22 February 2007 METHOD OF PRODUCI NG CRYSTALLI'NE SEM CARBIEMER MOTERI AL
~AND METHOD OF FABRI CATI NG SEM CONDUCTOR DEVI CE  BACKGROUND OF THE | NVENTI ON
-The present invention relates to a nethod of producing a crystalline

- sem conductor material by heating an anorphous semiconductor nmaterial or a
pol.ycrystalline sem conductor materi'al 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

di-spl ay uni&ﬁ' ug'n E em conduct or devices as pixel drive
transistors ggéb geﬂRégﬁ THB, CRESHALLINER jSEMTEP: HGTgFUHﬁﬁER¥ALn r ecent
years, to realizg_ a hl%h degree of integration and nulti- function of
seni conduct or de¥ie ¥ETHOP OB FAPRERATENG| SEMFCANPUEBGRCPEVICE | ncl udi ng
the sem conduct or devices stacked on a substrate has been actively studied
and devel oped. A glass material such as artificial quartz or a plastic
material has drawn attention as a substrate material used for these
sem conduct BACKEROENS QBCEEEeINVENTIQR® February 2007
The present invention relates to a method of
_producing a crystaliine 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 sémiconductor
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 inéluding the semiconductor devices
stacked on a substrate has been actively studied and
developed.

A glass material such as artificial gquartz or a

plastic material has drawn attention as a substrate_'

material used for these semiconductor devices because the

1




gl ass-material or plastic material is inexpensive and i £2 By 2% mabl e

- ipto_a,l arge-size substrate. In general, when a sem conductor-thin filmis
' dep05|ted on a substrate made from such an anorphous insul ating material,
si.nce the- anorphous insulating nmaterial has no | ong-range. order, the
‘deposited seni conductor thin filmhas an c anmorphous or polycrystalllne
‘structure. For exanple, with respect-to a thin filmtransistor (TFT) used
as a pixel drive transistor in a liquid crystal display unit, an
operational region (channel region) is fornmed by a polycrystalline silicon
(Si) film forned on the above-described substrate. The use of the '
polycrystalline silicon filmfor formng the operational region, however,
has a di sad¥Ehtageataaial her Byt Imateyial ideipekyenysvaldndeisilicon
filmis poor because crystal grains boundaries are present at random in
‘the fine stagtly eformahbefitte andlarystalzgraibsthave. didf fenentalf,ace
orientations. Another disadvantage is that as the grain sizes of crystal
grains in twken pol semictadibcter sthicofi Iml 18 bespseiesd | @ ge as being close
to the channel |length of the TFT, the characteristics of the TFT may -

beconme unevarbstiatdisadayfrom seahcandu@hcbw@a@<%h§ﬂyatﬁ$§i&é@é&ﬂéﬂrm a

polycrystalllne silicon filmis very inferior in 2 22 February 2007
31nce the amorphous insulating material has no long—range
order, the deposited semiconductor thin fllm has an

(ﬁ. ~amorphous or.polycrystalline structure.

For example, with respect to a thin film transistor

(TFT) used as a pixel drive transistor in a iiquid
crystal dispiay unit, an Operaticnai regioni(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, howewver, has a disadvantage that the
crystallinity of the pclycrystalline silicon film is poor

(ME . because crystal'grains boundaries are present at random
-in the fine structure of the film and crystai grains have
different face orientations. _Another disadvantage is that
as the grain sizes of crystal grains in the
polycrystalline silicon film become ac large as being
close to the channel length of the TET, the
characteristics of the TFT may bccome uneven. In this way,
a semiconductor device ‘such as a TFT using a

polycrystalline silicon film is very inferior in




‘characteristics to a seniconductor device using a si ngl &2 Febgpard00d; | i con
film_Eromthis viewpoint, a single crystallization technique of a silicon
‘fidlmfornmed on a substrate made froma glass nmaterial 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-crystallization) 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 nmade to forma silicon filmhaving a very |large
area on a substrate nmade fromquartz or. glass (see A Hara et al.: AMLCD
Techni cal Digest p. 227, Tokyo 2002). The ZMR technique allows formation.
of a silicofPaFITHeRESTHES a9 ot geemeendusitonadewick fising ta simgontrol  of
orientation of crystal grains and crystal grain boundaries. Accordingly, a
‘silicon fileF¥stakdsblieor M. techni que contains crystal grain boundaries
that ‘are present at random and is therefore difficult to be applied to
t hr ee- di nensi onal Finotregrtdtsi oresbodend,canducigle cdgvitaedizwhieh i ntegration .
requires-a high-level equalization of the sem conductor devices. Another
probl em of teémhiAiMRid emtin oriel icort hatl s i finendd e MR Sibdd ety waige 2007
 from a glass material has bee pfoposed. For example, an
attempt has been made to form a single crystal silicon
(ﬂj film on a substrate made from silicon oxide by using a
: ZMR {(Zone Melting Re-crystallization) technidue (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
(ri ~ 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—lével

equalization of the semiconductor devices. Another

problem of the ZMR technique is that since the ZMR
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technique is a high tenperature process requiring a lardéFePRern#l07| oad -
such as about 14500C, such aZMR technique cannot be applied to a plastic
materi al expected as a substrate material. Taking into account the heat

resi stance of a plastic material, a |ow tenperature process perforned at
about 20000 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 l'aser. irradiation using a second-
har noni ¢ neodym um laser (Nd: YYO4 | aser) having a wavel ength of 532 rim
has been disposed (see M Nerding et al.: Thin Solid Filns 383 (2001)

110). This owever. . has_an _ingconveni ence' that, sjnce silicon:
filnlhavingggégggng'ggagn lg?oﬁﬁp?ﬁr?ﬁ%r?lﬁﬁ?cﬁ?§eﬁ?%H%%ﬁ%gh%glﬁﬁ%% used
for a sem conductor device in an‘advancedgycs transistor, the silicon
film havi ngtRREDRLyLPaf &k S grloamt | hipRL { Broh aoZMBnttechavisiugannot be

applied to a_process of _fabricating the above-described MOS transistor. ‘In
addi ti-on, tFRMPRhsBR WBLied %?deﬁ@ﬂ%%@@makrw%qte@@ﬁ@ grown in
the {100} orientations is used for the above-described sem conductor
device is tFaPsStReteipdEdRlakr yFoking dints kadovgtt de{ bERY ori ent ati ons
care lower in interface level density than silicon crystal grains 4 - ----.
______ ----resistance of a plastic material, a low temperature
process performed at about 200C or less is desirable.

In recent year, a method of produéing 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
(”g 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 procesé 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




22 February 2007 having face orientation other than thé2{fgerpry 2007
orientations, and therefore, suitable for formng a transistor sensitive
to interface characteristics. As described above, according to the rel ated
art techniques, it has been difficult to control crystal grain boundaries
of a crystalline filmformed on a substrate made froma glass material or
plastic material, to control the face orientations of crystal grains to
specific face orientations (for exanple, {100} orientations for a silicon
film with respect to the vertical direction of the substrate, and to
control facdarPenfafrorEisrtehkrR Yt thiraithe i{AOPhe r neRFANEC i ecti on
of the substrate, thereby failing to equalize the quality of a |

sem conduct GPYIEVFERTCRRY St ARl 2rtay [OARdREeat hEaDRT F R et Hii&Feof .
SUMVARY OF THE | NVENTI ON Enbodi nents of the present invention provide a

met hod of prodderR§Lacer§AERT ST SSdftconduct or material, which is capable
of formng a sem conductor material having good crystallinity at a | ow
tenperature on a sthtasareIRedePoNEonrsCHEALRY net erhal *orrichastitc materi al |
and to provide a nethod of fabricating a sem conductor device using such a
crystal | i netgehiptdvritictior hiet &eea digt2oukbpieaFgn P00 CIASESLdPRgiR0 a

first aspect of the present
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 direcfion of the
substrate, and to control face orientations of the crystal
grains in the in-plane direction of the substrate, thereby
failing to equalize the quality of a semiconductor device

and sufficiently enhance the performance thereof.

SUMMARY OF THE INVENTION
Embodiments of the present invention provide a
method of producing a crystalline semiconductor material,

-which 1is 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 semicenductor material.




invention, there is provided a method of producing a crgdichrurrno?

sem conductor material conposed of a plurality of single-crystal grains of
a sem conductor, conprising: 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 wuniformy heat-treating the anorphous nmaterial or the

pol ycrystalline material by a plurality of tines at such a tenperature as

to partially nmelt crystal grains _havin a specific face ogrientation with
respect to the ver?‘F%%’Fg“bﬂgrté’ctai dATsF gﬁ@%ﬁr‘?éc@%f“ﬁ?@%ubstrate and el t
the anorphous material or crystal grains having a face orientation other
than the spediVFPdiPReetBEF&nt ath T 1%L &r dth§otoCh BE I¥spect of the
present invention, there js provided a nethod of 5]oroduci ng a crystalline
seni conduct GEYTEEALLRF STPTEERSLTaMBFEFLRT (5P RASY P41 & crystal grains of
a sem conductor, conprising:_a first step of form ng. an anorphous nateri al
" of the senPdok@ddtsr ©6r SANBLE VYt 1557 MRafér FaP Bt COMEC i conduct or
on a substrate, a second step of forming a first crystalline material by
uni form y hERMPEAEARPRgat AETHE ﬁ%&%f%”‘?@@?anaﬁﬁ?ﬁﬁ%ﬁ%s material or the

polycrystalline material by a plurality of tines at such a tenperature as
to'partiall?mterlal of the” semiconductor or a polycrystalllne

material of the semicohductor 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 sﬁbstrate and melt the
amorphous material or crystal grains having a face
.orientation other than the specific face orientation.
According to a second aspect of the present
‘invention, there is provided a method of producing a
crystalline semiconductor material composed of a plurality
of single-crystal grains of a semiconductor, comprising: a

first step of forming an amorphous material of the

semiconductor or a polycrystalline material of the

semiconductor on a substrate, a second step of forming a

first crystalline material by uniformly heat-treating the




melt crystal grains having a specific face orientation Zﬁﬁﬂ¥¢¥%%@%ﬁ to the
vertical direction of the surface of the substrate and to nelt the

anor phous material or «crystal grains having a face orientation other than
the specific face orientation, and a third step of formng 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 tenperature distribution having a high tenperature region and
a |l ow tenperature regi on whose tenperature is wer than that of the high
Femmer atut o SRESPBRUS APEr et T4 I TEmBBACErECat LT Re TS LeHpebatur o 1 egi on
is set to gﬁrting¥ n?lt,the crystal grains having the specific face

ori ent ati onPTREEGHGY NG tBl%F%rﬁ?d“ﬁgbébF%EPeFﬁéuﬁﬁeéénFo #eribh, there
is provided a_nethod oi fabric tingla sem caonduct or device using a
crystal | i ne™Semni CoXARRE o¥ T2t 1R AT GnpB&Ed toF LapPuPhl R~ oD
single-crystal grains of a sem conductaor, conprising: a first step of
forming an“afBr pREBECTRtRriRe G tiRe lsEATreEhitRtdF Ui SULFSSPcPfst al | i ne
material of the sem conductor on a substrate, and a second step of formng
a crystalli h@®758BSEERt R Zoo e liratEfi aMOBRRORF R TRS. He - t reating t he

anor phous material or the polycrystalline material by a plurality
- crystal grains having a face orientation other than the

specific face orientatiocn, and é 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 1§w temperature region whose temperature ié 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—drystai grains
of a semiconductor, comprising: a first stép 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




of times at such a tenperature as to partially melt cry3tgbrgra?®d 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
met hod of fabricating sem conductor device using a crystalline

sem conductor material conposed of a plurality of single-crystal grains

of a sem conductor, conprjsing: first step of formn an anor phous

mat eri al ofHPﬁgrééaiggnﬂﬁk ?ﬁéiﬁé%faﬁﬁﬂFféFﬁgQan?n%m Y51 of the

sem conductor _on . a. substrate, a secqond step of formng a first crystalline
mat eri al by "@HEFOPM §T hEaE -ReH T ¥ A He PanBrpRBHRT Wat 2R dir 3 he

pol ycrystal line materi al QY a plurality of tinmes at such a tenperature as
to partial | PInsfPeSclsFEF! gt HiFPHRAHITG &5spcPPTEIdHoe Wilitent ation with
respect to the vertical direction of the surface of the substrate and to
melt the andTPR&aS HBEEEEF 26T Ay acifdrafAase nabt prytat ¥t &idh ent ati on
other than the specific face orientation, and a third step of formng a
second 8 22 TEEBFGAr §° 2B Verylstad I9iFechdrsr PAI thy Heatads &bt ithG the first

crystalline nmaterial by a plurality of tines so as to
substrate and melt the amorphous material or crystal

grains having a face orientation other than the specific

face orientation.

