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;e3e*0*!1hfF6.T*" LASER | RRADI ATI ON APPARATUS AND METHOD OF TREATI NG
SENLCCNPUCTdR'THIN FI LM BACKGROUND OF THE | NVENTI ON The present invention
relates to a | aser irradiation apparatus and a net hod of M@WMWWWW

seni condu ﬂmmmmnmmu“‘“‘ﬂ“m and particularly to a laser irra rat us
used pref treatnment for crystallizing a sem conduewes thin
film and a nmettee of treating a sem conductor thin film conducted by use
of the laser irradiation apparatus. Thin filmtransistors (abbreviated to
TFT) widely used as switching devices for flat-type display systens such as

l'iquid crystal disp&g*Eﬁyﬁk TatSond & peR% a TGk Hﬁbnﬁ%g??ﬁcb¥5talline

silicon as an activé Tayer (polycrystalline silicon and the TFT using
anor phous silicon as an i S Sl TFT). Anong these,

t he polycrystalline sili %ﬁ#@@éﬁﬂ%ﬁ)@%{a& F?/I;[Hg%gg‘yr ent as conpared

wi th the anorphous silicon TFT, so that it has the nerit that it is
possible to mniaturize the switching devices and enl arge the nuneri cal
aperture of pixel. In addition, the 80chrystal|ine silicon TFT can be used
not only angﬁ§G59PN9hPﬁgTHEVFQEEEﬁi ¥l so as peripheral driving circuits, 1
r for exanple, a shift register or a |evel_ converter, and these peripheral
circuits can be fdfredersent prentembsielatesd ta e I9@eE step as formati on
of the switching device. For these reasons, the polycrystalline silicon TFT
is used as ardedistiborahpghaprechsfion uethbdyofysreasingrarecent years, a
technol ogy for fabricating the polycrystalline silicon TFT by a

| owt enper asamécpndoessrathon bélow 608Cpérhicsbarhy| ed & olasenperature

pol ysilicon process) has been devel oped and put to practical use. By
appl yi ng t herkraditetpar appaeapakysskdcprepenabdg forthetpeadustt ofpof a
flat-type display system it becones unnecessary to use a high

heat - r esi st apiysbull 1€¥pAGShVeemtiibshdateosUEAiASE JUal t zn@ndl method of
single-crystalline silicon as the display substrate, so that it is possible
to achieve reddetihgns kBmeéeshdandosi ERiAf fibe BbgAuptesisyonsé | &t -t ype

di splay system Here, the |low tenperature polysilicon process is a nethod
of obtainingna pakyer Yst-abhihBeosi hppapakayer by irradiating a silicon |ayer
(amor phous silicon layer) forned on a substrate with [aser |ight or

el ectron beam to rapidlyi hwat raneh SEdEs t NEo1Sdd LM dortiT)danR@IIRY the
substrate, and crystallizing the silicon through the subsequent cooling

process t0 QRLAI Bst BGiRBLYAEY 8L LEREFdr F1Ytltype display systems
such as liquid crystal display systems include the TFT
using polycrystalline silicon as an active layer
(polycrystalline silicon TFT) and the TFT using amorphous
silicon as an active layer (amorphous silicon TFT). Among
these, the polycrystalline silicon TFT is higher in
driving current as compared with the amorphous silicon
TFT, so that it has the merit that it is possible to
miniaturize the switching devices and enlarge the
numerical aperture of pixel. In addition, the
polycrystalline silicon TFT can be used not only as the

switching device but also as peripheral driving circuits,



r silicon_k&yer. In order to obtain a polycrystalline silicon |ayer with a
greaterNgrain diameter in such a | ow tenperature polysilicon process, the
nmet hod of irradiating the silicon layer with the laser |light or electron
beamis inportant. In the | ow tenperature polysilicon process at present, a
mul ti-shot irradiation nethod is widely used. In the nulti-shot irradiation
nmet hod, the | aser beamis scanningly radiated onto the silicon | ayer, and
the sane portion of the silicon layer is irradiated with |aser at |east two
times, typically, 10 to 20 tinmes. By this, it is known that, for exanple,

n the casecof acahbi&ons!@efe NG (Y CMESR OloiflidiPerd and

polycrystalline silicon layer wwth a grain dianeter of 0.1 to 5 um

typically, @ﬁ?@%%erg%% kg?zlai'”&ﬁc&?é iw-bﬁaﬂf@m%a tah%i's‘l}:‘h’ia per at ur e

pol ysilicon pr yi ng e multi-shot irra I on nethod nentioned
above, there.s known, a sequential,_later sol.idification nethed

(herei nar't erSrER a5 e el ot o iming
Applied Physics Letters, .vol. 69, pp. 2864 tq 2866 96). FLG 13 shows an
outline of BVt mAT JHSES &R Fuct FﬁﬁHCFVﬁﬁ%iglpﬁesé 8Bt hod. In

t he met hod shown in the figure, first, a |laser beamH oscillated froma
| aser |ightTHENET dt99g Meahsigvice fop high-precision display

systems.

In recent years, a technology for fabricating the
polycrystalline silicon TFT by a low-temperature process
at or below 600°C (the so-called low temperature
polysilicon process) has been developed and put to
practical use. By applying the low temperature
polysilicon process to the production of a flat-type
display system, it becomes unnecessary to use a high
heat-resistant but expensive substrate such as quartz and
single-crystalline silicon as the display substrate, so
that it is possible to achieve reductions in cost and
size of the high-precision flat-type display system.

Here, the low temperature polysilicon process is a
method of obtaining a polycrystalline silicon layer by
irradiating a silicon layer (amorphous gilicon layer)
formed on a substrate with laser light or electron beam
to rapidly heat and melt the silicon without damaging the
substrate, and crystallizing the silicon through the

subsequent cooling process to obtain the polycrystalline



d

is made to be incident on a mask 6 having a periodic |light-dark pattern, by
use- of “gptiical neans 2 to 5 such as | enses and reflectors. The |aser beamH
transmtted through the mask 6 is radiated onto a silicon |layer on the
surface of a substrate Wnounted on a stage 9 through a focusing lens 7 and
a reflector 8, whereby the silicon layer is perfectly nelted in a width of
several ,um At the tinme of cooling, crystals are grown laterally from

peri pheral portions toward the inside of the nelting regions, and stripe
formlateral growmh regions are obtained. Next, the nask 6 or the stage 9
with the substiagbs Vypednted thereon is nechanically noved by a distance
not nore than the wdth of the nelting regions, typically, about 0.75 um

and then lateral gipWhdss (ARG Y H Ry Ae thhe 12R0we 1 ikbnl $af8ROr t ed
that by such a nethod, it is possible to obtain an el ongate polycCrystalline

Si 1 con thif£hl 0 whlebel SoHal{ o MARYELy 2 i doiarea AP dfse Al

boundaries paral to the”scanning direction. Further, an exanpl e of
& Sl oaes P SLYRbRIC et SV ol & R B e Ve pattern
publ | cat | onehresoh TavEr GrEER ERE FREYT el e of LRt R The osi t1 ons
of the important. In the low temperature polysilicon process at

present, a multi-shot irradiation method is widely used.

In the multi-shot irradiation method, the laser beam is

scanningly radiated onto the silicon layer, and the same

portion of the silicon layer is irradiated with laser at

least two times, typically, 10 to 20 times. By this, it

is known that, for example, in the case of a silicon

layer having a thickness of 50 nm, a polycrystalline

silicon layer with a grain diameter of 0.1 to 5 um,

typically, about 0.3 to 1 um is obtained.

Other than the low temperature polysilicon process
applying the multi-shot irradiation method mentioned
above, there is known a sequential lateral solidification
method (hereinafter referred to as SLS method) as
reported, for example, in Applied Physics Letters, vol.
69, pp. 2864 to 2866 (1996). FIG. 13 shows an outline of
a treatment of a semiconductor thin film by the SLS
method. In the method shown in the figure, first, a laser

beam H oscillated from a laser light generating means 1



]

inteﬁferencq fringe and, hence, the nelting positions of the silicon |ayer,
by nmoving mrrors and a stepped transm ssive plate di sposed on the optical
path of the laser |ight by a nechanical neans. However, in the process
applying the nmulti-shot irradiation nethod, of the above-nentioned | ow
tenperature polysilicon processes, the crystal size of the polycrystalline
silicon obtained (grain dianeter: 0.1 to 5 Vim is extrenely small as
conpared with the size of the thin filmtransistors at present (about 5 to
50 um square). Therefore, the characteristic of the thin filmtransistor
fabricat ed 1y msde ofo tlhe jxodydsntstal |4 measst |4 doaviirgy & grereixaiid e, such t hat
the electron nobility is as low as 100 cn2/Vs due to carrier trap at grain
boundari es DighthedPek ysaysd ) iBe wdd iePiptitsl reand U d id Mudhansi st or
obtained is inferior to the transistor fabricated in single-crystalline
silicon. Heig 1dMsds disd! AYFBYSESRB USIThG 3 alsBirNpbiahmut t2BakALeEeai f the
characteristics of the thin filmtransistor in a display area are
di spersed, it/ i s; di i i AV rgﬁgﬁri tics,
resul ting i%ﬁf%‘%%?@g€2§}g%a?i%€. T eé%ﬁpﬁtsc?joa?l@ol]‘qﬁcﬁgptlhi n fiol%m
transistor oharaeleLlethes, | Sule Al MRddyndd Bn o arddl® dlictherghon of
pol ycrystal T'ine grain dianeter, ich arises Trom | spersion o ser
energy in the.polycrystallization proces speci i cal.ly, .di sper.sign on an
Crrad at ot caretiad st Fond Ty K eSS0 Psghtwrllerﬁeéjr%itthye A e
irradiation éF)I ane, FIG 14 shows %\i vari at] of _nean gr.ain di aneter of
pol ycryst al 13¥eF s19 i RRE gt hidted rifergAth ¢heEEnndie e sane
portion is jrradjated_with |aser light. 20 tinmes. Fromthe fiqure, it is
Seen that WHEF e 1o PheErOLH uy PHF PHSSHR AR, YRFL 1% TR | aser
energy exceeds, the irradiation energy of 380 mJ/cnz correspaonding to the
maxi mum graE?‘?F%ﬁ’%‘ﬁ’é’%%rP%’&’éW%?}c‘éOW?F%h@?ouiﬂ%s K Ghe EEHI, the grain
diameter is rapidly lowered, and fine crystallization occurs partly, so
that it is FRIERR%r y2RG PeFiRe nkPFT abR R Tdh HOVEHD YATIGHE a4€ i s al so seen
that the dependency of grain dianeter on |aser energy is heavy and, for
exanpl e, a @pepbred on Nextendihgy neiskodl priddice 8§89€0 SawadicBpéhsi on of grain
di aneter of no |l ess than about 10% However, suppressing the dispersion of
| aser ener gyubetrdoe Wxmephiesdvikenerw. Byomechiinfidaliit navegfiyeve at
present, because the pulse oscillation is perfornmed in a short tinme (for
exanpl e, i ndisearesenot Bace nehan agee widith pof ssheninitlting 28aienz00 ns) ;
accordingly, the crystal 6

typically, about 0.75 um, and then lateral growth is

caused similarly to the above. It is reported that by
guch a method, it is possible to obtain an elongate
polycrystalline silicon thin film which is uniform over a
wide area and has grain boundaries parallel to the
scanning direction.

Further, as an example of application of the SLS
method, Japanese Patent Laid-open No. 2000-150412
discloses a method in which the above-mentioned periodic
light-dark pattern is formed as an interference fringe by

interference of laser light. The publication also



grain‘dianeupr is dispersed. On the other hand, in the SLS nethod, it is
possible to obtain |large-grain-dianeter crystals uniformover a wi de area.
However, since the irradiation of a sem conductor thin filmwth | aser
light is conducted through the nmask 6 and the |l enses 5, 7 of the focusing
optical system wutilization efficiency of light energy is | owered,
resulting in increases in treatnent tinme and cost per substrate. In
addition, there is need for a nechanismfor correction of focusing errors
due to waviness of the substrate or the like, which also |leads to increase

in treat mendidd Imsand KOHe PR U IT alrandivid hele Jd2a tSlbage ogntwai ch to
nmount the substrate needs a novenent accuracy on the order of 1 Vim so

that equi pneite £ASted s ngxgjfmg@ ifeshedde | £l ffd1®UlHg LR8RiBNEE Ehe

irradiation area I1n vie production cost of the fdocusing optical system

and di st orttj_l,%l ﬁlii@?ﬁw’n }%J]hgﬁ&r};e%cﬁm‘tﬂ%’r% 5.4 he S{g{}eg)l&!egm that the

treat nent takes nuc of utili1zing interference of

aser 11 gt A ORI GO0 Sloddie S5, TR ! LRt p gEd] ci ency of

i ght energy i ere owng problens.” Nanely, in this
met hod, at fhe tine of varying.the optical path lengths of split 7
| aser |i ghtfi%e‘é YL HY %/ %‘t‘?%né“qﬁn%)‘he interference fringe, the

mrrors and the stepped transm ssive plate are,noveg b% ? mechani cal neans.
Her e However, in the process applying the multi-shot

irradiation method, of the above-mentioned low
temperature polysilicon processes, the crystal size of
the polycrystalline silicon obtained (grain diameter: 0.1
to 5 um) is extremely small as compared with the size of
the thin film transistors at present (about 5 to 50 um
square). Therefore, the characteristic of the thin film
transistor fabricated by use of the polycrystalline
silicon is, for example, such that the electron mobility
is as low as 100 cm?/Vs due to carrier trap at grain
boundaries of the polycrystalline silicon; thus, the thin
film transistor obtained is inferior to the transistor
fabricated in single-crystalline silicon.

Here, in a display system using a thin film
transistor, if the characteristics of the thin film
transistor in a display area are dispersed, it is
recognized as dispersion of display characteristics,
resulting in low display quality. The dispersion of the

thin film transistor characteristics is due primarily to



in the case:of using laser light which is oscillated in a pulse form it is
necessaly to synchroni ze the displacenent of the interference fringe with
the oscillation frequency. However, in the nethod of displacing the
interference fringe by noving the mrrors and the stepped transm ssive

pl ate by the nmechani cal means as above-nentioned, it is inpossible to
synchroni ze the novenent of the mrrors and the stepped transm ssive plate
with the laser light oscillated in a pulse format a high frequency, due to
limtations as to the noving velocity and novenent accuracy of the mrrors

and the stepRedildiRRIFICES ofe pRl1gleysthaneher graih B3afletEkguhitn performa
treatnment by applying pul se-oscillated |laser light at a high frequency of

nor e t han : s lyi i-LLated om a pul se
10 idde Bugh rd.%%g?&%lg?}i SR b @ﬁ%&)gg Gadehe p

oscillation solid | ase aser diode excCitation, and this
difficulty % [Maleys e .l S d ;e t MRE epni.conduct or
thin 111 FROMERY B SR RUERTCaRe e PEod tasraed oRterErpielchh
i nvention tqQ provide.8 aser. i_rradi.ati aratus.capabl e of noving
at a high F&%dﬂ%ﬁﬁ%}%gangﬁ%cba%Fgﬁﬁ Fggned%%§ggﬁ%?nPe??e?éﬂgg action of
| aser |ight, and thereby contriving.,an ingrease in the speed of treatnent
with the I&?&Fq%ﬁﬁﬁglﬁ;ﬁ%ealﬁEFﬁ&%t&Pntngpfng a sem conductor thin film by
which it is possible to peLforn1ﬁt a hi h,sge&f a treatnent for obtaining
| ar ge- gr ai n- di anef'&F - pdfyERY¥EaFPEN¥3ELRFED tReRR B EntdARs Fhity of
grain diameter by use of the |laser irradiation apparatus. |n order to
obt ai n t he b RALYsHYESR L liiRea Sddridaic @IRiR toRadsgspBRETEY LRetPResent
invention, there is provided a laser irradiation apparatus, including a
| aser |i ghtcagenahatingheesasne pogpiliont ilsg ixradidated wpkht LRAGTt he | aser
l'ight generated fromthe laser |ight generating nmeans into a plurality of
beans, a | ilgight Rl tfigesnceFreansheofigatei ngtthe peemstlat ivhdwme t he
splitting neans

the laser energy may possibly vary by *=8%, if the laser

energy exceeds the irradiation energy of 380 mJ/cm®

corresponding to the maximum grain diameter even once in

the 20 times of irradiation, the grain diameter is

rapidly lowered, and fine crystallization occurs partly,

so that it is necessary to perform irradiation at 350

mJ/cm®. It is also seen that the dependency of grain

diameter on laser energy is heavy and, for example, a

dispersion of energy of only 1% leads to a dispersion of

grain diameter of no less than about *10%. However,
suppressing the dispersion of laser energy to, for
example, within £0.5% is difficult to achieve at present,
because the pulse oscillation is performed in a short
time (for example, in the case of excimer laser, the

pulse width is 20 to 200 ns); accordingly, the crystal



to interfene with each other to forma periodic light pattern, and a phase
shifting means for.electro-optically shifting the phase of at | east one of
the plurality of beanms split by the splitting neans. In the |aser
irradiation apparatus thus constituted, the laser |ight generated fromthe
| aser light generating neans is split by the splitting neans into a
plurality of beans, which are caused by the light interference neans 9

, tointerfere with each other, thereby formng a periodic |light pattern.
Therefore, it is possible to generate a light pattern with utilization

efficiencyqofihagembi @bt 1€N8L g¥PBLAt @i ned at a higher value, as conpared
with the case of formng a |light pattern by use of a mask. In addition

si nce the phase s(g“f&%ﬁgoﬁ%leﬁl%&d shi fgﬂ@%ﬁgﬁ%f@m‘?ﬁ qf. aty | east one of

the beans split from Ight™1s provided, "It 'is possible to
optically nnve.hge gighg gatt rn_forned pé.inéerferenQ§. Besidgsrmsince t he
phase shi f PPRGLIREENECT SPFBF e FBEET 0IDRETcAF PUSKRT ET AT HE TR X ™ opt i ca
novenent of the Iiggt pattern_can be perforggg:at %ﬁgi h fr%gﬁency. As a
resul t, it°OV8§¥pBs¥tBPedtB2comMIYTEan 3 M5% i % %%ﬁéﬁh % r eat ment .
Therefore, it is possible to contrive a_reduction in treatnment _tinme in
treating aSSBATeBAUGEPEr CRARNEEIPNYWFRNLPESEr 119t 18 FEPRFEFEeRince it s
possible to shift the phase at a high_frequency synchronized with the |aser
| i ght genethtprrghnbhasmpsk pupsd bbei LeasednSat 7 a0hi e fEeeuelRy, it is
possible to use a laser light generating means in which the life of an
excit ati onobkghelseystenm sukrdhgzbhionheffepeaney phl Lokl ceneray ohs

lowered, resulting in increases in treatment time and

cost per substrate. In addition, there is need for a

mechanism for correction of focusing errors due to

waviness of the substrate or the like, which also leads

to increase in treatment time and cost per substrate.

