj ecti ng ddwer ABSRIOUS {d 1B 40 e difals NfAlend KRB YG A 8 1s a

V|em1|llustrat|ng a second heat- treatnent,; 9i1s"a vie ustrating a

FIGS. 10 t
di ffractiomogralidg used fof t e acr%dshgbg?é% U fseaééae@ron?”c% 0

12E are typical views illustrat ornlng a crystalllne film

17A or 17B E%EH taII f|| econd :
heat - t r eat rrat le%éé}%ldlrpf&) o6,61\:hean éel;iérh Jﬁ?é”%]tcjr f acef
Of t he Sa S‘JOdGISC%lnSgB tOGBéaC d chheeant}.xse %WO %Cehepq%{tel ¢ waverorm o
a pul se Iaser baam

portion 101, whereby the liquid crystal layer 103 is
switchingly controlled, to perform image display.

FIGS. 2 to 1l2E are views illustrating a method of
preducing 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 f£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 showiné 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
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irradiation of the surface of the sanple. In the follow ng description, the
term"a silicon crystal having f1001 orientations- neans a silicon

crystal preferentially oriented in <100> directions. In the draw ngs, 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

i nsul ating substrate 11 nade froma glass material is prepared. A silicon
nitride film12 made fromsilicon nitride (SiNx: x is a positive nunber)
is formed on the substrate 11 to a thickness of 50 nm and a silicon oxide
film213 nmade from silicon oxide (SiQ2) is formed on the silicon nitride

film 12 teaddihicknesrsedf 920 6m) &athvofeddie Sidv cane nidrigde Jd1m 12 and
the silicon oxide film13 is fornmed by a CVvD (Chem cal Vapor Deposition)

process or thépsérEle NGnPIOEsSs. sPNeERtAld alg dadheripsirate 11 is not
limted to the glass material but nay be a plastic material. The silicon

nitride filsedamant theysidie e axigle £d |1l ety ag,protective filns
for preventing an anorphous 16 film 14 (which is to be converted to a

pol yerystaliingi {148 15 & %&fﬁé&@'df N&,d iddn &J]ilfé and further to a
crystalline film217A or 17B as w || be describe at er)

In the following description, the term “a silicon
crystal having {100} orientations” meané 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 “81i(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 (SiN,: 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 (Si0;) 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



from being contam nated by inpurities contained in the substrate 11 nade
fromthe glass material. An anorphous film 14 made from anorphous silicon
is formed on the silicon oxide film13 by a CVD process, PECVD (Pl asma
Enhanced Chemi cal Vapor Deposition) process, or sputtering process. The

t hi ckness of the anorphous film1l4 is preferably in a range of 10 nmto 200
nmfor desirably forming a crystalline film16, and a crystalline film
17A or 17B in the subsequent «crystallization step. In this enbodi nent, for
exanpl e, the anorphous film 14 having a thickness of 40 nmis formed. In
the case of form ng the anorphous film 14 by the plasma CVD process, a

l'arge amoung; pf Dydiagem, i sg ﬁ)%és“%‘?’&é&ﬁe‘fogwa?;ﬁ%@v‘gé@ééﬂff To cope

. I
wi th such an 1 nconvenl ence, erred drogen‘?ron1 t he

amor phous {1657 oEed by, plase, OVB by feating Lhe,, ampphous f11m 14

for 2 hr at ( of “anneal T ng e” anorp _ RTA (Rapid
17 The. amor gRGUETHHRY 15ERE AT 0 31 Y s dieaiae) T (he
first heat-treatnent, the surface of the apporphous filml4 is irradiated
With an ene avnga%hqg 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 450°C or annealing the
amorphous film 14 by a RTA (Rapid Thermal Annealing)

process using ultraviolet rays.

[First Heat-Treatment]
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El

by a plurality of times in an inert gas, typically, a nitrogen

at nosphere. The energy beam El is exenplified by a pulse |aser beam
emtted froma Xed excinmer laser. To uniformly irradiate the surface of

t he anmorphous film14 wth the energy beam El

the energy beamEl is

shaped into a plane beam In the first heat-treatnent, the energy beamE

is

further a crystalline film16 to be described later) at such a tenperature
as to partially nelt silicon crystal

set to heat the anorphous film 14 (and a pol ycrystalline

film15, and

grai ns having (100} orientations

with respect to the vertical direction of the substrate 11 and perfectly

nmel t anor phous SI
ot her than the

%fgd% |J|éxy11 zﬁtal aln %@{ln% %%%%tohlentatlon

ori & i ons" The “Seftin % 1Ch™a tenpera fire of

t he anDrpho 14 d e.ener per f or med

adj usti ng para %%% o? h§-e%§%93-535 %¥ea EVfF%&IPFrfﬁﬁeeﬁgrgy

density, th nunber igfion,, and a ) dth of the Xed exciner

| aser bear% %lﬂl%xc'ﬁp%’ﬁ/ gf%llr% WWQ“%’FL }ariiael}ﬁq(ﬁhtl%ﬁa}“bns have

mel ting poin hi gher than those of silicon crystal grains having face
tatioﬁgfi?%ég { 5

orien

Pl the q

bet ween

1 004"t i Ehtaht i GRET TS 1 itstsde Yene gy

nitrogen atmosphere. The energy beam El 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

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 E1,

specifically, an energy density, the number of

irradiation, and a pulse width of the XeCl excimer laser

beam.

Silicon crystal grains having the {100}
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silicon crystal grains preferentially grown in the 1100} orientations and
the silicon oxide film13 is about 0.01 M/cnR snaller than the interface
energy between silicon crystal grains preferentially grown in face
orientations other than the (100) orientations and the silicon oxide film
13. Accordingly, assum ng that the anoiphous film 14 has a thickness of 40
nm the nelting points of silicon crystal grains having the 1100)
orientations are about 0.20C higher than those of silicon crystal grains
having face orientations other than the (100) orientations (see H A
Atwate et al.: J. Electro Chem cal Society 130 (1983) 2050) The fact that

oi nis i s Arco oL TRy e kit P & A Bl R Bhys

L .42 (1 8 ' wh il i lted b
Igg;r irrgd?ﬁ?%%%éu%?%%¥%§éégﬁﬁgééﬁ%gﬁg%;dgé?rﬁﬁi%ﬁl%éﬁéﬁgi% g?stgbse¥ved

i n-situ, nop:nel jdues called |la | aes .havi ng the 110

orientati onghggr%ﬁ%r %‘Z@lt TR T phade H%e\ﬁég\ﬁ%ofnteﬁ@yf g)regﬁ’&eﬁ‘g,
accordi ng to, Pésn19re odinmenf, to a |OM/|q%ﬁi|aeS havj ng the 11001
orientationd toCTRnEl H° TH T HT PIRESESHF I HetY JF 0%t | 1R ore t WP Gher gy

density of the e eggg beaqiEI IS set .
orlenta ns and the silicon oxide film 13 is about 0.01

mJ/cm’ smaller than the interface energy between silicon
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 nm, the melting points of silicon
crystal grains having the {100} orientations are about
O.2T3higher 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
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to about 450 mJ/cnR so as to heat the silicon at such a tenperature as to
partially nmelt 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 beans El contains an error of a measuring device caused at
the tinme of neasuring the energy. The nunber of pulse laser irradiation is
set in a range of 10 times to 400 tinmes, typically, 150 tinmes. If the
nunber of pulse laser irradiation is less than 10 tines, the degrees of
the (100) orientations with respect to the vertical direction of the