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

face orientation, and a third step of forming a second




selectively form on the first crystalline material, a 22 Esbraipgit 3004
distribution having-a high tenperature region and a |ow tenperature region
- whose tenperature is lower 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
materi al 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 uniformy heat-treated by a

plurality o ' such a. _tenpperature as to partially nelt crysta
grains havi%6§gg§§%g%?f? Q?ﬁégiog§eﬁ?§¥TgﬁeﬁFfﬂgrggﬁeg r%B the vertical
di rection of thﬁ fﬁrface of th gubstrate and nelt the anorphous materi al
or crystal GFAPhRhAUPnGRLeTaRE P¥r P RLUFR bRt Bt PErtimah $Rhesperific face
orientation, jt .|s fossible to forma crystalline.naterial.mhich has
crystal gratRseprEYetBntPER) yORur B FhrshecEpekalling apeteniakntation with
respect to the vertical direction of the substrate and thereby has sharp
crystal gratPRRtMEaFE edisbrdbutien ukayingoy highl temperd tureprayiom he
crystallinity of the crystalline material. _ '

and a low temperature region whose temperature is lower

than that of the high temperature region, wherein the
(«u .temperature of the low temperature region is set to
- partially melt the crystal grains having the specific
face orientation.

In accordance with the method of producing a
crystalline semiconductor material according to the first
aspect and the method of fabricating a semiconductor
device according to the third aspect, since the amorphous
material or the polycrystalline material are uniformly
heat-treated by a plurality of times at such a
(*} | temperature as to partially melt crystal grains having a

- specific face orientation with respect to the vertical
direction of the surface of the substrate and melt the
amorphous material or crystal grains having a face
orientation other than the specific face orientation, it
is possible to form a crystalline material which has
crystal grains preferentially grown in the specific face

orientation with respect to the vertical direction of the

substrate and thereby has sharp crystal grain boundaries,

9




‘In.accordance with the method of producing a crystallifd Esbmasotfflict or
-material according to the second aspect and the nmethod of fabricating a
sem conduct or device according to the fourth aspect, in the second step, a
first crystalline material is forned by uniformy heat-treating the

anor phous naterial of the polycrystalline material 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 i e a second, crystal]line, nmaterial ist - fornmed by
heat -'treati%{ﬁgt}%%n?%rg? :(L:Irn’%?g‘lelfﬁ% _‘Frﬁ&’%{:?gflﬁytlfa°§| el FEysrliines so as
to selecti velgﬁf orﬂ] on the first crystalline material, a tenperature

g

di stributi dRF**Favfhy a high tenperature region and a | ow tenperature

regi on whose tenperature is |ower than that of the high tenperature
region, wherein tH& ESGRAFRANGR Wth Fd9 s thadnnd anaduaiegi en is set to
partially nelt the crystal grains having the specific face orientation. As
“aresult, §EY§E2bbiR? pFenieondnetenanatenial cagserdinqetomtteri al 10 22
February 2007 having crystal grains preferentially grown in the specific
face orient¥RGOH i3pegesprdtthe néihatkraf cBdbricating a

semiconductor device according to the_fourth aspect, in

(“z rthe second step,‘a.first crystalline material is formed

- by uniformly heat-treating the amorphous material or the
polycrystalline matérial by a plurality'of times at such
a temperature as to partially melt crystal gfains 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 §rientation; and
in the third step, a second crystalline material is

Gé : formed by hea£~treating the first crystalline material by

& plurality of times so as to selectively form, on the

first ecrystalline material; a temperature distribution
having a high temperature region and a low temperature
region whose teémperature is lower than that of the high
temperatu:e region, wherein the temperature of the low
temperature region is set to partially melt the crystal
grains having the_specific face orientation. As a result,

it 1s possible to fdrm_the second crystalline material

10




direction of the substrate and preferentially grown in &2Febmaro?(®Ed face
orientation in the in-plane direction of the substrate, and hence to
control the crystal grain boundaries in the second crystalline nmateri al

and inprove the crystallinity of the second crystalline material. BRIEF
DESCRI PTI ON OF THE DRAW NGS These and ot her enbodi nents, features, and
advant ages of the present invention will becone nore apparent fromthe

followi ng detail ed description in conjunction with the acconpanying
drawi ngs, whereiny ckElyGtal psadnd ypwretdrditoick 1di agoam showhag the structure
of aliquid crystal display unit fabricated by a nethod according to one
enbodi nent dcfpedi€ ipr €ésent oriavention;wikhGredpestatyi ehe shomiingalt he
structure of a sanple wused in the enbodi nent of the present invention;
FI GS. 3A todiCeartdosnecofi ohal swhemsatid larst patkifegeatifiIgtgheaat -in eat ment ;
FIG 4 is a diagramshowi ng a schematic shape of one pulse of a pul se
| aser beam showrclieBl Gac@; oFidntHA drs i phan ivF-pahé | distd@digrg dfhe heati ng
11 22 February 2007 step shown in FIGS. 3Ato 3C, and FIG 5B is a diagram
showi ng a schemstibectehape ofdthenquilise dcaasebibeam usedral ofrdilie heating
step shown in FIGS. 3A to 3C

boundaries in the second crystalline material and improve

the crystallinity of the second crystalline material.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other embodiments, features, and
- advantages of the present invention will become more
apparent from the following detailed description in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a typical block diagram showing the
structure of & liquid crystal display unit fabricated by
a method according to cne embodiment of the present
invention;

FIG. 2" is a view showing the structure of a sample
used in the embodiment of the present invention;

FIGS. 3A to 3C are sectional views illustrating a
first heat-treatment;

FIG. 4 is a diagram showing a schematic shape of
one pulse of a pulse laser beam shown in FIG. 2:

FIG. 5A is a plan view illustrating the heating

- 11




"FIG BAis a plan viewillustrating the heating step sHEfPIHR®S 3A to
3C, and FIG 6B is a diagram showi ng a schematic shape of the pul se | aser
beam used for the heating step shown in FIGS. 3Ato 3C, FIG 7Ais a pl an
view illustrating the heating step shown in FIGS. 3A to 3C, and FIG 7B is
a diagram showing a schematic shape of a pulse |aser beamused for the
heating step. shown in FIGS. 3Ato 3C, FIG 8 is a sectional view
illustrating a second -heat-treatnent; FIG 9 is a sectional view of
a.diffraction grating used for the second heat-treatnent shown in FIG 8;
"FIG 10 is a typical viewof a lanellae forned by the second

- . ] 11 ical views_jillustrating the second
EZZE-E;ZQEgEﬁ%P E*%ﬁ? %%ﬁ?%%slz Z#g ?égi%%? €#§M55$|+?S?L t# Tge second
- . 1 is,a S hot pgraph of a sanpl e having een
Sub) ecteq ¢ STPHERY FOREATE LR CoPRER, OF aRE Fpks< bt s
hot hs _of e sanpl e having been 12 22 February subj ecte o] e
1I‘Oi (r)st?nggt-SF?Jéa%ﬂ% ?eg%r@ FUEP sSHOWR a bR A Ghowt gt ? hEC degr ees of cryst al

i ions of the sanpl e havi ng ‘been subjected to the
orientat FIG.IE% is a pf%n view iflustrating the heating

step shown in FIGS. 3A to 3C, and FIG. 6B is a diagram
showing a schematic shape of the pulse lasef 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. 8:

FIG. 10 is a typical view of a lamellae formed by

~the second heat-treatment;

FIGS. 11A to 11E are typical views illustrating the
second heat-treatment;

| FIGS. 12A to 12E are typical viewé 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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first heat-treatnment; FIG 15 is a di agram showi ng the d§Flmarydi00¢ryst al
orientations of the sanple having been subjected to the first
heat-treatment; FIG 16 is a viewillustrating the crystal orientations of
t he sanpl e having 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

- having been subjected to the second heat-treatnent; and FIG 19 is a SEM
phot ograph of the sanple having been subjected to the second

heat -treat ment; DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

Her ei nafter : ed e digent s, of . the esept invention wll be
descri bed mfyﬁﬁgé?ééeﬁgegﬁg FHESEdPﬁaFﬁ8§?Q£ﬂe? e foll owi ng enmbodi nents,
description wll de by ex | e of a method of fabricating a 13 22
February 2007 se%elc%'gglu‘gt]o%/ éblecs’r i thaeneddint dparRees 19fqWay séayst al
display unit_100 shown in FIG 1. The liquid crystal display unit 100

i ncludes, oR*&°NEbEPRAL of (RBE SRBRAT, havpisdreqprsilheqbad atel the

first hea£~treatment;

FIG. 15 is a diagram showing the degrees of crystal
orientations of the sample having been subjected to thér
~first heat-treatment;

FIG. 16 is a view illuétrating the crystal
orientations of the sample having been subjected to the
.first heat—treatment;

FIGS. 17A to 17C show the results of X-ray analysis
of the sample having been subjected to the first heat—r
treatment;

FIG. 18 is a EBSP photograph of a sample having
‘been subjected to the second heat-treatment; and
{%} FIG. 19 is a SEM photograph of the sample having

~been subjected to the second heat-~treatment;

DETAILED DESCRIPTION QF 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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peripheral circuit portion 102 di sposed on the per i pher y2 Fsbragre2§7x el
portion 101. Aliquid crystal | ayer 103 and a plurality of ‘thin film
transistors 104 arrayed in a matrix are fornmed on the pixel porti-on 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 electrode drive circuit) 106 and a
vertical scanning portion (vertical scanning circuit or scanning

el ectrode drive circuit) 107. The horizontal scanning f portion 106 has a

vi deo si gnal 105 .and i o feed_a horizontal scanning
si gnal togefﬁ%rconayﬁtgﬁ dﬁB&FFeHnﬁga8@P§?aﬁaFedTha feltfBaf SEwRbfhg

portion 107d dapted tg g a vertical scanning signal to the pixel
portion 101 FB £ Ui 08 EPQ¥RAENgF &P ay-unit 100, an image signal is
fed to the horizontal scanping portion 106 via the video signal term nal
105, and the i magel§ ghbithdCHY s Fok i Hernlay seakhi WP sinplaldesr.e dreck from
the horizontal 14 22 February 2007 scanning portion 106 to the thin film
transistor 30RSTEREReIpORAPRGWRYD, cachintltherpinel $0bf andieapi xel portion

101; and a vertical scanning.signal is fed fromthe
peripheral circuit portion 102 disposed on the periphery

‘of the pixel portion 101. A liquid crystal layer 103 and
a plurality of thin film transistors 104 arrayed in a |
matrix are formed on the pixel portion 101. The thin film
transistors 104 are adapted to dfive porfions,
corresponding to respective pixels, of the liduid crystal
layer 103. The peripheral circuit porti§n 102 includes a
horizontal scanning portioﬁ {({horizontal scannihg circui£
or signai electrode drive cifcuit) 106 and a vertical
scanning portion (vertical scanning circuit or scanning
electrode drive c;rcuit) 107. The horizontal scanning
'(ﬁé portion 106 has a vidéo 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 scahning signal
to the pixel portion 101.
In this liquid crystal display unit 100, an image
signal is fed to the horizontal écanning portion 106 via
the video signal terminél 105, and the image signal.and a

horizontal scanning'signal are fed from the horizontal

14




vertical scanning portion 107 to the thin filmtransi st 3¢ Febpary 2007

"~ corresponding to each of the pixels of the pixel portion 101, whereby the
liquid crystal layer 103 is switchingly controlled, to performimage
display. FIGS. 2 to 12E are views illustrating a nethod of producing a
crystalline sem conductor material according to one enbodi nent of the
present invention, wherein FIG 2 is a view showng a structure of a

" sanple 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 diagramshow ng one pul se of an excinmer |aser beam used for
the first h -1reat nent .and seco heat - tr eat ment subsequent thereto;
FI'GS. 5A tog‘%ﬂér’-"e‘g HP&%%S%lﬁﬁﬁgt}qgﬁ ﬁgla Ei@@t EFARAESEPF 46 forned by
subj ecting the annrggous film1l4 tgo the first heat- treatnent; FIG 8 is a
view i |l ust TAFFRGPEREERENGCNeAEE PF etbfeRtxeEp@fothe RixebwortiRRrating a
diffraction grating used for_the second heat-treatnent; and FIGS. 10 to