Further, the stage on which to mount the substrate needs

a movement accuracy on the order of 1 um, so that

equipment cost is high. Besides, it is difficult to

enlarge the irradiation area in view of production cost

of the focusing optical system and distortion of image,

and, therefore, there is the problem that the treatment

takes much time.

In the method of utilizing the interference of
laser light as an application of the SLS method,
utilization efficiency of light energy is good, but there

are the following problems. Namely, in this method, at

the time of varying the optical path lengths of split



frequency ig high, such as, for exanple, a pulse oscillation solid |aser
based on | aser diode excitation. Therefore, in the laser irradiation
apparatus for 10 t performing a treatnment by optically nmoving the |ight
pattern, it is possible to build up an apparatus which can operate
continuously for a long tinme and which is high in reliability. In
accordance with anot her aspect of the present invention, there is provided
a method of treating a sem conductor thin filmincluding the steps of
irradiating the sem conductor thin filmwth a periodic light pattern

generated byaddit erfoiense £ @ Rlgaldidy s e ¥ idnd romlaser light,
thereby partially nelting the sem conductor thin film and thereafter

novi ng t he '&m g% ¥ e qq@% i q%'g& the light pattern
wi t hi % t he irlfémgef 0 I%%erkp]}eﬁ%%’ ttﬁ[eér eo%, efgﬁ, t ée nﬁ?&%ﬁnt of gt hepl i ght
attern is ried | ectro- i |1 hi f.ting the phase of at | east
P ! tg’raaﬁ%r%bséjy e bp?’lna?rt%ea{e n?c?{éncg%%%/%gn&'chf{mt al"GdI®E &

one of the Sp eans. rea e timeof s FFting t he

P o cnotr o ke P R TRURS 4015 bl AL T Y o
| ar ge- gr ai n-dj anet er poj%9%¥stalline silicon with excellent uniformty of
grai n di anR%rs€ tHebhas QG i PR optical |y, so that

t he optical novenent of the light pattern is performed at a high frequency.
Theref ore, @$REREFRGRE RE novE np it amence fxinggytitdatté@ n at a hi gh
speed is conducted, and the speed of treatnent is enhanced. Therefore, the
treat ment tP9@lllptientfrrAuencyentiovgdest oint khe mechefopLfobt ai ni ng
| arge- grai n-di ameter polycrystalline silicon with excellent uniformty of
grain di anedesphagrite ShorirgecteBride- DEICR PH GVORITHREDRAWINGS FI G 1
is a diagram showi ng the constitution of a |aser irradiation apparatus
accordi ng tandritrlse Frdppkdertandmies:ivA platd by el agpcdmniiddlustrati ng a
nmet hod of treating a sem conductor thin filmaccording to First Enbodi nent;
FIG 3 is anghmn as eabovd trsentaiomegd t hiet nist hiogpaxfsible to synchronize

the movement of the mirrors and the stepped transmissive

plate with the laser light oscillated in a pulse form at

a high frequency, due to limitations as to the moving

velocity and movement accuracy of the mirrors and the

stepped transmissive plate. Therefore, it ig difficult to

perform a treatment by applying pulse-oscillated laser

light at a high frequency of more than 10 kHz, such as

the laser light oscillated from a pulse oscillation solid

laser based on laser diode excitation, and this

difficulty hampers an increase in the speed of treatment

of a semiconductor thin film.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide



treating a sem conductor thin filmaccording to First Enbodinent; FIG 4 is
a diagramillustrating the lateral growh of silicon crystals; . FIG 5 is
a di agram showi ng the constitution of a laser irradiation apparatus
according to Second Enbodinent; FIG 6 is a diagram show ng the
constitution of a laser irradiation apparatus according to Third

Enbodi nent; 12 , , FIG 7 is a diagramillustrating a nethod of treating
a sem conductor thin filmaccording to Third Enbodi nent; FIGS. 8A and 8B
are sectional step diagrans (No. 1) illustrating a first exanple of a

met hod of faahrdseat iiRg @ ithiidd albParhdns sheabl¥ agphbeahboatok hhghret hod
of treating a sem conductor thin filmaccording to the present invention;

FIGS. 9A and B RIS $eatiipial, 3R ndirddh@bP biNan 2htkhlrdsthaki ng the first
exanpl e of the nethod of fabricating a thin filmtransistor by application

of the nethod jof, torfl‘ifl i ' 13&%2%%%@%‘&%%%10 ki ?xégggfiilﬂgrtegs he

present invention; are sectional é agrans (No. 1)
st a1 i RyaeCd Prambe b etliod o Lo haslma gl 0 T
filmaccor qge otdo otfh?:r%ra?:si%%t ai %\é%qtcio%gﬁctor thin f£ilm by which it

is possible to perform at a high speed a treatment for

obtaining large-grain-diameter polycrystalline silicon

with excellent uniformity of grain diameter by use of the

laser irradiation apparatus.

In order to obtain the above object, in accordance

with one aspect of the present invention, there is

provided a laser irradiation apparatus, including a laser

light generating means, a splitting means for splitting

the laser light generated from the laser light generating

means into a plurality of beams, a light interference

means for causing the beams split by the splitting means

to interfere with each other to form a periodic light

pattern, and a phase shifting means for_eléctro—optically

shifting the phase of at least one of the plurality of

beams split by the splitting means.

In the laser irradiation apparatus thus constituted,
the laser light generated from the laser light generating

means is split by the splitting means into a plurality of

beams, which are caused by the light interference means



FIG 11 is a sectional step diagram (No. 2) illustrating the second exanple
of the ,method of fabricating a thin filmtransistor by application of the
met hod of treating a sem conductor thin filmaccording to the present
invention; FIG 12 is a sectional view of a mgjor part of a 13 t display
system constituted by use of a thin transistor obtained by application of
the nmethod of treating a sem conductor thin filmaccording to the present
invention; FIG 13 is a constitutional diagram show ng an outline of the
treatment of a sem conductor thin filmby a conventional SLS nethod; and
FIG Z4 is o dgirgdr SenwigH ke dielalhieans ine e WEeinliasea erefigiand nmean
grain dianeter of polycrystalline silicon. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS iHefteigafdeaim . erhedbmBres ot agl peskibleadbagbnarappagatus and a
met hod of treating a sem conductor thin filmaccording to the present

| nvention den.:%é;fﬁ%%%i badH Rydetialde 10s %‘ffri%fi%:hrciyn%ﬂ 9 aldas drawkngs.

[ First Enbo Laser Irradiation Apparatus FIG I's a diagram show ng
the constityt] ; - qule of, .t r._irradi ati ppar.at
accordi ng tet)ﬁ#l‘)%’ g{aelseniﬁ%lgnverﬁ iaorP.l %elj S%gélre’i F%’a&?’g'{p%or}ﬁ%aggégagﬁg shown

in the figure is nsed for example. for a treatent for crystallizing a
addition, since the phase shifting means for shifting the
phase of at least one of the beams split from the laser
light is provided, it is possible to optically move the
light pattern formed by interference. Besides, since the
phase shifting means is for electro-optically shifting
the phase, optical movement of the light pattexrn can be
performed at a high frequency. As a result, it is
possible to contrive an increase in the speed of
treatment. Therefore, it is possible to contrive a
reduction in treatment time in treating a semiconductor
thin film with laser light. Further, since it is possible
to shift the phase at a high frequency synchronized with
the laser light generating means for ﬁulse ogcillation at
a high frequency, it is possible to use a laser light
generating means in which the life of an excitation light
source is long but the repeated pulse oscillation
frequency is high, such as, for example, a pulse

oscillation solid laser based on laser diode excitation.

Therefore, in the laser irradiation apparatus for

10



The | aser ikradiation apparatus shown in the figure 14 , , includes a

l aser |4 ght generation neans 101 consisting of a | aser diode excitation
type YAG |l aser. The laser |ight generation neans 101 generates | aser |ight
H at a repeated pul se oscillation frequency of about 1 to 100 kHz. As the
| aser |ight generation neans 101, one provided with an injection seeder is
preferably used, for enhancing interference properties. In addition, it is
preferable to use a YAG | aser having a top hat type beamprofile so that a
uniformlight intensity profile can be obtained in the irradiation region.
As such a |psefolhily Penedatnait mMmBans ikl homBxa the a ispsd em obt ai ned
by fitting an injection seeder to 210-Wseries, a product by Lightwave

El ectroni cpatcadrde fsets fodd odes ﬂwmm&%;g%er@ﬁral&% iwhidsposed in
the emi ssion direction of the laser |ight H generated by the |laser |ight

generation AN Aahsr r i ri sed of
Li B305 (LBO%Q%FQPBaBZO4 é(\t%‘BL}c?) cr yssltﬁglfa}grfg%&ﬁ;gﬁé)t %&ﬁu Eﬁ?&ﬁ%ﬁm vave

(wavel engt mne%ggﬂi‘iggjtﬂ]?%ﬂqi aser light Hgenerated fromthe laser |ight

generation hi rd har noni c (wavel ength: 355 nm. By this,

he | i gh f h th of
about 30 ns. and &4 ﬁle%éc{fot n%%Yeé%ﬁ?aaogﬁ%%e%%%%Eﬁea?. ToRpresthh, " ©
oscillation

the em ssion, djrecti he laser light H
SRR P TR ¢ HPHG TGS i o dpa it 2

transmttance-variable |ight attenuatar 103 and a beamsplitter 104 as a
splitting reRIMECIRFUSERT tithiy G | Gudinghihsg eq’:seélﬁj ially arranged.
The beam splitter 104 splits the laser light Hinto two beans at, an

intensity rETFAALEHUEhS  semieInBIRter Fhirstfdaamith thiresindic and
transmts a second beam h2 thus split. A phase shifting means 105 is

di sposed i nliget tP%W%gwltﬁﬁ%gth}bmr&eﬁﬂféfmn%fplﬁ tleyraflg4y Hfe phase
shifting means 105 is such that the phase of the light transmtted

t her et hr ougbedms fsrklty fom akdsehylight i Aheyrehy aasthtiad loptmeddiingf f ect. As
such a phase shifting neans 105, there are those using the crystal of
KHzP04 ( potEssi semikddnydircren piospEtloa, KDR) | thNEOREGY (wowiorg urhe

di hydr ogenphosphate: ADP), LiTa03, LiNb03, BazNaNb5015 or the like, as well
known. Theskighty spat tsexcmniprice dertdreyenease rdibear toranshittiteed ditdhrtough t he
crystal with a phase retardation according to the voltage inpressed

t hereon. Hepaettérn owiietiid oclps evenge sofili tHal rdeanicel futormdae ngvigaramat ed i n
the light intensity profile of the laser light radiated fromthe | aser

i rradi ati oncleppadceéhienttlUSE tithd Mei gt anpasert iof dde-ipmsautsinyf ting neans
105, the 16 crystal used for the phase shifting neans 105 is a KDP
crystal poléBdegrad bt 1d I ACEHE BCIh e giz8d A s hass reiargat i on of
360 at an inpressed voltage of 1500 V so that the wave front distortion at
the tinme ofthéansSrisshoam®f the second beamh2 will be not nore than ~,/ 10
(35 nm . In addition, a reflector 106 is disposed on the optical path of

the second beam hZ4 ft@i@@ﬂéa%@n‘ghh@&%'&dt hatpRase t3hef bifnghiB@RsgleRe The
reflector 106 is arranged as a |1 ght |nterference means; nanely, the

refl ect Or aé@féfcéﬁetﬂéaﬁef&f‘do tékf‘é’ 1 Q;[ %ét@rrpeam

spl atter so that the second beam h2 I nt er sects W|th first beam hl
reflected t 1,*/@% y the
first beam %?ﬁgﬁ%bx?ﬁgl%g%%%f%eamﬁ tal'?eeIog glggr g%é;ae | nt er ereb%{/)\n th each

other to gegg gafnpf%ggﬁré%gh% %qﬁé lecr]:ey |nteers1fl 'B[e fringe).

Here, the predeterm ne ersec |ono e first
b hl and t t f P of
peari . sndi e SREETE DESIG Lk ot 5 Lo ot DT it A g

,are incident on a substra uri ace at_an, i uded (radian) is
i ven by ¢ nERF oA ot = it Ead A1 &gl Rty Fo RS chd
optical movement of the light pattern is performed at a

high frequency. Therefore, a treatment by moving the
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r Fromthe formula, it is seen that when an interference fringe with a
period of 4.0 ~-mis to be generated on the surface of the substrate Win
the case where ~ = 355 nm the included angle is B = 5.09 . Accordingly,
the reflector 106 is so set as to reflect the second beam h2 so that the
second beam h2 intersects wth the first beamhl reflected by the beam
splitter 104 at an included angle B =5.09" . In addition, a stage 100 on
which to nount the substrate Wto be treated is arranged in the reflection
direction of the reflector 106 and the reflection direction of the beam

splitter 10fighersar Uph & SEUAID dedmins thatal b derdadiond | giuepat tern

(here, the interfeerence fringe) generated by superposition an

i nter f erencge of e, L st beam fleand hhe secand heamha s padiigied ont o

t he surface of£¥%e substrate nmount ed on the <t ag e stage Z00 is,
for exanple, an_xy. novabl e stage of the st.eppi not or drive type.