substrate ldmbefOnEntveryo SIMBdd ,1MEreass iHadiigy e @fy pul se | aser

irradiation is nore than 400 tinmes, the total anount of evaporation of

silicon becormsniff O%hs e Q1 EXG @rlj!cfrﬁﬁ'{ ﬂrﬁasfé)fliéh%gl%@s a long

pul se laser for emtting a pul se excinmer Taser beam having a pulse width

of, for exadpl £,0r50:1s @éeﬁ%ﬁi ] Ady e 1S 4tf)he |dhd Gase, of; iyJadiating the

anor phous film 14 " having a ness of run wth one l'ong pulse (pul se

20 WAt 150 fs)u o d0ien P LA oA chl LONLYLIG. TR g

solidifying the silicon nelted by the pul'se Tasér irradration b&comes 36
ns. It is tébéﬁ%f&%&%LtJE“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
errcr 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
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 nm with one long pulse (pulse
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the solidifying tinme is also called a dwelling tine for allowing a mxing
solid phase and a liquid phase of silicon. Accordingly, the

probability of bringing the interface between the silicon oxide, film13
[ted silicon into a thermal equilibriumstate by such one pul se
| aser irradiation becones large, with a result that silicon crystals

state of a
and the nel

havi ng t he

{100} orientations occur at the interface in such a manner

to minimze the energy at the interface. The use of the Xed exciner

is effective to | ower the process

t enper ature because the pul se | aser

as
| aser

irradiation takes only about 150 ns, thereby making it possible to use a

pl astic mat

ertal f t he supstrate. The pulse interval is set to 0.1 s.
Such a pul s"élé%ht ef%/%lnsa)l I%ﬁsﬂt%ep%}rq‘? SlelREP by? 13 FHEWIRE pul se
| aser irradjiation to be perfectly solidified. It is to be noted that

Ui LRl ing Hehgettlipomekind i ¢ Mwesal is not

according t

i nportant so nuch. The conditions of the first heat-treatnent are

i sted

as fol | ows:13$9ad 3SR EaliResme Bhutse ditdih: tesbensotpd shatnt er val
0.1 s nunber of irradiation: 150 tines

the solidifying time is also called a dwelling time for
allowing a mixing state of a solid phase and a ligquid
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
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energy - -density: about 450 mJ/cn2 The first pulse laser irradiation is made
under- the above irradiation conditions. At this time, since the energy
density of the energy beamEl is set to heat the anorphous filmat such a
tenperature as to partially nelt the silicon crystal grains having the
{1001 orientations and nelt silicon crystal grains having face
orientations other than the {1001 orientations, the anorphous silicon is
perfectly nelted, to formliquid-phase silicon 21 as shown in FIG 3A

In the |iquid-phase silicon 21, since the solidifying time for the nelted
silicon becones 36 ns during the first pulse laser irradiation, the
probability . ef1ke Raiche .t Reo pikerface between the silicon oxide film 13
and the nelted silicon into a thermal equilibrium state beconmes |arge. As

a result, siligaReCh¥sldhs122¢ Raying the J1001 orientations occur at
random at the interface in such a manner as to mnimze the interface

energy. After | egnggogrgggiékgg%:pggﬁetk%%er irradiation, the silicon
crystals 22 are bonded to eac ot hef ~at random to formcrystal grains

bol yeryst al | | AEoFR P82 e o028 5t 101 JOY5R al 1 ine silicon. which film
partially Contain%h%h%&%%%?%%&s%r%%g%r 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 haﬁing the {100} orientations
and melt silicon crystal grains having face orientations
other than the {100} orientations, the amorphous silicon
is perfectly melted, to form liguid-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 eqguilibrium

' 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)
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23 of square shapes preferentially growm in the 11001 orientations, is
formed as shown in FIG 5A. The surface of the polycrystalline film15 is
then subjected to a second pulse laser irradiation. At this tinme, in the
polycrystalline film15, the crystal grains 23 having the (1001
orientations fornmed by the first pulse laser irradiation remain as

| anel | aes (non-nelted residues), and the other region is nelted as
described wth respect to the first pulse laser irradiation, to form

| i qui d- phase silicon 21 as shown in FIG 3B. In the |iquid-phase silicon
21, as described wWith respect to the first pulse |aser irradiation,

crystal s 22 hay éh&e{ép@‘%} ]_Leé}E tlocglgsoci?]t -\ random in such a manner

as to mni mze t ener e in ace erthd ?&nd @ of t he second

ul se | aser scribed with t tot first pul se
Faser irradd %1¥ hyg% %g%ﬁ '%éﬁ? %%y%?%ﬁ%s%ﬁ %fégggﬁ {h % other at
random to n form y 3 haV|n the J1001 orientations. The
pul se | asersjrﬂr%%ﬁl at‘flbjnc Ejfﬁil I?f%‘? tEPTH St he'S e Hefh F7 3RS hat  of

the first ggg cond pulse |aser rradlatlons At this tine, the crystal
grains 23 habi g3 TR hjmas d??‘v"e?ﬁ’é‘%‘?%l]ﬂbrmlby“t He'oreti®us  pul se

laser irradiation remain as |anmellaes (non-nelted residues), and in the
ot her regi P tAPE4el PHgui kR pgeed 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 ligquid-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
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 cxrystal grains 23
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silicon 21, crystals 22 having the (100) orientations newy occur at the

i nterface between the silicon oxide film13 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 newy form
crystal grains 23 having the {100) orientations. As a result of repetition’
of the pulse laser irradiation as shown in FIG 6B, the nunber of the
crystal grains 23 preferentially grown in the {100} orientations with
respect to the vertical direction of the substrate 11 becones |arge as
shown in FIG 6A. The pulse laser irradiation is further repeated as shown

. . , , h
in FIG 7B hapth@ftes ;ﬂ@op%%%%%ﬂﬁrgei% %gb&ﬁé:tﬁpe‘;foﬁgue 150t

pul se laser irradiation, a vi ng ‘squar e- shaped

crystal grabise PLLier enLiall Y S Whddy o Ne. 004 P entallions widh

respect to the vertical direction o _ ormed:” The grain
16 are very Shatie sl AR HE Eie oA o Sict cet B LR Sns, ot f set.
B0% or mor e H-Thet bt FeTT RGeS T B R VAT of 10%e 4ISHARECTH crystal
grai ns have various face rientations in the in-plane direction of the
substrate REWLly 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 randomn,

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 sguare-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 10° , is in
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11: It is to be noted that lateral crystal growh occurs wth the crystals
22 having the [1001 orientations taken as nuclei; however, such |ateral
crystal gromh is negligible as conpared with the above-described crystal
growt h due.to occurrence of the crystals 22 having the {1001 orientations
in the liquid-phase silicon 21. In this way, according to the first
heat-treatment, the anorphous film14 is uniformy subjected to pul se

| aser irradiation by 150 tinmes in such a manner as to be heated at such a
tenperature as to partially nelt silicon crystal grains having the f1001
orientations with respect to the vertical direction of the substrate 11
and nelt amorahpesosidts o aiows ysoal tgeaiohbeRaniang,f agetneri entati ons
other than the {1001 orientations, to selectively repeat the crystal grain

formati on s¢epstdillive chiliel € yistal s 22 180\ nd dhen A0k 0rdentatdons
newly occur at the interface between the silicon oxide film13 and the