12E are typt®hf 9ndwd VEFELsErht$PRnningt Adbanal isrfiedgfremctlystal line film
17A or 17B by subjecting the crystalline film216 to the second

heat -t reat mMERt tifal 15caoninegperlieno¥07 atdi thenthi GSi 1A rd&ds isher 7A each

show the surface of the sanple, and FIGS. 5B, 6B, and 7B each show a
schemati c we¥%f eprrefranpiihgets asech beinthisepitels of the pixel

portion 10;, whereby the liquid crystal layer 103 is
switchingly controlled, to perform image display;
FIGS. 2 to 12E are views illustrating a method of
| producing a crystalline semiconductor.material according
to one embodiment of the present invention, wherein FIG.
2 is a view showing a structure of a sample including an
amorphous film 14; FIGS. 3A to 3C are views illustrating
a first heat-treatment applied to the sample shown in FIG.
2; FIG. 4 is a diagram showing one pulse of an excimer
laser beam used for the first heat-treatment and a second
(f} heat-treatment subsequént 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 gre 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 f ol 1 owi2Ad et 24 on, the
term"a silicon crystal having {100} orientations" means 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 showmm in FIG 2, an
insulating substrate 11 nmade froma glass naterial 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
film 13 nmade from silicon oxide (SiQ2) is forned on the silicon nitride

film 12 tozjgaqihigkn f 0 f. jlicogn nitride film12 and
the sili conaﬁi ge&:ﬁf ?%ﬁ;l% i%gf oélérnéd;%@hggcﬁw(%gewm c}}ﬁ %]f)%arceDe sition)
process or p i n . he teri of the substrate 11 is not
limted to &tl‘%ey%‘f“gisés %‘h@%%ﬁ@bu?gﬁa@ggea’éé ;aj%s‘*talcé‘ T %l . The silicon
nitride fil ml}z an t.he s}[éi con_oxide fil function_as protective filns

13
for preventiRg &h mrolpHotE e b2 RbISRrIASFHPean [4ieh (Qhich is to be

converted tp a polycrystalline film15, to a crystalline film 16, and
further to Jarr%‘ﬁ)%%a‘?rri%g e FURGR Af7E-hs SAMle described | ater)

In the following description, the term *a silicon
crystal having {100} orientations” meané a silicon
crystal preferentially oriented in <100> directions. 1In

(iJ the drawings, a silicon crystal (or silicon crystal
grain) having the {100} orientatioﬁs is often expressed
by “Si(;OO) or (100)".
First, as shown in FIG. 2, an insulating substrate
11 made from a glass material is prepared. A silicon.
nitride film 12 made from silicon nitride (SiNx: x is a
. positive number) is formed on the substrate 11 to a
thickness of 50 nm, and a silicon oxide film 13 made from
(mg ' silicon oxide (Si03) ié formed on the éilicon 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
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from being contaninated by inpurities contained in the 23dis8meat2071 made
- fromthe glass material. An anorphous film 14 nade from anorphous silicon
is formed on the silicon oxide film13 by a CVD process, PECVD (Pl asna
- Enhanced Chem cal Vapor Deposition) process, or sputtering process. The
t hi ckness of the anorphous film214 is preferably in a range of 10 nmto
200 nmfor desirably formng 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 forned. /
In the case of form ng the anorphous film 14 by the plasma CVD process, a
| ar ge annun%.ff g%drOﬁenRis conéained in the anmorphous film14. To cope
with such an*Pnton{ZRiehcts ¥ Pe oreverted 9 ? pRVECHYeFaLEiRerom the
anor phous film 14 forned by plasna CVD by heating the anorphous film 14
“for 2 hr att¥5B0lT ofC ahnehY$ Rl Hee BhbRphousand | faathey o RTA (Rapid

Ther mal Annealing% _process using ultraviolet rays. [First Heat-Treatnent]
17 22 Febr U&¥ys nThel ok Phoes FTBmed4wikl dubjdetedibed aldtest heat
treatment. In the first heat-treatnment, the surface of the anorphous film
14 is irradfzerdeind eoneneinytdddny impurities contained in the

substrate 11 méde from the glass material.
An amorphous film 14 made f;om amorphous silicoﬁ is
(fi | 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_exampie,
the amorphous film 14 having a thickﬁess of 40 nm is
formed.
(i} 7 T ~ In the case of forming the amorphous film 14 by the
~blasma CVD process, a large amount of hydrogen is
contained in the amorphous film 14. To cope with such an
incoﬁvenience, it is preferred to remove hydrogen from
the amorphous film 14 fbrmed by plasma CﬁD by heating the
amorphous film 14 for 2 hr at 450C or annealing the
amorphogs 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, &2Fgbfapgy7
~atnosphere. The energy beam El is exenplified by a pulse |aser beam
“enmitted froma Xed excinmer laser. To uniformy irradiate the surface of
t he anorphous film14 wth the energy beam El, the energy beamE is .
shaped into a plane beam In the first heat-treatnment, the energy beamE
is set to heat the anorphous film 14 (and a polycrystalline film15, and
further a crystalline film16 to be described later) at such a tenperature
as to partially nmelt silicon crystal grains having {100} orientations
with respect to the vertical direction of the substrate 11 and perfectly
mel t anor phous siljcon or silicaon., +r crystal grains having face

howsn it 1ot

orientation other tHaf &Y iléntist iR eched &6t @ AgTst dgak—a
tenperature of the anprphous film 14 heated by the energy beamEl is ,
performed by*SIFLRRY ng IFartdifetfdrs oheghe tawatgenfeathe surdpeei Pifcal |y, an
energy density, the nunber of irradiation, and a pulse width of the Xed
exci ner | asEh® Hrarpheys i Bk ckd stal ingradiatdthwith tare Gy Megnp?2
- February 2007 orientations have nelting points higher than those of
silicon crysl &y @ asraahvingef avienay idantat i oresriotdeer, typically, a
| nitrogen atmosphere. The energy beam El is exemplified by
a pulse laser beam ehiﬁted from a XeCl excimer laser. To
uniformly irradiate the surface of the amorphous film 14
with the energy beam El1, the energy beam El1 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 partiallj
melt silicon crystal grains having {100} orientations
with respect to the vertical direction of the substrate
(?; 11 and perfectly melt émorphous 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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than the {100} orientations. The interface energy betme@ﬁf%EFWﬂﬁgW7crystal
grains, preferentially grown in the {100} orientations and the silicon

. oxide film13 i.s about 0.01 mJ/cn2 smaller than the interface energy
between silicon.r crystal grains preferentially grown in face orientations
~other than the {100} orientations and the silicon oxide film13.

Accordi ngly, assuning that the anorphous film 14 has a thickness of 40
‘rim the nelting points of silicon crystal grains having the {100}
orientations are about 0.2C higher than those of silicon crystal grains
_having face orientations other than the {100} orientations (see H A

Atwate et a ro_Chem cal. Soci 983) 2050) Th fact t hat
silicon cryéf ?ﬂa?g#§§£h§%|%gmefﬁénglﬁﬁinﬁ?l% %%foﬁggﬂaEE %? nel ting
points is alsg reveal ed y a rego% “éMI G Hawki ns et  al . Phys.
Lett. 42 (198 }C%%s?rlﬁﬁ‘ r%’b%Jr’E‘ ? n?hﬁ?c‘\?\h‘éﬁl%‘ilFi‘EbﬂnslgtWted by

| aser irradiation using the ZMR nethod and the nelted silicon is observed
i n-situ, -noh2@R| tae f}@%} REeterbRFeans andinadN tepfiang neqaodetween
orientations,_are present in a liquid phase. In view of the foregoing,
accordi ng t®ttheen quysbakepFabny pPoeferenbbal ergrown bl one| &h@3] aes

having the {100} orientations to remain in a liquid phase of nelted
orientations and the 8111con 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 oxida
film 13. |
Accordingly, assuming that the amorphous f£ilm 14
.has a thickness of 40 nm, the melting points of silicon
crystal grains having the {100} orientations are about
0.2C higher than those of silicon crystal grains having
face orientations other than the {100} orientations (see
H. A. Atwate et al.: J. Electro Chemical Society 130
[ } (1983) 2050). The fact that silicon crystal grains having
~the {100} orientations have higher melting points is also
revealed by a repo;t (W. G. Hawkins et al.: Appl. Phys.
Lett. 42 (1983) 358). This report shows that when silicon
is melted by laser itradiation 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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silicon, the energy density of the energy beam El is set2TeBruapuifi07450
‘m)/cnR so as to heat the silicon at such a tenperature as to partially
melt silicon crystal grains  having the {100} orientations and melt silicon
crystal grains having face orientations other than the.{100}

orientations. It is to be noted that the value of the irradiation energy
of the energy beams El contains an error of a measuring device caused at
the time of nmeasuring the energy. The number of pulse laser irradiation is
set in a range of 10 tines to 400 tines, typically, 150 tines. If the
nunber- of pulse laser irradiation is less than 10 tinmes, the degrees of

he {100 j ' i t the vertjcal , direction of the
gugsiraté 2%#%@%%%%9€2r€6 %ﬁ% ﬁ?fgﬁﬁﬁzéé?i%gyﬂéghgﬁgefg%éfpulse | aser f
irradiati ' 4 i mes, the total .amunt _of evaporation o
!sirlr?cloﬁ ng%%énf%g%@?ﬁ% %r&'lghgi ?_n%?ﬁr%%]e - R%a%%n‘?‘fdﬁ?]gﬁe‘gs a long o
b, For - oxeit 150 e a8 BRe et a Tt e e |oTHEY Jasa OFL 19 &A%t | ng ¢ he
armor phous fjlm.14 hayvin thi ckness of 40 rimw th one |ong pul se (pul se
20 22' Febr uJ‘é‘? VRN % d'g "CREENSS P e tplhse Sll&s"@tonbé‘&msu&%sél i di fying

time for solidifying the silicon nelted by the pulse _
‘ tempefature as to partially melt silicon crystal grains

having the {100} orientations and melt silicbn crystal
grains having face orientations other than_the {100}
orienﬁations. It is to be noted that the value of the
irradiation energy of the eneigy beams El1 contains an
érror 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
{fg to the vertical direction of the substrate 11 become very

~small, whereas 1if the number of pulse laser irradiation
is more than 400 times, the total amount of evaporation
of silicon becomes largé.

The XeCl excimer iaser 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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| aser irradiation becomes 36 ns. It is to be noted that 22Hgeruasy 3407 yi ng
ti me is also called a dwelling time for allowing a mxing state of a solid
phase and a liquid phase of silicon. Accordlngly, ‘the probability of
bringing the interface between the silicon oxide. film13 and the nelted
siliconinto a thermal equilibriumstate by such one pul se | aser
irradi ati on becones large, with a result that silicon crystals havingthe
{100} orientations occur at the interface in such a manner as to mnimze
“the energy at the interface. The use of the Xed exciner laser is
effective to | ower the process ‘'t enperature because the pul se | aser
irradiation takes _only about 150 ns, thereby naking it possible to use a
pl astic matB+HER: f%?otﬁé)sﬁSsFFﬁtEU1¢ﬁe1ﬁ§P§eb?ﬁmer@aﬁolsdsﬁMlQQ>0 1's.
Such a pulse interval allows the silicon nelted by the previous pul se
| aser i rradtdfeoforospdigéfybey| Yheosibi¢pndneltedsby otlhe pubied t hat
~according to thi s enbodi ment, the setting of the pulse interval is not
-inportant.sbaﬁﬁﬁhlrﬂﬁélébhdntb©m@me$_3ﬁen$irsm:ﬁeaﬁxikﬁammﬁﬁﬁ ahat |isted
as follows: Irradiation Conditions 21 22 February 2007 pulse width: 150 ns
pul se intervlad:s@lldsfying time is also called a dwelling time for .

