*166166* MANUFACTURI NG METHOD OF SENICONDUCTOR—DEVLGE——BAGKGRQUND-CF THE

| NVENTI ON Field of the Invention: The present invention rel ates
manuf act uri ng nmethod of seniconductor device haV|nmmmmwmmmwumﬂtran3|stor
particularly to a technique for formng crystalline or film

whi ch conprises active layer of thin film transistor. Rel@ated Art: As a
form ng nethod of active layer on thin filmtransistor (Thin Film

Transi stor: hereinafter, referred to as TFT), a technique, in which an
anor phous seni CHRIEAGFURING, METHOPhOH SENI§QﬁMM9ﬁQRePﬂ%iﬂ&@ an insul ation
surface, and then, «crystallize the same in a manner of |aser annealing or
heat anneali ng, has been devel oped. The | aser annealing is known as a
crystallization technique, in which a high energy is given to an anorphous
sem conB8ACKSGROUNDMOGH MIBAVTINVEINT IEN owi ng t he tenperature of a gl ass
substrate to rise too high, and thereby, the anorphous sem conductor film
i s crysFaellidzed. tBer tinvenarilon: exciner |aser is a typical laser, which
oscillates short-wave length |ight of 400nmor less in mavelength has
been used si nTRetpitestAseinBeERdh NG VitSe slare hoRgHurABeur-aser mabnAsal ing is
carried *@0002* out in such a manner that a | aser beamis processed by

Means of semiconductor device having thin film transistor,

particularly to a technique for forming crystalline
semiconductor film, which comprises active layer of thin film

transistor.

Related Art:

As a formingmethod of active layer on thin film transistor
(Thin Film Transistor: hereinafter, referred to as TFT), a
technique, in which an amorphous semiconductor film is formed
on a substrate having an insulation surface, and then,
crystallize the same in a manner of laser annealing or heat
annealing, has been developed.

The laser annealing is known as a crystallization
technique, in which a high energy is given to an amorphous
semiconductor film only without allowing the temperature of
a glass substrate to rise too high, and thereby, the amorphous
semiconductor film is crystallized. Particularly, excimer
laser is a typical laser, which oscillateé short-wave length
light of 400nm or less in wavelength, has been used since the

laser annealing was developed. The laser annealing is carried
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of an optical systemso as to be shaped into a spot-like form or a linear
format a surface to be irradiated, and the surface to be irradiated on
the substrate is scanned by the processed |aser beam i.e., irradiation
position of the |aser beamis shifted with respect to the surface to be

I rradi ated. However, the crystalline sem conductor film which is prepared
by nmeans of the | aser annealing, conprises an aggregate of a plurality of
crystal grain (ordinary crystal grain size, which is prepared by neans of
a conveRuitoAal sugbi Aemannsar thetyat Apserabeom, isspappessedabel yedns- 0. 5n),
and, the position and the size of the crystal grain are not even. As for
t he TFTofwancbpticpl epus bdmosoaagl tas des sinsipeat antoi A spder liikei §6kat e

el enents, since the crystalline sem conductor filmis forned being

separ at edt artimdat &Kot akea pptfatato be IMad IWOsS| i taef oapracyst al
grains at specified positions and sizes. Accordingly, it was al npbst

| npossi hbebet Dri&dnatdance! thOrFaBL P4 €S VsdAndh P BYCENSL fFo 88 £@nduct or
while elimnating the influences of the crystal grain boundary. The

i nterfagasess yehal; gr.a.n Raundsiydi of [%ck@lﬁialﬁt@k tREA sk Bla@’ €@ Where
the translational symmetry of the crys I s decayed. It is known that,

due to theritRl weree rRispgha trcpcg{gt)lé’@gfé)&f clga';l%% efr)fréé?%%@g center of the

carrier, or the influence of the potenti e crystal grain

boundar y cauiglelbam the eyl U 604%910(5@&%%& £ 1f, SRt Lransport

:{.C
2 characteristics o ‘“t he car ecrease Fest

prepared by means of the laser annealing, comprises an aggregate
of a plurality of crystal grain (ordinary crystal grain size,
which is prepared by means of a conventional excimer laser
crystallization, is approximately 0.1-0.5um), and, the
position and the size of the crystal grain are not even.

As for thé TFT, which is prepared on a glass substrate,
in order to isolate elements, since the crystalline
semiconductor film is formed being separated into island-like
patterns, it was impossible to form crystal grains at specified
positions and sizes. Accordingly, it was almdst impossible
to form channel-forming areas with a monocrystal semiconductor
while eliminating the influences of the crystal grain boundary.

The interface (crystal grain boundary) of the crystal
grain is an area where the translat\:ional symmetry of the crystal'
is decayed. It is known that, due to the influence of the
recombination center or trapping center of the carrier, or the
influence of the potential barrier in the crystal grain boundary

caused from the crystal defect or the like, the current transport



the OFF-current increases in the TFT. A technique called as super |ateral
growth, by which, conpared to the crystal grain size via conventional
excimer |aser crystallization, a larger grain size can be forned, is
known. A detailed description of the technique is disclosed in "On the
super lateral "growth phenomenon observed in excinmer |aser-induced
crystallization of thin Si filnms, Janmes S. Im and H J. Kim Appl. Phys.
Lett. 64(17), 25 April 1996, pp2303-2305". In the super lateral growth, a
por ti on,Chieacet ehest Sesi abrithec carrriie ekt @dcceapkat ehyd die d eelsha t,
irradiation of a |aser beam and a portion where the solid-phase

sem condutt OFF acecrerctainsreasesf onmede @apd.t hen, the crystal growth
begins around the solid-phase sem conductor area as the crystal nucl eus.

Since it take aeinijue €A1 D6 Ods tsiFef OlabehealraRtho b?k@,highalce in
the conpletely nelted area, during the period of time wuntil the nucleation

takes plegipared Neo CON®| @@L a BYE L8 3% £2e viQecsﬁ¥§h§kog59V\@fc@rniu nd the

above-descri bed solid-phase sem conductor area as the crysta cleus in

the horizgsdalerylidLoli ol {oer el naldely Jef @l rad d A5 pakgiale i nection)

r
S
with respect to the filmsurt ace of the above-'descri bed sém-condiict or .

Ther ef Orlﬁ'lov;rh.e & ﬁ%ttglilgz'aﬁid%s%rr i'Yh E)% %hlee\r/tl_mgzcﬁngf uleorjlg gisciﬁ\ég | tens

of tinmes of the filmthickness. For exanple, Spect licon
filmt hii%ne%aeglfxeg [0 fatﬁ}:gi%rocvg hstpﬁleno?’me%ro%mggsgivég}i%mei:gilm%r}gt h
t akes pl ace. rernarter; e
laser-induced crystallization of thin Si films, James S. Im.
and H.J. Kim, Appl. Phys. Lett. 64(17), 25 April 1996,
pp2303-2305".
In the super lateral growth, a portion, where the
semiconductor is melted completely due to the irradiation of
a 1asér beam, and a portion where the solid—phase semiconductor
area remains, are formed, and then, the crystal growth begins
around the solid-phase semiconductor area as the crystal nucleus.
Since it takes a certain period of time for nucleation to take
place in the completely melted area, during the'period of time
until the nucleation takes place in the completely melted area,
the crystal grows around the above-described solid-phase
semiconductor area as the crystal nucleus in the horizontal
direction (hereinafter, referred to as lateral direction) with
respect to the filmsurface of the above-described semiconductor.
Therefore, the crystal grain grows up to a length as long as

several tens of times of the film thickness. For example, with

respect to the silicon film thickness of 60nm, a lateral crystal



phenonenon will be referred to as super lateral growth. In the case of the
above-descri bed super lateral gromh, although a relatively |arge crystal
grain can be obtained, the energy intensity area of the |aser beam where
the super lateral growh is obtained, is nmuch stronger than the intensity
that is used in ordinary exciner laser crystallization. Also, the range
of the energy intensity area is extremely narrow. From the viewpoint of
the position control of the crystal grain, it is |npos§|ble to control the
posi ti onIRABER &f] dge 20y skm| leggth ntakesbpaiaced. HRereheaftidie attea ot her
than that of the large crystal grain is the mcrocrystal area where

count | esBReRoReBAR| Bhlhabet zREBIPRdcEo 65 Shpeandatieoad ayreavti.he size of
the crystals is not even and the roughness of the crystal surface is
extrenely | argt? thecepdengf the hboiver deisatriibed sugeri it eidll gfrdwtgeneral |y
used in manufacturing of sem conductor devices, is the condition where
even cryslbhoyghim reilad iofelappaeyenet éyad.dita{th DACEE oea D@1 NGk
Further, according to "Sequential lateral solidification of thin silicon

filns oneSeBy iRdieardity abpasit thathskBead, widite ABR! subb¥SateStdt
69(19), 4 Novenber 1996, pp2864-2866", Janmes S. Imet al. disclosed a

Sequent i ghoksher@lotSpd ikled | caé inith r&tm@qrtpgmacfﬁee&ntre%fslqrt{ye@ {4 as SLS
method), in which, by controlling artificially, the super [ateral growh
can be #sated A@do2liAad9Se%89mBLSI 40P cAARAU T N Lol N A3, ,”%thQaOd’
range of the energy intensity area is extremely narrow. From
the viewpoint of the position control of the crystal grain,
it is impossible to control the position where a lafge crystal
grain is obtained. Further, the area other than that of the
large crystal grain is the microcrystal area where countless
nucleation has taken place, or the amorphous area; the size
of the crystals is not even and the roughness of the crystal
surface is extremely large.
Accordingly, the irradiation condition, which is generally uséd
in manufacturing of semiconductor devices, is'the condition
where even crystal grain size of approximately 0.1lum-0.5um can
be obtained.

Further, according to "Sequential lateral solidification
of thin silicon films on Si0O,, Robert S. Sposili and James S.
Im, Appl. Phys. Lett. 69(19), 4 November 1996, pp2864-2866",
James S. Imet al. disclosed a Sequential Lateral Solidification

method (hereinafter, referred to as SLS method), in which, by

controlling artificially, the super lateral growth can be



an excinmer |aser beamof pulse oscillationis irradiated to a material via
a slit-like mask. According to the SLS nethod, the crystallization is
carried out while the relative position between the nmaterial and the |aser
beamis displaced, at every shot, by a distance (approximately 0.75m,
which is roughly equivalent to the Iength of the crystal forned via the
super lateral growh; thereby, the crystal is allowed to grow by neans of
artificially controlled super |lateral growh. As described above, by using
the SLS IREHRER 24 & Besirphepositpprparkceoyding o dihm SitS dedihoet,
positions under artificially controlled conditions, in a manner of the
super |3t ¥giggowidseHovearrof t el S S seihbdthas tiheitohiddwites ter obl ens
as described below. First of all, the problemis that the substrate
processimgateffiadi ensya (lhirtougiyrimasks | Asgbiidingnto tise GAST miek@dd ,
previously, in the SLS nmethod, the crystallization distance per shot of

| aser bedme csyappladizentielny i $taelod dutdiviilblthd T8RS DY stitdlord he
relative shift distance (feed pitch) of the |aser beam between the beam

spot on Hewvewmi @hiedhasdifiatCandnthd Na @ 8bbal isWSigAl&ed S a]ﬂ“eg_rer]a/ess- In
the conditions adopted in the ordinary laser crystallization using a pul se

Tom or e el ais pECe, | SR R8T B 1 RO T b R L

10m or nore. Neéedl ess to sa such“con s, 't ecul i ar

to the YemiRinat G20 t#d 1RAAERF e cPysahNEorhad 510dne25lLRRYoN a

pul se oscillation XeC exciner
lateral growth; thereby, the crystal is allowed to grow by means

of artificially controlled super lateral growth.
Asdescribedabove,byusingtheSLSnmthodiJ:ispossible
to prepare crystal grains at desired positions under
- artificially controlled conditions, in a manner of the super
lateral growth. However, the SLS method has the following
problems as described below.
Firstofall,theproblemisthatthesubstrateprocessing
efficiency (throughput) is insufficient. As described
previously, in the SLS method, the crystallization distance
per shot of laser beam is approximately lpum. Accordingly, it
is necessary that the relative shift distance (feed pitch) of
the laser beam between the beam spot on the material surface
and the material substrate is lpm or less. In the conditions
adopted in the ordinary laser crystallization using a pulse
oscillation excimer laser, feed pitch per shot of laser beam
is several 10umormore. Needless to say, under such conditions,

the crystal peculiar to the SLS method can not be prepared.