Transm ttan%%-%’é?%%’oﬁl%a]fbﬁ’%h?e ? %r?‘l{i}éﬁ%?]% t-lrbg'?afgl%ié% scgeiﬁtﬁjéré tively on
the optical_path of the_ first beam hl and the optjcal path .of the second
boam ho. _ THESESTT G L Br S LHISToF AP Byt LR By L Gt L he

transm ttances thereof so that the confrast ratio of the light pattern Hp
radi at ed on®¥CehEeRbirtREECHrfheLh gTraln tAiPREF A AWRS FRETTRRY. Opti cal
systens 108 each conprised of cylindrical convex and concave | enses are

di sposed in the em ssion directions of the light attenuators 107, and,

further, an
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the constitution of a
laser irradiation apparatus according to First
Embodiment;

FIGS. 2A to 2F are diagrams illustrating a method
of treating a semiconductor thin film according to First
Embodiment;

FIG. 3 is a plan view illustrating the method of
treating a semiconductor thin film according to First
Embodiment;

FIG. 4 is a diagram illustrating the lateral growth
of silicon crystals;

FIG. 5 is a diagram showing the constitution of a
laser irradiation apparatus according to Second
Embodiment ;

FIG. 6 is a diagram showing the constitution of a
laser irradiation apparatus according to Third

Embodiment ;

12



orifice (diaphragm 109 is disposed on the optical paths of the first beam
hi and the second beam h2 transmtted through these optical systens |08 so
that the light pattern Hp formed by the first beam hl and the second beam
h2 transmtted through the orifice 109 is radiated onto the substrate W
These optical systens 108 and the orifice 109 are provided so as to shape
the irradiation region of the light pattern Hp relative to the surface of
the substrate W Particularly, here, it is preferable to selectively shape
the irradiation region so that the variations in light intensity will be

within the range @fg20% jACgopdLBghY i19LseXaRhE, aReLRoHNE£210- Wseri es
produced by Lightwave El ectronicS is used as the™l aser |ight generation

means |01, ( 20l QLA hdorss Al mmy GEME, ortiiqry of the

| aser |ight %gangelﬁg gdg s%Tsmlse ect eciﬁ'as htzlherngl]rlrn{z:lcﬂ?Cat| onlrgjjegtr?)on. ' the | aser
irradiaticnhﬁﬁﬁgyﬁgﬂga constituted as above, the laser |ight H generated by
the laser ITg gener‘ati on neans 101 and t he hi gher harnoni cs generator 19

102 is split byt eam splitter 104, the second beam h2 of the t split
boars i o ref | oot e 165 HB REP BBt 37 S156°EG P RTQPrEPo AaPBRaPRe NPr st beam
hl , whereby, the periodic |ight pattern (interference fringe) Hp is formed,
and it is radibtteRtomd a H il PR (He & drdhed CWEPTHIRR YR & 100.
Therefore, the light pattern Ho with utilization efficiency of |aser |ight
ener gy mai ittt i R iGHar &ih aRe gardriaePlarddie &ftdasd nto t he
substrate W as conpared with the case of the related art where a simlar

| i ght patt difedtoiteed Benisontutamdihin fidd sepwhing thee thestrate Was

has been described referring to FIG 13.
present invention;

FIGS. 9A and 9B are sectional step diagrams (No. 2)
illustrating the first example of the method of
fabricating a thin film transistor by application of the
method of treating a semiconductor thin £ilm according to
the present invention;

FIGS. 10A and 10B are sectional step diagrams (No.
1) illustrating a second example of the method of
fabricating a thin f£ilm transistor by application of the
method of treating a semiconductor thin f£ilm according to
the present invention;

FIG. 11 is a sectional step diagram (No. 2)
illustrating the second example of the method of
fabricating a thin film transistor by application of the
method of treating a semiconductor thin film according to
the present invention;

FIG. 12 is a sectional view of a major part of a
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In addition, since the phase shifting neans 105 for shifting the phase of
the second beam h2 is provided, the light pattern generated through
interference can be optically noved on the stage 100. The novenent can be
performed within the range of high precision shorter than the period of the
i ght pattern Hp generated through interference. On the other hand, in the
case where a simlar light pattern forned by use of a mask is simlarly
noved on the stage, it is necessary to performa nechanical novenent by
driving the stage 100, and the stage 100 nust be provided with a driving
system wi t by;hi r LS t-h I RpRN t- 1S, had ) 1
Therefore,Eﬁgémapéﬁﬁg%gf&?iﬁiﬁﬁ%ﬁ%ﬁqﬁt thekﬁfgiéﬁ?§%ﬁ%%§§ﬁgﬁg}the st age
100 provi deg,as A 1, THAYE IR0l G S4RPI N0 JTRLQ ol lve ype i's not
requi red to perform i gh-precision novénments, so that a reduction in

equi pnment cost. can, be reali.zed...Besi des,..whil e the apparatus using a mask
needs to hasi/eé“laccfnodc CS|°r¥g%5bJﬂ %ﬁlmsfsctcé:’rﬁdl’[% té)pﬁ-‘glreatpgrgesgfn, t he present
enbodi nent . does .not need a focusing optical system and does not need | enses
ot her than ¥hoEE-%¥BY beam shapi ng. Therefore, even where a short wavel ength
| aser such as the_fourth harnonic gmaveLeng&h:,266 nm . of YAG | aser, an
XeC excimer | aseFIiPwatdl dAgPhCORB81AHf 19RE L akABTER RBPYLRT PR (wavel engt h:
248 nm is used as a light source, the apparatus_of the present enbodi nent
does not neédd-lperiaf] thendaeatmeayteiady & saquigasctegstthdan fdd ™ &uced, and

scal e-up can be easily realized.
a conventional SLS method; and

FIG. 14 is a graph showing the relationship between
laser energy and mean grain diameter of polycrystalline

silicon.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodiments of a laser irradiation
apparatus and a method of treating a semiconductor thin
film according to the present invention will be described
in detail below referring to the drawings.
[First Embodiment]

Laser Irradiation Apparatus

FIG. 1 is a diagram showing the constitution of one
example of the laser irradiation apparatus according to
the present invention. The laser irradiation apparatus
shown in the figure is used, for example, for a treatment
for crystallizing a semiconductor thin £ilm.

The laser irradiation apparatus shown in the figure

14



Particul arly, since the phase shifting nmeans 105 used in the present
enbodi rent is one for shifting the phase electro-optically, the shifting of
phase can be performed at a high frequency, nanely, the optical novenent of
the light pattern Hp can be perforned at a high frequency. Therefore, in
the case of irradiating the surface of the substrate Wwith the |ight
pattern Hp while optically noving the irradiation position of the 21 , S
v light pattern Hp, it is possible to optically nove the irradiation
position of the light pattern Hp at a higher speed, and to contrive a
reduction {foin@ad NBnfatdfrer;dik addid 100 o8 fiESnd Mo Phasks £ani e dhus
shifted at a high speed, It IS possible to shift the phase synchronously
with |asery|ighly ob; She Bl 5E 08611 L AL Ofad VPELE L N higedS izl on
frequency. erefore, 1t 1S possibleto use a Taser I'i'ght genération means
101 with a_high oscillatio equency, such_as | aser..di.ode excitation type
YAG Iaser.gei'%%r aser ‘Pﬁ%rclfén%é{ci?qea??%%t %pga%ﬁa}%% f I%aast &life at the time
of continuous use.of not |less than 10,000 hr (10.kHz). This ljfe is |onger
by not Iesge??ﬁﬁﬁ?wﬁpikﬂe??ch%{%%ﬁﬁér%ﬂeﬁﬁ??F§rﬁ;I Hh e I%%éh&%t period of
a flash lanp excitation Q swi_tch pulse oscillation solid |aser of 500 hr
(10 kHz), %82t hdye ithe da5edsilid s ganRgaaF inh d928serl Glvr &%t i on appar at us
with high reliability which can be operated continuously for not |ess than
one year. PROYHEe@bSYED YostR] el HPR heeedeeni freereeBrramby cordq tir on in
whi ch the phase shifting means 105 for shifting the phase of the beam
el ectr o- opeilean¢ing sigtepberenem phepoptieal Jat Raskities,sddoi@ beam h2
bet ween the beam splitter 104 and the reflector 106. However, the phase
shi fting neaefendslearo beseli sptr@dlatephaving PosPR i at oryReredemm i cal path
of the first beamhl or on the optical path of the second beam h2, w thout
any particptrafilengeathan, a whet Bbymt higlsaneneéhecty arabole cam e
obtained. In addition, as the neans for generating the light pattern Hp
(l'ight intebteiradeinedns)ireadiaat toheregbder Fuchkuvah M dlealesolight
interferoneter and Fizeau interferoneter may be used. In this case, by
provi di ng gé&gephoven NeEAhONEL £l B6i rexamblenl a phpseen bt hgedaans on t he
optical path of the split beamin each of these

fitting an injection seeder to 210-UV series, a product

by Lightwave Electronics, can be used.

A higher harmonics generator 102 is disposed in the
emission direction of the laser light H generated by the
laser light generation means 101. The higher harmonics
generator 102 is comprised of LiB3;Os (LBO) or BaB;O, (BBO)
crystal, and convefts the fundamental wave (wavelength:
1064 nm) of the laser light H generated from the laser
light generation means 101 to the third harmonic
(wavelength: 355 nm). By this, the laser light H after
the wavelength conversion has a pulse width of about 30
ns, and energy per pulse of 0.6 mJ (at the time of 10 kHz

oscillation).
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interferoneters to constitute a laser irradiation apparatus, it is possible
to perfadrma high-speed treatnent in the sane manner as by the |aser
irradi ati on apparatus shown in FIG 1 described above. Besides, in the
above description, the optical systens 108 each conprised of cylindrical
convex and concave |lenses and the orifice 109 have been provided for
shaping the irradiation region of the |ight pattern generated through

i nterference. Wen non-spherical |ens type or non-spherical mrror type
optical systens are used as the optical systens 10S, it is possible to

uniformze to a camnt ahe extiestidnhaikaserdn Pt tHewWlklzegd Gayssi an profile
and to further enhance the utilization efficiency of |aser |ight energy. 23

In the abov@raiiiGedd faS-RAe AN PRIRGE KO-t i &Rl dohdmment hed | ght
pattern Hp at a high frequency, description has been nade of the case where

the laser @%mg%%ﬁmevﬁq%@w&m a5 1 Nd asYedd 9t

generation neans 101 wever, a | anp excitation type swtch YAG

| aser may q!§p| SEfh the {ffgg- i ti.on 0l1. t.hod of
Treating a errlléégenxuduct oraaissl'hgnnS I m]@?@aalgggﬁn%tﬁggﬁq&fe%te}nﬁl%éq

sem conductpor ,thin filmacgordi to the present.invention, a treating

nmet hod in t%egl?:%s%r%fs%qli/esq all‘ﬁ nagrraanngaeh(g'r pﬁ%‘&s bs?iapi ggglttﬁleﬁ ﬁ‘logm

(sem conductar, thin fil by. use the laser irradiation apparatus

Goscr | bod reiLHee it o 4aer LR I R oY epta 4 an O o w

i ncluding an aporphous silicon thin filmL_ fornmed on a glass substrate Sis
prepared. THREWRFHARAYSITiLorehierss 1Imilrst Im ddakiiv® Srifed on the

gl ass substrate S through a silicon nitride (SIW?,filn1and a silicon oxide
(Si 02) fil raRchierensel ot s3rrepd beam h2 thus split.

A phase shifting means 105 is disposed in the
transmission direction of the beam splitter 104. The
phase shifting means 105 is such that the phase of the
light transmitted therethrough is freely wvariable by
utilizing an electro-optical effect. As such a phase
shifting means 105, there are those using the crystal of
KH,PO, (potassium dihydrogenphosphate: KDP), NH4H,PO,
(ammonium dihydrogenphosphate: ADP), LiTaO;, LiNDbO;,
Ba,NaNbs0;5 or the like, as well known. These crystals can
provide the,laéer beam transmitted through the crystal
with a phase retardation according to the voltage
impressed thereon.

Here, in order to prevent a disturbance from being
generated in the light intensity profile of the laser
light radiated from the laser irradiation apparatus due

to the arrangement of the phase shifting means 105, the

16



here, according to the constitution of a thin filmtransistor to which the
nmet hod of treating a sem conductor thin filmis applied. The formation of
these films is conducted, for 24 exanpl e, by the so-called plasma CVD
(chem cal vapor deposition) nethod or other CVD nethod in which raw
materi al gases are introduced into a vacuumfilmformati on chanber in which
the gl ass substrate is contained, and gl ow di scharge is caused between
parallel flat plate electrodes on which rf power with a frequency of 13.56
MHz is inpressed, thereby deconposing the m xture gas and building up the
desired fi lc%%qowe@g £o2 e YRS f0i frably aRlbihRg 13 5t Rish of kKb
transi stor. re, in the case where the filmformation is conducted by the
pl asma CVD AU 11 T I i1 S.3.C is i,n the vacuum
C{Egtﬁr%%ﬁ.a pol i¥hed Qﬂﬁgi gﬁ;ﬁs% r%tcgzt glhé%h URined L

filmformt er, and t Ss substr iIs“prelimnarily heated
(for exanple, 4000 . Silane gas (S H4) and, anmoni u NH3) . as_ r aw

mat eri al ggg eaFE%PﬁPFS&E@e@ att %@ praksiP el BPraTTS agsiTéS?réﬁvH% mfilm
formation anber, whereby an SiNX fjlmis .buil in.a thickness of 100
nm on the dl 5’?5%’51’555%% é%évﬁe ond Idd‘r‘f‘g'j‘)d‘"}smé’nd‘ttoi%&eﬁl(r@)‘ﬁas raw nateri al
gases are introdyced, whereby an Si02 filmis bﬂil% up in a thickness of
200 nm on CAENSMRSEOCITRES A8 AR tie Wdittlake G2& PorentP8Buced at a

pressure of 150 Pa, whereby a hydrogenated anorphous silicon thin filmL is
built up i M/Al@hi(8kness-0of 30 to 300 nm typically 50 nm on the Si02 film
The anmount of 25  hydrogen in the anorphous silicon thin filmL in terns
of atomc ratio i3napé@it2on, Therafidbephots18f| ieodisnpacdi P theéorned in

t he manner as above is polycrystallized according to the foll ow ng
procedur e opsdcieledartdf afr ithg tseadns deam dRalt renepiditagr &imrohghn in FI GS.
2A to 2F. First, by adjusting each portion of the laser irradiation

appar at us shewphaseFlsGifl inouimearssdidd.at Tha véflastor| Lghtisl at a
frequency of, for exanple, 1 kHz is conducted and interference thereof is

caused. Themraagesheasn a 1ighE i2Aerfdaeghte peaher;n ndmeligyi nipea | i ght
intensity profile such that a light portion with a wwdth of 2 um appears at
a period ofreflenticyr Nadi atedd eatso thd igestonidepeam bR tRa2smitXed. 2 M) of
the amorphous silicon thin filmL on the surface of the substrate W By
this, each tofrdughadingt beanpedliianter [lI@htsdpatatondle Weddnd beam h2
intersects with the first beam hl reflected by the beam
splitter 104 at a predetermined angle, whereby the first
beam hl and the second beam h2 are superposed and
interfere with each other to generate a periodic light
pattern (here, an interference fringe).
Here, the predetermined angle 0 at the time of
intersection of the first beam hl and the second beam h2

is set as follows. Namely, the period P of the

interference fringe generated when two laser beams with a
wavelength A1 are incident on a substrate surface at an

included angle 0 (radian) is given by the formula:

P = A/{2sin( 8/2)}.
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awdth of 2 umin the first region L1 of the anorphous silicon thin filmL
is selectively nelted as the crystallization portion at the first shot 201.
In this case, each of non-irradiation portions (dark portions) with a width
of 2 umis maintained at a tenperature |ower than the nelting point of

anor phous silicon by not |ess than 100C. In the irradiation at the first
shot 201, no voltage is inpressed on the phase shifting neans (105) of 26
the laser irradiation apparatus. During cooling after conpletion of the
irradiation at the first shot 201, polycrystalline silicon is caused to

lateral |y grow frpmthe Bowadany PoLti 98 Bebueensa WRLAER, €gion and an

unnel ted region toward the nolten region. In this case, where the w dth of
the nolten .ret%i

3ns isen%t .r;lorev}ih:%n 2 teirrres to 4di stanceS over whi ch t he
crystal cantAEEEFFERF i I tafo PE T AT ¢ e Wit 1 ot the nol ten
regions is not re than.,2 ti of t 01%)t0 um i,n the case of a
silicon thigr?nﬁrlgr%\e% iy r{%isé‘\rérﬁs § %gqenrﬁ r?é:rta&r?e of* t'l;lhzfdicgtsieon resul ts
in the formation of lateral growh regions in a stripe gattgrn over the
entire are¥N6FS he ¥ iYP? Hr t FoRsIRIHIRE 1k BWef whPcROthe crystal can
grow laterally depends on thejfulse wi_ dt h and pul se shape of .the | aser, and
i ncr eases &SAFEINGlekndde it nitddndic 5 &% @5 itomtiefdie€dses and as
the substrate tenperature rises. The lateral growmh will be detailed |ater
After the itheadgiesianeh bfiamh has Yhaghttha saeeng beamsig: ipgersecéenduct ed
one time or a plurality of times as required, a voltage of 500 Vis
i mpressed ot thhéhehfde sthilfadgmdulmeafs ecter) byy ivdier deeus Isp lijttiert B@4pul se
oscillation of the laser irradiation apparatus. By this, as shown in FIG
2B, the firast agptimedluderd rarglescnni hgo F7 .
In addition, a stage 100 on which to mount the

substrate W to be treated is arranged in the reflection

direction of the reflector 106 and the reflection

direction of the beam splitter 104. Here, such a setting

is made that the periodic light pattern (here, the

interference fringe) Hp generated by superposition and

interference of the first beam hl and the second beam h2

is radiated onto the surface of the substrate W mounted

on the stage 100. The stage 100 is, for example, an xy

movable stage of the stepping motor drive type.

Transmittance-variable light attenuators 107 are

disposed respectively on the optical path of the first

beam hl and the optical path of the second beam h2. These

light attenuators 107 are used by adjusting the

transmittances thereof so that the contrast ratio of the

light pattern Hp radiated onto the surface of the
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for nmoving,the light pattern Hp by 1.33 umin the arrangenent direction
thereof is perforned, and irradiation at the second shot 202 with end edges
overl apped with the first shot 201 is conducted. Then, at the portions at
the second shot 202 in the first region L1, crystals are caused to

| aterally grow in the sane manner as in the case of the first shot 201. In
the lateral growth at the second shot 202, the laterally grown
polycrystalline silicon is already present at the boundaries with the
portions of the first shot 201, and |lateral growth occurs with the

pol ycryst al hisne sil QR as.SeadsgM t hout any supercooling process, so that
| onger polycrystalline grains can be obtained as conpared with the case of

means (105) s cRERMERToUaPCEPBnt 88050 P o TBRD toay e hBURF Y Gt th the

| se oscillation of the |laser irradiatign a rat By this, as shown in
PG 20 CREVEZ.GRE SOPREYS SERRATE Fol ABrRRG (e tPEQRIIFEALE n Hp

further by ,1.33 umin the arrangenent directiaon thereof _is perforned,
irradiatiQﬁrgFtﬂﬁéstmfr&h§h3ﬂ€§%3aﬁQﬂ?Wéﬂ?réd&QQ'oﬁnﬂotﬁu§F & 0@ | apped
with the second shot 202 and the first shot 20Z is conducted, and crystals
are cause@ridicst dCdPPPIHBW Widhd$t ERpPoseectodiengPpisaés®ag8s in the
same manner as in the case of the second shot 202. By the above three shots
201 to 20%fother fidisst iheam ddpEaifoFdissisisicemd bearhd2f trensmagited L1 of 0.2
mm X 0.2 mm of the anorphous silicon thin filmL is crystallized

through these optical systems 108 so that the light

pattern Hp formed by the first beam hl and the second

beam h2 transmitted through the orifice 109 is radiated

onto the substrate W.