allowing a mixing state of a solid phase and a liquid

phase of silicon. Accordihgly, the probability of
(mi 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
(ﬁ} 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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nunber . of irradiation: 150 tines energy density: about 225ebmarcHP’The
first pulse laser irradiation is made under the above irradiation
‘conditions. At this time, since the ((~ energy density of the energy beam
El is set to heat the anorphous filmat such a tenperature as to partially
melt the silicon crystal grains having the {100} orientations and nelt
"silicon crystal grains having face orientations other than the {100}
orientations, the anorphous-silicon is perfectly nelted, to form
1iquid-phase silicon 21 as shown in FIG 3A In the |iquid-phase silicon
21, since the solidifying tine for the nelted silicon beconmes 36 ns

during the firsg %uls% #asgr irradiation, the probability of bringing the
interface bet RE&R <t &5 i ¢3f BRide film 13 and the nelted silicon into a
thermal equilibrium, state begones |l arge. As a result, silicon crystals 22
having the {1B88}S6r t8hEaVPonsVolclr at randomat the interface in such a
manner as to mnimze the interface energy. After the end of the first
pul se laser- PHFREFaPfoArradéasirneoASr fdgss 22 are bonded to each ot her
at random to formcrystal grains (solid siILcon) 22 22 February 2007 23 .
havi ng the {16bFro¥i dpnaitsnsabontt APS mAYcma pol ycrystalline film 15
conposed of polycrystalline
' The first pulse laser irradiation is made under the
‘above irradiation conditions. At this time, sincé the
energy density of the energy beam El is set to heat the
amoxphous 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 liquid-phase silicon 21 as
shown in FIG. 3A.
In the liquid-phase silicon 21, since the
solidifying time for the melted silicon becomes 36 ns
(ﬁg during the first pulse laser irradiation, the probability
-of bringing the interface between the silicon oxide film
13 and the melted silicon into a thermal equilibrium
' state becomes large. As a result, silicon crystals 22
having the {100} orientations occur at random at the
interface in such a manner as to minimize the interface
_'energy. After the end of the first pulse laser

irradiation, the silicon crystals 22 are bonded to each

other at random, to form crystal grains (solid silicon)
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silicon, which filmpartially contains the crystal grai 3 Febmapt20@duare
shapes preferentially grown in the {100} orientations, is forned as shown
in FIG 5A The surface of the polycrystalline film1l5 is then 'subjected
to a second pulse laser irradiation. At this tine, in the polycrystalline
film15, the crystal grains 23 having the {100} orientations formed by the
first pulse laser irradiation remain as |anellaes (non-nelted residues),
~"and the other region is nelted as described wth respect to the first
~pulse laser irradiation, to formliquid-phase silicon 21 as shown in FIG
3B. In the liquid-phase. silicon 21, as described with respect to the
first pul se er.irradiat] crystal s 22 having _ the {100} orientations
“occur at raﬁégﬁ?Vﬁngugﬁea}%ﬁﬁhe?r en{Rtiopsyj i PE s B ¥net gy of the
interface. After the end of the second pulse |aser irradiation, as
descri bed wPPhYCFESpREting fhimfipseopapsed| afepolyerasbeldinet he silicon
crystals 22 are bonded to each other at random to newly formcrystal
~grains 23 h&¥1agPRheviich) fblncpeatiohty domtpinsethaserystahdymaimn is
further repeated in the sanme manner as that of the first and second pul se
| aser irradéatebnsquare tshapes nerefdeentisiby grawmsi3t®8 2POFRbruary 2007
havi ng the {100} orientations forned by the previous

orientations, is formed as shown in FIG. 5A.

The surface of the polycxrystalline film 15 is then
sﬁbjected to a second pulse laser irradiation. At this
time, in the polycrystalline film 15,-the crystal grains
23 having the {100} orientations formed by the first
pulse laser irradiation remain as lamellaes.(non—melted
residues), and the other region is-melted as described
with respect to the first pulse laser irradiation; to
form liquid-phase silicon 21 as shown in FIG. 3B. In the
liquid-phase silicon 21, as described with respect to the
first pulse laser irradiation, crystals 22 having the

{100} orientations occur at random in such a manner as to

f""“‘"\*\
L N
.u_"_.‘/

~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 fandom, to newly
form crystal grains 23 having the {100} orientations.
The pulse laser irradiation is further repeated in
the same manner as that of the first and second pulse

laser irradiations. At this time, the crystal grains 23
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pul se | aser irradiation remain as |anellaes (non- mel t ed 22 FER@7 and in
the other region of the liquid-phase silicon 21, crystals 22 having the
{100} orientations newy occur at the interface 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 forn1crysta| 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 wth respect to the vertical direction of "the

substrate 1% becongg '?iﬁﬁ as shogn FIG 6A. The gulse | aser irradiation
is further PBPpeE¥et™as SwATEAD Eﬁoqﬁ faraeds PEr thRePERGEPRDUS film 14
S subjected to the 150th pulse laser irradiation, a crystalline film16
havi ng squaPBl8fa %ﬂeEr§§Fﬁﬁl@FéPﬂsre%QE$e?%n%@@ﬁl%agﬁo&hoﬁTm?¥%ﬁq100}
-orientations with respect to the vertical direction of the substrate 11 is
formed. TheT8F&fReHbundlfi &8 bhetptheyueeaiehapbdtbeybianidgelass of the
~polycrystalline film16 are very sharp as shown in FIG 7A  The degrees of
orientation8ilbeeretl, feoystads{190haviignthe i D0 byorhemtatsoms t hi n 100
isin 24 --- -------- -- 22 February 2007
newly occur at the interface between the silicon oxide
film 13 and the liquid crystal silicon 21 as shown in FIG.
3C. After the end of the pulse laser irradiation, the
_silicon crystals 22 are bonded to each other at random,
to newly form crystal grains 23 having the {100}
orientations. As a result of repetition of the pulse
laser irradiation as shown in FIG. 6B, the number of the
crystal grains 23 preferentially grown in the {100}
orientations with respect to the vertical direction of
the substrate 11 becomes large as shown in FIG. GA;
The pulse laser irradiation is further repeated as
(ME 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° , 1s in
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a range of 80%or nore. On the other hand, in the cryst@2Hchary 208716, the
crystal, grains have various face orientations in the in-plane .direction of
" the substrate 11. It is to be noted that |ateral crystal growth occurs
with the crystals 22 having the {100} orientations taken as nuclei;
- however, .such-lateral crystal growh is negligible as conpared with the
~above-described crystal growth due to occurrence of the crystals 22 having
the {100} orientations in the |iquid-phase silicon 21. In this way,
according to the first heat-treatnent, the anorphous film114 is uniformy
subjected to pulse . laser irradiation by 150 tines in such a manner as to

be heated at .gHGH 8ft gARELAL YE eds 4,0 t(j)@ljié]y ljiTam 'sjli on crystal
2% §6o HoFe onehi T 39 O i

grains having t orien ns W respect t tical

direction o Lr 11 _.and nelt rphous sjlicon or crystal grains
- havi ng faceér%gﬁaeilggﬁ%oggfgt %gr Eﬂgncfﬁﬁgﬁogfabﬂseh?‘éﬁ‘6‘?1%%013% face °
-selectively re egt t he cr.gs{:ﬁl graigﬁlforrrati on,step_in - which the crystals
.22 having t‘ﬁ’élgﬁ BF+3PFentatMBnstrRifye ALEGFtLPDt AE Fhe cFHlR¥erae® ween t he
~silicon OXigf film13  and the ququi{éi-phase silicon 21 and the silicon
crystals 22" ar e hortieP tRf diriiecht 2 yenrdorf r - aHe W BPWtdr Mcasins con
- crystal grains 23 having the {100} orientations. As a result, the '
~crystal | i ne"#tRnthe REVF Ry 6 he? spieieg 2ehe2{ Febl uaryergoions taken

as nuclei; however, such lateral crystal growth is
\ negligible as compared witﬁ the above-described crystal
(:E ‘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

(f; amorphous.silicon or crystal grains having face

_orientations other than the {100} orientations, to
selectively repeat the crystal g#ain formation step in
which the crystals 22 having the {100} orientations newly
occur gt the interface between the silicbn 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.érystal grains 23 having the {100} orientations.

As a result, the crystalline film 16 having the square-
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shaped crystal grains preferentially grown in the {100} 22dibBH%20%ns with
respect- to the vertical direction of the substrate 11 is forned, wherein
the crystal grain boundaries of the crystal grains in the polycrystalline
fil'm 16 becone sharp. This nakes it possible to enhance the crystallinity
of the crystalline film216. Since the first heat-treatnent is perfornmed by
irradiating the anorphous filmwth a pul se |aser beam emtted fromthe
excimer |aser, the crystalline film216 having good crystallinity can be
obtained at a |ow tenperature even by using the substrate 11 nmade from a
~plastic material or a glass material. [Second Heat-Treatnent] The
crystalline m.16 ob%ahned bg the first heat- treatnent is subjected to a
P PhE*

il
second heat§L?B§9n§ﬁ¥? ScPoRIShERtipL eyt HEAYN 48 LhewhlPBIFIG 8, a

diffraction grating 31 functioning as a mask is provided in such a manner
as to be sePArgPERTH-PBM PAELCFSPEFEi he thenVesthgal adimpctiomndfan ener gy
beam E2 enmitted froma Xed excirer laser is projected from above the
di ffracti onthgr gibagratei Alaipi fromed, avhesphar theycayptat ayraimof tines.
The energy beam E2 is nodul ated by the diffraction grating 31, to
sel ecti vel ybpundprpast pé thgscuvsiad fraimsi6n théeppbyatyseadi stei bution
havi ng maxi num t enperature 26 22 February 2007 o _

film 16 become sharp. This makes it possible to enhance

the crystallinity of the crystalline film 186.
(ﬁg 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 1s subjected to a second heat-treatment. In the

(ﬁ} 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 projedted from above the diffraction
grating 31 in a nitrogen atmosphere by a plurality of
times. AThe 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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regi ons 16H and nini num t enperature regions 16L whose 2émsruabial®d are
l.ower. t han those of the maxi mum tenperature regions 16H as shown in FIG
9. The tenperature of the mininumtenperature region 16L is set to, for
exanpl e, such a tenperature as to partially nmelt crystal grains having the.
{100} orientations. The diffraction grating 31 is nmade from quartz, and
has a plurality of very fine grooves. A gap "a" between the adjacent
grooves of the diffraction grating 31 is set to 2 Lim The presence of
such very fine grooves causes interference between |ight conponents
diffracted fromthe adjacent grooves. Assumi ng that the energy beamE2 is
made incident pon the diffraction grating 31 at a variable incident angle O
. a pitch "PIBIRT nt & 1AL L PHIT cFPRPSF JF HER TRP IS kSl tdtds%e il m 16
by the diffraction C grating 31 is expressed by an equation of d = a/?2,
which i s T9TRIFREITSR DFe tH'shcirht thegg oD titharatgnuw say, even if
"the energy beamE2 is made incident on the diffraction grating 31 at the
vari abl e i neseRata g ereyionhel @i tah dowmeln M f & en@aepatterns i s not
. affected by the incident angle 0. The energy density of the energy beam E2
is set to USemdiume sof dshe ondrelaturnt hisemp e e ergqagraat Uréd, riegisyt  16L at
such a tenperature as to partially nelt crystal 27 22 February 2007
' to, for example, such a temperature as to partially melt

crystal grains having the {100} orientations.
(fi 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 #m. 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 interférence patterns
formed on the crystalline film 16 by the diffraction
(f} grating 31 is expressed by an equation of d = a/2, which
. is irrespective of the incident angle 8. That is to say,
even if the enefgy beam E2 ié 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.
Ihe 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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gr.ai ns .having the {100} orientations. Wth this setting22dEbipey EWer gy
~density, in the mninumtenperature regions 16L, crystal grains having the
{100} orientations partially remain as |anellaes 24 (non-nelted residues,
- that is, solid silicon) On the other hand, in the regions other than the

~mnimumtenperature regions 16L, crystal grains having the {100}
orientations are perfectly nelted, to becone Iiquid-phase silicon. At this-
time, at the solid-liquid interfaces, each lanellae 24 has the {lIIl} faces
.as side faces (see FIG 10); however, since the {111} faces of the
| anel |l ae 24 are directed in the maxi numtenperature gradient directions,
and therefore, grefe[entiallﬁﬁoriented toward the solid- liquid