| aser is used, the maxi numoscillation frequency of the pulse oscillation
XeCO exciner |aser is300Hz. Under such conditions, only the
crystallization area of maxi mum 300p. mor so is processed in distance in
the scan direction of the | aser beam At the processing speed as described
above, in the case of a large size substrate such as, for exanple,
600mMmx720mm i n di nension, wth the SLS nethod, it takes an extrenely |ong
period of time to process one sheet of substrate. The fact that it takes a
| ong pr ot FLS e thad sieddthousth sulpstlisst @sicd Idett iaml Keidie eprcieam of
time and cost. That 1is to say, practically, in the case of crystallization
of an akYPhdiss usedi.cohdusasimfim| oscihtasiivhateeguenegsoNEidignaafe iS
critical. For exanple, in the case that laser irradiation is carried out
after rermvihlpnibonKellekamdr lasertils Ih0uE & UnaofheREbadAd Gy, t he

| i ke as a pre-processing, in the surface of the substrate, conpared to the

area whesrely ehsl&;iyeﬁtﬁdlﬂhti&eafké%edf hb &k apbatd AuRb rides § 'g&%tc’ests'la% eis a

possibility that natural oxide filmgrows again'in the area where 1s

subj ect eith distdifcd asertid RMRdiYe A ddod atte 1dbdDivefifseadmmunt  of

Car bon, Oxygen, Nitrogen, or anmount of contamnation inpurities such as

Bor on Ofprdiedd ey WEH &S dakeR;bagt Qﬁoviai,”kﬁh%ﬁe%&%%a'o]f Y AR W thin

the surface of the substrate resulting In an unevenness o e ansi st or
grggﬁghﬁﬁﬁg%bg gt%%%?tg?égﬁg g%& g%ﬁ§$pig? 5&%ﬁﬁ£5§6%mﬁansgg82gg%bniuch a
with the SLS method, it takes an e#tremely long period of time
to process one sheet of substrate.

The fact that it takes.a long processing time per sheet
of substrate is not only the problem of time and cost. That
is to say, practically, in the case of crystallization of an
amorphous semiconductor film, the surface processing thereof
is critical. For example, in the case that laser irradiation
is carried out after removing natural oxide film with dilute
hydrofluoricacidorthelikeasa;me-processing,inthesurface
of the substrate, compared to the area where is subjected to
the laser irradiation at the first, there is a possibility that
natural oxide film grows again in the area where is subjected
to the laser irradiation at the last. In this case, amount
of Carbon, Oxygen, Nitrogen, or amount of contamination
impurities such as Boron or the like, which is taken in the
finished crystal, may vary within the surface of the substrate

resulting in an unevenness of the transistor characteristics

within the surface of the substrate.



to be conplicated remains in the conventional SLS method. It is necessary
to incorporate a mask, which processes slit-like the configuration of the
| aser beam power at the substrate surface, into the optical system
Odinarily, filmthickness of an active layer silicon, which is used for
polycrystalline silicon thin filmtransistor, is several tens nmor nore.
Wien a pulse oscillation excinmer laser is used, the | aser energy density
necessary for the laser crystallization is at |least 200mJ/cn2 (as a

typi cal exanplSecdreilan sangh phoustsidn aorat ithe opft EMs W Xidrd el y
400m)/ cn2 with an Xed exciner |aser of 30nsec pul se width) . In the SLS
net hod, tdérecbmpa iseped rataials igr onehceonehtional LS dehdéde opti mum
for a further slightly stronger energy density area. It is difficult to
prepar e i neldelsdanke thoi AtBRpkrathi §Mmask Canpithe polo edid g s5ugh; 18t rong

| aser energy density. In the case of the mask of netal material, being
subj ect athd %6&@1?&9:&@1613381@ Qﬁ@mllarsre&dlt?éamp&& grfeﬂg sl gtqyat%:n& ty,
the tenperature of | ocal Imis raised and coo own rapi

result, dirfi¥% CANTD %h@egﬂ)fﬂga sys e%rﬁly Q;rcfﬂ'ﬁgl%% Oﬂn %fhh%l{nnonm €

pattern due to a | ong period as for grap > % esi st

exposur &¢ aht Baughe fag?y s IR gogat%igt[l such %§F18{’TP1§@F?XE§§P %; i's

used, since 1ncompara er énergy d%n3|t there is no

done! (o RaRPREL o1y 3 IGOL SuSt oLl gl gy ungs, e | gune,

patter n) p’%s‘t Céaesocsrcll atach)r\lleéxc{'rr(?éx(?a gsggcgsaugggt Oghgh?.taser energy
density necessary for the laser crystallization is at least
200mJ/cm?® (as a typ.ical example, for an amorphous silicon film
of 50nm, approximately 400mJ/cm? with an XeCl excimer laser of
30nsecpulsewidth). Inthe SLSmethod, thereisa super lateral
growth condition, which is the optimum for a further slightly
stronger energy density area. It is difficult to prepare. a
slit-like form mask, which is capable of enduring such strong
laser energy density. 1In the case of themask of metal material .
being subjected to the pulse laser beam irradiation of a strong
energy density, the temperature of local film is raised and
cooled down rapidly. As a result, it may cause a peeling or
decay of configuration of a minute pattern due to a long period
of use (as for photo lithography for resist exposure, although
a hard mask material such as chromium or the like is used, since
incomparably weaker energy density than the laser energydensity

necessary for silicon crystallization is used, there is no

problem such as peeling or a decay of configuration of the minute



optical system becones conplicated resulting in a difficulty of

mai nt enance of an apparatus in the conventional SLS nethod. Further, in
order to carry out the super lateral growh, it 1is necessary to nake the
spatial beam power profile of the |aser beamsharp (to elimnate
attenuation area of the optical power between the irradiation area and the
non-irradi ation area of the |aser beam). In the conventional SLS nethod,
since the beam necessary for the super lateral growh cannot be condensed

usi ng t e taradimar i Ias a4 ool beya SheBvan! nedee EXCUEE 4 apgEtokS 5&&%%’- .
Accordingly, it is understood that a slit-like mask is required to shield

the | aseyptheal RYsitedl bbcoha %@n&;cﬂid%ftéd‘?rééﬁieﬂrisf'lni a hﬁ?f%%gflt?;ﬁt ol

above-descri bed problem and further, to increase 1he position

of crygfhaghRkbRSnicd G6CH Qg,g)%%awé@ ihhghgay&wfrggic§;gagl ik m%%gf

. a. ..
simul taneously, to increase the processing spee crystal i Zati on

process.p ¥ art Vo 11 1S a biect _of the_invention to provide a
manuf actFurl rtllgm}r:'etlhdog}}'lo(fﬁrll steom%%%ls c‘?%? {(:jtgi\ali% g?rwg?féﬁr? gﬁﬁ’ﬁ'ﬁ e ot form ng
| ar ge siizsen in a manner of super lateral growth

grggggltg;aigs uccessi.ve| )
under an artitreral conersl’ %ﬁé’aci&fgbﬁ&ag'fp?%ﬁéﬁﬁf&gle[ﬂ thedesedt e
proces;%p ef iciepgg in the Ia;ereﬁégsta“lization process. Further, the
i nvent i ﬁ‘%&ﬁ PEBs RO i ta i At et Sregerf dditieRtdiCHePPEES whi ch
is capa%l% of f%rnin | arge size 8 crystal gra[ns successively in a manner
of supe etyesny,| h&r& pdiation area and the non-irradiation area of

the laser beam). In the conventional SLS method, since the

beam necessary for the super lateral growth cannot be condensed

using the ordinarily optical system .only, the excimer laser

is used. Accordingly, it is understood that a slit-like mask

is required to shield the laser beam partially.

The object of the invention is tosolve the above-described
problem, and further, to increase the positional control of
crystal grains in accordance with the layout of the TFT, and
simultaneously, to increase the processing speed of the
crystallization process. More particularly, it is an object
of the invention to provide a manufacturing method of
semiconductor devices, which is capable of forming large size
crystal grains successively in a manner of super lateral growth
under an artificial control, and capable of increasing the
substrate processing efficiency in the laser crystallization
process.

Further, the invention provides a manufacturing method

of semiconductor devices which is capable of forming large size



under an artificial control, and capable of increasing the substrate
processing efficiency in the laser crystallization process, as well as to
provi de a manufacturing nmethod using a convenient |aser irradiation nethod
whi ch does not need to incorporate a mask, which processes the
configuration of the |aser beampower into a slit-like shape on the
substrate surface , into an optical systemunlike the conventional SLS

met hod. SUMVARY OF THE I NVENTION A | aser irradiator applied to the

i nvent i 6AYERalugieains sugass srieamby fior a owmnest bf rappdie lateadilagionwthosi ti on
of laser beamw th respect to an object to be processed (substrate and

t hin fibpdeor eed agrt tfhiecsabstomt eyl , aasdc cagpamlenof | aserea9seqg| tAkor) for
oscillating the | aser beam a third neans (optical system for processing
t he | assubbeaateapdoeekainighe fifeaienioyr 1600he0ldseg digs©scititatien of the
second nmeans, and for controlling the first means so that the beam spot of

t he Ia§26cbeaﬂla&hWthl%sp&QC®$ﬂﬂidé/dfﬁhﬂdﬁéétdﬁ¥ﬁ§1m&9H8&Su§bﬁg
specified position in accordance with data (pattern 71nfornation) of

phot omagkc6RPéh BBt 188erASrtARihitish MRIRSd RhicANELRL! hBY hééadtat'on
position of the |laser beamw th respect to the object to be processed,

two net Bﬁgér?ﬁga%\éa'al fABkR, GHecRf ]t:QSgHEFQOQ 'émt?ﬁf&sgg ibll oBNLgD the

position of the object to ‘be proc sse ace age I's cﬁanged by

drivi nglégﬁﬁl eahp B%e qgﬁ)a?fslq.ts'[lqgc% sﬁQBé%%' 4l subs%ratt%esfur aec<|aS a

method 1 n eilrra
into an optical system unlike the conventional SLS method.

SUMMARY OF THE INVENTION

A laser irradiator applied to the invention includes a
first means for controlling the irradiation position of laser
beam with respect to an object to be processed (substrate and
thin film formed on the substrate): a second means {laser
oscillator) for oscillating the laser beam; a third means
(optical system) for processing the laser beam; and a fourth
means for c.ontrolling the oscillation of the second means, and
for controlling the first means so that the beam spot of the
laser beam, which is processed by the third means, covers the
specified position in accordance with data (pattern
information) of photomask configuration.

As the first means for controlling irradiation position
of the laser beam with respect to the object to be processed,
two methods are available. One of the methods is a method in

which the position of the object to be processed placed on the



position of the |laser beam spot is shifted using a |aser optical systemin
a state that the substrate position is fixed. In the invention, any one of
the above-described two methods is applicable; and a nethod, in which the
above-described two nethods are conbined, is also applicable. The position
specified in accordance with the data (pattern infornation) of photomask
configuration is the portion in a semconductor film which becomes a
channel area, a source area or a drain area in the thin filmtransistor
and is sdeels ohangedybyg douitviped t Ehei agapeobys sieanhHyo freans tefgephot o

l'i thography techni que on an island-1ike sem conductor layer B after
cryst al ldozetticdnle A s@he athhe dmyesta artief anevtiheh ltasel rbaamatiicadi at i on,
it is necessary to subject the semiconductor to an patterning processing
on an i ploawid-idrkefste tasduchedim fsgdn As il fled s ivReSi1Hfe @b iidaal udi ng
an active layer formng area conprised of thin filmtransistor byneans of

phot o | istysagmaphy d ectitdUthat ange t SubSEPRPBI K6ES t9BnPakLt § iQfe Femrgonduct or
film The nmarker is necessary to realize the above-described fourth neans.