These optical systems 108 and the orifice 109 are

provided so as to shape the irradiation region of the

light pattern Hp relative to the surface of the substrate

W. Particularly, here, it is preferable to selectively

shape the irradiation region so that the variations in

light intensity will be within the range of £20%.

Accordingly, for example, where the 210-UV series

produced by Lightwave Electronics is used as the laser

light generation means 101, the region of 0.21 mm X 0.21

mm in a central portion of the laser light generated is

selected as the irradiation region.

In the laser irradiation apparatus constituted as

above, the laser light H generated by the laser light

generation means 101 and the higher harmonice generator
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into uniform polycrystalline silicon. The tine required for this is about 3
ms, and the crystallization rate is about 0.133 cnR/sec. FIG 3 is a plan
view for illustrating the nethod of irradiation attended by the
above-nentioned primry scanning, and shows that anorphous silicon in the
first region L1 can be entirely nelted and polycrystallized by performng
the first shot 201, the second shot 202 and the third shot 203 of
irradiation in the overl appi ng nmanner as described above. In FIG 3, the
shots 201 to 203 are shown in the state of being shifted in the extending

direction;gh §Reghhght ppather Bebtnspheckatenah dineckbOBnéNpEhR fibgure),
for ease of understandi ng. After anorphous silicon in the first region L1

of the angepbaussLl Le9Y ! Belnbi L Lok LLUA! Bl LRET,LE1LDEHBRY
nec a

r
descri bed above, ni cal secondary scanning”is conducted as sﬁomn in

FIG 2D. I he_s r Al ab 2 by _dri.ving the xy
novabl e sggggng?r%ﬁgesggg%igégngﬁggtgg¥gg B%peW8§%8g¥b§ﬂ$L8¥F%? dration
region of _the | as | i ght, he | aser. irradigti on 29 apparatus is noved
Lo the sctbHfit BIEGRTES |dAPhEERESTae: s PERL: RPegPoRhorTed RRA- Ahor phous
silicon thin filmlL. Then,ﬁ%?e second region L2 is subjected to three shots
201 to 20350F2AtrE8FaPPSR WPEhSPESEFS| PGhtREnHRSER2EFGE. ©BDR8 2F, in the
same manner as described above referring to FIGS. 2A to 2C. By this,

amor phousS§RERcHA0in Theretebnd Fiodi bioRe RAtEeDn iR WHED mm adj acent to

the first region L1 is crystallized, . . .
utilization efficiency of laser light energy maintained

to be higher can be generated and radiated onto the
substrate W, as compared with the case of the related art
where a similar light pattern formed by use of a mask is
radiated onto the substrate W as has been described
referring to FIG. 13.

In addition, since the phase shifting means 105 for
shifting the phase of the second beam h2 is provided, the
light pattern generated through interference can be
optically moved on the stage 100. The movement can be
performed within the range of high precision shorter than
-the period of the light pattern Hp generated through
interference. On the other hand, in the case where a
similar light pattern formed by use of a mask is
similarly moved on the stage, it is necessary to perform
a mechanical movement by driving the stage 100, and the
stage 100 must be provided with a driving system with

high precision, so that equipment cost is raised.
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Subsequent |y, the nechani cal secondary scanning by driving the stage and
the el ectro-optical primary scanning by driving the phase shifting neans
are repeated, whereby a required region (for exanple, the whole area) of
t he anmorphous silicon thin filmL is irradiated with the |ight pattern Hp.
By the treating nethod as descri bed above, anorphous silicon in the
required region (for exanple, the whole area) of the anorphous silicon thin
filmL is crystallized, whereby a polycrystalline silicon thin filmcan be
obtained. FIG 4 schematically shows an inage of crystal grains 40 of a
silicon thig fi t ai f Selalell: i j i.lmL is
T@lexléf@hr%b %rﬁec%ea a[tpgaxiarﬁ%s‘a% Elgs ra ‘E‘Px’é) tpglelgefnt

irradiated wth the'light pat n (Interferen fringe nl'y one tinme by

t he above-descri.bed .t echni .0 scanni el_ectron

m croscope e(%’@\%maeﬁtér q—‘al{ln g#%}%eng% Sé?%é'%e%%aiaﬁg%@’f (’)‘S’grlpgakiarkf&et ﬁgg rFain
boundaries visible. The blocks in t.he figure represent .indjvyidual crystal
grai ns 40. Oisﬁ:é"r?ovﬁijg?lﬂ%m Gir gi,rlé"zfcﬁy%‘erdtﬁ mtoﬁeﬁb’llﬁegfn\éﬂ i ght portion)
with a width of 2 umis pokxcnystallized t hrough _perfect nelting, and the
edge porti GFEILIM high @HeCIH oA VR B2 KNS & SfdacE 1ondd ot

mel ting, nanely, boundary regions between a nolten portion and an unnelted
portion and¢duipmesttoosts ggnditey 4851dzab the other regions. Therefore, a

| arge nunmber of nuclei (crystal grains 40) are generated in the edge
portions, and theBesjdesl yhalasthe apPpPhRrasHparaingepymhplheeedeowph rate
anong these crystal grains grow preferentially, resulting in that the
crystal grdwve iss fooms igte drdti aaile gyssiem ot hsh eppatias uey wét.&lhe havi ng gr own
respectively fromthe edges A-A° and B-B' collide with each other, nanely,
roughl y at gresersntembddintdre rides mptwirttad di fectisdmg aptideed from t he
figure. Principally, the lateral growth occurs as follows. Nanely, the
portion crystsddn zadl idoddhedthiddeal lstrages |dtemattémn hddsat dotr beam of
fusion (1.6 X 106 J/ kg for Si) upon solidification, thereby heating the

| i qui d phasshdginsp! | dhkiredbrpor even whetBea ehbrsheaeelefgthnla&Brt he 31

ot her hand, the coefficient of nucleation in the Iiquid phase portionis a
steep functdyun ofs PRI ha¥ndidd (RGIQAHh | Delesid)aicredady the
heating fromthe solidified portion. As a result, the crystal gromh from
the solidi fifdpordd ofedss Susinirnatsethi Grdvie 1R2dtenonmeRommhisgla accurs
because the thermal conductivity of |iquidphase silicon, 110 WnK, is

over whel m ngly &¥Rad.eriddwn ﬁ%ﬁﬁréﬂ'&fg"@i: oyt viid hgesofad he 1yasier I yi ng

Si 02 |ayer, SiNX |layer and gl ass substrate, 1 to 2 WnK However, where the

mel ting w didy,i& | N Lagithrddhd ME Wi Hdadt i fBMRE odshecte!l ting
region, the dissipation of heat to the underlying Si 02/ S Nx | ayer and gl ass

SubS! rat e SHRIES e SRy, Andietodd OB NG GiddeedhoBOL on, S0 't hat

nucl eati on occurs ore the teral growmh ©of "‘crystals arrives. Therefore,

there 15 alddideds 401 U1l Shan0e GereA¥Gh thg daleral growth can
e s

occur. In the case where strate is not” heated especially) the limt

is enpirically 2 . f a si:lLico hin_fil =t Lekn of 50 nm

Therefore, it is E%Eg&%gpﬁgp 's%ﬁhf%egﬁélpgﬁsemn ﬁ%Engnégkﬁégfgﬁaneter to

be not” nore_than. 10 .Vi and., hence,. set thecyer”pd of.Hﬂp int?{ference
ment 1s one ing the

fringe to B¥FOtHOFE t FESY (Rocdd or shi

phase electro-optically, the shifting of phase can be
performed at a high frequency, namely, the optical
movement of the light pattern Hp can be performed at a
high frequency. Therefore, in the case of irradiating the
surface of the substrate W with the light pattern Hp

while optically moving the irradiation position of the
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It is unnecessary to set the nelting width at just 32 1/2 of the period
of the.light pattern (interference fringe). For exanple, where the average
| aser light intensity in the irradiation plane is reduced, the nelting

wi dt h becones |less than 1/2 of the period of the interference fringe. In
this case, only the nunber of times of irradiation required at the tine of
performng irradiation by noving or changing the laser light intensity
profile at the same substrate position is increased, and no speci al

i nconveni ence i s generated principally. As has been described above,

di . doof i . . . . | oh
e conduct 6P FPRACFLFh 18 pbrt o6t Py asPt st e rbert et oy eas of the
| aser light_in

the.light tter t?at redet er i ne

ol yer ystat FFStBAOBaRCBECkO Sheiiai CAolr HEpERtante Bh FAbF Sher gy
di spersions ofdabou& %0 to 20% Thereéorg there_is po need, for special
cont ri vancBPEF%¢ 089 6P EPRbFIYZafi BRBF FgganeEE?ﬁgmeQECB?ﬁ?ngly,
uniformty of thin filmtransistor characteristics is _enhanced, and display
characteristics at® 20dot Ehan®ELe Fehit HRA25% ffe Ryt i yided 15the
grains having.grain boundaries parallel to the prinmary scanning direction
pr edoni nat 8, hight fEeedseilhéPePPREIPLEehPi BB188 thapPhadeis applied to the
fabrication of a thin filmtransistor as will be described |ater, it is
possi bl e, Bynskrepaysivewdirheddbon dfgbbr pEnthe| pwliag ehrblyhtive

type with a high oscillation frequency. Therefore, it is

possible to use a laser light generation means 101 with a

high oscillation frequency such as a laser diode

excitation type YAG laser. The laser diode excitation

type YAG laser has a life at the time of continuous use

of not less than 10,000 hr (10 kHz). This life is longer

by not less than one order, as compared with the lamp

replacement period of a flash lamp excitation Q switch

pulse oscillation solid laser of 500 hr (10 kHz), so that

it is possible to build up a laser irradiation apparatus

with high reliability which can be operated continuously

for not less than one year.

In the above, description has been made of the

constitution in which the phase shifting means 105 for

shifting the phase of the beam electro-optically is

disposed on the optical path of the second beam h2

between the beam splitter 104 and the reflector 106.

However, the phase shifting means 105 can be disposed at
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channel parallel with the grain boundaries, to reduce the influence of
carrier trap at the grain boundaries and to enhance the thin film
transi stor characteristics. Accordingly, when the thin filmtransistor
fabricated by application of this treating nethod is used for a driving
circuit in aliquid crystal display panel, an EL display panel or the liKke,
it is possible to achieve a reduction in the size of the thin film
transi stor and an increase in the speed of operation. In addition,
particularly, since the prinmary scanning for optically noving the |ight
pattern '5aﬁ9”ﬁ8§§égohhbﬁugﬁeebﬁéiéglOﬁétﬁaéfsbhétEﬂgsefb@Qﬂsﬁh ot is
possi bl e to achieve a hi gh-speed novenent of the |ight pattern through a
phase shiff a Bi,gk eguUEnCYs A LESHEt pekd 45 P L bl enhance the
speed of trga%ﬁgntbch%Eeﬂseniconéﬁ%t%rgtﬁ?nb?%%n$§[Sgggﬁgugﬁ%%ﬁinent]
Laser Irradiati pat . ' diagram showing th onstitution of
ERSaBhaPRELfLEa TN, dnkEs By LBL BE oY T8 S

OYe
anot her ex aser | appar a rzirng 1n erference

of laser light Thg Iaseé 34 irradi ation apparatus shown in the figure is
used, for SXAnPFe°PF8rR&%treat nent for crystallizing a seniconductor thin
film particularly, in the case ere a high-speed treatnment i.s not needed.

The laser irradi at% APt RS s $IPFIAOT PRI AUIEE FHedi@hitcal phase
shifting nmeans 205, in_place of the electro-optical phase shifting neans
(105) usedPPRtere FRsétipPEadnherbATappar Bea8ShecdRdingeE beroretresent

i nvention which has been described above referring to FIG 1. Nanely, the
phase shif€PaY ABaMichebspy éphprfsramererfapdeRanphe, a piezo drive type
m cronmeter for nmechanically noving a reflector 106 for reflecting the
second beadnherfewamgtehemayvale ubdd. The Phssccadn f thnermadin®05 changes
the optical path |length of the second beam h2 by noving the reflector 106
rel ati ve t bhehebbwerudentiéodedeeleohrofophicsécphdsbesaimi hiRing meausti on,
following up to this novenent, the angle of. the reflector 106 relative to
t he inci deonetter eptiioalopatheofethadspiain b@8amsial sachhafigeldes® t hat the
angl e (included angle) between the first beam hl and the second beam h2
will be a phedefersimaedrangbecbhetiexaaphelabedOiyra®yathdés, the first beam
hl and the second beam h2 are nmade to overlap and interfere with each

other, to gpparatasa 3% isl pgbkipakt ebnpetfopheaf RighRcepéednge with good
contrast.
treatment in the same manner as by the laser irradiation
apparatus shown in FIG. 1 described above.

Besides, in the above description, the optical
systems 108 each comprised of cylindrical convex and
concave lenses and the orifice 109 have been provided for
shaping the irradiation region of the light pattern
generated through interference. When non-spherical lens
type or non-spherical mirror type optical systems are
used as the optical systems 108, it is possible to
uniformize to a certain extent the laser light H with a

Gaussian profile and to further enhance the utilization

efficiency of laser light energy.
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In the laser irradiation apparatus provided with the phase shifting neans
205, a, laser light generation neans 206 with an oscillation frequency of
about 10 kHz such as, for exanple, a flash lanp excitation type Q switch
YAG | aser is used. As the laser |ight generation neans 206, one fitted with
an injection seeder is preferably used for enhancing interference
properties. The pulse width of the laser light H after being converted to
the third harnmonic (wavel ength: 355 nn) by a higher harnonics generator 102
is about 10 ns, the energy of the laser light His 500 mJ, and di spersion
of the energy is i thihp%el,t slificRr §Eehall Bekn aaeoegzé\@ tgser having a

top hat type beantproflle o) that a uniformlight intensity profile can be

bt d l'i gh
Cpot of oA AR A TR Tﬁ%subtﬂ%{%s‘%ﬁﬂ?%%%ﬁm.?aﬂgt

systens 1 each co |se of Gy, | { ndrd convex .and ncave |l enses and an
orifice 1Cfge C[ifept-tjb s it esedet rortla irati oanseop l}ecrzﬁ %glys?é—’lr%ser the Iight
intensity n(%ge anDr hous sili th|n fllntls bout 403 mJ/ cn2. Each of

t he beans oe’fFZl'i C49m, FoRG t Mg utsr G (TN @54 i abl e | ght
attenuat or_ 107, of which the 36 ght transnlttance Ii so adjusted that a
Iight|mﬂtkﬂghqt9%ﬁﬁﬁﬂ§ﬁQﬂjWﬁﬂq§u¥9¥er§ﬁU§V8F t RefP&&Rs L1AMPand h2 attains a

maxi mum contrast on the surface of the substrate W By this, a light
pattern HE¥RiGHG N COMe £BtSWiGh G dFrar T8yl ke &¢ iusesuPsi cient for
providing the amorphous silicon thin filmwth a nelting pattern according
to the |idihe peasesr nlightf igangraritandananddl. is forned.

Method of Treating a Semiconductor Thin Film

Next, as a method of treating a semiconductor thin
film according to the present invention, a treating
method in the case of crystallizing an amorphous silicon
thin film (semiconductor thin £ilm) by use of the laser
irradiation apparatus described referring to FIG. 1 will
be described.

First, a substrate W including an amorphous silicon
thin film L formed on a glass substrate S is prepared.
The amorphous silicon thin £film L is, for example, formed
on the glass substrate S through a silicon nitride (SiNy)
film and a silicon oxide (Si0;) film which are not shown
here, according to the constitution of a thin film
transistor to which the method of treating a
semiconductor thin film is applied.