[

i nterfaces, IEAARSi B2VERE AR hiHP? eRBePREAEEONF i 1BH s mettingul t, by
sui tably nodul ati ng the ~- tengerature distribution of the crystalline film
16, the orPéntaei BASTEY €ppsiay.giai hbei Rirkeupotywpysetiiréneegiohsm 16
wi'thin the in-plane direction of the substrate 11 can be controlled. In
the case of lAbdurbyfhalagpaine hagérgbbhen { h0@hoorbenbaygbomé directions, a
tenperature distribution controlled in orthogonal two directions of the
crystallinepékthalbyi sehainedsbyamsi hges h24 difhdnaneélioad geatdwgs 31 havi ng
grooves arranged in a matrix, and pulse 28 ------- ----------- _
- that is, solid silicon). On the other hand, in the
regions other than the minimum temperature regions 16L,
crystal grains having the {100} orientations are
‘perfectly mélted, 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. 10); however,
since the {111} faces of the lamellae 24 are directed in
the maximum temperature gradient directions, and
therefore, preferentially oriented toward the solid-
liquid interfaces, that is, the maximum temperature
regions 16H. As a result, by suitably modulating the
(ﬁ} | _ temperature distribution of the crystalline film 16, the
. orientations of crystal grains in the polycrystalline
film 16 within the in-plane direction of the substrate 11
can be controlled.
In the case of modulating a pulse laser beam in two
orthogonal directions, a temperature distribution
controlled in orthogonal two directions of the

crystalline film 16 is formed by using the diffraction

grating 31 having grooves arranged in a matrix, and pulse
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22 February 2007 laser irradiation is perfornmed under EREPHANRAI% g _
conditions. Wth respect to the diffraction grating 31, the pitch "a" is
sét to 21 m and the gap L is set to 150 Mn Irradiation Conditions

pul se width: 150 ns pulse interval: 0.1 s nunber of irradiation: 150 tines
energy density: about 450 mJ/cnR First, as shown in FIG 11A the ,
‘crystalline film 16 obtained by the first heat-treatment is prepared. The
crystalline film16 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 substra A aReE al ut iLstribution.is rnmed.on .the crystalline
film16 by %gf%é %ﬁggggpﬁégétﬁgngﬁfg?Fﬂad gﬁdgﬁpgg?ZEB}fﬂ%ﬂﬁgating t he
pul se |l aser beam.in_the _orthogonal two directions. To be nore specific, as
shown in FF%T’S%B?D‘?OWWJFH}G : "‘tcé)?‘rp%?aﬂlﬁ Y i s O 1 9F A T drmed  at
four points around each crystal grain (two cipoints on both ends of the
ext ensi on | FR& Bitghdi'agohdl sebftend émstand gha wpP dndsa seitnitouds0 |
‘tenperature region 16L2 is formed in a region surrounded by these four 29

rm. ‘

Irradiation Conditions
pulse width: 150 ns
pulse interval: 0.1 s
number of irradiation: 150 times
- energy density: about 450 mJ/cm?
First, as showﬁ in FIG. 11A, the crystalline film
16 obtained by the first heat-treatment is prepared. The
crystalline film 16 has the crystal graihs 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
: (7} | thée substrate 11. A témperature distribution is formed on
~ the crystalline film.ls by using the diffraction grating
. 31 capable of modulating the pulse laser beam in the
orthogona; two directions. To be more specific, as shown
in FIG. 11B, four'maximuﬁ temperature regions 16H; are
formed at four points around each crystal gréin {(two
points on both ends of the extension line of a diagonal
of the crystal grain), and a minimum temperature region

16L; is formed in a region surrounded_by-these four
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22, February 2007 maxi mum tenperature regions 16H2. At 2RIFPMERE200d; nee t he
t.enperature of the m ninmum tenperature region 16L2 is set to the .
above-descri bed value, by subjecting the crystalline fil.m16 to one pul se

| aser irradiation, |anellaes 24 having the {100} orientations wth respect
~to the vertical direction of the substrate 11 remain. The lanellae 24 is
“rolled with the {111} faces (side faces) directed toward the nmaxi mum
tenperature regions 16H2 in a state that the {100} orientations are kept

in the vertical direction of the substrate 11 as shown in FIG 11C. After -
one pulse laser irradiation, crystal grains are forned by |ateral crystal

gromh wt s_24_as_nuclei. e crystal grains are
preferenti2?%€§%é@a§g%ﬁgfﬁﬁufi05?96??%n%gﬁ?bns with respect to the
vertical direction of .the substrate 11, and are preferentially grown in
the {100} orient &7 o' iR iSEPIId i TRRG W (e g Sindmam 11 as
shown in FIGS. 11D and 11E, As a result of further repetition of pulse

| aser. irrabfERFERTUT Rl ROHDRr 182 cry Sofl & dihes ghosfeedescrdbied grown i n
“the {100} orientations in.the in-plane direction of the substrate 11
becones | arfRluandewf$@pieabingotihe prysealbtee filmdiGtiomnea mulyst al | ine

film17A having crystal grains preferentially grown in the {100} 30
laser irradiation, lamellaes 24 having the {100}

orientations with respect to the vertical'direction of
the substrate 11 remain. The lamellae 24 is rolled with
the {111} faces (side faces) directed toward the maximum
temperature regions l6H; in a state that the {100}
orientations are kept in the vertical direction of the
substrate 11 as shoﬁn in FIG. 11C. After one pulse iaser
i;radiation, 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}

ST

~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 ciystal 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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22 February 2007 orientations with respect to the vert i2édiebdret®on of
the substrate 11 and preferentially grown in the {100} orientations in the
i n-plane direction of the substrate 11 is fornmed. 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 film17A are controlled. It is to be noted that the crystal
grow h due to occurrence of nuclei having the {100} orientations in the
l'iquid-phase silicon is perforned; however, such crystal growth is
negligible as conpared with the |ateral crystal gromh with the crystal
grai ns having, the élOO} orientations taken as nuclei. In the case of
nodul ati ng @rpensatierervwhbthnreprent tdi teetventicak dir¢ebtonont grati ng 31
havi ng grooves arrayed in the one direction is used to form on the
crystal | i nethe| pyhstrateehpernd prelesentbatlyngroent inl tiee {1H0@he one
direction on-the crystalline film 16, and the polycrystalline film16 is
i rradi at ed exriéntaheomedim atleel joitsbahasédi rdeaionnst®rtidesdiod tomtag
‘irradiation conditions. Wth respect .to the diffraction grating 31, the
pitch "a" islsks formedm &Fithdehelgapdydthnl gebile kY@ Prdfdrenadiaatiiyon
Condi tions 31 _
' grown in the {100} orientations in the in-plane direction
of the substrate 11, the crystal grain boundaries in the
(ﬁh crystalline film 17A are controlled. It is to be noted
that the crystal growth due to occurrence of nuclei
having the {100} orientations in the liquid-phase silicon
is performed; however, such crystal growth is negligible
as compared with the lateral crystal growth with the
crystal grains having the {100} orientations taken as
nuclei.
In the case of modulating a pulse laser beam in one
direction, the diffraction grating 31 having grooves
{i} arrayéd in the one direction is used to form, on the
.o . crystalline film 16, a temperature distribution
controlled in the one direction on the crystalline film
l6, 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 Mm and the gap L is
set to 150 um. |

Irradiation Conditions

31




22 February 2007 pul se width: 150 ns pul se interval: 022 FebmanRi07of
irradiation: 150 tines energy density: about 450 mJ/cn 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
capabl e of nodul ating a pulse |laser beamin the one direction. The
tenperature distribution has maxi mum tenperature regions 16HL ‘and mi ninmum
tenperature regions 16L1 along the one direction in such a manner that
each of the mninumtenperature regions 16L1 is formed between two of the
maxi mumt enperature regions 16HL as show in FIG 12B. The tenperature of
the m ninmumtenperature region 16L1 is set to such a tenperature as to
partially nmel tPutp§svaAtlialA8 R&ving the {100} orientations. Since the -
tenperature of the mninumtenperature region 16L1 is set as described
above, the | angprl&esipieryaying-the {100} orientations with respect to the
vertical direction of the substrate 11 renmain non-nelted by one pul se '
| aser irradiathembeThef| apphtidet2dni s150| tiédeswi th the {111} faces (side
faces) of.the |anellae 24- directed toward the maxi num tenperature regions
- 16H1 in a stateethatdeheifgdOibouteasatmdpsmdf the |amellae 24 are 32
First, as shown in FIG. 12A, the crystalline film

16 is prepared. A temperature distribution cbntrolled in

one direction is formed by using the diffraction grating
© 31 capable of modulating a pulse laser beam in the one
direction. The temperature distribution has maximum

temperature regions 16H; and minimum temperature regions

16L; along the one direction in such a manner that each of

the minimum temperaturé regions 161L; is formed between two

of the maximum temperature regions 16H; as show in FIG.

12B. The temperature of the minimum temperature region

161, is set to such a temperature as to partially melt

crystal grains having the {100} orientations.

Since the temperaturé of the minimum temperature

region 1l6L; is set as described above, the lamellaes 24

having the {100} orientations with respect to the

vertical direction of the substrate 11 remain non-melted

by one pulse laser irradiation. The lamellae 24 is rolled

with the {111} faces (side faces) of the lamellae 24

directed toward the maximum temperature regions 16H; in a

state that the {100} orientations of the lamellae 24 are
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22 February 2007 kept in the vertical direction of the23&8RMAE1011 as
shown: in FIG 12C. After the end of the one pulse laser ‘irradiation,
crystal grains are newly forned by lateral .crystal growth with the

| anel | aes 24 taken as nuclei. The «crystal grains are preferentially grown
in the {100} orientations with respect to the vertical direction of the
substrate 11 and are preferentially grown in the {110} orientations in the
in-plane direction of the substrate 11 as shown in FIGS. 12D and 12E. As a
result of further repetition of pulse |laser irradiation, the nunber of
crystal grains preferentially grown in the {110} orientations in the

i n-pl ane dikection of the substrate 11 becone |arge, and after the 150th
pul se | aser “FPFadPatPonveRtirgdt diFeRELPRI af 1¥me nebarateyst a#s gr ai ns
preferentially grown in the {I00} t orientations with respect to the
vertical di PBEFRoAROFIGt hd2SubRfire the gl miefthemrialtyl sy desdm t he

{110} orientations in the in-plane direction of the substrate 11 is
formed. |n thradparjenryseavstad graims78resienky t fermedylsy alagemahs have
-been preferentially growm in the {110} orientations in the in-plane

di rection ofryabalsgbsvilateiill, thhelgnal haboudviatdlesn ofs timecey st ghegr ai ns
in the polycrystalline film17B are controlled. It is to be noted that
crystal growthstak ¢goaiceuarenseedérantifily 3Prown 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}

ACTE | 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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22 February 2007 having the {100} orientations in. the2¢iFgbuanpiiide
silicon occurs; however, such crystal growmh is negligible as conpared
with the lateral crystal growh with the crystal . grains having the {100}
orientations taken as nuclei. In this way, according to the second .
heat-treatrment, the crystalline film16 is irradiated wth the energy beam
E2 from above the diffraction grating 31 as a mask by 150 tinmes. In this vy
pul se laser irradiation, the tenperature distribution having the maxi mum
tenperature regions 16H and the m ni numtenperature regions 16L is
selectively forned on the crystalline film 16, wherein the tenperature of

the m ni numt et er%%ur ion.16L is _set to such a.tenperature,as to
artiall ﬁygﬁﬂe ¥ z}éﬁ? P5ﬁﬁ§%ﬁt%Pﬂ fﬂeg ﬁog qB??EﬂEﬁ??oﬁ%fl9@na
p y y g : . S ;
result, the Iane[lge 24 occurrhng ugon t he gulse | aser irradiation is
rol led withOPRBTF118§VPEEEs FUFBeCFXcEd) JBPYERt &8 PEILRELIAER| Bim
tenperature regions 16H in a _state that the {100} orientations of the
| anel | ae 24C9FRATRApYITH the Yekerahl cavsbel| grovEN WetBubReratestal The
lateral crystal growth occurs with the lamellaes 24 as- crystal nuclei, _
Wi th a resuffainathavnengr yhealllPpe eriemtafions tgkehassnguetystal grains
preferentially grown in the {100} orientations in the vertical direction
of the substrate Inl @nids prayf eramording grovwhe rsedmnd dmaottmsshtment,
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
s 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

177 or 17B having crystal grains preferentially grown in .

the {100} orientations in the vertical direction of the

substrate 11 and preferentially grown in the controlled
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34 - - ---------- 22 February 2007 orientations in the ZdeBrare?®i7 ection

qu‘the;SUbstrate 11 is formed. Accordingly, the crystal grains in the.

crystalline film17A or 17B are not only preferentially grown in the {100}

-orientations in the vertical direction of the substrate 11 but al so

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 perforned by pulse |aser
irradiation using the excinmer laser, the crystalline film17A or 17B
havi ng good crystallinity can be fornmed at a | ow tenperature even by using
a substrateorﬁéBEaFFBHFalﬁl§§?iénﬁﬁiépﬁaﬁléﬁcélgpagg faeepibstrateer
formation of the crystalline film17A or 17B, ff.; a liquid crystal

di spl ay unitli 48l fETAGITFACTRrdindly catheel dyvsahgrdimsubstilat e 11
provided with such a crystalline film17A or 17B in accordance with a
general knewrskeihéde Fhémpiddesr 1YPBi sakl yoknohligeprsfepsnvfaliprning a
gate oxide filmafter device isolation, formng a source region and a
drai n regi ogravheinf sheat{ 100} obraengattonkethr ede, vépt it aD @lrétBshayer

insulating film formng a contact hole, formng netal wiring and I TO

of the substrate 11 but also preferentially grown in the
controlled orientations in the in—blane direction of the
spbstrate 11, to control the boundaries of the crystal
grains, thereby enhancing the cryétallinity of the
_crystalline film 172 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 fiim 17A or 17B,
(f} _ 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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(IndiumTin Oxide) and enclosing liquid crystal. The 3522FePBRF(ENY 2007
steps of the method of producing a crystalline filmand the nmethod of
fabrlcatlng a sem conductor device according to the preferred enbodi nents
are thus ended,-to acconplish the sem conductor device unit shown in FIG
1. The abdve-described enbodi mrents of the present invention have the
foll owm ng advantages. The first heat-treatnent is performed as foll ows:
nanely, the anorphous film 14 or the polycrystalline film 15 is uniformy
heat-treated by a plurality of tines at 'such a tenperature as to partially
melt silicon crystal grains having the {100} orientations W th respect to

the verticaloflrsetind gLeibe sHDBLEAe;dd 2ndgpLLy AIRLOBOYR il icon or

silicon cry rai ns having face ~OfFIén

orientation Les .possible,to formth stalline film16
whi ch has c?y%t%?gg?%lﬁg %ﬁ%?%?%ﬁfﬁﬂl?ysa?bﬁﬁnéﬁcT%% 5% %%O} ori entations
with respect he vertjcal ectigon of the substrate 11, to formthe
squar e- shap@ﬂcgﬁ HHY E?yE?%Jpﬁ? PR BOURHEP A MRED £ 3 1 E MR aPRARE: tHR
crystallinit For . exanpl e, the degrees of orientations, offset fromthe
{100} orien?é??%ﬂ%1%9 Bhe M ECWMIRFROR devbee Wit oehown i bBIGetlin a

range of 80% or nore. In particular, since the heat-treatnent is perforned
by The above-described embodlments of the present

invention have the following advantages.
The first heat-treatment is performed as follows:
(i} 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
reéult, it is possible to form the crystalline film 16
- which has crystal graihs 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 aﬁgle 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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. pul se laser irradiation using the Xed exciner |aser, it23EbpnarEdiFuary