l'i qui d- phaser sédtLoibrdd andeide sidison srystalen &2 ae sbﬁﬁd&daéeo each

other at random to newy form silicon crystal grains 23 having the f1001

[
orientationsy, A% %sr%%ub%1an%dPE%%E@ﬁEE@%a&iEEX%?TES¥EBQtBh8c§ﬁEQre 25

shaped crystal grains preferentially grown in t orirentations with

{ ﬁngf;st g‘lvﬁig"?%}/i%{é i&ﬂ}s@f§(\éé %\%Tng the S{L{L%}r aotr%.e%]taitslc;nqsr r%qdenvmer elin
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 sﬁch 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 gfain 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-
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boundaries of the crystal grains in the polycrystalline film 16 becone
.sharp. This makes it possible to enhance the crystallinity of the
crystalline film16. Since the first heat-treatnent is performed by
irradiating the anmorphous filmwth a pulse | aser beam emtted fromthe
excinmer |laser, the crystalline film16 having good crystallinity can be
obtained at a | ow tenperature even by using the substrate 11 nmade froma
plastic material or a glass material. [Second Heat-Treatnent] The
crystalline film 16 obtained by the first heat- treatnment is subjected to a
second heat-treatnent. In the second heat-treatnent, as shown in FIG 8, a
diffraction i u j oni S .a .m is provided.in such a manner
as to be se%%%%‘fg%d(@%%%{ h%f%:%@%tﬁ;%?%%elﬁlr%ﬁl% %lgowna ld'égd}_e L Uh]an ener gy
beam E2 emified froma Xe exciner |laser is projected from above the

di ffracti oncgéjger’%%?ﬁbo%i ‘fq}é ]ﬁ??l?%%%ntoatﬁb%p‘fﬁa’g%l W wof  tines.
The energy pbeam E2 |s du] ated_by the diffraction rating 31, to

sel ecti vel ypl?%r?ﬁl %Jff"?ﬂ% ﬂr yst a’?q"%ﬁ%‘?f iThereigr the &%é%tlur%ra&i%t ri bution
havi ng naxi}_tr)r(uém ejgfer ature 26 regions 16H and m ni num tenperature regions

16L whose @R RF o | PET L hir d Hus el b theh @ PG TH AR tlemser at ur e

regions 16H as shown in FIG 9. The
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
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tenperature of the mninumtenperature region 16L is set to, for exanple,
such a tenperature as to partially nelt «crystal grains having the {100}
orientations. The diffraction grating 31 is nmade fromquartz, and has a
plurality of very fine grooves. . A gap "a" between . the adjacent grooves
of the diffraction grating 31 is set to 2 An The presence of such very
fine grooves causes interference between |ight conponents diffracted from
the adjacent grooves. Assuming that the energy beam E2 is nmde incident
on the diffraction grating 31 at a variable incident angle O, a pitch Id"
of interference patterns formed on the crystalline film16 by the

diffracti onre(g{&g%]ngﬁfgja%f Mg eege_rp;%%%‘tx?%‘%é N G~ @ Which is

irrespective of the Incident an I'S t'o say, even;?sﬁhe_egfrgy
beam E2 is LnCl t t diffraction ting 3L at the variable

i nci dent angi % %f th%%;iatlg{ 104]&?%6&'15\”. gﬁ?%%%n‘%é%%ﬁ g‘éarqué not affected by
450 D) o SHOL B i A T R (DG A et on TOEOL at such a
tenperature_as to partially melt crystal 27 grains having the {100}
orientati on%‘?m%]fef‘lgflhsf soa}set%/}t‘? ﬁ‘glmd‘f'}/"f N BT R S IAPn i 1PIt HeS Mgt num

ature regjions 16L, crystal rains having the (100) orientations
tenper to, gfor example, syuch agtemperature gas to (part)ially 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 Um. The presence of éuch 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 6, a pitch “d” of interference patterns
formed on the crystalline film 16 by the diffraction
grating 31 1s expressed by an equation of d = a/2, which
is irrespective of the incident angle #. That is to say,
even if the energy beam E2 is made incident on the
diffraction grating 31 at the variable incident angle @,
the pitch of the interference patterns is not affected by
the incident angle 8.

The energy density of the energy beam E2 is set to
450 mJ/cm® so as to heat the minimum temperature region

16L at such a temperature as to partially melt crystal
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partially remain as |anmellaes 24 (non-nelted residues, that is, solid
silicon) . On the other hand, in the regions other than the m ni num
tenperature regions 16L, crystal grains having the {1001 orientations are
perfectly nelted, to becone |iquid-phase silicon. At this tine, at the
solid-liquid interfaces, each lanellae 24 has the 11111 faces as side
faces (see FIG 10); however, since the f1111 faces of the lanellae 24 are
directed in the maxi numtenperature gradient directions, and therefore,
preferentially oriented toward the solid- liquid interfaces, that is, the
maxi mum tenperature regions 16H As a result, by suitably nDduIating t he

t enperat ure gé_%ﬁél %&i&%l%etf‘foa yééfél#{%%rgw %@Lth thhorsle atlons of

crystal gral ns int |ne e 1n-

di t t b trolled. th f dul at
2 pul se | asth eaﬁ%‘f?ﬁ‘%ﬁo& %?%SBnaFtC?r”%%? T t%%%ﬁ%@f%s fﬁ%rmm’ Hating

dlstrlbutlo controII i n, orthogonal {P%dectlons of , the crystalline

film16 is he%rlfﬁ/t | 5&1%1?1% il Jfr?%c?i'%n }atc?ﬁ’gerétia %hg grooves

arranged in_a and, pul se 28 Iaser irradiation is performed under the
f ol | owi ng %%ﬁgf‘?ﬂ%srerwlc IR 13RS et di IR ARt R gret i e,  the

pitch "a" is set to Zgng1 and the gap L is set to 150
th is, id 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 {111} faces as side faces (see FIG.llo); 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 direcﬁion 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
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Am Irradiation Conditions pulse width: 150 ns pulse interval: 0.1 s
nunber of irradiation: 150 tines energy density: about 450 ml/cm 2 First,
as shown in FIG 11A, the crystalline film 16 obtained by the first
heat-treatnent is prepared. The crystalline film16 has the crystal grains
preferentially grown in the 11001 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 tenperature
distribution is formed on the crystalline film16 by using the diffraction
grating 31 capable of nodulating the pulse |aser beamin the orthogonal

two directibaser Torbed DBt LosPEEi péEsoBfedNOVer i thd ! B 11dBind our maxi mum
tenperature regions 16H2 are formed at four points around each crystal

grain (two cpriDtscRs. batirrendsidct he %@Qﬁf@&éét&%nofg:%tqin%gg&?}' of the
crystal grain), and a mninmumtenperature region 16L2 i's forned in a

regi on surrogpdsd: by thesg. f Lmum t.egper re regiqns. 16 At
this tine, singg t he tenpe?a%%éég%fy?%g“n?hﬁngﬁg géﬁpgré qutr58i2§016L2 is
set to the ghpve-described

Irradiation Conditions
pulse width: 150 ns
pulse interval: 0.1 s
number of irradiation: 150 times
energy density: about 450 mJ/cm?
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 16H, 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