The formation of these films is conducted, for
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In the laser, irradiation apparatus constituted as above, the phase shifting
neans 205 is of the type in which the reflector 106 is nechanically noved.
Therefore, this laser irradiation apparatus is inferior to the |aser

irradi ation apparatus according to First Enbodi ment described referring to
FIG 1, in the velocity of optical novenment of the |light pattern Hp by
shifting the phase of the second beam h2. However, the other effects can be
obtained in the same manner as in the case of the apparatus according to
First Enbodi nent. Method of Treating a Sem conductor Thin FilmA treating

net hod in tdeswase, oby St ebldZl 163 8N K54 RhayS(Sdr G thighf i1 m by use
of the laser irradiation apparatus described above referring to FIG 5 can

be carried @é%%éﬂi&w qgegﬁlgdsgfreoﬁg%cbg@dkrﬁngrﬁfhﬁ isrhovﬂﬁjﬁtiw in the

treating net according to First E e noted that, in

t he case of oy M o [ o ' .NPVi ng the
irradiati onm%%%%%po#]g?%% %eﬁ?gﬁg%ga%%%élag%aﬁﬁ ?dﬁlam?i on apparatus by
noving the substrate t hrough dr. vi.ng ,an xy_ nmovahl e stage of the stepping
ot or | ver TR Lome Kb eh th P S SR R R Y 1 rradi atton
Goner at ed BETHERIPThe T FLd LT PP HE G L Or T R TP o mont]
Laser Irradiation Apparatus FIG 6 is a diggran1shomjng the constitution of

one exanpl et YAt (PR Fa st ePFF AR St P Rbpar et JROYRY TR hG iTHeHHeIBhce of

| aser light. The laser irradiation apparatus shown in the figure is used,
for exanple?fbe-%ﬁ MHz is impressed, thereby decomposing the

mixture gas and building up the degired film, according
to the steps for fabricating a thin film transistor.
Here, in the case where the film formation is
conducted by the plasma CVD method, first, the glass
substrate S is contained in the vacuum film formation
chamber, and the glass substrate S is preliminarily
heated (for example, 400°C). Silane gas (SiH,;) and
ammonium gas (NH3;) as raw material gases are introduced at
a pressure of 100 Pa into the vacuum film formation
chamber, whereby an SiNyx film is built up in a thickness
of 100 nm on the glass substrate. Next, silane gas and
oxygen (0,) as raw material gases are introduced, whereby
an Si0, film is built up in a thickness of 200 nm on the
SiNy film. Thereafter, only the silane gas is introduced
at a pressure of 150 Pa, whereby a hydrogenated amorphous
silicon thin £ilm L is built up in a thickness of 30 to

300 nm, typically 50 nm, on the Si0, film. The amount of
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treatment for crystallizing a sem conductor thin film This |aser
irradiation apparatus is different fromthe |laser irradiation apparatus
according to First Enbodi nent described referring to FIG 1 in that |aser
light H generated froma |laser |ight generation neans 101 is split into

t hree beans, which are nade to interfere with each other. Nanely, the | aser
irradi ati on apparatus includes 38 the laser light generation neans 101, a
hi gher harnoni cs generator 102 and a |ight attenuator Z03, in the sane
manner as in First Enbodinment. In the em ssion direction of the |aser |ight

transm ttedy{dF {fReché ohhoAbhSRMas 0T 1 dO3, £ 14 PeANMS Al 1 i &le Rl £S5 @
splitting neans Tor splitting the laser light is disposed. The beam

splitter 30):sRlitsathe 1asgholiodd Hinto two beams, reflects the first
beam hl thus sp++t,aand trans%*ts the remaining laser light H. Here, the

first beam hl whi S ed. . he .l.aser. 4l i gh ' i.ch
transmtted are sglq}é[ afnioor#hgog%: qc’oéi&%rotnl ﬁ:hal%r glll(t)n g"ftff!??.e Aﬁglt ﬁ(lkal?‘ beam
splitter 302 is dispo

P sgd in,the iransn@ifion irection on:tq§ﬁgean1splitter
301. One haf'#"{97 25° oF°Phe 1asRP-YTuht AT R0t the Dedifi splitter 302
IS reflectegoﬁi t he second. beam h2, ﬂ@i%e the remaining 1/2 is transmtted
as the thir QIR REPESdrRe deRTHHPER ot HRr B 1R rFHhhs are
split fromeach other in aratio of 1:1. Nanely, the laser |ight generated
fromthe | a3e®P| FHPELrYBNBRAVE ol nEERS- 19 FQ %hiit by the beamsplitters
301 and 302 into the first beamhl, the second beam h2 and the third beam

h3 in a ratio of Fimst, fuf tadinsing aam meshisgy oft &he3d2seg used al so as

an interference neans by which the second beam h2 is so
irradiation apparatus shown in FIG. 1, pulse oscillation

of laser light H at a frequency of, for example, 1 kHz is
conducted and interference thereof is caused. Then, as
shown in FIG. 2A, a light pattern Hp having a light
intensity profile such that a light portion with a width
of 2 um appears at a period of 4 um is radiated onto a
first region L1 (0.2 mm X 0.2 mm) of the amorphous
silicon thin £ilm L on the surface of the substrate W. By
this, each of irradiation portions (light portions) with
a width of 2 um in the first region Ll of the amorphous
silicon thin film L is selectively melted as the
crystallization portion at the first shot 201. In this
case, each of non-irradiation portions (dark portions)
with a width of 2 um is maintained at a temperature lower
than the melting point of amorphous silicon by not less
than 100°C. In the irradiation at the first shot 201, no

voltage is impressed on the phase shifting means (105) of
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39 reflected that it intersects with the first beamhl at an angle of 120
on a plane basis, whereby the first beam hl and the second beam h2 are
caused to overlap and interfere with each other. On the optical path of the
third beam h3 transmtted through the beam splatter 302, a required nunber
of sheets (here, three sheets) of reflectors 303 to 305 are arranged. The
reflectors 303 to 305 are so arranged that the third beam h3 transmtted

t hrough the beam splatter 302 is bent by 90 at a time on an pl ane basi s,
whereby the third beamh3 is so reflected that it intersects with the first

beam hl angd e second. beamhz, at 33 .angle of 120 on a plane basis. Nanely,

the reflectors 303 to 305 are used™as an interference neans for causing the

i orforo with eathe et Rer it gr A7 Lo PPIBEt prary e LBdie P no'

interfere with eaC r. ore he fIrst beam he

second beam h2.and .the third am h3 sq that .t.hey i.ntersect at angles of
1960 a prama T e bl A o e e R rgelr T SRR o o g
on the plane af the figure, the beamsplatters 301 .and 302 and the

et | oot or o 09 A Hge v i RO S BRI 8 S E SO R R R | qur e and
arranged at the follow ng angl es. hbneky, t he beam splatter 301 is arranged
with its nédemgesgiamhediGrrypnmelted region toward the molten

region. In this case, where the width of the molten
regions i1s not more than 2 times the distance over which
the crystal can laterally grow, for example, where the
width of the molten regions is not more than 2 times of
about 0.1 to 5 um in the case of a silicon thin film with
a thickness of 50 nm, one time of irradiation results in
the formation of lateral growth regions in a stripe
pattern over the entire area of the light portions. The
distance over which the crystal can grow laterally
depends on the pulse width and pulse shape of the laser,
and increases as the thickness of the semiconductor thin
film increases and as the substrate temperature rises.
The lateral growth will be detailed later.

After the irradiation with laser light at the first
shot 201 is conducted one time or a plurality of times as
required, a voltage of 500 V is impressed on the phase
shifting means (105) synchronously with the pulse
oscillation of the laser irradiation apparatus. By this,

as shown in FIG. 2B, the first optical primary scanning
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75 relative to the incidence direction of the laser |ight H The beam
splitter 302 is arranged with its normal maintained at 15 relative to the

i nci dence direction of the laser light H. The reflectors 303 to 305 are so
arranged as to bend the third beam h3 by 90 at a tine relative to the

i nci dence direction of the third beamh3. In the incidence directions of
the beamsplitters 301 and 302 and the reflector 305 arranged as descri bed
above, transmittance-variable |light attenuators 306 and phase shifting
means 307 are disposed respectively. The light attenuators 306 and the
phase shiftjd S 7 ar.e.th as, t hose i,n First odi ment ;

particul ar Ifff}gt e B‘r?a:s%g’esﬁi hlttngj%e%ge%sn Z@?%’rg'ggef@} ajb?&r%%es for

el ectro-optically shiftj.ng the phases .t he beans hl to .h3. Further,
steering rriarrrr(;aarnsgy tardeﬂ%cstﬁgs?e reerseﬁgitl’lsv ef/: on't é.gﬁ‘fdl cal paths of the
first beam.hl he .second heam h2 d.the third beam h3 transmtted through
t he phase s’Tﬁffatqtlr?g:JrPé’a §3‘f Sﬂ?@f@&éﬁr}nﬁo ] IWIJ'(S'?JS e8§3 586550 arranged as
to refract the beans_hl to h3, which are incident tg intersect at angl es of
120 on a plo¥fFliRRsd Wikh fdes g sdi Al a0y A corsivsited i nTedR: Ript h
direction on the figure), whereby the beanms hl to 41 h3 are incident on

t he subst r d&the ORIt HEWRL dhen seoid dhsodd iim the FdrsEcErOACHI recti on
at an incidence angle (vertical incidence angle) of about 3.5 relative to

t he nornmal lo tH&sfifdst radtee cavdest etcsdﬁé@@égd growadn Ghigesapg t he
substrate. By this, the surface of the substrate nounted on the stage is

i rradi at ed ninrem geerirodihe |dagit qfattther if wtsitclshios RédnedIbytleper position
and interference of the first beamhl, the second beam h2 and the third
beam h3. Suatexmglerqpositth et ek igeniderdrte 20R ,t et Aaceraddys hl to h3
generates the periodic light pattern as shown in FIG 7. This light pattern
has a | i ghtgrnawrensiltyepraafallla nen aatiictorciirs Wlatealiygprdeisghtt amnt ehsi ty spots
401-1 having a diameter according to the vertical incidence angle are

regul arly ascwatizad ¢4 viwh itHeadadt ivhplamahea s irepoished, 2far, axdnple, in
Journal of Applied Physics, vol. 82, pp. 1497 to 1499 (1997). In addition,
as shown i ndddzalb.grwtt idddsrd i iaphragmpciff rvetdilgpased QA cbheagpt i cal
pat hs of the beans hl to h3 transmtted through the steering mrrors 308 so
that the beammidlwithdid tdrahSliddrbdiim grddarist edaitntienhgeet Wi th each
ot her on the substrate while maintaining the above-nenti oned predeterm ned

angl e. The Qiifd68309 ik Rt Hs NG @4 2ompared with
the case of the first shot 201.

Thereafter, the voltage impressed on the phase
shifting means (105) is changed over from 500 V to 1000 V
synchronously with the pulse oscillation of the laser
irradiation apparatus. By this, as shown in FIG. 2C, the
second primary scanning for moving the light pattern Hp
further by 1.33 um in the arrangement direction thereof
is performed, irradiation at the third shot 203 with end
edges on both sides overlapped with the second shot 202
and the first shot 201 is conducted, and crystals are

caused to laterally grow without any supercooling process
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irradiation region of the laser light on the surface of the substrate,;

here, t.he light spot on the substrate is shaped to be 0.5 mMmm X 0.5 mm Due
to losses in these irradiation optical systems, the average light intensity
on the substrate is about 160 mJ/cnR. The stage on which to nount the
substrate and which is not shown here is disposed beneath and in proximty
to the orifice 309, and is an xy novabl e stage of the stepping notor drive
type, the sane as in the laser irradiation apparatus in First Enbodi nent.
In the laser irradiation apparatus constituted as above, the transm ttances

of the IighinaltenUBlON 300 i isefd adhd M d sr Ald ol Al 2lohe beans
hl to h3 are adjusted, whereby the light intensity profile of the |ight

pattern radiated qpf qhe sy ase-af e subst Lal oR! aged.qnqthes shage is

so adjusted that tHe contrast ratio between the circular Tight portions and
the other dark portions. will be ximzed, and the ratio _can de to be
about 8 1. THPEORON (SOt IFRR St 15105 ehittd orF S T (e Tk pacd er n
according to the light pattern in an amarpho silicon thin filmformed on
the sur f acdMBiOF HEHS HRITRAS NELLHEM TR He-1 ghtl HATDESF hde achi eved
by inmpressing a DC voltage on each of the phase shifting 43 means 307.
Further, by*¥#He %ﬁ%ﬁﬁﬁﬁkf?&%?ﬁyﬁﬁ?kkﬁﬁ%qﬁi%dFon- The time required

for this is about 3 msg, and the crystallization rate is
about 0.133 cm?/sec.

FIG. 3 is a plan view for illustrating the method
of irradiation attended by the above-mentioned primary
scanning, and shows that amorphous silicon in the first
region L1 can be entirely melted and polycrystallized by
performing the first shot 201, the second shot 202 and
the third shot 203 of irradiation in the overlapping
manner as described above. In FIG. 3, the shots 201 to
203 are shown in the state of being shifted in the
extending direction of the light pattern (in the lateral
direction in the figure), for ease of understanding.

After amorphous silicon in the first region L1l of
the amorphous gilicon thin film L is crystallized in the
manner described above, mechanical secondary scanning is
conducted as shown in FIG. 2D. Namely, the substrate W is
moved by about 0.2 mm by driving the xy movable stage of
the stepping motor drive type, whereby the irradiation

region of the laser light by the laser irradiation
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novabl e stage, the substrate nounted on the stage can be nechanically noved
relatiwe to the irradiation position of the |ight pattern. Even in the

| aser irradiation apparatus constituted as above, the phase shifting neans
307 are ones for electro-optically shifting the phases, as in the |aser
irradiation apparatus in First Enbodinent, so that it is possible to shift
the phases at a high frequency, nanely, to performoptical novenents of the
| ight pattern at a high frequency. Besides, the other effects can be
obtained in the sane manner as in First Enbodi nent. Method of Treating a
Senm conduct 9 d i Pufi 1 N ovdfat b Nehdred d@shd OFe st |d & 1% AN tYT0r phous
silicon thin ?lln1by use of the laser irradiation apparatus described above

referring t I cggg rd t i t : : re as
descri bed itgh(ffhéﬁfgteatl g&q’nEC?%o%Po 1(l)élei ?@%%%%n%%ﬁﬁﬁﬁ%%&%gnot ed
here that, while the optjcal Jmyement i%[j]l[ bRy, %%%5‘%‘&%@ ¢h fheeLight

in i

pattern in the sane 1r'radliation regi as "béen one rection’in the

t_di i f Lnterf fri i n Fiyst Enbhodi t, it i
o1 crorabl o PeTve 2 PUaet Rt GO O T AP CATE 081 ng

this laser irradiation paratus. In concrete, four shqts (401-1 to 401-4)
of irradiati b ar%Dc‘b?ld%Et etf '?es%‘?/ir?ﬁ;n?%?i%rcijje%%%ﬁ?ﬁdn@i’%’f 1.0 um step
inthe x direction in the_ irradiation region, then a npvenent _by 1.0 um
step in therSERFFERY| bR TEC ontRictREC andYatt Hifirs 3PGLPPPYA, SEolFoBhot s
(402-1 to 402-4) of irradiation are conducted while noving (primry

scanni ng) binitlReusecorp regidtr LX of recd itym; Xt fud, mphadpacemt ytscanning in
the x direction (or the -x direction) and the primary scanning in the y
direction atkerfpeatectegbord bltbsatryttablstrds of irradiation are
conducted in the irradiation plane. FIG 7 is a plan viewillustrating the
i rradi ati on net hodfusesnuedt lyy, tte meahamnicsdaseicogdairy wikohingl Pyt he
first shot 401-1 is shown by six spots, while the second to sixteenth shots
are each shédwivbygovhy snegspahd Bye tdlesteororgtiowsl grtingoy in the
irradiation region of 0.5 M X 0.5 mmis uniformy polycrystallized in
about 0. 02 seannSudskgudniiryngt hkesphatseaishifitdvigdecdanist lareheepeatpdous
silicon thin filmis nechanically noved by 0.5 nm (secondary scanni ng) by

t he steppi nghabéby drieguiypd xggiowabfer séegeplandipolwioslysstaalda)zat i on of
the adjacent region is conducted. Then on, simlarly, irradiation with
| aser attendedchy sherepdusasilbyenethiwffile 1 ightidadiated with
the light pattern Hp.
By the treating method as described above,
amorphous silicon in the required region (for example,
the whole area) of the amorphous silicon thin film L is
crystallized, whereby a polycrystalline silicon thin film
can be obtained.
FIG. 4 schematically shows an image of crystal
grains 40 of a silicon thin film obtained after the
amorphous silicon thin film L is irradiated with the

light pattern (interference fringe) only one time by the

above-described technique, observed under scanning
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pattern (primary scanning) and the mechani cal novenent of the substrate
(secondary novenent) is repeated, to thereby crystallize anorphous silicon
into polycrystalline silicon over the whole area of the substrate. In the
treating nmethod of Third Enbodi nent as above, the irradiation portions
(light portions) of the light pattern are circular, so that grain
boundari es of the polycrystalline silicon are substantially uniform zed in
all directions in the irradiation plane. By this, as will be described
next, when a thin filmtransistor, for exanple, is fabricated by use of the

pol ycryst akhbhersh! h§eRokBbpef il bAMPDL A 822 0Ye t bigi gDOVEsFEAL | Oned
treatnent, it is possible to suppress dispersion of characteristics

dependi ng. @pchbgf abbiCabic@RgItheckEom obothsa ila Fibmigansintor. Nanely,

where the grain boundaries are oriented I1n only one direction, there arises

characteri gti ni so PY¥. i f.grain b ry default
i's snallerggégk?h%ﬁckégaﬁ é#?gt%gég%%gﬁﬁeg%%¥§P$??§1?g%%%?%t f9§§% hi gher
in the casg where the direction of current flow ng through the channel of
the thin f#fPmtransistor is parallel to the grain boundaries of

polycrystalline silicon than in the case where the current direction is
per pendi cul ar to 2% SheYR 4 5B oS 1 S2CTol 1R IO RFF1here t he

grai n boundaries of polycrystalline silicon are oriented in all directions,
the ani sot KdpghtancbsEiebVi Hikh. aAgigthesfi 2, uas 1w Polysraesedlbead at er
when the thin filmtransistor is applied to a driving circuit in a liquid
crystal di §praydparerisrtancttiagspfay panePdoe hePEt tams A’ and

B-B’ adjacent to the dark portion are ends of melting,

namely, boundary regions between a molten portion and an

unmelted portion and, therefore, solidify prior to the

other regions. Therefore, a large number of nuclei

(crystal grains 40) are generated in the edge portions,

and the crystal grains 40 with comparatively higher

growth rate among these crystal grains grow

preferentially, resulting in that the crystal growth is

completed at the position where the crystals having grown

respectively from the edges A-A’ and B-B’ collide with

each other, namely, roughly at the center in the melting

width direction, as seen from the figure.