. ,2007 . i's possible to formthe crystalline film.16 having good

- crystallinity at a | ow tenperature even by using a substrate nade froma
glass material or plastic material, and hence to reduce the production

~ . cost. The second heat-treatnent is perforned as follows: nanely, the
“crystalline film16 formed by the first heat- treatnent is heat-treated by -
a plurality of times in such a manner that a'tenperature distribution
havi ng the maxi mum tenperature regions 16H and the m ni mum tenperature
regi ons 16L whose tenperatures are | ower than -those of the maxi num

- tenperature,re ion%a%GH is. selectively formed on the crystalline film 16
by using thg g???% Tion HPEPRi he 3aryskrt bine (hilt ehbraring @0d t he
mninum tenperature region 16L is set so as to partially nelt crystal

grai ns havi MY$FRLIHDELY Fiantal| beEperatyre eaign by Heskrgstal grain
boundaries in the in-plane direction of the substrate 11 are controlled
in a state $HRILIFee graderErenad glagy matéwittlatdvnslas el kapttasial r espect
to the vertical direction of the substrate 11. For exanple, in the case of
usi ng t he dandrizendeonto grediey thpaptedwftimdulatting the tenperature
distribution in orthogonal two directions, it is possible

- 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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- .to formthe crystalline film17A having crystal grains 37 Fsbuegipldry 2007
‘preferentially growmn in the {100} orientations with respect to the
vertical direction of the substrate 11 and preferentially grown in the
{100} orientations in the in- plane direction of the substrate 11.
Meanwhi l.e; in the case of using the diffraction grating capabl e of

nodul ating the tenperature distribution in one direction, it is possible
to formthe crystalline film17B 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

o Ay BEEELEBNRLatRG BYBRLT Bhoend 1 (1 BY) B RELRE SRy LR e T1I M 17A

or 17B havi rnity for f g a sem conductor device such

TFT, it _] ible t lize.th al i f _the sem conductor
ng?ce andl%ﬁ%é%ggsﬁéekggr%8?§%§%£2§%E%$Eg$9 j ?Fgetﬁ%b%F%?Eﬁrﬁﬁ atid
nmbodi f_th . t i ti h ' .descr|bed, the present
Chvent i on | BEFOTSTFRALLH PREFE: b boke by 0BG Bt FOLEFyoRbUH it For
exanpl e, in_the abpve-described first heat- treatnment, the nunber of pul se
| aser irradP ??%n_?EegEfontBflﬁ@et$%%%Fr%F% sher Jlpaduthdiey i@ $de to 450

mJ/ cn, and . i . )
o 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 quaiity of
(ﬂ: the semiconductor device and improve the performance

f.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—descriﬁed first heat-
treatment, the number of pulse laser irradiation is set
to 150 fimés, the energy density is set to 450 mJ/cm?, and

the pulse width is set to 150 ns; however, each of the
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.the pulse width is set to 150 ns; however, each of the 383Fsbrupgid004ry 2007
“nunber, of pulse laser irradiation, the energy density, and the pulse w dth
may be changed insofar as the anorphous film 14 (polycrystalline film 15,
~crystalline film16) is heated at such a tenperature as to partially nelt
silicon crystal grains, for exanple, having the {100} orientations wth
respect to the vertical direction pp' of the substrate 11 and nelt the
anor phous silicon or silicon crystal grains having face orientations other
~.than the {100} orientations. In the above-described second heat-treatnent,
the nunber of pulse laser irradiation is set to 150 tinmes, the energy

density is set. to 480 nﬂ%cqﬁ, and, the pulse wdth is set to 150 ns;
however, eatW™BfTtfe RunBerladfer phFsadtasiern; r Fagi eReeH deRsEher gy

density, and the pulse width may be changed insofar as the tenperature of.
each | ow t e?Per GRere+egi bbbt Bde PenperagedelneBAF idutim for forning
the crystalline film17A or 17B is set to partially nelt the crystal
grai ns havi #gc¥peous 15bim k4 efieat yorgstahl baehf bimthe, férwitahbinecond
heat-treatments, the filmis heated by using the energy beamEl enmtted
fromthe XeGilmxtéheis|hsated hohwevesh & heerfipératraye bes theagtaadt iyl by gener al
el ectric furnace (diffusion furnace) ' _
melt silicon 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 ébove—described second heat-treatment, the
number of pulse laser irradiation is set to 150 times,
the energy density is set to 450 mJ/cmz,.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
(5@ 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 El1 emitted
from the XeCl excimer laser; howevér, 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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. or, anot.her heating neans such as a | anp. Further, the §§I?§“F€b%ﬁgry 2007 .
XeCl excinmer |aser may be replaced by any other laser. In the enbodi nents,

. description has been nmade by exanple of the nethod of formng the
crystalline fi.lm16, 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- treatnment or the second heat-treatnent; however, crystal

grains in the crystalline film16, 17A, or 17B nmay be preferentially grown
in face oriﬁgégtions othfr t han t he %100 orientations. In_the '

enbodi nent s sEFFPRPON-ASET LBBK REdEeBYAced anp| 2% OERRE k2 FR8- of
producing a crystalline semconductor naterial represented by the
. crystalline filmlfes they grhodimentsie degimiativotasmdaaremadendy present
crysta : . p!
~invention can be applied to a nmethod of producing another crystalline
sem conduct 8¥afRterehl thedheblod ofofarmrrgt e censtahlimeofilmvig a
di anond type crystal struecture, typically, another group IV sem conductor.
I'n additi oh7Aexehpl &8 otmpheeqrofipa | guaeht somgletargs tak| pldese sid i con,
germani um (Ge), carbon (C), and a conpound sem conductor containing at

| east: one k¥intcled egt@gp fobDnsquare-shaped nearly-single crystal

grains preferentially grown in the {100} orientations
'with respect to the vertical direction of the substrate

11l 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
(T; 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 semicqnductor 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
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~a group consisting of silicon, germanium and carbon, fa&¢2 Egbruayy H%r vary
2007  exanple, SiGe or SiC. In the enbodinents, after the crystalline film:
17A. or 17B is formed, a TFT is forned by using the crystalline film17A
or 17B and a liquid crystal display wunit is fabricated by using the TFTs
in accordance with a known nethod; however, after the crystalline film 16
is fornmed, a TFT may be forned by using the.crystalline film 16 and a
liquid crystal display unit be fabricated by wusing the TFTs in accordance
with a known nmethod. Wth 'this configuration, since the crystalline film
16 is used for formng a sem conductor device such as a TFT, it is
possible to_equal i ze,t quality of the sem conductor device and enhance
the‘perforn%ﬁ%%gi ér%%$$ ?# %ﬁ “above enbodi nents, description has been

made by exanple the liquigd crystal displ unit 1QQ .as a {

sem conduct or devﬁ%%'{hﬁte%bﬂﬁaﬂﬁ%%f'séﬁﬁﬁﬁﬁdﬁ%id?“ﬁ§@33é§e %I&P'ﬁﬁé present
i nvention; however, the present invention is applicable to another

sem conduct®F HEYit2 feFRedi nd| T nbs sktrmemhdeitt GP1RRvERR®s, for exanple, a

solar cell. The present invention will becone nore apparent by way of the
fol | owi ng e&%ﬁiﬁ Line film 17A or 17B and a liquid crystal display

unit is fabricated by using the TFTs in accordance with a
known method; however, after the crystalline film 16 is
_formed, a TFT may be formed by using the crystalline film
.16 and a liquid crystal display unit be faﬁricated by
using the TFTs in accordance with a known method. With
‘this configuration, since the crystalline film 16 is used
f.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.
[Examplé]

FIG. 13A is a SEM (Scanning Electron Microscope)
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.[Exanmple] FIG 13Ais a SEM (Scanning El ectron M cr oscEp&FtTEy PW7repr vary
2007 . photograph of a crystalline filmobtained by the first ,
heat-treatment under the followi ng.conditions. FIGS. 13B and 13C are EBSP
(El ectron Back Scattering Pattern) ~photographs of the crystalline filmin
a normal direction and a rolling direction, respectively. FIG. 14 is a
graph indicating the degrees of the {100} orientations with respect to
the vertical direction of a glass substrate after repetition of pulse

| aser 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 glasgs, substrate after repetition_of pul se, laser irradjation by 200
times. FICipH%%?grgs%i% 71 7E% g%iiﬁ@e Fﬁimng?ﬁﬁin%ﬁr%%t?Qﬁ 1¥Etti cal
direction of tFe glass subs%ratg% and_the rolling direction n- pl ane

RE ¢atkhye |

direction Bf? o HRent yBR shohhoving egn ?&?Qﬁuﬂ:ﬁié§¢ 13%

addition, before_ the SENﬂghoto raph of the | crystalline filmis taken,
the crystal #felfF| #Fe sEBRIb[REeGEH?D BeekoS@rbkeming Matimuwh etching is

performed to increase the sharpness of crystal grain boundaries in the

- crystal | i nePhoteubIPhake higthe ecars tabl ingaf b ek st inotnel dieeetiohi ng rate

for a region
and a rolling direction, respectively. FIG. 14 is a graph

indicating the degrees of the {100} orientations with
respect to the vertical direction of é 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 timés. FIG. 16 is a view illustrating
the normal direction (vertical direction of the glass
substrate) and the rolling direction (inuplaﬁe direction
of the glass substrate) shown in FIGS. 13B and 13C.
{t; ' ' ' In addition, before the SEM photégraph of the
_crystalline film is taken;lthe crystalline film is
subjected to Secco etching. The Secco.etching is
performed to increase the sharpness of cry#tal grain
boundaries in the crystalline film by making use of the
charaéteristic_that the etching rate for a reéion
containing defects 1s different from that fof another
region. In the embodiments, a water-solution containing

potassium dichromate (K;Cr207), hydrogen fluoride (HF),
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.containing defects is different fromthat for another Pédiebmaryi3P¥%ne
enbodt nents, a water-solution containing potassiumdichromate (K2Cr207),
hydrogen fluoride (HF), 42 22 February 2007 and water (H20 at a m xing
rate of 1: 2: 9 is used as an etching solution for Secco etching. Sanple
Structure anorphous silicon film (thickness: 40 nm/Si02 film (thickness:
120 nm/Si-Nx film (thickness: 50 nm/glass substrate Irradiation
Conditions pulse width: 150 ns pulse interval: 0.1 s nunber of
irradiation: 150 tinmes energy density: about 450 mJ/cnR2 Fromthe data
obtained in the exanple, it is apparent that as a result of the first

heat - t r eat ngak, wathe FERFPhUS S:hiiﬁ?@ fddnds f{ ZﬁS]t glizet dodoma

crystalline tilmhaving crystal grainS preferen y grown 1n the {100}

orientation .t h.r o] e rtical .direction of the glass
Prohify) ERREELeh ek pRkrh: hEChL

substrate. | SO~ "appar én %?ees of orientations, offset
from the {109% olrei traté%)ns by an angle within a range of 100 , becones
83% and t hattHe 9 et Uf orientations, offset fromthe {100}

orientations by an angle w.thin range _ of
_ - %morp%o%s silicon %ilm th%ckness: 40 nm) /Si0s; film

(thickness: 120 nm)/SiNy 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
épparent that as a result of the first heat-treatment,
the amorphous silicon fi;m is crystallized, to form a
crystalline film having crystal grains preferentially