1l6L, is formed in a region surrounded by these four
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val ue, ‘by subjecting the crystalline film16 to one pul se |aser

irradi ation, lanellaes 24 having the {100} orientations with respect to
the vertical direction of the substrate 11 remain. The lanellae 24 is
rolled with the {1111 faces (side faces) directed toward the nmaxi num
tenperature regions 16H2 in a state that the (1001 orientations are kept
in the vertical direction of the substrate 11 as shown in FIG 11C After
one pulse laser irradiation, crystal grains are forned by lateral crystal
growh with the lanmellaes 24 as nuclei. The crystal grains are
preferentially grown in the 11001 orientations wth respect to the

vertical difigeiman ©impdres SRSt Faifons luepnd are preferentially grown in
the {1001 orientations in the in-plane direction of the substrate 11 as

shown in FIGS. 11Rang L1k RS %i%%%“ttheOftetheﬁ:Q"thrEQB%t ithleoflfLBEmBH' S€

| aser irradiation, the nunber of crystal grains preferentially grown in

b ot aal] (LA AL RS adiidie 14k PLATeCT RB0LhANapBl ol ie BubLEal @ 1T

beconmes | arge,” and after Ot™h ul'se Taser irradiation, a crystalline

fiI'm 17A haying, ofysials SLEL ALETSLENI ALy, qrow jn Lhe (1001 30

orientations mnth respect e vertical ‘direct ( _

and preterefidd Y Ao 10 e i bes Y4 HEANP Fhd by 1 Nophane
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 16H, 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 cfystal 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}
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11 is forned. Since the crystal grains are preferentially grow in the
{1001 orientations in the in-plane direction of the substrate 11, the
crystal grain boundaries in the crystalline film17A are controlled. It is
to be noted that the crystal growh due to occurrence of nuclei having
the 11001 orientations in the |iquid-phase silicon is perforned; however,
such crystal growh is negligible as conpared with the |lateral crystal
growh with the crystal grains having the {1001 orientations taken as
nuclei. In the case of nodulating a pulse | aser beamin one direction, the
diffraction grating 31 having grooves arrayed in the one direction is used

Lo form Oobhencerysialdide JLMIE. 8 LEMALAUE U SILLOM of

controlled In the one directiono he” cryst i'ne nd t he

pol ycrystal ], ne_f.i is;irradiated with he nodul at e ul se | aser beam
Cndor Lhe o et be L AP ML Ve b b cind of TR
diffraction rati iftch ra" is,set to 2 [errlmand the gap L is

31,.th
set to 150 gm rIlr‘—!% a‘g?%?ijo% %%&?T%Jnasn%l PURSE SR f :t}igsos%trﬁﬁese

interval: O f s nunber ~of irradiation: 150 tines
1T 1s 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 siliceon
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
crysfalline 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 £m and the gap L is
set to 150 um.

Irradiation Conditions
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energy density: about 450 mJ/cnR First, as shown in FIG 12A, the
crystalline film 16 is prepared. A tenperature distribution controlled in
one direction is formed by using the diffraction grating 31 capable of
nodul ating.a pul se | aser beamin the one direction. The tenperature

di stribution has maxi num tenperature regions 16HL and m ni num tenperature
regions 16L1 along the one direction in such a nmanner that each of the
m ni nrum t enperature regions 16L1 is formed between two of the maxi mum
tenperature regions 16HL as show in FIG 12B. The tenperature of the

m nimum tenperature region 16L1 is set to such a tenperature as to
partially meltpu Lyskakegraipg having the {100} orientations. Since the
tenperature of "the mninumtenperature region 16L1 is set as descri bed

above, the la S. hayin he {100} orientations with respect to the
verti cal diregﬁ%%ggo%g?ﬁgvg%bsgf%t% 11 remain non-nelted by one pul se

| aser irradiatjon. The_lanellae 24 is lled with the {111} faces (side
faces) of the P%ﬁ%?Fa%fZﬁrrﬁgf%Ef%H't%éﬁr%l?%% maxi mum t enper at ure regi ons

16H1 in a state that  the, IQO% orient&tions of the lanellae 24 are 32 kept
in the verticaP GFPECEPORL LY t AROUELLPP FL/9® as shown in FIG 12C After

the end of the one pulse laser irradiation, crystal grains are newWy
formed by |ateral 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 regiomns 16H; and minimum temperature regions
16L; along the one direction in such a manner that each of
the minimum temperature regions 16L, is formed between two
of the maximum temperature regions 16H, as show in FIG.
12B. The temperature of the minimum temperature region
16L; is set to such a temperature as to partially melt
crystal grains having the {100} orientations;

Since the temperature of the minimum temperature
region 16L; 1s 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 16H; in a

state that the {100} orientations of the lamellae 24 are
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crystal growth with the |anellaes 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
{100} orientations in the in-plane direction of the substrate 11 as shown
in FIGS. 12D and 12E. As a result of further repetiti'on of pulse |aser
irradiation, the nunber of crystal grains preferentially grown in the
[110) orientations in the in-plane direction of the substrate 11 becone

| arge, and after the 150th pulse laser irradiation, a crystalline film17B
having crystal grains preferentially growm in the {100} orientations with

respect to vertical  dj jop, of . the substrat 1 and .preferentially
grown in th%gl?ﬁlﬁ Jdg‘?i‘én %flg%%s&]llﬁecf%eo? nq%l%l% i ?Drsjetc]ia?toen lo %he substrate

11 is forne | n 1 hi ol ys line. film.17 ince the., crystal grains
have been p?%?%?e%?i§}$y %%%Mn%%%efhghflﬁﬁﬁ 82% eaPP@n?”#ﬁetﬁésFﬁ-plane
direction of the, substrate 1 t he, grain boundarjes of the crystal grains
in the poIy%??%?%???%%’f???ﬁﬁ%%s%ﬁ%?é%nﬁ??ﬂq%éhyIéoquq(?ytﬁ?qgﬁ%klthat
crystal growth due to occurrence of_ nuclei. 33 having the f1001

ori ent at i onSTYRThedToget K pHasE i lannt et it Sekdndie Ui cFYst al

growh is negligible as conpared with the lateral crystal growth with the
cryst al 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 p?eferentially
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 {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 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
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grains having the 1100) orientations taken as nuclei. In this way,
;according to the second heat-treatnent, the crystalline film16 is
irradiated with the energy beam E2 from above the diffraction grating 31 as
a mask by 150 tinmes. In this pulse |laser irradiation, the tenperature

di stribution having the maxi mumtenperature regions 16H and the m ni num
tenperature regions 16L is selectively forned on the crystalline film 16,
wherein the tenperature of the mninmumtenperature region 16L is set to
such a tenperature as to partially nelt the crystal grains having the {1001
orientations. As a result, the |anellae 24 occurring upon the pulse | aser

irradi ati omising! +ed m@dﬂ}t&l&é&é&&léﬁ%(éﬁ&'%cﬂﬁ?hﬁé B4 the

maxi mum tenperature regions 16H in a state that t 001 ori ent at1ons of

the | amel | ag-24r@r eho‘kgpérl gﬂéﬁﬁfl%p&f aes ]214&11 g, pubstrate 11.

The lateral crystal growth occur crystal

nuclei, w t@orﬁpéfé?”&l{l@%hé hfaE %%%'eor I%{r%w%g%ﬂh ]t7}%1 ]ifye cryst al

grains preferentially grown in I ons I caI

direction o 1 referenllall omn in the controlled
34 orientat rogrllgﬁ? ﬁ%ﬁf&#?\{% aﬁl Fr sct a%Jforf%e 58NS i s for ned.