Furt her thiehg niven@idml | 168 yS8ReCB8RIVAEOLbLBYCHe S bl FRL)! )ﬁg&&%rdgserist han the
I sl and-1i ke sem conductor |layer B. FIG 2shows a portion as an exanpl e

of the Gpandadiks; el Conuehgn. LAYGhiAn 3k BPRILI 080135 g exampl e

of the island-like 10 sem conductor layer 0 say, It S a node

that thfie chldndild KortAHPNdUetod Ays Beatthi Sh W11 final Iy becorre

The position specified in accordance with the data
(pattern information) of photomask configuration is the portion
in a semiconductor £film, which becomels a channel area, a source
area or a drain area in the thin film transistor, and is obtained
by carrying out patterning processing by means of photo
lithography technique on an island-like semiconductor layer
B after crystallization.

Also, in the invention, before the laser beam irradiation .
it is necessary to subject the semiconductor to an patterning
processing on an island-like semiconductor film A, which is
specific area including an active layer forming area comprised
of thin film transistor by means of photo lithography technique,
and to form markers on parts of semiconductor film. The marker
is necessary to realize the above-described fourth means.
Further, the island-like semiconductor layer A is slightly
larger than the island-like semiconductor layer B. FIG. 2 shows
a portion 500 as an example of the island-like semiconductor

layer A, and a portion 501 as an example of the island-like

10



a channel area, a source area and a drain area of the transistor 1is

I ncluded in the island-1ike sem conductor |ayer A Using the |aser

i rradi ator, which has the above-described first neans to fourth

ourt hneani sl and- |i ke sem conductor |ayer Ais crystallized. At this tineg,
using the fourth means, a part which is left as island-like sem conductor

| ayer B on the substrate after patterning processing in the sem conduct or
film which has been formed on the insulation surface, is conprehended in
accor dafEBIGOMIUHO G2y &3t B-he TBRGt dFnER $JNF i Huriat @omodeAtbiatt hibel aser
beamis irradiated selectively to the island-like sem conductor |layer Ato
cryst al Fsd@ndhd ikee gepdiaandunt ararliesrer B whachowiiilofidhalézebenome Next,

t he periphery portion of the island-like sem conductor layer Ais

subj ect @dchanne btagifiang abyowraeanda apdoa drainhageaphfy thectnagsestard t he

I sl and-1i ke sem conductor |layer B is subjected to a patterning processing.
The i shi&ndnicilidesie minc dinducitsdran dyletk 8 seamisatiwstdhelapgétrVe. | ayer of the
transi stor. As described above, according to the invention, the |laser beam

i s irradi at edUsinguthe dasemnierrddibd toPPwhiilke 1644 the alseré cavgysipeai N the
substrate surface is scanned by the | aser beam but at |east the mninmum

i ndi spefis@bltendnid t6EJuUrAEREank S toleySd Bhhd ZE8k e TRAN doth dul 1Y 1aP¥rcar ryi ng
out the patterning 11 processing on the island-1ike sem conductor |ayer B
after theisSemyeeadyalada Nagtbeen Lressdedl et dife 1 foPPSR  RbEnLO Leduce
part which is left as island-like semiconductor layer B on the
substrate after patterningprocessing in the semiconductor film,
which has been formed on the insulation surface, is comprehended
in accordance with the data of the photomask configuration.
And,thelasérbeamisirradiatedselectivelytotheisland—like
semiconductor layer A to érystallize the area using the xﬁarker
as the positional reference.
Next, the periphery portion of the island-like
semiconductor layer A is subjected to a etching by means of
photo lithography technique, and the island-1like semiconductor
layer B 1is subjected to a patterning processing. The
_island-like semiconductor layer B is used as the active layer
of the transistor.
As described above, according to the invention, the laser
beam is irradiated in such a manner that, not the entire
semiconductor in the substrate surface is scanned by the laser

beam, but at least the minimum indispensable portion thereof

is crystallized. That is to say, by carryingout the patterning
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the tine necessary for irradiating the | aser beamto the portion to be
renmoved. OMng to this, it is possible to reduce the tinme necessary for

| aser crystallization and to increase the processing speed of the
substrate. It is necessary that, after formng the island-Iike

sem conductor |ayer A, the |laser beamirradiation is carried out; and
after that, the island-like sem conductor layer B, which wll becone the
active |ayer of the transistor, is forned, to ensure the positional

cont r ol BFOGeRSERY Malthgr 4 hand-likeosemheendinchorhbayeyduafdfen libelFT. By
appl yi ng the above-described constitution to the conventional SLS nethod,
t he proliesig¢ondyetenhasmbeenatrgsgalidriedd ihats pusstitdle tor cedssieng
efficiency (throughput) is insufficient, is solved. A so, a neans for
ensur i ngdhehtimposide swmty Comtixtadfat hegaheslategnaiam to docpobidanoa Wt h
the layout of the TFT is obtained. Further, according to the invention,
the ti mtoasessmigved or dvaisey o Weiid ) i zationpeswibeer eduseducAnaniurt her, a
met hod that increases the processing speed of the substrate and a net hod

that ensimgs ridte ety ifUial agent tolystfaliieAribi Anddtdl AnkReadeCeh@ance the
| ayout of the TFT are obtained. Furthernore, unlike the conventional SLS

et hod, griteedJilP dPddwht hale dO@SstPPte NEd to incorporate a mask for

processing the configuration 12 of |aser beam power at the surface of the

substrate intgg heg QQEE§§5r§y§:th§ﬁ] ] Saf’@éfl_i @%gming the island-like

semiconductor 1ayer.A, the laser beam irradiation is carried
out; and after that, the island-1like semiconductor layer B,
which will become the active layer of the transistor, is formed,
to ensure the positional control of the crystal grain in
accordance with the layout of the TFT.

| By applying the above-described conétitution -to the
conventional SLS method, the problem in the conventional SLS
method that substrate processing efficiency (throughput) is
insufficient, . is solved. Also, a means for ensuring the
positional control of the crystal grain in accordance with the
layout of the TFT is obtained.

Further, according to the invention, the time necessary
for lasercrystallization can be reduced. And further, amethod
that increases the processing speed of the substrate and amethod
that ensures the positional control of the crystal grain in
accordance the layout of the TFT are obtained. Furthermore,
unlike the conventional SLS method, the simple method that does

not need to incorporate a mask for processing the configuration
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In order to obtain the super lateral growmh, it is necessary to change the
spatial energy distribution of the |aser beamsharply in the direction of
the lateral crystal growh (i.e., the direction in which the solid-liquid
interface of the sem conductor filmafter laser irradiation) . That is to
say, It is necessary to elimnate the attenuation area width of optical
power, which resides between the irradiation area and the non-irradiation
area of the | aser beam as nuch as possible. The attenuation area w dth
capabl e o8t 1Gi5ed Reds Pawest att she syufecel afethe gubwtiraite deftionsteas
below, i. e. , the attenuation area width fromthe peak position of the
opti cal opdvieralt sYstepoiist obtsrinegde power decreases to 50%is 10mor |ess
In the conventional SLS nethod, since an exciner |laser is used, the
density necesdar yirfdar tbe sbpednl dfter al sypemnt hateannotgravtabf aibedsby t he
ordinary optical systemonly. Accordingly, it is understandable that a
slit-lihecssdanysto mteesate spad dlsefet gy il vheidmoerthearspartial ly.
The light source of the above-described | aser beamis a systemthat

i rradi albesin é1fa SETPRE thdy dDRé 6t { 6h o fltNd HaBaraRRIS s tH1 §RoKERA (Ragmoni c) of
the solid-state |l aser oscillator of pulse oscillation. Conpared to the

exci ner thasedirédtid8 38! ivh 8412t enel a301a-281 {ea SRARRYIEAY ANGE ?ttﬁte the
W a

output |aser beamis small, owing to the |laser constitution,

cyl i ndriseal; doifa iy £14R %?@Eri Padspdi A QL ?ﬁz ORfh £ 5 SHSL gg}r' ens, it
I's possible to condense the beaminto a spatial beam power profifé of the
it is necessary to eliminate the attenuation area width of
optical power, which resides between the irradiation area and
the non-irradiation area of the laser beam, as much as possible.
The attenuation area width capable of obtaining satisfactory
super lateral growth is defined as below; i.e., the attenuation
area width from the peak-position. of the optical power to a
point where the power decreases to 50% is 10um or lesé.
In the conventional SLS method, since an excimer laser
is used, the density necessary for the super lateral growth
cannot be obtained by the ordinary optical system only.
Accordingly, it is understandable that a slit-like mask is
necessary to be used to shield the laser beam partially.
The light source of the above-described laser beam is
a system that irradiates the second harmonic (or, third harmonic
or fourth harmonic) of the solid-state laser oscillator of pulse
oscillation. Compared to the excimer laser, in the solid state

laser, as the spreading angle of the output laser beam is small,

owing to the laser constitution, with a cylindrical lens only
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| aser beamthat is the optimumfor the super lateral growmh. In order to

I ncrease the substrate processing efficiency, it is desired to select a
repeat frequency and a feed pitch that is the optinmumfor the SLS nethod.
The conditions for that will be described below The word " feed pitch”
means shift distance of the substrate stage per pulse of the | aser beam
In the SLS nethod, since the distance of the super lateral growth per shot
is limted to a specific length, by enlarging the feed pitch only, the
subst r atBagr 46c¥spAgasfpreéinary enhheal B¥Estabr 2a86d. ihhéa phesibée pitch
Is increased, it is necessary to increase also the repeat frequency of the
| aser b&anrondeosdi higéybedinheied a epa tnisrl [beser peved prrotflid ecofvehei onal
SLS nethod is maxi num 300Hz. On the other hand, the solid-state |aser

osci | | afteuseaf bpamsthescis| aheooptamumntoeatket fiepeepkaterbileguentk.t o t he
maxi num several MHz. Accordingly, conpared to the conventional SLS nethod,
t he processi ngicapdertto Datirehse ltdiegehlys t et € psodeld)s idid ¥fAPcibhcHol i d-
state laser oscillator of pulse oscillation to irradiate at a repeat

frequengy. ith@esuppar tol Fell edft thadppeats fdQusedEYakdnabecdat piabped
within a range that ensures the energy density necessary for the super

lateral tguewilh aheeWeimthPte dRseiLPeritndle UpRercbhditioASPERES on the
maxi num out put of the solid-state |aser oscillator of pulse oscillation.

(Since, thhtt g 19t ber d%%@iji_tde(ﬁ‘soéi&e.t h%'h[el‘lvé@dm* ey ébgcﬁ“eﬂggﬂgy s

I ncreased, the energy density at every laser pulse is Teduced.
shift distance of the substrate stage per pulse of the laser
beam. IntheSLSmethod,sincethedisfandeofthesuperlateral
growth per shot is limited to a specific length, by enlarging
the feed pitch only, the substrate processing efficiency cannot
beincreased. When the feed pitch is increased, it is necessary
to increase also the fepeat frequency of the laser beam
accordingly. The XeCl excimer laser used in the conventional
SLS method is maximum 300Hz. On the other hand, the solid-state
laser oscillator of pulse oscillation can increase the repeat
frequency to the maximum several MH=z. Accordihgly, compared
to the conventional SLS method, the processing capacity can
be1argelyincreasedbydrivingthésolid—statelaseroscillator
of pulse oscillation to irradiate at a repeat frequency. The
upper limit of the repeat frequency can be determined within
a range that ensures the energy density necessary for the super
lateral growth at every shot of laser beam. The upper limit

depends on themaximumoutput of the solid-state laseroscillator

of pulse oscillation. (Since, if the other conditions are the
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Further, in the solid-state |aser oscillator, not the conventional flash
| anp excitation but sem conductor |laser excitation solid-state |aser
oscillator increases the stability of the |aser beamenergy largely. As a
result, it is possible to forma sem conductor of which crystallinity
fluctuation is smaller. Accordingly, it is possible to nmanufacture

sem conductor device of which fluctuation in TFT characteristics is

snmal ler. Further, conpared to the exciner |aser irradiator, the

sol i d- stS@e | aden dde fragurency simdmnaredsednittiaiamshidy dens ity ther nor e,
conpared to the exciner |aser irradiator, the pulse width of the o
sol i d- stetegyl dswvent pUlmygets Sk@aeedhe time for nmelting and crystallizing
beconmes | onger by adopting the |longer pulse width, larger crystal grain

can be formedFuStthler f uni hate dyl £dosgaténgatbe BYLIE 1WdEN, niole ith
possible to reduce the tenperature difference between the sem conductor

SurfacedevEﬂiﬂdth)iEaéﬁrﬁﬂhﬁt%Qd@téﬂk%ﬂEﬁﬁ%1seﬂﬂgogaﬁﬁgg%?r%§%ﬁ'(for

exanpl e, base film between the sem conductor film an abutting

to the bedivatiage ddEi@0itafs deackibed,AbOVE Y T eQUELEgEPe he

tenperature difference, the core generating speed becones slower.  FIG 14

shows astasuliti t9f o MHAI AL OThd e éﬁé?é%2F$?§§%¥p95§$§gﬁggﬁé@ulS% w dth

and the base filmtenperature at 15 cry on. rmasticmum
' ' 2500K
reached ;6eiRrAWNE & #4ifn §CULRIBBG YL MR %] &n 1320K: 17999K and 25
Y, .

respective _

fluctuation is smaller. Accordingly, it is possible to
manufacture semiconductor device of which fluctuation in TFT
characteristics is.smaller.