Principally, the lateral growth occurs as follows.
Namely, the portion crystallized in the initial stage
liberates the latent heat of fusion (1.6 X 10° J/kg for

Si) upon solidification, thereby heating the liquid phase

(unsolidified) portion in the ‘off-shore’ region. On the
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obtained the effect that the direction of the channel can be | aid out
freely. .Method of Fabricating Thin Film Transistor-1> Now, a first exanple
of a nmethod of fabricating a thin filmtransistor by application of the

nmet hod of treating a sem conductor thin filmdescribed above will be

descri bed below. Here, as the first exanple, a nethod of fabricating a
bottomgate type thin filmtransistor will be described referring to FIGS.
8A and 8B. Wiile a nethod of fabricating an N channel type thin film
transistor is shown here, the nethod can be applied in the sane manner to a

P ohannel {ypeetMhaadl | EhLr 805LELOLhY ORI YAENANGId LG I SPect €5

(dopant speci es rst, as shown in FIG 8A, of Al,
Cu or an alg f g e n ' i n 'Q%%ﬁgﬁ of 30 300 nm
on an insul ?%(%ég; %% §f§%t Jégg%oéf%éére%#@gogl%ésé%p e |el(e,ssoanttdq%t
patterning is conducted to forma gate el ectrode 601. 47 Next, as shown
P FIG 88, PRC e PhtP st ORI TR a0S 12 ATTERP 1o THRUI at | ng
substrate 600.in,the_ state, of cqvering the gate el ectrqode 601 nd,
Furcher . anSahbibhoTE EPFEEON: ¢ i o HRAHGe. e Greed agn SR Chatdon
insulation film®602. The gate insulation film602 has a two-|ayer structure
consi sti ng, thersekafdpf ed oport YR el i TV eR1BeE m (TEilRX)LSad RPEHRBETPRYyer and
a gate oxide film (Si02) as an upper layer. The formation of each of these
filnms is covduehedcoyrs hecoppddtiiesehepeal | pondiectisiHad of hiautdng a
sem conductor filmin First Enbodi nent, continuously while maintaining a
vacuum condphasa snlacoaculhd fW)/m: fKor nmt icore mihetivdnglfogreaasml e¢haby a
pl asma CVD nethod, the gate nitride filmis built up in a thickness of 50
nm and thebhé¢hehganal oxpdduéiiviisedudf tthp wmderthinkrtiss dbyabout 100 to
200 nmto formthe gate insulation film®602, foll owed continuously by
bui | di ng upsiig P glass substrate, 1 to 2 W/m:* K.
However, where the melting width is increased, in

the vicinity of the center of the melting region, the

dissipation of heat to the underlying Si0,/SiN, layer and

glass substrate surpasses the supply of heat from the

solidified portion, so that nucleation occurs before the

lateral growth of crystals arrives. Therefore, there is a

limit as to the distance over which the lateral growth

can occur. In the case where the substrate is not heated

especially, the limit is empirically 2 to 5 um for a

silicon thin film with a thickness of 50 nm. Therefore,

it is necessary to set the melting width or melting

diameter to be not more than 10 um, and, hence, set the

period of the interference fringe to be not more than 20

um .

It is unnecessary to set the melting width at just
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silicon thin film603 in a thickness of about 30 to 80 nm Where the
formation of these filnms is conducted by the plasma CVD nethod, after the
filmformation a heat treatnment is conducted at a tenperature of 400 to
450C in a nitrogen atnosphere for about 1 hr, to rel ease hydrogen contai ned
in the anorphous silicon thin film603. Nanely, the so-called
dehydrogenati on annealing is conducted. 48 After the anorphous silicon
thin filme603 is formed on the gate insulation film®602 in the
above-descri bed manner, the nethod of treating a thin film sem conduct or
substrate ap,gesgery Xf{@)rl] , egid i of First
Enbodi ment)f{ésj (z%plf]?ggp?g%!ﬁe&a%?%hous gi%%%ﬁ?\% hgalnd%gifn?%%; nanmely, the
anor phous sgl | t hi i i S.drradihat i li_ght, . tern Hp
gener at ed bf/H%?%%fer%n%eé{o%m%g‘%’i t%v 1#eari‘ee;yl'f;eegdqrr’zse\édr‘? a%& Sﬁg, & gliteby t he

anor phous sj |

icon.thin filmp603 is crystallized to forma polycrystalline
21T Con e hi HEFRR 0shn ' S it ettt O Slandts P AR N
i npl antation js, appli to the poJycrystalljne silicon thin film603a as
outred | (B e HES Dt Foa St Otehe | 17 VDR nb/ § bt PYItgE WIF of ¢ he
thin filmtransistor. For exanple, here, B+ ions_609 are injected under the
condi ti ons bRtAREeEeRFRr BF109E endiyy-ld fRagev oy &hgosdmberapdut 5 X 1011
to 4 X 1pl2/cnR. Subsequently, on the polycrystal]line silicon thin film
603a fornedtbyeergSt brradhatboni Feanered ctediiyy e ofrPsrnilichg st opper
film605 is forned in the state of being matched to the gate el ectrode 601.
In this casérradiationnby Boving no¥ scharaien i the laseknesghtof about 100 to
300 nm by a plasnma CVD net hod. Here, for exanple, silane gas SiH4 and
oxygen (z ateteesbhposedfiheoapl bisepsam® substiatd dapitimn Ji0D2 film Next,
the Si02 filmis patterned into a predeterm ned shape, to formthe stopper
film605. |inthessedseantihgosspppial fihcoBddniengatiergmtersareas to achi eve
self-matching to the gate el ectrode 601 by use of a back side exposure
techni que. phenpopalop.of the polycrystalline silicon thin film 603a
beneath the stopper film®605 is protected as a channel region 611. As has
been descri bed aboue hdF beis dwariber] idBoway,i lacdereingnjtectedsi nto t he
channel region 611 in a relatively | ow dose by the Vth ion inplantation.
Subsequent | MetMb&ihoEheret0ppgr af béml 66B3@St 8r MEtskn f00m dogheng i s conduct ed
toinject an inmpurity (for exanple, P+ ions) into the polycrystalline
silicon thipehit8h8(d8ort BRIADFi1AN & NGe LELL- € BYI B &d 2in Alhd his tine, the
dose is, for exanple, 5 X 1012 to 1 X 1013/cn2, and the accel eration
voltage is, jfppraexamBheardfskeyY. thur tthaar, 13 PROLAN @HeSt it [HtWYn i S
patternedly formed so as to cover the stopper film605 and the LDD regions

612 on bot hggi deget hepeafet LPRIRAAT 61y ¥{ B 4101 PLOL & €84 SthaS a mask, an
impurity (for exanple, P+ ions) is injected into the polycrystalline

silicon thi DRl LRE0Ga-houB HEPOnGOACENLAAIA00, Ifefdy BAGHILS SNM drain
regions 613. The injection o he 1 npurity can be carried out, for exanple,
oy i on dopi gg LhaneShgUeE) 204N Sinllkeed SENULUIS 153 1) WUGRCledzhe 1 mpur i Ly
by electric-fie accel eration wthout applyling mass separation, whereby
the inmpurity iLs:LRj N dgse t 115/ cnR, to
formthe soéP%élégdgébg?ﬁbgggf&oﬁg %‘%t IH% g%%%ﬂe?za??%%&jv% t%%gé@%s, for
exanpl e, 10_keV._ Though not own_in the fi in t.ne case where a P
channel typgn?ﬁﬂ{'fiifj%??$ H&Eﬂ;‘f'orurflgf ra"f)lrti%g?u{e l'lolrlflt ltelmsgﬁgqsﬁé?u Cat i ng
substrate 608 to constitute,a CI\/? circuit he Legi n of the, N channel
type thin f FPRFEFEREESESFS| {5.50RRRAH  ANS %h%lf’ FRsFRITATHRT BT IS the
inmpurity is changed fromP+ ions to B+ ions, and ion doping is conducted at
a dose of aB¥6t21sR e0RSRERE: In this case, the inpurity may be injected by
use of a mass separation type ion inplantation apparatus. After the above
steps, activation BErERRT| npinee thejRRIETHia kine Faiesy f21if%he silicon
thin film®603a is conducted by RTA ir apid thermal annealing) using a W

| anp. | n th¥adasboundesiegcrpvallieon hanthei pinaryigseanei®d ner | aser may
conducted, as required Thereafter needl ess portions of the polycrystalline
silicon thidifekmiéd3araddmihetgat éni hbal aasenwheten BOPs arxepiner ned
sinmultaneously to forma thin filmtransistor 615, and to separate the thin
filmtransistor 615 on a device region §§Si S.



excimer | aser may be conducted, as required. Thereafter, needl ess portions
-of the polycrystalline silicon thin gate insulation film 602 are patterned
simultaneously to forma thin filmtransistor 615, and to separate the thin
filmtransistor 615 on a device region 51 Thereafter, as shown in FIG

9B, a filmof Si02 in a thickness of about 100 to 200 nmand a filmof SiNX
in a thickness of about 200 to 400 nm are successively forned by plasma CVD
in the state of covering the thin filmtransistor 615 on the insulating
substrate 600, to forman interlayer dielectric film®61l7. On this stage,
the socal Lednhyd{90gPalioa 2ONERL 1 Al MBS, CORIUSE d:i i a{e Jam @ heat _
treatnent at a tenperature of 350 to 400C was conducted in nitrogen gas, in
a form ng i C i % n ! ined.i.n the

ot or | ayer PAerEceF; SBFUHTL 6 Bhock Bt one] B T AL W L
603a. Ther ter, contact. hol ei ened.in i,nt erl.ayer dielectric
film®o1l7, Sgﬁ l?ﬁe%ﬁl% ?H?ﬁ:%}'o C,)f Aiu%‘f)ertlﬁefjf?"klelb;sékg%%lﬁ%rtglaei n a thickness
of 100 nmto 1 ,um followed by patterni the sputtered filminto a

pr edet er n?f\%’an%aﬁ%’-’?ﬁ?grm%hm}?ﬁ? r%rae+ré3?‘?'ﬂ'b‘ga%€%g ¢ orfh GBS otr}iehe sour ce
and drain,regions 613. Further, a planarizing, | ayer 620 fornmed of a
photosensFPFgée%ﬁ?foCC?E§+%ro?r?$eaTi?ﬁ@i%?%&ﬁﬂ SR L% A%k fes of about
1 to 3 umand photolithography is conducted to open a contact hole reaching
t he sour cBnBABCEr Bha FRiRohslBIBranHbHton ¢harRPR et Eohductive film
formed of indiumtin oxide (1n203+Sn02; hereinafter referred to as I TO or
the |ike decardengdyi i veee| eleervlin f £1hmforsmel sfongabul et edhds2 li ke
is sputtered on the planarizing |ayer 620, and is thereafter patterned into
a predet eepphédathepecf othbs ntvept Xy veteed obe Wd dinthertddivindg he source
and drain regions 613. In the polycrystalline silicon thin filmtransistor
615 fabri careditsimbaviiquhé copstal ydispPsP pansu anBEl/dfsplathe N
channel type and 120 to 180 cnR/Vs for the P channel type, which is not

| ess t hanpanéd 38rttheslhkgheitthanpdbaible theaqhieve s tredinusiomobility is
| argel y enhanced. Method of Fabricating Thin Film Transistor-2> Now, a
second exaaptReofitbeofethedeRinf ablmcatangi @tdhiand idininansdsd or by
applying the nmethod of treating a sem conductor thin filmdescribed above
wi |l be descthbedpbetiovr bpecatasnt he second exanple, a nethod of
fabricating a top gate type thin filmtransistor will be described based on
FIGS. 10 and 11.1Wddd&idieh mddad afldaly,i catddeg tiie Nrahangel type thin
filmtransistor is shown here, the nethod can be applied to the P channel
In scanning for optically moving the light pattern is

conducted through electro-optical shifting of phase, it
is possible to achieve a high-speed movement of the light
pattern through a phase shift at a high frequency. As a
result, it is possible to enhance the speed of tréatment
of the semiconductor thin film.

[Second Embodiment]

Laser Irradiation Apparatus

FIG. 5 is a diagram showing the constitution of
another example of the laser irradiation apparatus

utilizing interference of laser light. The laser
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the sane manner by only changing the inpurity species (dopant species).
‘First, as shown in FIG 10A a ground filmwith a two-|layer structure to be
a buffer layer 801 is continuously built up on an insulating substrate 800
by a 53 pl asma CVD net hod. The first layer ground filmis fornmed of Si Nx
and has a thickness of 100 to 200 nm The second | ayer ground filmis
formed of Si02 and has a thickness of 100 to 200 nm An anorphous silicon
thin film802 is formed on the buffer layer 801 in a thickness of about 30
to 80 nmby a plasma CVD nmethod or an LP-CVD nmet hod. Where the plasma CVD
met hod i s jusedfaari SorPgae-thies FRYWRNAYS e iFGenirkhijl Liskd, 8¢dyr anneal ing
in nitrogen atnosphere at 400 to 450C i s conducted for about 1 hr, in order
to reduce ghe u f i il I i,f required, Vth ion

i npl ant ati on |§sairgg'on@furgtae?&%ga(%g%gl\?eggsﬂgscilé)esgfg;lyﬂ?rflgc? B+ ions into the

anor phous si /. i n. fid. | n f or, e I 5 1l to 4 X
1012/ cn?. ﬁsérﬁltﬁ%?{sa%%s% Ht lerH %g%e ‘e atrictg%%vlo r"thge lps)égbggﬁtgsfovéee%g Next, the
above- descyihe t ho r i in _filmsem conductor substrate
(for exarr;c)a\ ehgﬁh'e erbeeéaitt:gre?gattr?e%tog%o%%% %%te%@%odi ment) is applied to the
anor phous silicop,thin film 802, nanel t he_anorphous,siljigon_thin film
802 is irradiat eghﬁi I[lﬁsﬁrl Fﬁﬁ?éﬁagﬁgpng%aﬁaﬁ‘é?a?gaw?)ylfln{:t&f e?ence of

split |laser hea hl and h2, to crystallize the anorphous silicon thin film
802, ther &BiFY fg e Wstpi%%%é@fﬁl@@nm@ﬁmﬁ £0Pm ap2Rlace
Subsequently, as shown in FIG _10B, the 54 polycrystalline silicon thin
fil m802a 9k Pt i a9 MRS it lamiarsy mh ik tngernsi d2 054 §E66ni8n t he
patterned polycrystalline silicon thin film802a in a thickness of 10 to
400 nm (hdthe Yaserexdanadiation mpPapRtalspleeseaddvD et hde, PyeAshial
pressure CVD nmethod, a | ow pressure CVD net hod, an ECR-CVD net hod, a

sputt er i ng-negHoProrvhieh |hae beenf deacniled cabove| nefeonring ntF80BIGNext, a
filmof Al, Ti, Md, W Ta, doped polycrystalline silicon or the like or an
all oy therleof is forned on the gate insulation film803 in a thickness of
100 to 800 nm and is patterned into a predeterm ned shape to forma gate
el ectrode 804. TNempdyt i theophbbe pblhifcingt abbnae285| isonomprisédl m 802a
beneath the gate electrode 804 is protected as a channel region 811. As
descri bed aboviyr Bdngris hav @izl iduiner idypebadr riomegetredornt 0 t he channel
region 811 in a conparatively |ow dose by Vth ion inplantation. Next, P+

i ons are ing&dreichd Iy Mdieimply arefSieadddma 08l Ificorretflie thinbmcB@2a by an ion
i njection nmethod using mass separation, to provide LDD regions 812. The ion
i nj ecti on decaonduedehDURIwddte oMeolsa ¢ fedce .of ThBeppakycsystaihgne
silicon thin filma802a with the gate el ectrode 804 as a nmask. The dose is 6
X 1012 to feahs HdH dHangdie ARC Jfiald 10patdl Na@eths off @heeXadha, 90 keV.
55 Thereafter, a resist pattern (omtted in the figure) is fornmed so as

to cover thea@aie 19} esdviaite B4 v ddies Ul urdiatds et Rer @gk, and P+ ions
are injected in a high concentration by an ion shower doping nethod of the