Accordingly, the aI ral ns int Crys Illnef Iml?A or 17B are not
onIy preferentialﬁ&ya&l ay, accor lng glthe secon 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 puise 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 directiocn of the

substrate 11 and preferentially grown in the controlled
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grown in the (1001 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
film17A or 17B. Since the second heat-treatnent is performed by pulse

| aser irradiation using the excinmer |aser, the crystalline film17A or 17B
havi ng good crystallinity can be forned at a | ow tenperature even by using
a substrate nmade froma plastic material or a glass material. After
formation of the crystalline fiIn117A or 178, a liquid crystal display

unit incl udéggeﬂ'fg&(%é? {‘?b’[ﬁl‘ ?%lb Ynd!Sh NG Lhe ubl§t1frﬁat €, JisAr oyl ded with

t
such a crystalline I'n accord a generaa} known

t hod. The roce call | ude te ormng.a te oxide film
g?t er devi ceP| Jg%l g%%eyn@ %Céérdl%gligdﬁ E’Zréﬁs&ﬁ ar?&a&ncf?dfln%?‘ggl o)r(lI af t elr
f t I anlnterla er sulatln film
for mng.a c%rface?f‘fnirree ELRD T ot 1D 0 i e T G 4 SHRAARY O te)

and encl osi n]? LII dtﬁ:r @f‘ﬁi The 3t5 steI{)s of the nethod of produm ng a

crystal line?f7¥ M d $h b I AR ath RS S kG fBRC de ce

according tg t{h §¥£§¥L‘??KﬁﬂénggézEgﬁ%%i%ﬁkﬁﬁﬁ%?; éégwn 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,

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
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acconplish the sem conductor device unit showmn in FIG 1. The
‘above-descri bed enbodi nents of the present invention have the foll ow ng
advant ages. The first heat-treatnent is performed as follows: nanely, the
anor phous film 14 or the polycrystalline film 15 is uniformy heat-treated
by a plurality of times at such a tenperature as to partially nelt silicon
crystal grains having the (1001 orientations with respect to the vertical
direction of the substrate 11 and nelt anorphous silicon or silicon
crystal grains having face orientations other than the {100} orientations.
As a result, it is possible to formthe crystalline film16 which has
crystal grasteppref etlentnathogd gsdwrodudiey { 106}stalileiiatiions amd h respect
to the vertical direction of the substrate 11, to formthe square-shaped
sharp crystia meehod bofinfkist Bss t ifereyeeihanaidg+ hevicdystal linity. For
exanpl e, the degrees of orientations, offset fromthe (1001 orientations

by an angl eayédhiing td afige Pfe 400 oa Cétfbdintdtitd e rANEe HadfP oy nore.
In particular, since the heat-treatnment is perfornmed by pulse | aser

i rradiatioracseme {de 2ol s @xcddmiud @selded ol St RSS! &, tord orm t he
crystalline film16 having good crystallinity at a | ow t enperature even by

using a substrat @RS fQBeR iy THHeH:iHen®s RlFGhi p@%%%%%a

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
{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 10° , can be set in a range of 80% or more. 1In
particular, since the heat-treatment is performed by

pulse laser irradiation using the XeCl excimer laser, it
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and hence to reduce the production cost. The second heat-treatnent is
perfornmed as follows: nanely, the crystalline film216 fornmed by the first
heat- treatnent is heat-treated by a plurality of tines in such a manner
that a tenperature distribution having the maxi mumtenperature regi ons 16H
and the m ninum tenperature regions 16L whose tenperatures are | ower than
those of the maximumtenperature regions 16H is selectively forned on the
crystalline film16 by using the diffraction grating 31, wherein the
tenperature of the mnimumtenperature region 16L is set so as to .
partially nmelt crystal grains having the 11001 orientations. As a result,

the crystal; grain. boun i i he |n-plane directi of. the supstrate 11
are cont rojf?e%éﬁ a s'?gr% effﬁ%t{h%e?b‘%%%r st %l]}:ﬁd(é)?a?ﬁ“ﬁ%ﬁﬁ ES are
kept with r o the vertical irection of t substrate . For

exanpl e, | n&tsﬂ%g%%{slemo 1?ué'lsii‘ n%;_lt%“é_%eirﬁ?%act_tl}lb% evg‘?lht%?f”nlg}“‘%gﬁ_ e OI_ -
3 possi bl S RE T ORI BHEE PR of 191RE T (AR el ) Syt e it 37
preferential“i romn_én tng 100} orientations with respect to the
vertical diF&CtTON DT he® ‘lf{@ﬁﬁ' P roduGf ohrFErential [y grown in the

{100} orientations in the in- _
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
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pl ane direction of the substrate 11. Meanwhile, in the case of using the
diffraction grating capable of nodulating the tenperature distribution in
one direction, it is possible to formthe crystalline film 17B having
crystal grains preferentially growm in the {100} orientations wth 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. By
using the crystalline film17A or 17B having good crystallinity for
form ng a sem conductor device such as a TFT, it is possible to equalize
the quality of the sem conductor device and inprove the perfornmance

t hereof . Wipteféhenpt£f by redoenbhgli frat s10f ) thei sesendns iwiwant i on have
been described, the present inventionis not limted thereto but nay be

variously npdipéet. t&EOEnExadPt Beal NaiFecehoy e floged i gk A4t healng
treatnment, the nunber of pulse laser irradiation is set to 150 tines, the

ener gy denspiyréseseialy 4900w/ LhiPendnfh od PPl s MWD 15 S8 4@ 150 ns;

however, each of the 38 nunber of pulse |aser Irradiation, the energy

density, aptadbeapubseidd dh oy Dechanaed i nsplanas e s Aggephous film
14 (polycrystalline film15, crystalline

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 preferéntially 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 demsity is set to 450 mJ/cm?, and

the pulse width is set to 150 ns; however, each of the

38



film16) is heated at such a tenperature as to partially nelt silicon
crystal grains, for exanple, having the {100} orientations with respect to
the vertical direction of the substrate 11 and nelt the anorphous silicon
or silicon crystal grains having face orientations other than the {100}
orientations.  In the above-described second heat-treatment, the nunmber of
pul se laser irradiation is set to 150 tines, the energy density is set to
450 mi/cn2, and the pulse wdth is set to 150 ns; however, each of the
nunber of pulse laser irradiation, the energy density, and the , pul se

wi dth may be changed insofar as the tenperature of each Iom1tenperature

f themt, i o for the crystalline film
rl(;%\l 8? 278 I'S %g?@fiﬁﬁ’%%l Jﬁéf Pﬁté?ﬂe c(%nsta g%%u i h‘%‘%//l ngt"‘f’he {100}

t at I h flr t and Seco heat -t reat nen the filmis
ﬁggfgdab;oﬂg?%gg?ﬁgge%%%d@ SRR R e ?r%ﬁﬁ?%%rXETFqE?0|n?a L?ser
however, th ener e ¢ furnace i usi on
fur nace) o% £ﬁ%?% ea |ﬂ§ hﬁgﬁ%géXﬁﬁ%ikﬁ éﬁﬁﬁ r tFFStaheln® xed

Gescr pt Zﬁ%ﬁ%be AT A o CHE AT 15 (16F RATE AH0Y
crystalline fi{nglflcon crystal grains, for example, having the
{100} orientations with respect to the vertical direction
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/cm®, 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
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17A, or 17B conposed of a quasi-single crystal phase in which a group of
square-shaped nearly-single crystal grains preferentially grown in the
{100} orientations wth respect to the vertical direction of the substrate
11 are arrayed in a grid shape by the first heat- treatnent or the second
heat-treatnment; 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 enbodi ments, description has been nade by
exanpl e of the nmethod of producing a crystalline sem conductor materi al
represented by the crystalline film16, 17A or 17B made fromsilicon;

however, the.-Preseiied rhvaeg'gdgug%}fad’é breerpal%oéei(f oan%, rg:c'éhl'éord loa]‘ Jr oduci ng

anot her crystalline semcon material sucht as-a ~ covalen ]iype

sem conduct or havi.ng di d_type crystal. _structure, typically, another
group IV senicond&%tg%? %g%§655¥i8n,dé?§§6P§§°8f%FﬁeE§F8u§a%9 by

sem conduct ors include . siligcon r.mani.um , _carban ,(0O,_.and _a conpound
seni conduct BT acffli i ﬁeﬁqﬁoﬁtogfﬁr%aﬁﬁw é&e‘ge&ré’(ftfaﬁg'rﬁ(n% Sriduge-