Further, compared to the excimer laéer irradiator, the
solid—statevlaser oscillator is superior in maintainability.

Furthermore, compared to the excimer laser irradiator,
the pulse width of the solid-state laser is longer. Since the
time for melting and crystallizing becomes longer by adopting
the longer pulse width, larger crystal grain can be formed.

Still further, by elongating the pulse width, it is
possible to reduce the temperature difference between the
semiconductor surface, where is to be irradiated by the laser,
and the interface (for example, base film) between the
semiconductor film and the film abutting to the bottom face
thereof. As described above, by reducing the temperature
difference, the core generating speed becomes slower.

FIG. 14 shows a result of simulation of the relationship

between the pulse width and the base film temperature at
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the tenperature of the base filmtends to become higher as the pulse width
Is longer, and then, the level of the tenperature becones fixed. Al so,
when the pulse width is |arger than 50ns, and preferably, |arger than
100ns, it is possible to reduce the tenperature difference between the
base filmtenperature and the maxi numreached tenperature of the
interface, it is possible to nake the core generating speed nore slowy.
The follow ng table show a conparison between the Xed gas |aser

i rradi acoysared Xie N . Yidhesplthé- mak@ihem! Bseshé d afipd @ tutd Jhensl S

nmet hod. Table 1 Xed excimer |aser Nd:YLF solid state laser irradiator
Laser meémimdmfudpsCshrseldedigt 8660k Ndi0ddR anEXgbbaki POs PELRPY TN

vol tage DPSS (D ode excitation) Mintenance Necessary Ml ntenance free

Pul se witdleht ARpEeAtu2ens ect PO $40 rBeafhkepg il d&ins ﬁi*b%{la%%”%e
30-50mm(Plural units available) Machine price 100 mllion or |ess 18

m || ionpNaske Neaensaty1dhsks| osta (R CanSYSLET ﬁg@hgcgé.ﬁgigé%% (convex

and (honogenizer, cylindrical lens) projection ns, etc ng to the

const i thaicQ'ﬂ\e%ngﬁéﬁr.i bﬁﬂs@b%een ithei ﬁulse width is larger than 50ns,

and preferably, larger than 100ns, it is possible to reduce
the temperature difference between the base film temperature
and the maximum reached temperature of the interface, it is
possible to make the core generating speed more slowly.

Thé following table show a comparison between the XeCl

gas laserirradiatorandtheNd: YLF solid-state laserirradiator

in the SLS method.

Table 1

XeCl excimer laser | Nd:YLF solid state laser
irradiator

Laser medium Gas (XeCl) Solid state (Nd:YLF)

Excitation method | High voltage DPSS (Diode excitation)

Maintenance Necessary Maintenance free

Pulse width Approx. 25nsec 50-200nsec

Beam length Less than 300mm 30-50mm(Plural units

available)

Machine price 100 million or less 18 million

Mask Necessary Mask-less

Optical system Complicated Simple (convex and
(homogenizer, cylindrical lens)
projection lens, etc)
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possi ble to provide a manufacturing nethod of sem conductor devices which
is capable of formng |arge size crystal grains successively in a manner
of super lateral growmh under an artificial control, and capabl e of

i ncreasing the substrate processing efficiency in the |aser
crystallization process, as well as to provide a manufacturing method
using a convenient laser irradiation nmethod which does not need to

i ncorporate a mask, which processes the configuration of the | aser beam
power into a QYing | ke §hepeans tiHa sidst fat desonfidesl abree, antopts cal
system unli ke the conventional SLS nethod. The word "sem conductor device"
in the iMRENPb todxriekde ey ongnappatarisgt hathbd o&ipabhecohdintetd oni ng
by using the sem conductor characteristics (for exanple, electronic device
r epr esertesdidys [Whgishd isr gapabldi sl &yrming el cdd onize apyatRilUgragad pped
with the electronic device as a part thereof). BRI EF DESCRI PTION OF THE
DRAW NG dddesdively flhagr amnddtisé£ asupgra 16aR0uUrqtd@hh Ofinder! ager
irradiator used in the invention; FIG 2 is an illustration showing a |aser
beam spairt whietal sddf€so B} @N&rda? &b $6 &ftbnéEéHQEhgt@h@”sﬁgb%ght%P be
processed; FIGs. 3A and 3B are illustrations showing a laser beam

i rradi atgrstsdin®le ot Ere Ry abnh V&@W@@P%P&é@&h?ﬁa\éﬁ%@ BrqBes hstrate

i s changed by neans of rotation of the substrate; ‘4B are

illustraid Qailsé'@\@onﬁr@vigéaé hAB%RaR R PRALhBR $HANDE! cL&OGRR i ection

of a transistor and a | aser
laser irradiation method which does not need to incorporate

a mask, which processes the configuration of the laser beam
power into a slit-like shape on the substrate 's‘L'xrface, into
an optical system unlike the conventional SLS method.

The word “"semiconductor device" in the invention includes
every apparatus that is capable of .funétioning by using the
semiconductor characteristics (for example, electronic device
represented by liquid crystal display and electronic apparatus

equipped with the electronic device as a part thereof).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a
laser irradiator used in the invention;

FIG. 2isanillustration showing a laser beam spot, which
shifts at every pulse with respect to an object to be processed;

FIGs. 3A and 3B are illustrations showing a laser beam
irradiation spot of which relative movement direction within

a substrate is changed by means of rotation of the substrate:
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beam spot in a relative novenent; FIGS. 5A and 5B are illustrations show ng
mar ker-formng portions; FIGS. 6Ato 6D are illustrations show ng a
manuf acturing nethod of an active matrix substrate; FIGS. 7A to 7C are
illustrations showi ng a manufacturing nethod of an active matrix
substrate; FIGS. 8A to 8C are illustrations show ng a nmanufacturing nethod
of an active matrix substrate; FIG 9 is an illustration show ng a

active matrix substrate; FIGS. 10A and 10B are

manuf act ur i ngpg%t hog of 851% \ . [ ) 1
i |l ustrations FaCSan*BptR ¢ &P aysibhugtrahlonrsshiovingdi sedrtigasbiby || be
described in Enbodinent 1, FIGS. 11Ais a picture showng a surface SEM
i mge af&veshiBe hdnned tepgithodirerion of adransigtes padiakaskeni ng a
status of crystal grain boundary; FIGS. 12A to 12L are illustrations
showi ng REafhrfiHdctilt isngre Mt horl m@vemerti conduct or devi ce using a | aser
irradiation nmethod according to the invention, which will be described in
Enbodi nent 2FIGsGSA BN 68 ABE idrla s tidatsitared sboyisigomangea- fammfiact uri ng
18 nmet hod of a sem conductor device using a |aser irradiation nethod
accor di mpntdars i nvention, which will be described in Enbodi nent

FIGs. 6A to 6D are illustrations showing a manufacturing
method of an active matrix substrate;

FIGs. 7A to 7C are illustrations showing a manufacturing
method of an active matrix substrate;

FIGs. 8A to 8C are illustrations showing a manufacturing
method of an active matrix substrate;

FIG. 9 is an illustration showing a manufacturing method
of an active matrix substrate;

FIGs. 10A and 10B are illustrations of an optical system
of the laser irradiator, which will be described in Embodiment
1;

FIGs. 11A is a picture showing a surface SEM image after
laser crystallization:

FIG. 11B is an illustration showing é status of crystal
grain boundary;

FIGs. 12Ato 12Lare illustrations showing amanufacturing
method of a semiconductor deviceusinga laser irradiationmethod
according to theinvention, whichwill bedescribed in Embodiment

2;

FIGs. 13Ato13Care illustrations showing amanufacturing
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4; FIG 14 is a graph showng a sinulation of a relationship between pulse
width and base filmtenperature at crystallization. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT Now, referring to the figures attached hereto,
the node for carrying out the invention will be described in detail. FIG
1 shows a block diagramillustrating a |l aser irradiation nethod according
to the invention. In FIG 1, tw nethods are shown as a first neans,
respectively, for controlling irradiation position of the pulse | aser beam
with redie O‘?Bfaaﬁ?%}ﬁ%‘b‘iu‘%@’ééeﬁlié’@éﬁjébﬂédﬁseeiﬂarﬁﬁdihéiﬁemmds such
a method that the position of the object to be processed 107 (substrate)

., whi ch 3&CHr&ERgitathe gt 108, whd chivsingete e s afriibe din Eimb cstiagn 108 by
nmeans of a stage controller 101. The other nethod is such a nmethod that,
in a staéte that the substrate position is fixed, the irradiation position
of the laser beam spot is shifted using an optical system 103. In the
invention, eiRtlfer 14niss of gnaphodsowiyg bes alophedonos £ & revtahtadnsHipvi ch

t he above-nentioned two net hods are conbined with each other, 19 may be
adopt ed.bdtwédre apoleedeseidbied tami nebheds, Hoim oftdjpsramans tdhe fact
that relative position of the | aser beam spot position wth respect to the
subst r aterystalmangadioter ei nafter, it will be referred to as " to scan
(the | aser beam spot)".

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, referring to the figures attached hereto, the mode

for carrying out the invention will be described in detail.

FIG. 1 shows a block diagram illué-trating a laser
irradiation method according to the invention. In FIG. 1, two
methods are shownasafirstmeans, respectively, for controlling
irradiation position of the pulse laser beam with respect to
an object to be processed 107. One of the methods is such a
method that the .posi'tion of the object to be processed
107(substrate), which is placed on a stage 108, is changed by
driving the stage 108 by means of a stage controller 101. The
other method is such amethod that, in a state that the substrate
position is fixed, the irradiation position of the laser beam
spot is shifted using an optical system 103. In the invention,
either bne of methods may be adopted; or, a method, in which

the above-mentioned two methods are combined with each other,
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Al so, a laser irradiator 100 has a pul se |aser oscillator 102 which is a
second neans that oscillates the pul se |aser beam The pul se | aser
oscillator 102 can be appropriately replaced with another one in
accordance with the processing object. Further, two pul se |aser
oscillators may be used being conbined with each other. In the invention,
a well-known [aser nmay be used. As for the |aser, a gas |aser oscillator
or a s%lai d-statd% Ite}as r oscillator of pulse oscillation may be used. Wen
a pul se ogciqel 9%h gas laser is used, only a control by neans of a

phot omask-1i ke data pattern, which uses a conputer 104 is applied thereto,
and ot her con?lni ?hf’ig oggﬁ%ﬁ?ﬁﬁ%daﬁwoo%% SIPS the PkofReMMERB Sppde f or

carrying out the invention, a case, in which a solid-state |aser
osci | | att®¥® BRChUiRat red@tiva pegitdonset the LRSBE RRa® SP9ddpPoadtion t he
solid-state | aser oscillator of pulse oscillation, as a light source, one
or a pl Widh FgsBeCkitishectubgtrate ds ehandeflr oniapGinatber. WO4illdser, YLF
| aser, YA103 |aser, glass laser, ruby |aser, alexandrite laser, Ti :
sapphi r e [ref@rrefdrtst érd t'e taserag MRSt My esti béamospothl'ch are doped
with C3+, C4+ , Nd3+ , Er3+ , Ce3+, Co21, Ti3+ , Yb3+, or V3 as a 20
impurity, mayABsogi ¥dmaseisifroadiladoruhdamsd alpwbye lafserhesec el egantc | aser,
a laser beamhaving a fundamental wave of 1mor so is obtained, but it
vari es depemdiity drs mhaahqnduméﬁﬂswtmﬁt dS6£EDﬂdebatH@npﬁlsealhbétd
harmoni ¢, and a fourth harnonic with respect to the

beam. The pulse laser oscillator 102 can be appropriately

replaced with another one in accordance with the processing

‘object. Further, two pulse laser oscillators may be used being

combined with each other. 1In the invention, awell-known laser

may be used. As for the laser, a gas laser oscillator or a

solid-state laser oscillator of pulse oscillation may be used.