MaSS Non- sERA AAAD dR&t il T MIROWLE RN G i3 .F €8h08838dBon! N this
case, the dose is, for exanple, 1 X 1015/cnR, and the accel eration voltage

is, for ewﬁ&i@ 8 Vo AhildGARRIdME 9a%he %ng,w%qe%@ Listrgd -2Q% PH3 gas
i s used. Though not shown here, where a P channel type thin filmtransistor
is forned t e, | i -%%qg : 0 i CMOS
circuit, t%e}S r%%a(?%lmg? ﬁlegk%t c]’ﬁg:_nlne t{/gi_teﬁte%%%oh Io%og?ltgn;s;l%?g? is covered
with a ph%é)a(rr?sﬁzst"s takﬁ.ego té}xeang;ﬁéac% régb g:e}ls ¢ %t Ceh%rr]l %.d t(.q_n%li t% 20% BZHz/ HZ
gas, and ion |njecJt|on I'S conduct ed under e conditions of 'a dose of about
1 X 1015 to 015/ cn? and an accel erat.ion voltage of,. for exanple, 90
keV. The Ot %SI ée%we?rhet%é%tﬁzﬂ%sataﬁbfw glln %% s%f?%is’eﬁgl 2é%nduct ed by
use of a mass. separation type ion injection . apparatus. Thereafter, a
treat ment Wbkl R i R¥ML I HIREUFHe | Hiacadieo hd %ol yerBistal | i ne
silicon thin film802a is conducted._ The activation treatnent can be
carried outhbyr ushe ofL1yeta Realhitt s e &a5ead ReRuSngrs Wel&np, in the
same manner as in the case of 56

to overlap and interfere with each other, to generate a
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fabrication of a bottomgate type thin filmtransistor. Thereafter,

needl ess portions of the gate insulation film 803 and the buffer |ayer 801
are sinmultaneously patterned, to separate the thin filmtransistor 815 on a
devi ce region basis. Thereafter, as shown in FIG 11, a filmof SiOz in a

t hi ckness of about 100 to 200 nmand a filmof SINX in a thickness of about
200 to 400 nm were successively fornmed by plasma CVD, in the state of
covering the thin filmtransistor 815 on the insulating substrate 800, to
forman interlayer dielectric film81l7. On this stage, the so called

hydrogenat i pryignesd ¢ &igh ves gondued b chaiBlnge drianlgddealdmitaat, about

350 to 400C was conducted in nitrogen gas, inm a form™ng gas or in vacuum

f
for 1 hr, to diff%%ptm%pﬁ%%%? g&ggﬁiggqggi?ﬁgﬁkgfpgsggggsa#gy§gt ielectric

film817 into the polycrystalline silicon t _ ( ereafter, a
COLRCt, hol ol SRS E JOLY e S Elee il LA Lo 0ot e
Connect ed (B THE SBUrEE A AP i . gt Ohe TR (b Ui ng | ayer
Chi ckness. ofStbotR 1F2h SKARRTE art 13 PRI PAHORE BPS 4 s conduct ed

to open a contact hole reachjng the source and drain regions 813. A

t r anspar ent SEbFA A9 el 359 FDrHREA of AETONSr lpger| LRehsr 9gnPERFALRI ve

el ectrode filmforned of Ag, Al or the like is sputtered on the planarizing
| ayer 820, BeRNS s2Pat tepdekitird with an injection seeder is

preferably used for enhancing interference properties.
The pulse width of the laser light H after being
converted to the third harmonic (wavelength: 355 nm) by a
higher harmonics generator 102 is about 10 ns, the energy
of the laser light H is 500 mJ, and dispersion of the
energy is within £7%. It is preferable to use a YAG
laser having a top hat type beam profile so that a
uniform light intensity profile can be obtained in the
irradiation region.

The beams are so shaped that a light spot of 50 mm
X 2 mm is obtained on the substrate, by uée of optical
systems 108 each comprised of cylindrical convex and
concave lensesg and an orifice 109. Due to loss in these
irradiation optical systems, the light intensity on the
amorphous silicon thin film is about 400 mJ/cm®?. Each of
the beams hl and h2 is transmitted through a

transmittance-variable light attenuator 107, of which the
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predeterm ned shape to forma pixel electrode 821 connected to the source
and drain regions 813. In the polycrystalline silicon thin filmtransistor
815 fabricated as described above, the nobility is 310 to 420 cn®/Vs for
the N channel type and 150 to 210 cn®/Vs for the P channel type, which is
hi gher than that in the prior art. <Display System» FIG 12 is a sectional
structural view of a display portion (pixel portion) of an active matrix
reflection type liquid crystal display panel (display system constituted
by use of the bottomgate type thin filmtransistor or the top gate type

thin filmtsgnei stopshabrhaatedsasodeastibed ahoves Thendi sptayrsystem

shown in t igure has a panel structure in ch a pair i nsul ati ng

subst r at es, 90}, 300 902 elheggpgeggcgnofaegﬁ%gsﬁ Wi, g@grgfrs 903 havi ng

a di aneter here ween and w an e ro-optical substance
904 held th Eebetmee E F ectr.o- supst.ance 904, torsion
nemati ¢ (TRFCEYPE F.raaramewym rif FRof $° Pit e SELRE “on the
insulating s bstrate 90 the lo side (the side of the el ectro- opti cal
subst ance SBAFEXaCPalfr £ Rtrcttre a8 RAVITRY Hi RAYIE thin film

transi stors 905 a Pght scatterlngglayer 906 consisting of a resin |ayer

having a r 608RhkesE BRCi0t 8f2ahANt piQel  e¥Rteh obRsSWEFLCEPRE stPRg of a

silver thin filmhaving a
providing the amorphous silicon thin film with a melting

pattern according to the light pattern Hp (interference
fringe), is formed.

In the laser irradiation apparatus constituted as
above, the phase shifting means 205 is of the type in
which the reflector 106 is mechanically moved. Therefore,
this laser irradiation apparatus is inferior to the laser
irradiation apparatus according to First Embodiment
described referring to FIG. 1, in the velocity of optical
movement of the light pattern Hp by shifting the phase of
the second beam h2. However, the other effects can be
obtained in the same manner as in the case of the

apparatus according to First Embodiment.

Method of Treating a Semiconductor Thin Film

A treating method in the case of c¢rystallizing an
amorphous silicon thin film by use of the laser
irradiation apparatus described above referring to FIG. 5

can be carried out following the same procedure as
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t hi ckness of 100 to 300 nm and connected respectively to the thin film
transi stors 905, and a polyimde oriented film 908 having a thickness of 50
to 150 nmare sequentially lamnated. Particularly, the thin film
transistors 905 are bottomgate type thin filmtransistors or top gate type
thin filmtransistors which are obtained by the above-described nethod. On
the ot her hand, on the insulating substrate 902 on the upper side (on the
side of the electro-optical substance 904), a lamnate structure is
provided in which a black matrix 909 for inter-pixel |ight shielding forned
by patterniag 215Ut L edcChiagt iyl Reenbl! dLBY AIALOLL! PeaLanhy and wet
etching, red, green and blue color~filter patterns 910 provided in the gaps
in the bla rix. 909, a t r hayvi a j ckhess of 1 to 3
um coveri n%@%@é@?ﬁﬁ I %%%%ﬁg% né"g%/%ctf}?%%’e ,3){2&%%\/?%%& a thickness of
100 to 200 nm. and_a ﬁ0| im.de orientgd film9l3 haying a thicggess of 50
Lo 150 nm BF& CCRBABH MEFH9 SR nSEEa IFRY  REXAPERFa) OBy BOHPEoREEI { ut ed as
above, the,thin.fil mtransistors gOS functionjng as, switching devices for
the pixel eFEAFF8L&OR0EPIAPE PADF Ea}@aeﬁcibg FngYt 5°End2pPEsent inventi on,
and nmobility and uniformty of characteristics are higher t han those in the
prior art.iAE2gipsder: 2aPPREAEUSr BY oBPYIREdERReSHBAFEEEENYt CHRPFERNI ty of
display is also inproved and_that generation of display spots and
| um nescenfrdydng BB Kl MovaRéewRFereorEukbei AterpingsBOoRAEr 8XiNWe thin film
transistors are fabricated by the conventional polycrystallization process
can be obviaped. thigempvasendiphassei 68 Pstnaccprdingdtrothhe details of the
above described preferred enbodi nents. The scope of the invention is
defi ned byitlreddppendedeghianngsandmaXl cvar)ges aek rmediefld cati ons as fall
wi thin the equival ence of the scope of the clains are therefore to
irradiation apparatus so that no gap is generated between

the individual irradiation regions.
[Third Embodiment]

Laser Irradiation Apparatus

FIG. 6 is a diagram showing the constitution of one
example of the laser irradiation apparatus utilizing
interference of laser light. The laser irradiation
apparatus shown in the figure is used, for example, for a
treatment for crystallizing a semiconductor thin film.
This laser irradiation apparatus ié different from the
laser irradiation apparatus according to First Embodiment
described referring to FIG. 1 in that laser light H
generated from a laser light generation means 101 is
split into three beams, which are made to interfere with
each other.

Namely, the laser irradiation apparatus includes
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be enbraced by the invention. 60 WHAT IS CLAIMED IS: 1. A laser
irradi ati on apparatus conprising: a |aser |ight generation neans; a
splitting neans for splitting laser |ight generated fromsaid | aser |ight
generation nmeans into a plurality of beans; a light interference neans for
causing said plurality of beans split by said splitting neans to interfere
with each other to forma periodic light pattern; and a phase shifting
nmeans for electro-optically shifting the phase of at |east one of said
plurality of beans split by said splitting neans 2. Alaser irradiation

apparat us a¢eoRdiag tng?:x g@h%ase ‘éhelngaﬁé' hasgr h)%;ﬁ@% HS%EEEEQ” means

is a pulse oscillation | aser |ode exCitation. 3. A nethod

of_treat!n%n§e§%qb&oqggc%gﬁ Ehi?ﬁkglgEtEBgBE'?'Qggthg SLRRS ¢ R irradiating

said semc uctorthin perlo tern generated by

interference of a plura %¥ h E ? I|t fr n1|aser %h$ t her eby
partially W@PPlﬁga§aF& ertEofilige 6Pep in TFI dﬁﬂl?%%Q £ M ng said
| i ght pattern |n t he arran%enent di rection_ of sg ﬁ' attern within the
peri od t hePéofhenHéassrnlaght thansBiEhert throLg dtP Battern is carried

out by electro-optically shifting the phase of at Ieast one of said beans.
attenuator 103, a beam splitter 301 as a splitting means

for splitting the laser light is disposed. The beam
splitter 301 splits the laser light H into two beams,
reflects the first beam hl thus split, and transmits the
remaining laser light H’. Here, the first beam hl which
is reflected and the laser light H' which ig transmitted
are split from each other in a ratio of 1:2.

Another beam splitter 302 is disposed in the
transmission direction of the beam splitter 301. One half
(1/2) of the laser light H' incident on the beam splitter
302 is reflected as the second beam h2, while the
remaining 1/2 is transmitted as the third beam 3. Here,
the second beam h2 and the third beam h3 are split from
each other in a ratio of 1:1. .Namely, the laser light
generated from the laser light generation means 101 is
split by the beam splitters 301 and 302 into the first
beam hl, the second beam h2 and the third beam h3 in a
ratio of 1:1:1.

Particularly, the beam splitter 302 is used also as

an interference means by which the second beam h2 is so
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4. A nethod of treating a sem conductor thin filmaccording to claim 3,
wherein said laser light is laser light which is pul se-oscillated by | aser
di ode excitation. 5. A laser irradiation apparatus according to claim1,
wherein the | aser light source is an excinmer |aser, and the wavel ength of
said laser light is in the range of 150 to 450 nm 6. A laser irradiation
apparatus according to claim1l1l, wherein the period of light interference is
in the range of 0.5 to 20 um 7. A laser irradiation apparatus according to
claiml, wherein the nmelting width or nelting diameter in one tinme of

mel ting '5rb@lEE@eEaEHgtoitOlét598g9t¥-Wltﬁ £ Re MEE Pod Qéa&rﬁftéggaﬁ

sem conductor thin fil ntaccordlng to claim 3, mhereln the | aser |1 ght
source is | aser, the veIe f r ht .is in
t he range %Egi OEEE%,EO nm a9 bn d “of ree?t% ng a se Sec r?&ugt tohr1 thin
filntaccorg agt 8 I m be eﬁ n thg BS ogoofverggé |nterference isin
i 8.
o] am

t he range trea I NG~ a sentconductor thin
filme62 ac 3 ereln the melting width or melting
di ameter if g %e Fﬁnﬁng GE'§%in the range of 0.5 to 20 Vim 63

. A@ AS. A@N. A9. A@ A. Af .

. Au. Aa. AN. Al . Au. APIAy*%‘%OBW%# Apth R the fuind Lgamhdy A A@l Al Aa . A

A LCASLLA LA CA@QA LA L AFHL. A A5 L AF L AaL. A( . A

lL AYN9 AsERepSMOtRRE, BRrapgaviee sbeam: splistar 3p%; a required

A" . AAf . Cabk?vC} >?l

ngn{vqlngV@Peﬁ]@é]ébFeéFcéPeaFca}bé?@a?bé?éé]c@fcé?ﬁh?@é?éa]é%}ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] caU caUlca] cTa]cTaln
to 305 are arranged. The reflectors 303 to 305 are =0
arranged that the third beam h3 transmitted through the
beam splitter 302 is bent by 90° at a time on an plane
basis, whereby the third beam h3 is so reflected that it
intersects with the first beam hl and the second beam h2
at an angle of 120° on a plane basis. Namely, the
reflectors 303 to 305 are used as an interference means
for causing the first beam hl, the second beam h2 and the
third beam h3 to overlap and interfere with each other.

In order to reflect the first beam hl, the second

beam h2 and the third beam'h3 so that they intersect at
angles of 120° on a plane basis, where the optical path
of the laser light H is laid on the plane of the figure,
the beam splitters 301 and 302 and the reflectors 303 to
305 are erected vertical to the plane of the figure and

arranged at the following angles. Namely, the beam

splitter 301 is arranged with its normal maintained at
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to h3 generates the periodic light pattexrn as shown in

FIG. 7. This light pattern has a light intensity profile

in which circular high light intensity spots 401-1 having

a diameter according to the vertical incidence angle are

regularly arranged in the irradiation plane, as reported,

for example, in Journal of Applied Physics, vol. 82, pp.

1497 to 1499 (1997).

In additipn/ as shown in FIG. 6, an orifice

(diaphragm) 309 is disposed on the optical paths of the

beams hl to h3 transmitted through the steering mirrors

308 so that the beams hl to h3 transmitted through the

orifice intersect with each other on the substrate while

maintaining the above-mentioned predetermined angle.

The orifice 309 is provided for shaping the
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h irradiation optical systems, the average light intensity
on the substrate is about 160 mJ/cm®.
The stage on which to mount the substrate and which
is not shown here is disposed beneath and in proximity to
the orifice 309, and is an xy movable stage of the
stepping motor drive type, the same as in the laser
irradiation apparatus in First Embodiment.
In the laser irradiation apparatus constituted as
above, the transmittances of the light attenuators 306
inserted into the optical paths of the beams hl to h3 are
adjusted, whereby the light intensity profile of the
light pattern radiated onto the surface of the substrate
placed on the stage is so adjusted that the contrast
ratio between the circular light portions and the other
dark portions Qill be maximized, and the ratio can be
made to be about 8:1. This contrast is sufficient for
producing a melting pattern according to the light
pattern in an amorphous silicon thin film formed on the
surface of the substrate.
Movement of the light pattern can be achieved by

impressing a DC voltage on each of the phase shifting
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means 307. Further, by the stepping motor drive type xy
movable stage, the substrate mounted on the stage can be
mechanically moved relative to the irradiation position
of the light pattern.

Even in the laser irradiation apparatus constituted
as above, the phase shifting means 307 are ones for
electro-optically shifting the phases, as in the laser
irradiation apparatus in First Embodiment, so that it is
possible to shift the phases at a high frequency, namely,
to perform optical movements of the light pattern at a
high frequency. Besides, the other effects can be

obtained in the same manner as in First Embodiment.

Method of Treating a Semiconductor Thin Film

A treating method for crystallizing an amorphous
silicon thin film by use of the laser irradiation
apparatus described above referring to FIG. 6 can be
carried puf following the same procedure as described in
the treating method of First Embodiment. It should be
noted here that, while the optical movement (primary
gcanning) of the light pattern in the same irradiation
region has been in one direction in the arrangement
direction of the interference fringe in First Embodiment,

it is preferable to move in at least two directions in
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the case of using this laser irradiation apparatus.

In concrete, four shots (401-1 to 401-4) of
irradiation are conducted while moving (primary scanning)
by 1.0 um step in the x direction in the irradiation
region, then a movement by 1.0 um step in the y direction
igs conducted, and at this position, four shots (402-1 to
402-4) of irradiation are conducted while moving (primary
gscanning) by 1.0 um step in the -x direction; thus, the
primary scanning in the x direction (or the -x direction)
and the primary scanning in the y direction are repeated,
and a total of 16 shots of irradiation are conducted in
the irradiation plane. FIG. 7 is a plan view illustrating
the irradiation method attended by the primary scanning,
in which only the first shot 401-1 is shown by six spots,
while the second to sixteenth shots are each shown by
only one spot. By this, amorphous silicon in the
irradiation region of 0.5 mm X 0.5 mm is uniformly
polypr?stallized in about 0.02 sec.