consi sting o; silicqg% ermani um_ and carbon, for 40 exanple, SiGe or SiC
In the enbodifrerfts, 4t (EHRIREE R 2ol TUaGT I LE £TYstal7 PhaS S dired, a TFT

is formed by using the
which & 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



crystalline film217A or 17B and a liquid crystal display wunit is
fabricated by using the TFTs in accordance with a known nethod; however,
after the crystalline film16 is formed, a TFT may be forned by using the
crystalline film 16 and a liquid crystal display unit be fabricated by
using the TFTs in accordance with a known nethod. with this configuration,
since the crystalline film16 is used for formng a sem conductor device
such as a TFT, it is possible to equalize the quality of the sem conductor
devi ce and enhance the performance thereof. In the above enbodi nents,
description has been nade by exanple of the liquid crystal display unit
100 as a sexameNspcdDse devigec unit including sem conductor devices of the
present invention; however, the present invention is applicable to another

seni conduct or _deviree thd temyoakdsicag %%%%0%%%%3%\1'1&%@ fE% ¢¥anpl e, a
solar cell. The present invention wll become nofe apparent by way of the

fol l owi ng exanP©s: s (£t €la TS s d g Electron
M croscope) 41 pho:'E%graph of %1 crstf al?’ﬁ%l) nec?ﬁl\dosf)?ﬁfnef]by the first

heat - tr eat d eS80 LA W P eriRa PGP FOSP

(El ectron Bac Scatterlng Patter

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 faﬁricated 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
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)
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phot ographs of the crystalline filmin a normal direction and a rolling
.di reetiion, 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 tinmes, 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 tinmes. FIG 16 is a viewillustrating
the normal direction (vertical direction of the glass substrate) and the
rolling direction (in-plane direction of the glass substrate) shown in

FIGS. 13B i t] faore the S hot ogr.a of _.th

crystalli n%ﬁrﬁ@@aﬁ%ﬁ% %%gs%%)@ls%‘? Iéll% f?%fl\én%%i%e({)g)%j%glc efcf‘]:tsgC Secco
Cryst ol gr A B DOLHIEIT e TITTRETLT VL TS F4TH Dyt i nd 166 372 he.
characteristi t th hj rate for a region ,h containing defects is
di f f er ent f?‘%%#%gta’f%?ﬂ%%t SChERf gﬁﬁch]’t % te(e‘?gtcrﬂji;’oﬁg';ﬁ%,nhad

wat er - sol ution contagi nin ot assi um di chr omat e , . hydrogen
f1uoride (#*}013099??3?1% ?/ét e (4205t 1 1G5 Ay Itk msrrmgl Aitpqidaised as

an etching solution for Secco etching. Sanple Structure
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.

In addition, before the SEM photograph of the
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 (K;Cr;07), hydrogen fluoride (HF),
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anor phous silicon film (thickness: 40 nm/Si02 film (thickness: 120
nm/SIiN film(thickness: 50 nn)/glass substrate Irradiation Conditions
pul se width: 150 ns pulse interval: 0.1 s nunber of irradiation: 150 tinmes
energy density: about 450 ml/cm 2 Fromthe data obtained in the exanple, it
is apparent that as a result of the first heat-treatnent, the anorphous
silicon filmis crystallized, to forma crystalline film having crystal
grains preferentially grown in the {1001 orientations with respect to the
vertical direction of the glass substrate. It is also apparent that the
degrees of orientations, offset from the {1001 orientations by an angle

within a ragge 9500 (mRACUES B ANdAhabd e degeas ol oo ental i ons,

offset fromthe {1001 orientations by an angle within a range of 100, is

i ncreased tthﬁlﬁ?’leﬁ9£6§a§éggség 3 g@@f erspulse laser irradiation to

200 ti nes. urther —apparent t tal grains are directed in

various 43 o Eﬁﬁﬁ Jdde in-plane direction of the glass substrate.
FIGS. 17A an&k%gg' eac %#%N part of the result of

amorphous silicon film (thickness: 40 nm)/Si0., film
(thickness: 120 nm) /SiN, 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/cm®

From the data obtained in the example, it is

apparent that as a result of the first heat-treatment,
the amorphous silicon film 1is crystallized, to form a
crystalline film having crystal grains preferentially
grown in the ﬁlOO} 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 10° .
becomes 83%, and that the degrees of orientations, offset
from the {100} orientations by an angle within a range of
10° , 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 wvarious
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X-ray analysis of the sanple irradiated wwth a specific nunber (50 tines,
100 tinmes, and 150 tines) of pulses of a laser beam FIG 17A shows the
(111) peak, and FIG 17B shows the (110) peak. FIG 17C shows the whol e of
the result of X-ray analysis of the sanple irradiated with |aser beans by
150 tinmes. The data of FIGS. 17A to 17C show that the peak of silicon
crystal grains having the (100} orientations becones |arge and the peak of
silicon crystal grains having the (1111 orientations becones snaller as

t he nunber of pulse laser irradiation beconmes large. FIG 18 is a EBSP
phot ograph of a crystalline film obtained by the second heat-treatnent

per formed, iyst =1 d OB% ing conditions
by using a %%ﬁ%%%?%ﬁé g%rzt?mnga%%p% ﬁﬂgeérg(? %%%%Bfﬁ ién]‘![g;eta}Ie ]?a\éges | aser beamin
one directigg? hot ograph is taken along the in-plane direction of the

gl ass substra_%ggg?%é EBSP phot ograph shows that crystal grains in the
Fedpect 10 the verticehl i 8 a SFARe s R0 St Se ZRAprePer ot al |y
grown int 110} 44 orientations in the in-plane direction of the glass
substrate.hf?é%ﬁi%R?%%F%iﬁﬂ%t?Qﬁuﬁample lrradiated 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} oriéntations 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
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}

crientations with respect to the vertical direction of

the glass substrate and preferentially grown in the {110}
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pul se width: 150 ns pulse interval: 0.1 s nunber of irradiation: 150 tines
-energy density: about 450 mJ/cnR In this way, it is apparent that the
second heat- treatnment perforned, after the first heat-treatnent, by using
the diffraction grating capable of nodulating a pulse |aser beamin one
direction, the crystal grains in the crystalline filmare preferentially
growmn in the {100} orientations with respect to the vertical direction of
the gl ass substrate.and preferentially grown in the {110} orientations in
the in-plane direction of the glass substrate. FIG 19 is a SEM phot ograph
of the crystalline film thus obtained. The photograph shows that the

crystal gr@ii. i es, | e | 1i.ne. . fi al s controll ed by
the first and second éegr} t%%pﬁle%%ﬁﬁandl%fl Al%nnofifr gte eorgeaat%se SEM

phot ogr aph §ﬁ%§{g5géystalline filmis taken, the crystalline filmis
subjected to Secco etching. The present invention configured as described

above 45 has f.ql.l.ow f.fects: According to the first nethod of
produci ng a I%?%sl§llFﬁe%%gﬁﬁg&ﬁ@ﬁctor material or according to the

pulse width: 150 ns

pulse interval: 0.1 s

number of irradiation: 150 times
energy density: about 450 mJ/cm?®

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 theA
{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. 1In
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
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fiorst method of fabricating a sem conductor, a crystalline filmis formed
‘by uniformy heat-treating an anorphous material or a polycrystalline
material by a plurality of times at such a tenperature as to partially
melt crystal grains having a specific face orientation wth respect to the
vertical direction of the surface of the substrate and nelt the anorphous
material or crystal grains having a face orientation other than the
specific face orientation. The crystalline filmthus formed has the
crystal grains preferentially grow in the specific face orientation with
respect to the vertical direction of the substrate. As a result, it is

possi bl e tohdorvha fEIVSiadd iderddtdn havi ng good crystallinity and hence to
fabricate a sem conductor device such as a TFT excellent in equalization