(:é grown in the flOO} 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 lééer irradiation to 200 times. It is further:

apparent that the crystal gréins are directed in various
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.100., -i.s increased to 96.4% by increasing the nunber of 22ggba@ry 2,

irradiation to 200 tinmes. It is further "apparent that the crystal grains
are directed in various 43 22 February 2007 orientations in the in-plane"

‘direction of the glass substrate. FIGS. 17A and 17B each show part of the

result of X-ray analysis of the sanple irradiated with a specific nunber

(50 times, 100 times, and 150 times) of pulses of a |aser 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 sanple irradiated with

| aser beans by 150 tinmes. The data of FIGS. 17A to 17C show that the peak
of silicon cr¥stgl grains h%ﬁing-thf %1%0; orientations becones |arge and
the peak of O&FFIEBRTOBPy&PaFiGr APREIARGI AGTEARE1PP19F EheefiafFons becomes
smal | er as the nunmber of pulse laser irradiation becones large. FIG 18 is
a EBSP phot 3§P3pha6f-a crystalline film C obtained by the second

heat -treatment perforned, after the first heat-treatnent, under the

fol | owi ng conditi dMSS byl 1A aRA ol T feacketshow grart mf capabteswit mfiul at i ng

a pulse |laser beamin one direction. The photograph.is taken along the
i n-pl ane di ¥etedvoanalyshe gfathesapupilat érradhet&BSPiphosogpaphfstiows that -
crystal grains in the
number (50 times, 100 times, and 150 times) of pulses of
a laser beam. FIG. 17A shows the (111) peak, and FIG. 178
shows the (110) peak. FIG. 17C shows the whole éf the
result of X-ray analysis of the sample irradiated with
laser beams by 150 timeé. The data of FIGS. 17A to 17C
show that the peak of silicon crystal grains having the
{1001} 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
gf; 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 photogréph is
taken along the in-plane direction of the glass substrate.
The EBSP photograph shows that crystal grains in the
crystalline film are preferentially grown in the {100}

orientations with respect to the vertical direction of

the glass substrate and preferentially grown in the {110}
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. crystalline filmare preferentially grown in the {100} 23Fcbneat?®ds with
respéct  to the vertical direction of the glass substrate and preferentially
grown in the {110} 44.22 February 2007 orientations in the in-plane
“direction of the glass substrate. lrradiation Conditions pulse w dth: 150
ns pulse interval: 0.1 s nunber of irradiation: 150 tinmes. energy
density: about 450 mi/cn2 In this way, it is apparent that the second heat -
treatnment performed, after the first heat-treatnent, by wusing the
diffraction grating capable of nodulating a pulse |aser beamin one _
direction, the crystal grains in the crystalline filmare preferentially.
grown in the _%100 .orientations wth respect to the vertical direction of
the gl ass sUBSTHR LAY 17 G et TRAARE FHRRFEEIPR IRE TR entations in
the in-plane direction of the glass substrate. FIG 19 is a SEM phot ograph
of the cryst#P3E¥atei|Im thus obtained. The photograph shows that the
crystal grain boundaries in the crystalline filmare also controlled by
the first andrdedérdilpsaCondddtimasts. In addition, before the SEM '

phot ograph of the crystalline _ ‘ ,
pulse width: 150 ns S -

" pulse interval: 0.1 s
number of irradiation: 150 times.
.energy density: about‘450 m&/cm2
In this way, it is apparent that the second heat—
treatment performed, after the first ﬁeat—treatment,‘by
using the diffraction grating capable of modulating a
pulse laser beam in one direction, the crystal grains in
the crystalline film are preferentially grown in the
{100} orientations with respect to the vertical direction
of the glass substrate and preferentially grown in the-
{110} orientatioﬁs in the in-plane direction of the'glass

(“3 substrate.‘

FIG. 19 is a SEM photograph of tﬁe crystalline film
thus obtained. The photograph shows that the crystal
grain boundaries in the crystalline film are also
controlled by the first and second heat—-treatments. In

addition, before the SEM photograph of the crystalline

film is taken, the crystalline film is subjected to Secco
etching.

The present invention configured as described above
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filmjs taken, the crystalline filmis subjected to Sec@d Februwhy H¥7 The
present invention configured as descri bed above 45 22 February 2007
‘hasthe follow ng effects: According to the first nethod of producing a
crystal line seniconductor material or according to the first nmethod of
fabricating a sem conductor, a crystalline filmis formed by uniformy
heat-treating an anorphous material or a polycrystalline material by a
plurality of tines at such a tenperature as to partially nelt crystal -
grains having a specific face orientation wth respect to the vertical
direction of the surface of the substrate and nelt the anorphous materi al

or crystal hgkaikRs bgynaglggfgggegﬁgentatlon ot her- than t he speC|f|c face
orientation. The crystalline filmthus forned has the crystal grains

“preferential ly groyedside &pe&aé'ﬁrééqlge&w&fu@tﬂxoa‘a&& tfg;sfespect to the

vertical direction of the substrate. As result S|ble to forma

ff crystallbg %hiﬂlﬂévéﬁﬂ18888%§#¥§tﬁg#% % ggda en s a@hlcate a

~Ssem conduct or eVI cé such as a exce equa | za
et hod o, nELtehenRlnBd s seRELh ir'I%QSf%%r'%aors@u%ﬂ&ébé’éie?e?ﬂ;S?St on
using crystalline film is formed by uniformly heat-treating an
amorphous material or a polycrystalliﬁe material by a
piurality of times at such a temperature as to partially
melt crfétal grains having a specific face orientation
with respect to the vertical'direétion of the surface of
 the substrate and mglt the amorphous material or crystal
grains having a face orientation other fhan the speéific
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
(ﬂ} : 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 laéer irradiation using
an excimer laser, it is possible to form a crystalline
film ha&ing good crystallinity at a low temperature even

on a substrate made from a glass material or plastic
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~.an. excimer -laser, i't.is possible to forma crystalline 2%54%W%%@%E good

crystallinity at a |ow tenperature even on a substrate nmade froma glass
material or plastic 46 22 February 2007 naterial, and hence to reduce the
production cost. According to the second nethod of producing a crystalline

- sem conductor material or the second method of fabricating a seni conduct or

device, in the second step, a first crystalline filmis forned by
uniformy heat- treating the anorphous material or the 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

verti cal diﬁ@ﬁéif@lPfaﬂ@eheﬁeéf@8er@éuﬁgetﬁ%”5§é&ﬁ5%fgﬁiéd% It the

anor phous material or crystal grains having ‘a face orientation other than

the specific face Aﬁ.‘rdo%ﬁ'}gl ¥ éer}:fotn@ met-trf'liordfj of | ngd]%icﬁ.%%g%dacmlﬁ g: : It ;e

filmis forned by heat- treating the Tirst crystal

of tinmes s selectivelv.fo on. the first crystalline n fjlm a

t enper at ur eg%§§é¥%?36llj?? on- Jf;f?/cln){n(gi]u(<;;11£‘CF‘|T;IL g E e rberdt rs‘e";c‘;‘?c’d"rﬁi érfﬁfﬂﬁ’(i ow -
tenperature_region, whose tenperature is I qwer than that of the high ,
tenperature°£rg%?5h?a3h%ge?ns WécPBﬂBEFafua§V6Fethénl6ﬁﬁtéﬁﬁ8PQt§F%P'region

is set to partjally nelt the crystal grains having the specific face
orientatiorf Bt dingtyrliire Hel Secbhdformed 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 haviﬁg'a'speCific face
orientation with respect to the vertical direction éf_the
 surface of the_substrate and to melt the amorphous
material or crystal grains having a face orientation
other than the specific face orientétioh;_and in the
third step, a second crystalline film is formed by heat-
.treating the first crystalline film by a pluiality of
times so as to selectively form, on the first crystalline
(T}' film, a temperature distribution having a high
‘temperature region and a IOW'tempe;ature 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
prefereﬁtially grown in the specific face orientation

with respect to the vertical direction of the substrate
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.crystalline film the crystal grains can be preferenti 2EFPGRELn t he
speci-fic face orientation wth respect to the vertical direction of the
substrate 47 --- - - ------- 22 February 2007 and also preferentially

- grown in a controlled face orientation in the in-plane direction of the
substrate. This makes it possible to control the crystal grain
boundaries. As a result, it is possible to forma crystalline film having
good crystallinity and hence to fabricate a sem conductor device such as a
TFT excellent in equalization and performance by using such a crystalline

- film 1In the above-described nethod, since each of the first and second

heat -t r eat s_hs. perforned. b ulse |aser irrﬁgia%'o sing an exci nmer
| aser, it rgﬂaogg?BI§£g?8g$3Fﬁ¥59¥r §PHP HHe?f FPIHRS #ﬁ B8 crystallinity
t I t p t trat de f I terial
al a ow tenper e _even nasugs rat.e¢ nade 1rom a ass nmaterial or
plastic nat8?E8P?a§ﬁ8nhéﬂ05g?ol?§8 GBetﬁéreEFbﬂﬁc?foﬁhgo§?b$V%?F%-the
referred enbodi nepnts of the present invention have been described 'using
p . . h k .
‘the specifiCrt&rRekessHEnPRRELPIBL FBnCPRLFBE Eheusryatal edbriBoses only,
and it is to be understood that changes and variations may be nade
wi t hout: depBPERARTLEEmM thie adesutlier Keobe risaiide to form a
crystalline film having good crystallinity and hence to
fabricate a semiconductor device such as a TFT exéelient
in equalization and performance by using such a
crystalline film.
In the above-described method, sihce each of the
first and second heat-treatments is performed by pulse
laser irradiation using an excimer laser, it is possible
to form a érystalline film having good crystallinity at a
low temperature even on a substrate made from a glasé
material or plastic material, and hence to reduce the
production cost;
(i} _ | 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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. following clainms. 48 - --------- - 22 February 2007 FP&FelrepiAR9RATURE

('O,

" TIME (ns) SOLIDIFYING TIME FIG 11C ROLLING FIG 12C ROLLING

FIG 14 DEGREE OF ORIENTATION (% ANGLE ( ) FIG 15 DEGREE OF ORI ENTATI ON
(s) ANGLE ( ) FIG 16 CRYSTALLINE FILM Si02 FILMFI.G 17A 49 22 February. -

2007 20 () :

FIG. 4

TEMPERATURE {C)
TIME (ns)

SOLIDIFYING TIME

FIG. 11C

ROLLING

FIG. 12C

ROLLING

FIG. 14
DEGREE OF ORIENTATION (%)

ANGLE () .

FIG. 15
DEGREE OF ORIENTATION (%)

ANGLE (° )

FIG. 16
CRYSTALLINE FILM

Si0z; FILM

FIG. 172
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. 150 TIMES 100 TIMES 50 TIMES FIG 17B 20 ( ) 150 TPREDEHRYMVES 50
'TEMES . FIG 17C 20( ) t' 50 22 February 2007 CLAIMS: 1. A nethod of
producing a crystalline sem conductor material 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 wuniformy heat-treating said anorphous
material or said polycrystalline material by a plurality of tinmes at such
a tenperature as to partially nmelt crystal grains having a specific face
orientatiog%yﬂsh respect to the vertical -direction of the surface of said
substrate d ‘el t said
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. amor phous material or crystal grains having a face oriéhfgemam 290Rer than
said specific face orientation. 2. A nethod of producing a crystalline
“sem-conductor material according to claim1, wherein said sem conductor is
at | east one kind selected froma group consisting of silicon (Si),
germanium (Ge), and carbon (C). 3. A nethod of producing a crystalline
sem conductor material according to claim1 or 2, further conprising the
step of formng a silicon oxide film between said substrate and said
anor phous material or 51 22 February 2007 said polycrystalline material .
4. A net hdeds¥Dt oducing a crystalline seniconductor material according to
claiml1, 2 or 3, wherein said face orientation is a {100} orientation. 5.
A method of proddei ng Beehgdt af | Preductry coreitivt'erl beteeri al according to
any one of the preceding clains, wherein said heat-treatnent in said
second ste@em*sccpieddcoir@ﬂednai;eﬁiraladioapmgdsafdaap@uphbilty ot eiigleor said
polycrystalline material with a pulse |aser beam 6. A nethod of producing
a crystal |l cmestaengcaomiiciiora nemdrdoakuatoor docngproschat m 5, wherein said
pul se | aser beamis an exciner |aser beam 7. A nmethod of producing a
crystalline 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 séid 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

AR ' ' P ' . '
(ﬁ, _ -semiconductor material according to claim 1, wherein said

o

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
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. senmi conductor material according to claim5 or 6, whereiAFgbrygti Wi dth of
said pulse | aser beamis set to 150 ns. 8. A nethod of producing a
crystalline sem conductor material according to claimb5, 6 or 7, wherein
the nunber of pulse laser irradiationis in arange of 10 tinmes to 400
times. 9. A nethod of producing a crystalline sem conductor materi al
according to any one of the preceding clains, wherein said substrate is
made froma glass material or plastic material. 10. A nethod of producing
a crystalline 52 22 February 2007  sem conductor material conposed of a
plural ity SRS IPdtldnegPatRE18f -a sem conductor, conprising: a first
step of form ng an anorphous material of said senm conductor or a
pol ycrystal |l i ne rfat efi Bethedsaf deredurepadacesysealhivubstrate; a second
step of forming a first crystalline material by uniformy heat-treating
sai d anor pheruscomdericl nareriald gutortiysy d1d iddeimatler Pabrbg,a plurality of
times at such a tenperature as to partially nelt crystal grains having a
speci fic fwiterein esd & | Dacanvdihierdspecetn tic ©hd 100¢r bréahtatiecti on of the
surface of said substrate and to nelt said anorphous material or crystal
grains having a H.ace metkoflabfoprottheinyyhancsasthsphedsfic face
orientation;

semiconductor material according to any one of the
preceding claims, wherein said heat-treatment in said

(jy second step is performed by irradiating said amorphous
material or said polycrystalline material with a pulse
laser beam.