Subsequently, the substrate provided with the
amorphous silicon thin film is mechanically moved by 0.5
mm (secondary scanning) by the stepping motor drive type
Xy movable stage, and polycrystallization of the adjacent
region is conducted. Then on, similarly, irradiation with

laser attended by the optical movement of the light
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10H the substrate (secondary movement) is repeated, to

thereby crystallize amorphous silicon into

polycrystalline silicon over the whole area of the
substrate.

In the treating method of Third Embodiment as above,
the irradiation portions (light portions) of the light
pattern are circular, so that grain boundaries of the
polycrystalline silicon are substantially uniformized in
all directions in the irradiation plane. By this, as will
be described next, when a thin film transistor, for
example, is fabricated by use of the polycrystalline
silicon thin f£ilm obtained by the above-mentioned
treatment, it is possible to suppress dispersion of
characteristics depending on the fabrication direction of
the thin film transistor. Namely, where the grain
boundaries are oriented in only one direction, there
ariées characteristic anisotropy such that the influence
of grain boundary default is smaller and the
characteristics of the thin film transistor are higher in
the case where the direction of current flowing through
the channel of the thin film transistor is parallel to

the grain boundaries of polycrystalline silicon than in

the case where the current direction is perpendicular to
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is applied to a driving circuit in a liquid crystal
display panel or an EL display panel, there can be
obtained the effect that the direction of the channel can
be laid out freely.
<Method of Fabricating Thin Film Transistor-1>
Now, a first example of a method of fabricating a
thin film transistor by application of the method of
treating a semiconductor thin film described above will
be described below. Here, as the first example, a method
of fabricating a bottom gate type thin film transistor
will be described referring to FIGS. 8A and 8B. While a
method of fabricating an N channel type thin film
transistor is shown here, the method can be applied in
.the gsame manner to a P channel type thin film transistor
by only changing the impurity species (dopant species).
First, as shown in FIG. 8A, a layer of Al, Ta, Mo,
W, Cr, Cu or an alloy of these elements is formed in a
thickness of 30 to 300 nm on an insulating substrate 600

formed of a glass or the like, and patterning is

conducted to form a gate electrode 601.
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10|&10%b&lg% % AB%o&E silicon thin film 603 is formed on the gate
insulation f£ilm 602. The gate insulation film 602 has a
two-layer structure consisting, for example, of a gate
nitride film (SiNy) as a lower layer and a gate oxide film
(Si0;) as an upper layer.

The formation of each of these films is conducted

by the method described in the method of treating a
semiconductor f£ilm in First Embodiment, continuously
while maintaining a vacuum condition in a vacuum film
formation chamber. For example, by a plasma CVD method,
the gate nitride film is built up in a thickness of 50 nm,
and then the gate oxide film is built up in a thickness
of about 100 to 200 nm to form the gate insulation film
602, followed continuously by building up the amorphous
silicon thin film 603 in a thickness of about 30 to 80 nm.
Where the formation of these films is conducted by the
plasma CVD method, after the film formation a heat
treatment is conducted at a temperature of 400 to 450C in
a nitrogen atmosphere for about 1 hr, to release hydrogen
contained in the amorphous silicon thin film 603. Namely,

the so-called dehydrogenation annealing is conducted.
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gilicon thin film 603; namely, the amorphous silicon thin
film 603 is irradiated with a light pattern Hp generated
by interference of split laser beams hl and h2, whereby
the amorphous silicon thin film 603 is crystallized to
form a polycrystalline silicon thin f£ilm 603a.

Subsequently, as shown in FIG. 9A, Vth ion
implantation is applied to the polycrystalline silicon
thin film 603a as required, for the purpose of
controlling the threshold voltage Vth of the thin film
transistor. For example, here, B' ions 609 are injected
under the conditions of an acceleration energy of 10 keV
and a dose of about 5 X 10! to 4 X 10%?/cm?.

Subsequently, on the polycrystalline silicon thin
film 603a formed by crystallization in the preceding step,
an insulating stopper film 605 is formed in the state of
being matched to the gate electrode 601. In this case,
first, an SiO, film is formed in a thickness of about 100
to 300 nm by a plasma CVD method. Here, for example,

silane gas SiH, and oxygen O, are decomposed into plasma,
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so as to achieve self-matching to the gate electrode 601
by use of a back side exposure technique. The portion of
the polycrystalline silicon thin film 603a beneath the
stopper film 605 is protected as a channel region 611. As
has been described above, B® ions have preliminarily been
injected into the channel region 611 in a relatively low
dose by the Vth ion implantation.

Subsequently, with the stopper film 605 as a mask,
ion doping is conducted to inject an impurity (for
example, P* ions) into the polycrystalline silicon thin
film 603a, thereby forming LDD regions 612. At this time,
the dose is, for example, 5 X 10 to 1 X 10*3¥/cm?, and
the acceleration voltage is, for example, 10 keV.
Furtheer, a photoresist (not shown) is patternedly formed
so as to cover the stopper film 605 and the LDD regions
612 on both sides thereof, thereafter, with the
photoresist as a mask, an impurity (for example, P* ions)
is injected into the polycrystalline silicon thin film
603a in a high concentration, to form source and drain
regions 613. The injection of the impurity can be carried

out, for example, by ion doping (ion shower). This
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1 X 10%/cm®, to form the source and drain regions 613.
The acceleration voltage is, for example, 10 keV.

Though not shown in the figure, in the case where a
P channel type thin film transistor is fabricated on the
same insulating substrate 600 to constitute a CMOS
circuit, the region of the N channel type thin film
transistor is covered with a photoresist, thereafter the
impurity is changed from P* ions to B* ions, and ion
doping is conducted at a dose of about 1 X 10®/ecm?®. In
this case, the impurity may be injected by use of a mass
separation type ion implantation apparatus.

After the above steps, activation of the impurity
injected into the polycrystalline silicon thin film 603a
is conducted by RTA (rapid thermal annealing) using a UV
lamp. In this case, laser activation annealing using an
excimer laser may be conducted, as required. Thereafter,
needless portions of the polycrystalline silicon thin
film 603a and the gate insulation film 602 are patterned
simultaneously to form a thin film transistor 615, and to
separate the thin film transistor 615 on a device region

basgis.
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a thickness of about 100 to 200 nm and a film of SiNyx in a
thickness of about 200 to 400 nm are successively formed
by plasma CVD in the state of covering the thin film
transistor 615 on the insulating substrate 600, to form
an interlayer dielectric f£ilm 617. On this stage, the so-
called hydrogenation annealing was conducted; namely, a
heat treatment at a temperature of 350 to 400C was
conducted in nitrogen gas, in a forming gas or in vacuum,
to diffuse hydrogen atoms contained in the interlayer
dielectric film 617 into the polycrystalline silicon thin
film 603a. Thereafter, a contact hole is opened in the
interlayer dielectric film 617, and then a film of Mo, Al
or the like is sputtered in a thickness of 100 nm to 1 um,
followed by patterning the sputtered film into a
predetermined shape to form a wiring electrode 618
connected to the source and drain regions 613. Further, a
planarizing layer 620 formed of a photosensitive acrylic
resin or the like is applied in a thickness of about 1 to
3 um, and photolithography is conducted to open a contact
hole reaching the source and drain regions 613. Then, a
transparent conductive film formed of indium tin oxide
(In,03;+Sn0,; hereinafter referred to as ITO) or the like

or a reflective electrode film formed of Ag, Al or the
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thereafter patterned into a predetermined shape to form a
pixel electrode 621 connected to the source and drain
regions 613.

In the polycrystalline silicon thin film transistor
615 fabricated as above, the mobility is 250 to 340 cm?/Vs
for the N channel type and 120 to 180 cm?/Vs for the P
channel type, which is not less than 2 to 3 times higher
than that in the prior art. Thus, mobility is largely
enhanced.
<Method of Fabricating Thin Film Transistor-2>

Now, a second example of the method of fabricating
a thin film transistor by applying the method of treating
a semiconductor thin film described above will be
described below. Here, as the second example, a method of
fabricating a top gate type thin film transistor will be
described based on FIGS. 10 and 11. While the method of
fabricating an N channel type thin film transistor is
shown here, the method can be applied to the P channel in
the same manner by only changing the impurity species
(dopant species).

First, as shown in FIG. 10A, a ground film with a
two-layer structure to be a buffer layer 801 is

continuously built up on an insulating substrate 800 by a
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10%&f()_@yig%ég(%igﬁg%&ég&h %g%@ggkég %g%gﬁgg_and has a thickness of
100 to 200 nm. An amorphous silicon thin film 802 is
formed on the buffer layer 801 in a thickness of about 30
to 80 nm by a plasma CVD method or an LP-CVD method.
Where the plasma CVD method is used for forming the
amorphous silicon thin film 802, annealing in nitrogen
atmosphere at 400 to 450C is conducted for about 1 hr, in
order to reduce the amount of hydrogen in the film. Here,
if required, Vth ion implantation is conducted as above-
described to inject B' iong into the amorphous silicon
thin film 802 in a dose of, for example, 5 X 10 to 4 X
10'?/cm®. In this case, the acceleration voltage is about
10 keV.

Next, the above-described method of treating the
thin film semiconductor substrate (for example, the
treating method of First Embodiment) is applied to the
amorphous silicon thin film 802; namely, the amorphous
silicon thin film 802 is irradiated with a light pattern
Hp generated by interference of split laser beams hl and
h2, to crystallize the amorphous silicon thin film 802,
thereby forming a polycrystalline silicon thin film 802a.

Subsequently, as shown in FIG. 10B, the
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island form. A film of Si0, is grown on the patterned
polycrystalline silicon thin f£ilm 802a in a thickness of
10 to 400 nm (here, for example, 100 nm) by a plasma CVD
method, a normal pressure CVD method, a low pressure CVD
method, an ECR-CVD method, a sputtering method or the
like, to form a gate insulation film 803.

Next, a film of Al, Ti, Mo, W, Ta, doped
polycrystalline silicon or the like or an alloy thereof
is formed on the gate insulation f£ilm 803 in a thickness
of 100 to 800 nm, and is patterned into a predetermined
shape to form a gate electrode 804. The portion of the
polycrystalline silicon thin film 802a beneath the gate
electrode 804 is protected as a channel region 811. As
described above, B® ions have preliminarily been injected
into the channel region 811 in a comparatively low dose
by Vth ion implantation.

Next, P* ions are injected into the polycrystalline
silicon thin film 802a by an ion injection method using
mass separation, to provide LDD regions 812. The ion
injection is conducted over the whole surface of the
polycrystalline silicon thin film 802a with the gate
electrode 804 as a mask. The dose is 6 X 10 to 5 X

10**/cm®. The acceleration voltage is, for example, 90 keV.
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surroundings thereof, and P' ions are injected in a high
concentration by an ion shower doping method of the mass
non-separation type, to form source and drain regions 813.
In this case, the dose is, for example, 1 X 10'%/cm2, and
the acceleration voltage is, for example, 90 keV. As the
doping gas, a hydrogen-diluted 20% PH; gas is used.

Though not shown here, where a P channel type thin
film transistor is formed on the same insulating
substrate 800 to constitute a CMOS circuit, the region of
the N channel type thin film trangsistor is covered with a
photoresist, then the doping gas is changed to a 5 to 20%
B;H,/H, gas, and ion injection is conducted under the
conditions of a dose of about 1 X 10 to 3 X 10%%/cm? and
an acceleration voltage of, for example, 90 keV. The
formation of the source and drain regions 813 may be
conducted by use of a mass separation type ion injection
apparatus.

Thereafter, a treatment for activation of the
dopant injected into the polycrystalline silicon thin
film 802a is conducted. The activation treatment can be
carried out by use of RTA (rapid thermal annealing) using

a UV lamp, in the same manner as in the case of
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803 and the buffer layer 801 are simultaneously patterned,

to separate the thin film transistor 815 on a device
region basis.

Thereafter, as shown in FIG. 11, a film of Si0O, in
a thickness of about 100 to 200 nm and a film of SiNy in a
thickness of about 200 to 400 nm were successively formed
by plasma CVD, in the state of covering the thin f£ilm
transistor 815 on the insulating substrate 800, to form
an interlayer dielectric £ilm 817. On this stage, the so-
called hydrogenation annealing was conducted; namely, a
heat treatment at about 350 to 400°C was conducted in
nitrogen gas, in a forming gas or in vacuum for 1 hr, to
diffuse hydrogen atoms contained in the interlayer
dielectric film 817 into the polycrystalline silicon thin
film 802a. Thereafter, a contact hole is opened in the
interlayer dielectric film 817 and the gate insulation .
film 803, and then Al-Si or the like is sputtered,
followed by patterning into a predetermined shape to form
a wiring electrode 818 connected to the source and drain
regions 813. Further, a planarizing layer 820 formed of a
photosensitive acrylic resin or the like is applied in a

thickness of about 1 to 3 um, and then photolithography
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formed of ITO or the like or a reflective electrode film
formed of Ag, Al or the like is sputtered on the
planarizing layer 820, and is patterned into a
predetermined shape to form a pixel electrode 821
connected to the source and drain regions 813.

In the polycrystalline silicon thin film transistor
815 fabricated as described above, the mobility is 310 to
420 cm?®/Vs for the N channel type and 150 to 210 cm?/Vs
for the P channel type, which is higher than that in the
prior art.
<Display System>

FIG. 12 is a sectional structural view of a display
portion (pixel portion) of an active matrix reflection
type liquid crystal display panel (display system)
constituted by use of the bottom gate type thin film
transistor or the top gate type thin film transistor
fabricated as described above.

The display system shown in the figure has a panel
structure in which a pair of insulating substrates 901
and 902 are laminated on each other with spacers 903
having a diameter of 2 to 5 um therebetween and with an

electro-optical substance 904 held therebetween. As the
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liquid crystal materials are widely used.

On the insulating substrate 901 on the lower side
(the side of the electro-optical substance 904), a
laminate structure is provided in which thin film
transistors 905, a light scattering layer 906 consisting
of a resin layer having a roughness of 1 to 2 um, pixel
electrodes 907 consisting of a silver thin film having a
thickness of 100 to 300 nm and connected respectively to
the thin film transistors 905, and a polyimide oriented
film 908 having a thickness of 50 to 150 nm are
sequentially laminated. Particularly, the thin film
transistors 905 are bottom gate type thin film
transistors or top gate type thin film transistors which
are obtained by the above-described method.

On the other hand, on the insulating substrate 902
on the upper side (on the side of the electro-optical
substance 904), a laminate structure is provided in which
a black matrix 909 for inter-pixel light shielding formed
by patterning a sputtered chromium thin film by
photolithography and wet etching, red, green and blue
color filter patterns 910 provided in the gaps in the

black matrix 909, an overcoat layer 911 having a

thickness of 1 to 3 um covering these, an ITO common
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In the display system constituted as above, the
thin film transistors 905 functioning as switching
devices for the pixel electrodes 907 are fabricated
according to the present invention, and mobility and
uniformity of characteristics are higher than those in
the prior art. As a result, there are obtained the merits
that uniformity of display is also improved and that
generation of display spots and luminescent spots in half
tone which occurs in the case where the thin £ilm
transistors are fabricated by the conventional
polycrystallization process can be obviated.

The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and
all changes and wmodifications as fall within the
equivalence of the scope of the claims are therefore to

be embraced by the invention.
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a laser light generation means;

a splitting means for splitting laser light
generated from said laser light generation means into a
plurality of beams;

a light interference means for causing said
plurality of beams split by said splitting means to
interfere with each other to form a periodic light
pattern; and

a phase shifting means for electro-optically
shifting the phase of at least one of said plurality of
beams split by said splitting means.

2. A laser irradiation apparatus according to
claim 1, wherein said laser light generation means is a
pulse oscillation laser based on laser diode excitation.

3. A method of treating a semiconductor thin £ilm,
comprising the steps of irradiating said sémiconductor
thin film with a periodic light pattern generated by
interference of a plurality of beams gplit from laser
light, thereby partially melting said semiconductor thin
film, and thereafter moving said light pattern in the
arrangement direction of said light pattern within the

period thereof, wherein
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4. A method of treating a semiconductor thin film
according to claim 3, wherein said laser light is laser
light which is pulse-oscillated by laser diode excitation.

5. A lasger irradiation apparatus according to
claim 1, wherein the laser light source is an excimer
laser, and the wavelength of said laser light is in the
range of 150 to 450 nm.

6. A laser irradiation apparatus according to
claim 1, wherein the period of light interference is in
the range of 0.5 to 20 um.

7. A laser irradiation apparatus according to
claim 1, wherein the melting width or melting diameter in
one time of melting is in the range of 0.5 to 20 um.

8. A method of treating a semiconductor thin f£ilm
according to claim 3, wherein the 1ase£ light source is
an excimer laser, and the wavelength of said laser light
is in the range of 150 to 450 nm.

9. A method of treating a semiconductor thin film
according to claim 3, wherein the period of light
interference is in the range of 0.5 to 20 um.

10. A method of treating a semiconductor thin film
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according to claim 3, wherein the melting width or
melting diameter in one time of melting is in the range

of 0.5 to 20 um.
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