and performance bwdyRAnUED dnelssd! Wtk bP phBdlRengbgve- described
met hod, since the heat- treatnent is perfornmed by pulse laser irradiation

using  an exeydiil Ase!seidcdfuROSS) Bhd 0 J01dR & LY ld e ofd | M havi ng

good crystallinity at a | ow tenperature even on a substrate nmade from a

gl ass mat erfﬂsgrm@‘{@,ﬁcgi&f 46, -;Cga{tih%{agofmsden@ Ge A J.educe the production

cost. According to the secon producing a crystalline
Senlconductégygggfiiﬁg fglﬁrﬁ%5¥%¥%Ehrg§rﬁﬁﬁformly 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 mglt 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
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
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of. fabricating a sem conductor device, in the second step, a first
ccrystalline filmis fornmed by uniformy heat- treating the anorphous
material or the polycrystalline nmaterial by a plurality of tines at such a
tenperature as to partially nelt crystal grains having a specific face
orientation with respect to the vertical direction of the surface of the
substrate and to nelt the anorphous material or crystal grains having a
face orientation other than the specific face orientation; and in the
third step, a second crystalline filmis formed by heat- .treating the
first crystalline filmby a plurality of tinmes so as to selectively form

on the 11 Sha€sysipl lime pdiddn . JSIRAY Ain & Ueildd i having a hi gh

t enperat ure regl on and a |l ow t enperat ure regl on ose terrperat ure is | ower

o 2t r a® BRI R U6 SLROLANnWBHELY, bRSALETRET a1 U e Of the

| ow tenperature region set to partlal Crys grai ns having
t he specifi q ord| |n t second l'ine
film the cc(r';y% gir%?eﬂéseq%laﬁ d pre eren 13 Oyr }ﬁloemﬁe r?ri%é“é%’ég fic face

orientation h_respect to the verti irection of, the substrate 47 and
al so preferen?#%. V-Yrown ?nsgmiﬁﬂ??%?f%ﬂ ggﬁéceorFBnFﬁﬁl §REPAY §&ESPn- pl ane

di rection of e substrat S kes it possible to control the crystal
gr ai n E{Est crystafilne fllﬁnas forméﬁ by uniformly heat- y

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
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
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boundaries. As a result, it is possible to forma crystalline film having
.good-crystallinity and hence to fabricate a sem conductor device such as a
TFT excellent in equalization and perfornmance by using such a crystalline
film In the above-described nethod, since each of the first and second
heat-treatnments is perfornmed by pulse laser irradiation using an exciner

| aser, it is possible to forma crystalline filmhaving good crystallinity
at a |low tenperature even on a substrate made froma glass material or
plastic material, and hence to reduce the production cost. Wile the
preferred enbodinents of the present invention have been described using

the speciTignd ®4Bo oPUEL: SEEELITY | QRokS 1072 | LdSII AL ¥ & D R pos onty.

and it is to be understoo nges and vari ations ra

R 4 TORHSRE D TR s thadieidie hiets SR NG
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,
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CLAIMS: 1. A method of producing a crystalline sem conductor materi al
'conposed of a plurality of single- crystal grains of a sem conductor,
conprising: a first step of form ng an anorphous material of said

sem conductor or a polycrystalline material of said sem conductor on a
substrate; and a second step of formng a crystalline material by
uniformy heat-treating said anorphous material or said polycrystalline
material by a plurality of tines at such a tenperature as to partially
melt crystal grains having a specific face orientation with respect to the
vertical direction of the surface of said substrate and nelt said

anor phous quqriﬁl or crystal grains having a face orientation other than
said specific face orientation. 2. A nethod of producing a crystalline

sem conductygy, d al according to claim1, wherein said semconductor is
at | east one kind selected froma group consisting of silicon (Si),
ger mani um (3@ carbon (C). 3. A nethod of producing a crystalline

sem conductor naterial according to claim1l or 2, further conprising the
step of f(nggryiqgssilicon oxide film between said substrate and said
anor phous nat eri or 51 said polycrystalline material.

FIG. 17B
20 ()

150 TIMES
100 TIMES
50 TIMES
FIG. 17C
20 ()
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4. A method of producing a crystalline sem conductor material according to
claim1, 2 or 3, wherein said face orientation is a {100} orientation. 5.
A nmet hod of producing a crystalline sem conductor material according to any
one of the preceding clains, wherein said heat-treatnment in said second
step is perforned by irradiating said anmorphous nmaterial or said
polycrystalline material with a pulse |aser beam 6. A nethod of producing
a crystalline sem conductor material according to claim5, wherein said
pul se | ase 1is an excinmer |aser beam 7. A nethod of producing a
crystalliné seniconductor material according to claim5 or 6, wherein a

pul se wi dth of sqjd ulsg lﬁfe% beq$1is set to %5 ns. 8. A nethod of
produci ng a crystal | nB RaH Qo Rt Hhtderg &S fding to claim5, 6 or

7, wherein the nunber of pulse laser irradiation is in a range of 10
tinmes to 499Mt¢ qcﬁfrJQQ#éﬂﬂﬁi GPBPS8ECPhg2 AP LR LY i ¢ S WEBHi%Sonduct or
material according to any one of the preceding clains, wherein said
substrate $&Hetfe FrMR ofyltasendsoeAngrosr pPERYI®iM@t erial . 10. A met hod

of producing a crystalline 52 '
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 té 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



sem conductor material conposed of a plurality of single- crystal grains of
a sem conductor, conprising: a first step of form ng an anorphous materi al
of said sem conductor or a polycrystalline material of said sem conductor
on a substrate; a second step of formng a first crystalline material by
uniformy heat-treating said anorphous material or said polycrystalline
material by a plurality of times at such a tenperature 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 nelt said

anor phous Tt rﬁé%y95y%§F§%ﬁQF ﬁ?g?ﬁéa aving a face orientation other than
said specific face ogientation' and a third stqg of  form ng a second
crystal line material® Bythed: Of rREPHRG %I Y ¢rYstatliR& alline material by a
plurality of times so as to selectively form on said first_crystalline
material, SEPEAPEIAERE M SRFiPuEsH 9ndoa clRitgh 1t edp€Fabure regi on and
a low tenperature regi on whose tenperature is |ower than that of said high
t enper at ur€re¥elh ofr it wiisn teddpar dsupe (P05 aptienbat Epider at ur e

region is set to partially nelt said crystal grains having said specific
face orientation.>-112 Peheefodf oprpdeding ny eresistbide ne 53

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 matérial 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
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sem conductor material according to claim 10, wherein said sem conductor is
at | east one kind selected froma group consisting of silicon (Si),

germani um (Ge), and carbon (C). 12. A nethod of producing a crystalline
sem conductor material according to claim10 or 11, further conprising the
step of formng a silicon oxide film between said substrate and said

anor phous material or said polycrystalline material. 13. A nethod of
producing a crystalline sem conductor material according to any one of

clainms 10 .12 erein.sai.d.face orientation,is_a.{100} orientation. 14.
A net hod o é%?)lr%o R S A R icﬁglpo§§§i e nauE’t_LBFairh{:Er? |Sh%%ff?ai ng to
any one of _cl %ﬁ 10 to ﬁ wher.ei n said heat-treatnent in said second
step is perforted NS Pdditationy O3 Litbr phBWRTHEtePial or said

pol ycrystalline material with ul se | aser beam 15. A nethod of producing
a crystalline séniiddrdustsP F'P%t PFRLNYcEBr 8PAGPREVE I BRReI42 L whErein said
pul se | aser beamis an excinmer |aser beam 16. A nethod of producing a
crystal | i nie?1& eGSO ded RPlyccysdradineg BrEPHL AL @E a&idwherein a
pul se width of said pulse | aser beamis set to 150 ns. 17. A nethod of
produci ng TLEEGHIBIGEGTe BY asembesFa@ietor material according to any one of

clains 14 to
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
sald specific face orientation.