When a pulse oscillation gas laser is used, only a control by

means of a photomask-like data pattern, which uses a computer

104 is applied thereto, and other constitution conforms to an

ordinary SLSmethod. Inthemodeforcarryingouttheinvention,

a case, in which a solid-state laser oscillator of pulse

oscillation is used, will be described.

As for the solid-state laser oscillator of pulse

oscillation, as a light source, one or a plurality of kinds

of lasers selected from YAG laser, YVO, laser, YLF laser, YAl10,

laser, glass laser, ruby laser, alexandrite laser, Ti : sapphire

laser, forsterite laser(Mg,SiO4)oscillator, which are doped

with c**, cr**, Na&**, Er**, ce’', co?*, Tid*, ¥yb*', or V** as a
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fundanment al wave can be obtained by using a non-linear optical elenent.
Further, the laser irradiator 100 has an optical system 103 equivalent to
the third neans, which is capable of processing a beam spot of the |aser
beam oscillated by the pulse oscillator 102 in the object to be processed.
The shape of the | aser beam output fromthe pulse oscillator 102 is forned
into a circular shape if the shape of the rod is circular; if the rod is
sl ab-1i ke shape, the shape thereof is formed into a rectangul ar shape. By
further 1F‘é’1u6rlrﬁyng MaYe BeaHrveieam as descri bed- above with the opti cal
system it is possible to formthe beam spot of |aser beam at the surface
of the object A8E e theobendamenbal wavg phickhe degevaintglaser ha paspose of
the processing,a tel escope, a honopgenizer or the |ike may be i ncorporated
i nt o t hbeapt haalingsas femdhtedntta 1pwates ® ft hambeansoFist bet abned,t Batl aser

I rradiator 100 has a conputer 104, which is equivalent to the fourth
means. Thevaoipstdepelingonttiod dopiagasatétrabslon NEkepongchasmohliat or 102,
and controls stage controller 101, which is equivalent to first neans, so

that the hedmdspeirmohidie drtbel HRANIC Qerftori @0 th ofepe6tftedtndl by the
data of a mask pattern. In addition to the above described four nmeans, this

laser iphadineinten watBogamme bacﬁlau@e;dabmé ey nﬁﬁnﬁ.&ﬁéhk‘n&}fuﬁhéal
tenperature of the object to be processed. FIG shows a state that the

rel ati veijpaaniti.on bet ween

Further, the laser irradiator 100 has an optical system
103 equivalent to the third means, which is capable of processing
a beam spot of the laser beam oscillated by the pulse oscillator
102 in the object to be processed. The shape of the laser beam
output from the pulse oscillator 102 is formed into a circular
shape if the shape of the rod is circular; if thé rod is slab-1like
shape, the shape thereof is formed into a rectangular shape.
By further reforming the laser beam as described-above with
the optical system, it is possible to form the beam spot of
laser beam at the surface of the object to be processed 107.
Further, dependingon the purpose of the processing, atelescope,
a homogenizer or the like may be incorporated into the optical
system 103 to process the beam.

Furthermore, the laser irradiator 100 has a computer 104,
which is equivalent to the fourth means. The computer 104
controls the oscillation of pulse oscillator 102, and controls
stage controller 101, which is equivalent to first means, so

that the beam spot of the laser beam covers a position specified
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the substrate and the | aser beam spot is displaced (to be scanned) at
every | aser beam pul se. Enl arged views of beam spots 507a, 507b and 507c
are shown. Reference synbol 507a in FIG 2 denotes a | aser beam spot
position at a pulse irradiation; 507b denotes the |aser beam spot position
at the next pulse irradiation; and 507C denotes the |aser beam spot
position at the further next pulse irradiation. Reference synbols 509a and
509b denote substrate stage shift distance (feed pitch) , respectively, at
every o The S2t& e ImEef BREWSTThe feed pitch is required to be 0. 3m
or nore and 51Amor | ess, nore preferably, to be 0. 71Amor nore and 3m or

| ess. Furt her Ina8d€4EipRet péhe) abpee dlemqpibph oy meanpe duige lagent i on of
the | aser beamis generally |ower than the other portion, processing on

t he obj d@raddajeiqir ceethed may morlbde wadwansrfor ¢embrdlhighy, thie is
preferred that the | aser beam is irradiated so that the edge portion in

t he | ondiempginadiurealigfectheomfedhet dheaen ppoteS9ed. of t he | aser beam does
not overlap wth the potion 500 equivalent to an island-like sem conduct or
filmA, whichFiIS.ohtahoed dystoatd emdthghieheesanicenguetieiohl baxwaddnaf t er
crystallization. For exanple, when scanning the beam spot of |inear form

it is adapetbsoribaandendlagertudiispst idannd©radya (eby&ese8nALARr al 508
in FIG 2, is not irradiated in the portion 500 equivalent to the
abOVe'_d%?cCéivBQ? 1868Pthd Ak Hui1sR cendusiqria Fibisf beam spots 507a,
507b and 507c are shown.

Reference symbol 507a in FIG. 2 denoteé a laser beam spot
position at a pulse irradiation; 507b denotes the laser beam
spot position at the next pulse irradiation; and 507C denotes
the laser beam spot position at the .further next pulse
irradiation. Reference stbols 509a and 509b denote substrate
stage shift distance (feed pitch), respectively, at every one
pulse of the laser beam. The feed pitch is required to be 0.3um
or more and 5um or less, more preferably, to be 0.7um or more
and 3um or less.

Further, as for the beam, the energy density at the edge
portion of the laser beam is generally lower than the other
portion, processing on the object to be processed may not be
made evenly. Accordingly, it is preferred. that the laser beam
is irradiated so that the edge portion in the longitudinal
direction of the beam spot 507a of the laser beam does not overlap
with the potion 500 equivalent to an island-like semiconductor

film A, which is obtained by patterning the semiconductor film
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When the sem conductor after crystallization is used as the active |ayer
of the TFT, it is preferred to fix the scan direction so as to be
paralleled to the direction in which the carrier in the channel formng
area noves. This is shown in FIG 4A and FIG 4B. Reference nunerals 529
and 539 in FIG 4 denote the island-Iike sem conductor |ayer A
respectively, which is forned before |aser irradiation. Reference nunerals
528 and 538 denote the area, respectively, which is formed as an

i sl and- BEEETs SHYSFductAt 1o er FR %R kR e WheR o3F3RRBAY EhE bgAMshows an
exanple of an active |layer of a single gate TFT which'is provided with one
channel sP&tnPliglanear Rorwhahhels fastan trd He4BR0 thehpgieacompriiched st he
island-1i ke sem conductor layer B, and inpurity areas 521 and 522, which
will bedemotzdsbyr tefarencernamdraln5@s ein Fldspect ivehpt areadpateidded.
When crystallizing the sem conductor using the laser oscillator according
to the fimvidre pontias Sioeguiwaheat tavshe abbeesdascdiibeet i shanfi-tthkel aser
beamis fixed so as to be paralleled to the direction in which the carrier
in the ceantenduertdmdEilar @ noves (channel |ength direction). Reference
nuneral 523 denotes the beam spot of the | aser beam which scans in the

23 directionswhadi €8s asent ¢dhdbet GF I Cer NS tdN FH 431481 fnarRl e of an
active layer of triple gate TFT to which three channel form ng areas are

provi de@hiesac%liwla?ggubift ¥hal 886, 533 ﬁgdg,%ééeekecapeevif@ﬁdtﬁ@ a88aho

sandwi ch a channel m ng area 530 therebetween; further, inpurity areas

direction so as to be paralleled to the direction in which the
carrier in the channel forming area moves. This is shown in
FIG. 4A and FIG. 4B. Reference numerals 529 and 539 in FIG.
4 denotetheisland—likesemiconductorlayerA,respectively,
which is formed before laser irradiation. Reference numerals
528 and 538 denote the area, respectively, which is férmed as
an island—like semiconductor layer B after laser irradiation.

FIG. 4A shows an example of an active layer of a single
gate TFT which is provided with one channel forming area. A
channel forming area 520, which comprises the island-like
semiconductor layer B, and impurity areas 521 and 522, which
will become a source area or a drain area, respectively, are
provided. Whencrystallizingthe semiconductorusingthe laser
oscillator according to the invention, as shown with arrows,
thescandirectionof the laserbeamis fixedsoastobeparalleled
to the direction in which the carrier in the channel forming
area moves (channel length direction). Reference numeral 523

denotes the beam spot of the laser beam, which scans in the
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534 and 535 are provided so as to sandw ch a channel form ng area 531

t herebetween; and furthernore, inpurity areas 535 and 536 are provided so
as to sandwi ch a channel form ng area 532 therebetween. Wen the

sem conductor is crystallized using the laser oscillator according to the
i nvention, the | aser beam scans in the direction of the arrows. However,
as a matter of convenience of circuit layout, as for the TFT used in
active matrix display, the direction of carriers, noving into the
respect@&§%QRQQR§I%ﬂéﬁcéﬁﬁﬁwwﬂthfEﬁ¢ﬁ¢£F%Y%as, may sometimes be different
fromeach other, in the pixel section, the signal line drive circuit
section, and Adie.stAF1GndBir pneexamplietoseat pohivenlayeh of tadelal so, the
invention is effective, and that. will be described referring to FIG 3.
FIG 3 gadwsTETchoewhhah theesoadmmhekdiommsnofandues laaseprobad®nd ast he scan
line drive circuit area 512 is different from those in the other areas.
First ofshawin. usimpgrtity arskess faided 4 are phevidestsabe asshhawpesi t i onal

references, as shown in FIG 3A area 511, which will becone a signal |ine
drive ciarcharinel 8o6mahegaardd)s30hihet e¥d twd e OFBrahBirX Glmpifet ¢ PAredse
subjected 24 to the laser irradiation. Next, as shown in Fl 3B, the

substratg4stagesss buengdovined08oand thesHRAWEER hOEREARQR EBemsHisStrate
are read again. Based on the positional information, the area 512, which
Wil begeress WAy dbdEeddh Y arkd Eavkherhotidl) ?ﬁbﬁgiEQ D€L 358 ana
536 are provided so as to sandwich a channel forming area 532
therebetween. When the semiconductor is crystallized using
the laser oscillator according to the invention, the laser beam
scans in the direction of the arrows.
However, as a matter of convenience of circuit layout,
as for the TFT used in active.matrix .display, the direction
of carriers, lﬁoving ints the respective active layer channel
forming areas, may sometimes be different from each other, in
the pixel section, the signal line drive circuii_: section, and
the scan line drive circuit section. 1In such a case also, the
invention is effective, and that will be described referring
to FIG. 3.
FIG. 3 shows a case that the scan directions of the laser
beam in the scan line drive circuit area 512 is different from
those in the other areas. Firstof all, using the markers formed
on the substrate as the positional references, as shown in FIG.
3A, area 511, which will become a signal line drive circuit,

and area 510, which will become a pixel section, are subjected
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irradiation. Thus, it is possible to change the relative shift direction
of the | aser beam spot within the substrate and to irradiate the sane.
Further, there may be a case that, even when the laser irradiation is
being carried out, the | aser beam should not be irradiated tenporarily to
the surface of the substrate. In this case, an AO (acoustooptics) |ight
nodul ati on device, which is capable of tenporarily and conpletely
shielding the | aser beam naybe provided in an optical system between the
subst r att®, thghil@serss inkadigtdanto be processed and the | aser oscillator
In order to determine the irradiation position of the |aser beam it is
necessary to Nexi.tase shokerin FIG.paBi t thhmisupstidtte sesgectist burhed

sem conductor filmthereon. FIG 5 shows the positions where markers are

formed by aoSemd eheunbekelsl Formuli &b e fsebFEte BFePREAdaRgathi Ve
matri x type sem conductor device. FIG 5A shows an exanple of the case

that onBassdnbnotilehasitiona® irsf Qrepered, firunagea subst waieh FiG1 5B
shows the case that four sem conductor devices are prepared from one

subst r abecolie B GcdA, 110d edence BurBLak 540 st/ AR 83 WMSEE 25 a
sem conductor filmis forned on the substrate; dotted line 541 denotes an

ar ea WhereadiRitiRIn .Seehiu@n 16 ikopsedindetifanahbaa 4?&%‘&‘1 SsRilefr ea
where a signal line drive circuit is fornmed; dotte I ne 543 denotes an

area Whaheedt3edN olel RRedib¥8r BbhfUsbotSwiPhiRd:n&el &6 SPEEAURRRL 5044
denotes areas where '
irradiate the same.