6. A method of producing a crystalline
semiconductor material according to claim 5, wherein said
pulse laser beam is an excimer laser beam.

7. A method of producing a crystalline
semiconductor material according to claim 5 or 6, wherein a
pulse width of said pulse laser beam is set to 150 ns.

(T} 8., A method of producing a crystalline
semiconductor material according to claim 5, 6 or 7,
wherein the number of pulse laser irradiation is in a range
of 10 times to 400 times.

9. A method of producing a crystalline
semiconductor material according to any one of the
preceding claims, wherein said substrate is made from a

glass material or plastic material.

10. A method of producing a crystalline
52 -




.and a third step of fornming a second crystalline materiaP Febyane®07t r eat i ng
said first crystalline material by a plurality of tines so as to
selectively form on said first crystalline naterial, a tenperature
distribution having a high tenperature region and a | ow tenperature region
whose tenperature is |lower than that of said high tenperature region,
wherein the tenperature of said | ow tenperature region is set to partially
nmelt said crystal grains having said specific face orientation. 11. A
met hod of producing a crystalline 53 22 February 2007 sem conduct or
materi al FEGANIOTCMRLALLG] WREPESRIsaEda BERFEOABHCPErS+RIBE~| east one
kind selected froma group consisting of silicon (Si), germanium (Ge), and
car bon (Ccryetalagnstimed off apsemdcongustoryseampichgingem conduct or nmateri al
according to claim110 or 11, further conprising the step of formng a
silicon oxide fi bmfibetweérpsaifdfsubshgatr amdrphodsanstphoas ohterial or
said polycrystalline material. 13. A nethod of producing a crystalline
sem conducizard nefrdrdoalduatear dirng polanyysheldinel aaherifltof d2idwherein
said face orientation is a {100} orientation. 14. A nethod of producing a
crystal | i nenisemidendicioor angi@esi-akta¢cording to any one of clains 10 to
a second step of forming a first crystalline

material by uniformly heat-treating said amorphous material
(T\ 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
(T? . plurality of times so as to selectively form, on said first

crystalline material, a temperature distribution having a

high temperature region and a low temperature region whose

temperature is lower than that of said high temperature

region, wherein the temperature of said low temperature

region is set to partially melt said crystal grains having

said specific face orientation.

11. A method of producing a crystalline
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.13, wherein said heat-treatment in said second step is 2p&rEbBERetfNHy
irradiating said anorphous material or said polycrystalline material with
a pul se | aser beam 15. A nethod of producing a crystalline sem conductor
material according to claim 14, wherein said pulse | aser beamis an
exci mer | aser beam 16. A nethod of producing a crystalline sem conductor

. material according to claim14 or 15, wherein a pulse width of said pul se

| aser beamis set to 150 ns. 17.. A nethod of producing a crystalline 54 22

February 2007, sem conduct or terial according to gﬂy one of, clains 14 to

éiﬁf@- m

16, wher ei FPTHEONUHDETT o2 el Wbl | <R T A di A Waeredfy S 10
times to 400 tinmes. 18. A nethod of producing a crystalline sem conductor
materi al SRFBFRHPTPEANS Gfe R0 snws kiea selerteghéremnasdraPenper at ur e
distribution is forned by nodulating a pulse |aser beamin one direction
in said t¢eRISEEYT aD s igathoPiof, Hrvdwwiing alGalysead icagboserdftonduct or
mat eri al according to any one of clains 10 to 17, wherein said tenperature
distribution is flgne#l bgtheddaf apraduaipal sectasbalbimen i n ort hogonal two
directions in said third step. 20. A nethod of producing a crystalline
semiconductor material according to claim 10 or 11, further
comprising the step of forming a silicon oxide film
between said substrate and said amorphous material or
(Tﬁ sald polycrystalline material.
13. A method of producing a crystalline
semiconductor material according to any one of claims 10 to
12, wherein said face orientation is a {100} orientation.
14. A method of producing a crystalline
semiconductor material according to any one of claims 10 to
13, wherein said heat-treatment in said second step is
performed by irradiating said amorphous material or said
polycrystalline material with a pulse laser beam.
(?} 15. A method of producing a crystalline
semiconductor material according to c¢laim 14, wherein
said pulse laser beam is an excimer laser beam.
16. A method of producing a crystalline
semiconductor material according to claim 14 or 15, wherein

a pulse width of said pulse laser beam is set to 150 ns.

17. A method of producing a crystalline
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. sem conductor material according to any one of clains 182 Felruary 208fer ei n
said'tenperature distribution is forned by wusing a diffraction grating in
said third step. 21. A method of producing a crystalline sem conductor

mat erial according to any one of clains 10 to 20, wherein the
heat-treatnent in said third step is perforned by irradiating said first
crystalline material wth a pulse |aser beam 22. A nethod of producing a
crystalline sem conductor material according to claim2l1l, wherein the
pul se | aser beam used.in.sai d

or third st LS. an_ excj .] as eam 55

D2 Febr uarPIOa P SO A T To PP aIEen g Ca By B P el b cBhdtEror
material acgorfidekilrd thRY neR®edf of Pusellaker 22ravhatebn sai dnsubstrate
is made froma glass material or plastic material. 24. A nethod of
fabri cati ipRISeN cdhdudesr t@ed#00e timsEng a crystal | i ne seni conduct or
materi al conposed of a plurality of single-crystal grains of a
sem conductor, @Beorpriciied f frredusiep dfctwitaligh anor phous nateri al
of said sem conductor or a polycrystalline material of said sem conductor
on a substseaticonaivgtarsvesed istlepcsorddng hg anyrgseapfi adammsetPatoby

17, wherein said temperature distribution is formed by

modulating a pulse laser beam iﬁ"one direction in said

third step.
(:? ‘ 19. A method of producing a crystalline

semiconductor material according to any one of claims 10 to

17, wherein said temperature distribution is formed by

modulating a pulse laser beam in orthogonal two directions

in said third step.

20, A method of producing a crystalline
semiconductor material according to any one of claims 10
to 17, wherein said temperature distribution is formed by

using a diffraction grating in said third step.

21. A method of producing a crystalline
semiconductor material according to any one of claims 10 to
20, wherein the heat-treatment in said third step is
performed by irradiating said first crystalline material

with a pulse laser beam.

22, A method of producing a crystalline
semiconductor material according to claim 21, wherein the
pulse laser beam for used in said third step is an excimer

laser beam.
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~uniforny heat-treating said anmorphous material or said?2F6bpariZ04) | i ne
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 material or crystal grains having a face orientation other than
said specific face orientation. 25. A nethod of producing a sem conduct or
device according to claim24, wherein said sem conductor is at |east one
ki nd sel ected froma group consistin silicon (Si), germanium (Ge), and
carbon (C). 26. &3 r-ret'g gho‘fiaﬁﬁi Eé?gﬁﬁlﬁgs%n‘?%%%%b‘ﬁedew ce 56 22
February. 2007 according to claim24 or 25, further conprising the step of
form ng a $¥Mieurwsiade maElan et ieerr ehing $ehsnvatc@camd Baiidmsaksr BRous
material or said polycrystalline material. 27. A nmethod of fabricating a
sem conducidy wienrieion sgcicbraibag tad-eclia magé, £26mor gbaswhankenigdidrface
~orientation is a {100} orientation. 28. A nethod of fabricating
sem condugilmstdeyviregerdadording to any one of clains 24 to 27, wherein said
heat- treatnent in said second step is perforned by irradiating said
anor phous nateri al4. orasaéthdd! yer bt el dd tigigrat eemdlcondhidtoa gl seeexci mer
| aser beam 29. A nethod of fabricating sem conductor device

‘ using a crystalline semiconductor material composed of a

plurality of single-crystal grains of a semiconductor,
(«E comprising:

| a first step of forming an amcrphous 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 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

CT? 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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.using a crystalline sem conductor material conposed of &2 lsbtiegy 2007 of
single-crystal grains of a sem conductor, conprising: a first step of
form ng an anorphous nmaterial 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 naterial 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 said
57 22 Febr3@¢9robey taupstimt e4apl 4o nBlftRAT CCAmRF bhols the etieR or
crystal grains having a face orientation other than said specific face
orientati onf Bernbnghiralsiepn obxide i osoeesn ridtaubitatararatial by
heat-treating said first crystalline material by a plurality of tines so
as to sel estidamofgions omtsaiihl for shicr pstlagkiystadbipei mhtenidkbnperature
distribution having a high tenperature region and a |ow tenperature
regi on whose tenar at Ar metBotioper fatheicdthiaig of saidtdridyividredpetatur e
regi-on, wherein the tenperature of said low tenperature region is set to
partial |y smldr&iaidl tof Wstalm 207,ai2%s Jravieng whairéispeehiti €atace orientation
orientation is a {100} orientation.
28. A method of fabricating semiconductor device
(“g 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 semiconduector 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
CJ} said semiconductor or a polycrystailine 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 materilal 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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. 30." A nethod of fabricating a seniconductor device accdfdichgane2®ai m 29,
wherein said sem conductor is at |east one kind selected froma group
consisting of silicon (Si), germanium (Ge), and carbon (C). 31. A nethod
of fabricating a sem conductor device according to claim?29 or 30, further
conprising the step of formng a silicon oxide film between said substrate
and said anorphous material or said polycrystalline material. 32. A nethod
of fabricating a sem conductor device according to any one of clains 29 to
31, wherein said face  orientation is a {100} orientation. 33. A_nethod of
fabri cat i iPRe Setit ctlidtOrddvise @ s orPhett BRSPIGd7 0 Taldertditdy to any

one of clainms 29 to 32, wherein said tenperature distribution is formed by
nodul at i n@zRinA devingsér fpeanPracBhet PR Rt on thas&ad & kiregidiep. 34. A
met hod of fabricating a sem conductor device according to any one of
cl ai ns 29 fare3Driwidradilpnsaiadd t enperature distribution is fornmed by
nodul ating a pul se |aser beamin orthogonal two directions in said third
step. 35. A net hed Wfiddtepatdihg camdem comeucinor cdgwited liaecordi ng to any
one of clainms 29 to 32, wherein the tenperature distribution is fornmed by
usi ng a dirdtexcidbrby disdt-ngrdativay ddid rthi sdteprydtalA inrt hodeafial
fabricating a sem conductor device :

by a plurality of times so as to selectively form, on said

first crystalline material, a temperature distribution
(T} 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

gsilicon (Si), germanium (Ge), and carbon (C).

C:} 31. A method of fabricating a semiconductor device

according to claim 29 or 30, further comprising the step

of forming a silicon oxide film between said substrate and
said amorphous material or said polycrystalline material.
32. A method of fabricating a semiconductor device

according to any one of claims 29 to 31, wherein said face

orientation is a {100} orientation.

33. A method of fabricating a semiconductor device
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according to any one of claims 29 to 35, wherein the hed2-Februsay 28t i
said second step is perforned by irradiating said anorphous materi al
said polycrystalline material wth a pul se excinmer |aser beam 37. A
met hod of fabricating a sem conductor device according to .any one of
claims 29 to 36, wherein the heat- treatnment in said third step is
performed by irradiating said first crystalline material with a pul se
excimer | aser beam 59

according to any one of claims 29 to 32, wherein said
temperature distribution is formed by modulating a pulse
taser 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.

(ﬁw 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 éiffraction
grating in said thirxd 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
sald amorphous material or said polycrystalline material
with a pulse excimer laser beam.

(j} 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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