11. A method of producing a crystalline

53



16, wherein the nunber of pulse laser irradiation is in a range of 10
times to 400 tinmes. 18. A nethod of producing a crystalline sem conductor
mat erial according to any one of clains 10 to 17, wherein said tenperature
distribution is formed by nodulating a pulse |laser beamin one direction
insaid third step. 19. A nethod of producing a crystalline sem conductor
mat eri al according to any one of clains 10 to 17, wherein said tenperature
distribution is formed by nodulating a pulse |aser beamin orthogonal two
directions_ in said third step.. 20. A pethaod of. producing a ¢rystalline
seni conduc?%?l?‘r%rf@?tacfr S Hy & hd o 1At grrtb’l(')’%etrﬁlilﬁa erein
said tenperature distribution.is fornmed Qy using a diffraction grating in
sai d thircF%ﬁ%ﬁPné%9t9¥rﬁﬁIﬁﬁj%ﬂasﬁr6@@c$ﬁ&da38}?gF§ﬁl?ﬁ@m 3effednduct or
material according to any one of clains 10 to 20, wherein the

heat - t r eat PRI RGRI A thiFeF¥t e i)y JroriagvinEy (58 )ir PaGi S8TRENSAT Y- i r st
crystalline material wth a pulse |aser beam 22. A nethod of producing a
crystalline senildendiickethadtefiarodeesndi agcrpSeahl fme@l, wherein the

pul se | aser beamfor used in said third step is an exciner |aser beam
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 cone 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
sald 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.

1I7. A method of producing a crystalline
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55 23. A nmethod of producing a crystalline sem conductor materi al
according to any one of clains 10 to 22, wherein said substrate i s made
froma glass material or plastic material. 24. A nethod of fabricating a
sem conductor device wusing a crystalline sem conductor nmaterial conposed
of a plurality of single-crystal grains of a sem conductor, conprising: a
first step of form ng an anorphous nmaterial of said sem conductor or a
pol ycrystalline material of said sem conductor on a substrate; and a
second st efeicdriuBtid an=tietStaal kicaeramher kal ahy ouBi borslyiheats t¥gating
sai d anorphous material or said polycrystalline material by a plurality of
times at sheh Wekepding orabey f palsealppereit rapystaPngiai 48 Aavi ng a
specific ffgﬁ?éﬂéfﬂ&@ﬂﬂf%kéMt h ggspegLsto the vertical direction of the
surface of sald substrate and melt sard anor phous material or crystal
rains having a face I t - [ ific face
grientation.925.1 'ng%ﬁ%%ggéépégg%%%%gé%ﬁggﬂi%%%%ﬁ%?%%ﬁ%evice according to
cl aim 24, rei j i uctor. i t, | t _one kin ected froma
ar oup. const S sl REEITAL Seterl 8l ool D) oREnGE BPRERNE “Eoe. A

et hod of ffﬁ”ﬂﬂg%gﬂ1 22 %%%%@%g%h%g g%g #¥bution is formed by

modulating a pulse laser beam in one direction in said
third step.

19, A method cof 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 methed 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 beamn.

55



56 according to claim?24 or 25, further conprising the step of formng a
silicon oxide filmbetween said substrate and said anorphous material or
said polycrystalline material. 27. A nmethod of fabricating a sem conduct or
device according to claim?24, 25 or 26, wherein said face orientation is
a {100} orientation. 28. A nethod of fabricating sem conductor device
according to any one of clains 24 to 27, wherein said heat- treatnent in
said second step is performed by irradiating said anorphous material or
sai d pol ycrystall,j,ne terial ith ul se exci ner. | aser beam 29. A

met hod of fabric&tin s%%?%ﬁﬁmﬁ%ﬂ?ﬁoéka & 2 JSivRFE st al i ne
seniconductor,nahfrial conposed of a pluralit% of single-crystal grains of
a seni condifFUGTON Ty MaNTFLe AGCSEILEp Lof aPdr RPRg Oan CaAbPsholsthat eri al
of said sem conductor or a polycrystalline material_ of said sem conductor
on a subst4%t éfh%%éboﬁ?ddsﬁé’g’%ﬁfaflﬁr Aengadef £FeR 8r gsaas| Pakerhat fFal by
uni formy heat-treating said anorphous material or said polycrystalline
materi al Blatplcuratbery-adt tinmes at such a tenperature as to partially melt
crystal grains having a specific face orientation with respect to the
vertical directi @d-of Athethet falcdadfrisgitdng 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
said semiconductor or a polycrystalline material of said
semiconductor on a substrate; and

a second step of forﬁing a crystalline material by
uniformly heat-treating saild 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.

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
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57 substrate and to nelt said anorphous material or crystal grains having
a face orientation other than said specific face orientation; and a third
step of form ng 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 tenperature distribution having a high
tenperature region and a | ow tenperature region whose tenperature is |ower
~than that of said high tenperature region, wherein the tenperature of said
|l ow tenperature.region s, sef,to tially nmelt said.crystal rains

havi ng sai %IC%%E% ¢ cfa%lleald’i’iie%t%ﬁ IPQth iifg‘.r%%tar‘i’gﬁ’r&ﬁ bF&“@atSit%Q’ a

sem conduct or _devjce according to claim 29, wherein said sem conductor is
at | east ShefMRGet ettt diid il Ssidiesyy fgisk sudistiress esd)
germani um (Ge), and carbon (C).. 31. A nethod of fabricating a sem conductor
devi ce actdtdi HPIRNURMALEF 6L 30, Spift Ret vebypra sl e it estiepl - of
formng a silicon oxide filmbetween said substrate and said anorphous
material or sai d el yBryethaed el Fhwrdaling2 samveohddcoprf dprieati ng a
sem conductor device according to any one of clainms 29 to 31, wherein said
face oriemenidimd S LEG0} 2dri @nt ati 8h, B8Berpdineshbd décéabricating a

sem conduct or devi ce
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
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58 according to any one of clainms 29 to 32, wherein said tenperature
distribution is formed by nodulating a pulse |aser beamin one direction
in said third step. 34. A nmethod of fabricating a sem conductor device
according to any one of clainms 29 to 32, wherein said tenperature
distribution is fornmed by nodul ating a pulse |aser beamin orthogonal two
directions in said third step. 35. A nethod of fabricating a sem conductor
device according to any one of claims 29 to 32, wherein the tenperature
distributig |s forned ffrac ratln in said third step.
36. A net Hot qr%'%rfgﬁtlnﬁwa‘ @ﬁ%ém%mﬁﬁp u@e&i5§rl§gCSFdFﬁ§SF8Tany one of
clainms 29 to 35, wherein the heat- freatnment aid second ste

per f or med Qﬁ?ﬁq%%ﬂﬂvépﬁhé %gﬁﬁdoﬁh%?EﬁﬁﬁEPrﬂﬁQﬁqzﬁ%qﬁrSéépd588F§€£§stalI|ne

material wth a pulse excinmer_ | aser beam 37. A nethod of fabricating a
senlcondUCQ%ﬁecﬁﬁhQﬂ§ @6r @flg to any one of clains 29 to 36, wherein the
heat- treatnment in said third step is perforned by irradiating said first
crystal line materd &ihigid Wt&Pplﬂfsépoé’%@inﬁe@ pgsend peymtagdine

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).

3l. 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
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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.
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