Further, there may be a case that, even when the laser
irradiation is being carried out, the laser beam should not
be irradiated temporarily to the surface of the substrate. 1In
this case, an AO (acoustooptics) light modulation device, which
is capable of temporarily aﬁd completely shielding the laser
beam, may be provided in anoptical systembetween the substrate,
which is the object to be processed and the laser oscillator.

In order to determine the irradiation position of the
laser beam, it is necessary to form the markers for positioning
with respect to the semiconductor film thereon. FIG. 5 shows
the positions where markers are formed in a semiconductor film,
which is formed to prepare an active matrix type semiconductor
device. FIG. 5A shows an example of the case that one
semiconductor device is prepared from one substrate; FIG. 5B
shows the case that four semiconductor devices are prepared

from one substrate.

In FIG. 5A, reference numeral 540 denotes an area where
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a marker is fornmed(marker formng portion), and are provided to be
positioned at four corners of the sem conductor. In FIG 5A, although the
mar ker formng portion 544 is provided at four corners respectively, the
invention is not limted thereto. Assum ng that the positioning of the
scan area of the laser beamin the sem conductor and the patterni ng mask
of the sem conductor is obtained, the position and nunber of the marker
form ng portions .are not limted to the node described-above. In FIG 5B,
r ef er enBeSAUAEPRAVSEOT(ERdMed Saf QERPAoRBUERBr SUPBERREC onde hbedubtheat e;
dotted line 551 denotes a scribe line, which is used to cut off the

substr aPéd dgnpges| ancprgeocdere d piMed BR:tinn cis tfownedf ddetedbstrates
along the scribe line 551, four sem conductor devices can be manufactured.
The nunbane bf2tdengbes comductadwitee @esignlailchiaeedobtvai atdcbytcusti ng
off, is not particularly limted to this. Reference nuneral 552 denotes a
porti onfarmedkedot sedfloimed@dadénotéoran aeppwhe®B)a saath LSnprd@vided at
four corners of the sem conductor. In FIG 5B, although the marker formng

portionchr2uiis Psosoringd at HerEr&dd entind@6P&A ¥ehytekhgredt vwyeation is
not limted thereto. Assum ng that the positioning of the scan area of the

| aser bga@hiReihes SESHRONOHEERE raPGrmi A§ ?;@%%?!’)Hi) NO0a ABSXr OfptdiRidea
sem conductor filmis obtained, the position and nunber of the narker

form ngtgopki pRSiRA6NRA! at! iEFued R die JP UG, Jasti R AbOYE:

In FIG. 5A, although the marker forming portion 544 is
provided at four corners respectively, the invention is not
limited thereto. Assuming that the positioning of the scan area
of the laser beam in the semiconductor and the patterning mask

of the semiconductor is obtained, the position and number of
the marker forming portions are not limited to the mode
described-above.

In FIG. 5B, reference numeral 550 denotes a semiconductor
formed on the substrate; dotted line 551 denotes a scribe line,
which is used to cut off the substrates in the later process.
In FIG. 5B, by cutting off the substrates along the scribe line
551, four semiconductordevices canbemanufactured. The number
of the semiconductor devices, which are obtained by cutting
off, is not particularly limited to this.

Reference numeral 552 denotes a portion a marker is
formed(marker forming portion), and is provided at four corners
of the semiconductor. 1In FIG. 5B, although the marker forming

portion 552 is provided at four corners respectively, the
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The markers are fornmed simultaneously in the conventional photo

| it hography process in which the island-1ike sem conductor filmA is
formed in a manner of patterning. OsM ng to the constitution as descri bed
above, after «crystallizing the sem conductor, it is possible to reduce the
time necessary for the laser beamirradi ati on and the processing speed of
the substrate can be inproved, because it can omit the tinme necessary for
irradiating the |aser beamto the semiconductor area, which is renoved due
to the FOVHAMTGOS 1SNt hinitrd tharehudssoming that theppsitiopiagpl e 1
Referring to FIG 6 to 9, in the Exanple 1, a manufacturing nethod of
active H%tFP? S$@x 2fed W Ithee lpsay ihgam Herdhey semikcanducter and

conveni ence, a substrate, which is fornmed with a CMOS circuit, a drive

ci rcui t thgngahtprréngseask mf khei sgmigopiinetoTHTLi bnd saohtladinegl .capacity on
the same substrate, will be called as active matrix substrate. First of
al |, i npolsd tEoan@nsl Inumbexgbsfr bthe GATkeonfoiryechg Pbfiendaasremot
borosilicate glass or an alum num borosilicate glass or the like is used.
As for fhaigeldsttoattheb@dden dadistitai®-aborered with an insulating filmon
the surface of a quarts substrate, a silicon substrate, a netal substrate

or a stainl esfhesuxStdnd aratfoliteUseMhulAaseoud 1Y AStthe Sobedhat §nhAavi Ng

heat resistance agai nst the processing tenperature of the Exanple
photo 1lithography process in which the island-like
semiconductor film A is formed in a manner of patterning.

Owing to the constitution as described above, after
crystallizing the semiconductor, it is possible to reduce the.
time necessary for the laser beam irradiation and the processing
speed of the substrate can be improved, because it can omit
.the time necessary for irradiating the laser beam to the

semiconductor area, which is removed due to the forming of

island-like semiconductor film B.

Examples
Exgmple 1

Referring to FIG. 6 to 9, in the Example 1, a manufacturing
method of active matrix substrate will be described. Herein,
as a matter of convenience, a substrate, which is formed with
a CMOS circuit, a drive circuit, and a pixel section having
a pixel TFT and a holding capacity on the same substrate, will
be called as active matrix substrate.

First of all, in the Example 1, a substrate 600 comprised
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1 may be used. Then, on the substrate 600, a base film601 conprised of an
insulating filmof a silicon dioxide film a silicon nitride film or a
silicon oxide nitride filmor the like is formed in a manner of well-known
means (sputtering, LPCVD, plasma CVD or the like) . According to the
Exanple 1, as a base film 601, a double-layered base film conprised of
base filnms 60la and 601b is used. However, a structure of a single-|layered
or double-layered filmof the above-described insulating filmmy be used
(FIG 6RF. 2 ReFLUMbrrpel hhcateig iAoy a2 hndi pHS e s ldsitie g8aS St i | m 692
is formed at a thickness of 25-150nn({preferably, 30-120nm in a manner of
a wel | - Pokierddie (shuigedi ndis Iffmayvdhe pfukskrav® @90t ha ShkelrakeG 6A).
According to the Exanple 1, although an anorphous sem conductor filmis

f or med, f@Tmed with yanafinsadiatdmgudiiolm f ohntbe susfpstealofeai qoadust or film
is also applicable. Further, a chem cal conpound sem conductor having an
anor phossibsttmadteur @ sgfl iampragobphoasesid mebalgarsniate okrid stainiiBesl i ke may
be used. 28 Next, the anorphous sem conductor filme692 is subjected to a
pat t er nismds taract ebynagabeya S¢d OUtA Bslo £t pilag Hilk dubBRiete BhvaRigsSAbRePi ¢ dry
etching in an atnosphere containing a hal ogen fluoride, for exanple, CF,
Cl F3, BiksiBtahcd hgain® tOrhehproidéss imPrbndlsa8932 0898heafdafifde, Which

wi |l becone an island-1ike sem conductor film A respectively, are forned
(FIG 6B) may be used.

Then, on the substrate 600, a base film 601 comprised
of aninsulatingfilmofasilicondioxide film, asiliconnitride
film, or a silicon oxide nitride film or the like.ié formed
in a manner of well-known means (sputtering, LPCVD, plasma CVD
or the like). According to the Example 1, as a base £ilm 601,
a double-layered base film comprised of base films 60la and
601lb is used. However, a structure of a single-layered or
double-layered f£film of the above-described insulating £ilm may
be used (FIG. 6A).

Next, on the base film 601, an amorphous semiconductor
film 692 is formed at a thickness of 25-150nm(preferably,
30-120nm) in a manner of a well-known means (sputtering, LPCVD,
plasma CVD or the like) (FIG. 6A). According to the Example
1, although an amorphous semiconductor film is formed, a micro
crystal semiconductor film or a crystal semiconductor film is
also applicable. Further, a chemical compound semiconductor
having an amorphous structure of an amorphous silicon germanium

film or the like may be used.
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Next, the portions 693a, 693b and 693c on the island-1ike sem conductor
filmA are crystallized in a manner of laser «crystallization. The |aser
crystallization is carried out wusing the laser irradiation method
according to the invention. Particularly, in accordance w th mask
information input in the conputer of the laser irradiator, a |aser beamis
irradiated selectively to the portions 693a, 693b and 693c on the
i sland-11ike sem conductor filmA. Needless to say, not only the |aser
crystal || zati MF*buihs SBOTPREYE RTAFPRIUCEER Hidm G482 ddr Frbdested n a
conbi nation with another well-known crystallization nmethod (RTA, heat
cryst al 15% & iRFH RRTHERY f (ARACRY SPREEY1RG, OWEadnceyshanpi iat pomansieny a
nmetal elenent, which accelerate the crystallization, or the like). In the
| aser i rAfa@R&EPEHORAERY atebidgniq ap atme spheare containiggsa hadegen
oscillator or a solid-state | aser oscillator of pulse oscillation in
wel | - knddmdrisdts, foarerampie usdlil eCINeBrFa BaE; | aFerIbf opulleelakei,l | ation
is used, only a control by nmneans of data pattern of photomask
conf i guipetittipnisi69Gag 60apuded 698 Wwhiahpki®l Hdvwimed an 8sdahhe 16kker
constitution conforns 29 to ordinary SLS nmethod. In Exanple 1, the case,

in whlcmemlcdﬁhucﬁﬂj:ffmmHAcﬁeép&éxhﬁﬁpyl|@£é0ﬂotﬁea8@ﬂxcmﬂkb)be
described. FIGs.10A and | OB show a | aser crystallization proceSS|ng

appar at us. Fl @extl0fhargbrlOfhshewsa ,Ca68p diu %befb@r&hudlsléﬂaﬁ hage

oscillator |aser source 1101 is used under the conditions of 1. 5VVoutput

and lkHgemfiResHadd€MePEYm Ahgrbageystallized in a manner of laser
crystallization. The laser crystallization is carried out
qsing the laser irradiation method accordir;g to the invention.
Particularly, in accordance with mask information input in the
computer of the laser irradiator, a laser beam is irradiated
selectively to 'the portions 693a, 693b and 693c on the
island-like semiconductor film A. Needless to say, not only
the laser crystallization, but also, the crystallization may
be carried out in a combination with another well-known
crystallization method (RTA, heat crystallization using
furnacg annealing, heat crystallization using ametal element,
which accelerate the crystallization, or the like).

In the laser irradiationmethod according to the invention,

a gas laser oscillator or a solid-state laser oscillator of
pulse oscillation in well-known laser sources is usable. When
a gas laser of pulse oscillation is used, only a control by

means of datapatternof photomaskconfigurationusingacomputer

104 is applied thereto, and the other constitution conforms
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source 1101 is a nethod, in which an YLF crystal and a non-linear optical
el enment is placed in a resonator, and a second harnonic of 527nm

wavel ength is output. Needless to say, the non-linear optical elenent my
be pl aced outside the resonator. Further, as for the |laser oscillator
1101, the rod is cylindrical in configuration, and the configuration of

t he beanlspot I mredi ately after output fromthe |laser oscillator 1101 is

circul ar, when the configuration of the rod is slab-like shape and
t he conf‘fchﬂ *W’bfsxt%é“ecfé‘aﬂ#sp&t“ EXAIR LR &1y the easeutiputwhich @t angul ar
shape, as described bel ow, the beam spot can be reformed into a desired
conf i gur‘%ﬁ i ghFo)ageanet arulss psali 1lstsitemi sAss €81 wikl e de¥idrilteser, the
spreadi ng angl e of the beam ‘is 3mmradi an; although the beam size is
approxinatelyﬂﬁﬁﬁ~ﬂﬁAdﬂuhéﬂﬁmhnWEmka@@rbgwqﬂmﬂlidatxam@mwwdasing
approximately Ilcmin dianeter at a position 20cm away fromthe outl et
port. \dmpamatosyeX 1Gns MdN2amd foBakhbengt Baks§0@mmMwrsid agedva@t this
position, the beamis reforned into a parallel beamof 10nmin dianeter.
The | asefLiedasenhiositiild atefd eraserbyoultee 301 @pt isalugdd ren8et1@3el 105
shown in FIG 10A, is condensed by a convex cylindrical lens 1106 having

the curvaind#ticnd b€ 1 d5w otitipait ShdMKHE FhFealtOredife£bP. (hige Yadigzection
is the shift direction of the beam spot of the |aser beam on the

seni condiminte subhiacea msxhd®, tRawshOR er Ok 85I QN QBdtePﬁeri'I‘ne%&Ot
Al so, the X-direction in FIG 10A is the | ongi tudi nal

optical element is placed in a resonator, and a second harmonic
6f 527nm wavelength is output. Needless to say, the non-linear
optical element may be placed o'u-1.:side the resonator. Further,
as for the laser oscillator 1101, the rod is cylindrical in
configuration, and the configuration of the beam spot
immediately after output from the laser oscillator 1101 is
circular. Even when the configuration of the rod is slab-like
shape and the configuration of the beam spot immediately after
output is rectangular shape, as described below, the beam spot
can be reformed into a desired configuration by means of optical
system.

As for the N4 : YLF laser, the spreading angle of the beam
is 3mm radian; although the beam size is approximately 2mm
in diameter at the outlet port, it expands to approximately
lcm in diameter at a position 20cm away from the outlet port.
When a convex lens 1102 of focal length f=600mm is placed at
this position, the beam is reformed into a parallel beam of

10mm in diameter. The laser beam, which is reflected by the
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direction of the beam spot of the |aser beam on the sem conductor surface,

and crosses at right angles with the shift direction of the beam spot of

the | aser beam on the sem conductor surface (optical mrrors 1103 -110 5

are placed on the ground of the |ayout of the apparatus, but it is not

al ways indispensable) . Oming to the constitution as descri bed above, the

beanlspot on the sem conductor surface, which is the irradiation surface,
d into a |linear shaped beam of 10nmx| Om However, the nethod of

ref or
r ef or ni ﬁé’r{flt?@ Y par o hids - TG shpnmain E1G-pili0dal isr confemseshdye at t he
irradiation surface is not limted to the above. Although not shown in
the fig@r &ENeX (@Y bidrifelt depbordabe hayd nsedihe poeryaturengnt ddienal
direction by placing a concave cylindrical |lens between the optical mrror
1103 andimestdovef & 1imdFIGal 10kns Henldth . ke Ytdisepbsonblis thepl ace a
beam col limator for reformng the |aser beaminto a parallel beamor a
beam exjgdriddr dixgceigrandfnghiehddaasespdieaot béheedasdre womtagn ened ndri cal
|l ens and the |aser oscillator 1101. A nethod of reformng a beaminto a
| i near skapedrthamassagfackasandscuthie sHfordt &MEiZkAUlRUbGEWHIbaakeam spot
of 10mx | Om has been described here. However, in the case of a |arger

out put Ispear. saNsee, the ksdipeetabnednt hat. tmeAbgaanOioﬁgieuaanb*le
I ongi tudinal direction only is enlarged wthout changing the beam spot

si ze i ngikectSltar 6 £hd b&&H sPd t 68N 4 Yer B2 56k that Qém?f:ol‘r@u@:)fglrl ation
Nd : YLF | aser, which is operable at 20V output, is commercially
surface, and crosses at right angles with the shift direction
of the beam spot of the laser beam on the semiconductor surface
(opticalmirrors1103;1105areplacedonthegroundofthelayout
of the apparatus, but it is not always indispensable). Owing
to the constitution as described above, the beam spot on the
semiconductor surface, which is the irradiation surface, is
reformed into a linear shaped beam of 1Ommx1Oum.

However, the method of reforming the laser beam of
rectangular, elliptical or linear shape at the irrédiation
surface is not limited to the above. Although not shown in
the figures, it is possible to elongate the beam spot in
longitudinal direction by placing a concavé cylindrical lens
between the optical mirror 1103 and the convex cylindrical lens
1106. Also it is possible to place a beam collimator for
reforming the laser beam into a parallel beam or a beam expander
for expanding the laser beam between the concave cylindrical

lens and the laser oscillator 1101. A method of reforming a

beam into a linear shaped beam using a laser source of 1.5W

31



available). In order to shift the relative position of the beam spot of
the | aser beam on the sem conductor surface, a substrate stage 1109 is
made to sweep in the Y-direction (shorter direction of the beam spot) .
When the sweep speed of the substrate stage is 3.0misec. at 1kHz | aser
pul se repeat frequency, at every irradiation of the |aser pulse, the

rel ative position between the substrate and the beam spot displaces by 3m
inthe Y-direction (feed pitchis 3m. FIG 11A is a SEM observation of a
si | i con®PFPRE WAtRR RRAM FRat ofyd0am<losm Bpsnbers deschabpdshere.

i rradiation nethod according to the Exanple 1, in which crystal grain
boundar JOWE¥eFi. s 48 thed Cagea ofamn dR e ISP EE et FPErce1BitindsFl G
11A show the crystal grain boundary and the size thereof so as to be
under st Beafeasedythxe ther pagmispathsd zej in itheyhdegstoddnalhdirecysonl s,

whi ch have been subjected to the super lateral growh in the Y-direction
of the ebamnéd braargpdt witthohd Ichsergirparhe dvearh cspet! sbaéi bnotsey. The
grain boundaries reside periodically in the scan direction and the

verti cakhdrtect dbnecB2o0f (therkasdy,baanvspol lakbri sfunbesst Dodribat t he
period correspond to 3m which is the feed pitch of the |aser pulse at

every iNdadi@r lekerQWvASchoi 4 bpeal®ie destdv Bed asel scdympétéizaiyon.
portions 694a, 694b and 694c of island-like sem conductor film A ~of which

crystal Arailgbhag.been increased (FIG 60C).

In order to shift the relative position of the beam spot
of the laser beam on the semiconductor surface, a substrate
stage 110'9.5.5 made to sweep in the Y-direction (shorter direction
of the beam spot). When the sweep speed of the substrate stage
is 3.0mm/sec. at lkHz laser pulse repeat frequency, at every
irradiation of the laser pulse, the relative posi.tion between
the substrate and the beam spot displaces by 3um in the
Y-direction (feed pitch is 3um).

FIG. 11A is a SEM observation of a silicon film, which
has been crystallized by means of the laser irradiatj.on method
according to the Example 1, in which crystal grain ‘boundary
is visualized in a manner of Seccb Etching. FIG. 11B and FIG.
11A show the crystal grain boundary and the size thereof so
as to be understood easily. Referring to this, it is understood
that crystals, which have been subjected to the super lateral
growth in the Y-direction of the scanned beam spot of the laser
beam, are formed continuously. The grain boundaries reside

periodically in the scan direction and the vertical direction
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Next, by patterning the portions 694a, 694b and 694c of the island-Iike
sem conductor filmA into a desired configuration respectively, portions
602- 606 of an island-like sem conductor filmB are formed (FIG 6D). After
form ng the portions 602-606 of the island-like sem conductor filmB, in
order to control the threshold of the TFT, mnute anount of inpurity

el enent (Boron or phosphorous) nay be doped. The inpurity doping for
control || t he thresggld may be carried out before the |aser

crystal Ioljgg??%n,laﬁ?ra am ?%‘3/%’ nglh §8t #n0eERtadhgthe ¥ nthReReri®dyat e
insulating film®607 that covers island-like sem conductor filnms 602-606 is
f or med. SRHESERE] AuBam . nyhifch dscbliei Seedrmitichieh the ilaserapudge i | m

whi ch contains silicon, of 40-150nmin thickness in a manner of plasma CVD
or sput B IMEIYAJGTafl krtiont he Exanple 1, the gate insulating film607 is
formed wwth a silicon nitride oxide film (constitution ratio: Si=32%
0=59% N=7% afWwiHePofo athelG@tmve ndebictkbess lasdhecnuahellakapliasna CVD.
Needl ess to say, the gate insulating filmis not limted to the silicon

ni tri de pad3imwisl 6 9ftial, n§ 9 Hotarah 69Her of nistll st d Npi K é IsEmiddreiu iy &Eing
silicon, may be formed into a single-layered or |amnated structure.

Furt her A woeh wiisiH iconys th Dxd wet § i has | sessednctBaseat errsnsekati ng fil mcan
be formed in a manner of the plasma CVD, by m xing TECS (Tetraethyl Otho
Silicate) andNezxt,aby4pReteiaasly eAePp&EEUHRs 6643005 dHOG sl abe

tenperature, and by
the island-like semiconductor film A into a desired
configuration respectively, portions 602-606 of an island-like
.semiconductor film B are formed (FIG. 6D).

After forming the portions 602-606 of the island-like
semiconductor film B, in order to control the threshold of the
TFT, minute amount of impﬁrity element (Boron or phosphorous)
may be doped. The impurity doping for controlling the threshold
may be carried out before the laser crystallization, or after
forming a gate insulating film.

Next, a gate insulating £film 607 that covers island-like
semiconductor films 602-606 is formed. The gate insulating
film 607 is formed with an insulating film, which contains
silicon, of 40-150nm in thickness in a manner of plasma CVD
or sputtering. According to the Example 1, the gate insulating
film 607 is formed with a silicon nitride oxide film
(constitution ratio: Si=32%, 0=59%, N=7% and H=2%) at 110nm
in thickness in the manner of plasma CVD. Needless to say,

the gate insulating film is not limited to the silicon nitride
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di schargi ng high frequency (13.56MHz) at 0.5-0.8W CWV O electric power
density. The silicon dioxide filmprepared in the above-descri bed manner
is subjected to a heat anneal at 400-500C, thereby excellent
characteristics as the gate insulating filmare obtained. Next, fornmed on
the gate insulating filme607 is a first conductive film 608 of 20-100nmin
filmthi ckness and a second conductive film 609 of 100-400nmin film

thicknessnééggo di&g to the Exanple 1, the first conductive film 608
conpri s&FEE R raRUE AR e BoRRPLA TAPOR IR < Whisk cond alms stidhan.
conductive film 609 conprised of a Wfilmof 370nmin filmthickness are

bui | t - uf'&¥o PeoFATReL AR &d S - Tneeted 97 | Fanknatedegtruatureanner of

sputtering using a target of Ta, and sputtering in an atnosphere
cont ai ni ng Ni FRe§EeT .AWben gheihirppndisxidentdlm hsgusadnethef gspettering
using a target of W O her than the above, the above-described filmmy be
formed imsalpddmeg foflm daer el £0vDedsingaTwagseenofiekhé| pbasde CWG). I n
any case, to use the filmas the gate electrode, it is necessary to | ower
t he resibyt anicein@ME@S {Tetirhethgdi Ctriee ©flidetdyf ahm Gt aB44ppadesired
to be less than 20[tQm As for the Wfilm although it is possible to

| over t heacasiost preeshyef Qa1 lAy@er sy stakte mpdsathPetl Nengagg that a
| arge anount of inpurity element such as oxygen or the like is contained

in the Mikidhardiiey BiyRt dtdgadnep (3 3.5uMuAedatesylsimndsinca? ! geger
resi stance. Therefore, according to the Exanple 1, by carrying out the
electric power density. The silicon dioxide film prepared in
the above-described manner is subjected to a heat anneal at
400-500°C, thereby excellent ét-l.aracteristics as the gate
insulating film are obtained.

Next, formed on the gate insulating film 607 is a first
coﬁductive film 608 of 20-100nm in film thickness and a second
conductive £ilm 609 of 100-400nm in filrﬁ thickness. According
to the Example 1, the first conductive film 608 comprised of
a TaN film of 30nm in film thickness and the second conductive
film 609 comprised of a W £ilm of 370nm in f£ilm thickness are
built-up to form a laminated layer. The TaN film is formed
in a manner of sputtering using a target of Ta, and sputtering
inanatmosphere containingNitrogen. Also, theWfilmis formed
in a manner of sputtering using a target of W. Other than the
above, the above-described film may be formed in a manner of
thermal CVD using Tungsten hexafluoride (WF¢). In any case,

to use the film as the gate electrode, it is necessary to lower

the resistance, and as for the resistance of the W film, it
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sputtering using a high purity W(purity level: 99.9999% as a target, and
furthernore, while paying a great attention not to allow any inpurity to
come in fromthe atnosphere during the filmformng, the Wfilmis forned
achieving a resistance of 9-20[tQm According to the Exanple 1, the first
conductive film 608 is forned wth TaN and the second conductive film 609
is fornmed with W However, the above is not limted thereto. In any case,
the filmmy be forned with an el ement selected from Ta, W Ti, M, A,
Cu, O &arddepired tq he iesm than BOuSiemed AsvEpir tine & Ifa\)lmmaabthahgh
cont ai ni ng the above el enent as the main conponent, or a conpound

mat er i alt 1§ pessibdent ¢ dotieat bhe rrmeetsiemeabﬂﬁmanpw yargemattiatadi | i con
filmdoped with inpurity elenment |ike phosphorous, or AgPdCu all oy may be
used. Boatiher,, ia ¢twebicaste dhadf aa fargd awndhuctofeiriphni €pr akdmenth a
Tantalum (Ta) filmand the second conductive filmformed with a Wfilm a
conbi nasuch afs @xfyigest cwonchet 1ikef ibncbaraited tih theliw api i nikhei de
(TiN) filmand the second conductive film formed with a Wfilm a

conbi natirgs tafl 14 Zfaitisin £enidictit Meed ide@u 135 i Aed1 v rTees akvanakt.ri de
(TaN) and the second conductive filmformed with a Wfilm a conbination

of a fimsleregrduct iatodding f &6 n?HeV\EkaEQEt al umynidddde {d adht aget he

second conductive filmformedwith an Al Im or a conmbination of a first

conduct kg ¢ thirliMf 9%'1%%%t ngﬁnbakyeynwt (g)@flgai&véﬂd $8€956697d55
conductive filmTorne | m nmay be” us
a target, and furthermore, while paying a great attention not
to allow any impurity to come in from the atmosphere during
the £film forming, thé W film is formed achieving a resistance
of 9-20uQcm.
According to the Example 1, the first conductive film
608 is formed with TaN and the second conductive film 609 is
formed with W. However, the above is not limited thereto. In
any case, the film may be formed with an element selected from
Ta, W, Ti, Mo, Al, Cu, Cr and Nd; or, the film may be formed
with an alloy material containing the above element as the main
component, or a compound material. Also, a semiconductor
represented by a polycrystalline silicon film doped with
impurity element like phosphorous, or AgPdCu alloy may be used.
Further, a combination of a first conductive f£ilm formed with
a Tantalum (Ta) f£ilm and the second conductive film formed with
a Wfilm; a combination of a first conductive film formed with

a Titanium nitride (TiN) film and the second conductive f£ilm

formed with a W £film; a combination of a first conductive film
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Further, not limted to the double-layered structure, but, for exanple, a
triple- layered structure, which is built-up wth a Tungsten film an
alloy filmof alumnumand silicon(Al - Si)filmand a Titaniumnitride
filmin order may be used. Furthernore, when a triple-layered structure is
adopted, a nitride Tungsten may be used in place of Tungsten; an alloy
film(A -Ti-) of alumnumand Titaniumin place of the alloy (A -Si)film
of alum numsilicon may be adopted; and a Titanium filmmy be used in

pl ace oformedTrikhi Tantptumgeitrifge (TaNd prfothansecendotdrducthweopt i mum
etching nethod and type of the etchant depending on the material of the
conduct £dmf formediaxi th s Wn§idmphwtoenbinpgiemnt anfiskst6dOn8astivepri sed
of aresist are forned, and are subjected to a first etching processing to
f or m el & imdammeghdi th Tamdsi 1 ufttrel fride (Fadhiangd theeseessidigonducaiieed out
under the first and the second etching condition S (FIG 7B) . According
to the Eidmfogniedwsthan Aheilhi osta ebmbing taondht a@ixst EFhfhodugki vel y
Coupl ed Plasma) etching is adopted; as for etching gases, CF4, Cl2 and 2

are useflilm¥® el wheh gan thein i ot €ids (2aN) &R thd Qexeiid céran8ei yuel v.
Under a pressure of 1Pa, an RF (13 . 56MHz) electric power of 500Wis

appl i edei omCebkmb¥P&ieheahr ede iandeRe) e ydagm, and the etching is
carried out. To the substrate side (object stage) also, an RF (13 . 56MHz)

electric powerupind20Whot $4RRILR] tho tH Rk A SHRSESRt L Al ¥ Rpgat i ve

sel f-bias vol tage thereto.
but, for example, a triple-layered structure, which is built-up
with a Tungsten film, an alloy film of aluminum and silicon(Al
—Si)film émd a Titanium nitride film in order may be used.
Furthermore, when a triple-layered structure is adopted, a
nitride Tungsten may be used in place of Tungsten; an alloy
film (AL—Ti) of aluminum and Titanium in place of the alloy
(Al1—Si)film of aluminum silicon may be adopted; and a Titanium
film may be used in place of the Titanium nitride film.

It is important to collect the optimum etching method
and type of the etchant depending on the material of the
conductive f£ilm.

Next, using a photo lithography, masks 610-615 comprised
of a resist are formed, and are subjected to a first etching
processing to form electrodes and wirings. The first etching
processing is carried out under the first and the second etching
conditions (FIG. 7B). According to the Example 1, as for the

first etching conditions, ICP (Inductively Coupled Plasma)

etching is adopted; as for etching gases, CF,, Cl, and O, are used,
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Under the first etching conditions, the Wfilmis subjected to the etching
to formthe edge of the first electrical conducting l|ayer into a tapered
configuration. After that, without renoving the masks 610-615 conprised of
a resist, the etching condition is changed to second etching conditions.
As for the etching gases, CF4 and Cl2 are used, and the gas flowrate is
30 :30(sccnm) respectively. Under a pressure of 1Pa, an RF (13.56NMHz)

el ectric power of 500Wis supplied to the coil type electrode to generate
pl asna, a@fdthergaeddiawngate ar29 e outl BN Faseegtizelyn sPededs. To
the substrate side %ob'ect stage) also, an RF (13. 56MHz) electric power
of 20W PsP¥GFFMIredoEol PApran Ry S 7 bl ¢ ledlehie iRRve s &f S09Wad syol t age
thereto. Under the second etching conditions, in which CF4 and Cl2 are

m xed, BPPEigd thee agil| hypadelkretTaNe flid rgeneratehpbasmat handatrbel evel .
To carry out the etching wthout remaining any residue on the gate

i nsul at ierghfiinignisi carrdegdr ettt r €lio ttthe rurteasm td & ickec lfobg eidtne thye )
approximately 10-20% In the above-described first etching processing, By
37 adapuilsg.appr BEr ( aBelbyMHzE eQridtitirAtpowe0ioft Nsowmasls eappliedd toof a
resist, the edge of the first electrical conducting |layer and the second

el ect ri qalpreedecisubg tamela Bre dogaedvente1a-viaperedtagaf tgukatibon, ow ng
to the bias voltage, which is applied to the substrate side. The angle of
the tapegn@ér@hle FArdts elring XBi@it 2088 thesk-£ieni 1§ RLBYRSELAY. the
to the etching to form the edge of the first electrical conducting
layer into a tapered configuration.
” After that, without removing the masks 610-615 comprised
of a resist, the etching condition is changed to second etching
conditions. As for the etching gases, CF, and Cl, are used,
and the gas flow rate is 30 : 30(sc§m) respectively. Under a
pressure of 1Pa, an RF (13.56MHz) electric power of 500W is
supplied to the coil type electrode to generate plasma, and
the etching is carried out approximately for 30 seconds. To
thesubstrateside(objectstage)also,anRF(13.56MHz)electric
power of 20W is supplied to impress a substantially negative
self-biasvoltage thereto. Under the secondetchingconditions,
in which CF; and Cl, are mixed, both of the W £ilm and the TaN
film are etched to the same level. To carry out the etching
without remaining any residue on the gate insulating film, it
is preferred to increase the etching time by approximately

10-20%.

In the above-described first etching processing, By
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el ectrical conducting |layers 617-622 (first electrical conducting |ayers
617a- 622a and second el ectrical conducting |ayers 617b- 622b) of a first
configuration, which are conprised of the first electrical conducting

| ayer and the second electrical conducting |ayer, are fornmed. Reference
nuneral 616 denotes a gate insulating film and the areas thereof, which
are not covered by the electrical conducting |ayers 617-622 of the first

configuraiion are forned i.nto thin areas which has been etched
o o oA S AT A I PR A £ Ceta ok R Tas B pomeed serd a

resist, f? second etching processing is carried out (FIG 7C) . In this
case, af%f Grreftstr cHraFReL thefixab edartoicale cosdyctdmy layerw il m
is selectively etched. And then, by means of the second etching
processidf e S8EF W%k @ligddiicah Geadust ing draye s 281e- 693mea¥ d.nftar med. On
the other hand, the first electrical conducting |ayers 617a-622a are

littl e dRfEed apenElguratian, owaddcttiondheaymiras 628l 63¢ pf whishcdad
configuration are forned. Then, w thout renoving the nmask conprised of a
resi st, appiedtoddp sybsteateside s Qe apdleutf tha tiapeydd poeltemant 38
that inparts the NNtype to the island-like sem conductors at a | ow

densi ty.isTh&5dépP ng t Deahgento mahebereasti ast iling N paoceaialg Of then dopi ng
or ion inplantation. As for the conditions for the ion doping, dose anount

i s 1x10E3-emthfiilchnt aeddoet iegd 1iferaccel erephon(Foksageeisc#P18gkeV.
According to the Exanple 1, the dose anount is 1.5x1013atons /cn¥; and the

accel er g@lon@ucting layers 617a-622a and second electrical conducting
! layers 617b-622b) of a first configuration, which are comprised
of the first electrical conducting layer and the second
electrical conducting layer, are formed. Reference numeral 616
denotes a gate insulating film, and the areas thereof, which
are not covefed by the electrical conducting layers 617-622
of the first configuration are formed into thin areas which
has been etched approximately 20-50nm.
Next, without removing the mask comprised of a resist,
a second etching processing is carried out (FIG. 7C). 1In this
case, as for the etching gases, CF4, C1, and O, are used, and
the W-film is selectively etched. And then, by means of the
secondetchingprocessing,secondelectricalconductinélayers
628b-633b are formed. On the other hand, the first electrical
conducting layers 617a-622a are little etched, and electrical
conductinglayers628—633ofeisecondconfigurationarefOrmed.

Then, without removing the mask comprised of a resist,

a first doping treatment is carried out, an impurity element
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voltage is 60keV. As an inpurity elenent inparting the N-type, although an
elenment included in the 15-f amly, typically, phosphorous (P) or Arsenic
(As) is used, phosphorous (P) is used in the Exanple 1. In this case,

el ectrical conducting |layers 628-633 serve as the masks against the
inpurity elenment inparting the N-type, inpurity areas 623-627 are forned
in a manner of self- aligni ng. To the inpurity areas 623-627, the inpurity
el ement artin e wWthin the density range of 1x1018-1x102

at ons / (',;Iyg"‘pt 5’8“(]:&1 e¥9P§ﬁ9l hiet h%lﬁﬁgkéléﬁnﬁ??é‘éangfméolrésP§t new
masks 634a-634c conpri sed of aresist are forned, and are subjected to a
second @opioiy densitt¥ent The dArangeteratmenty Spyabe rRgRéed omdnirhat of the
first doping treatnment. As for the conditions for the ion doping, dose
arount MERPErNe s ini GeBARS AT 1eRdmplantd en | o s/BHOT &de CeB80it20ksV. As
for the doping treatnent, the second electrical conducting |ayers 628b,
630b andcd32be 2op dspihags desk amagaitndts 1Re0Hpuniol § sl ceneenig? ;aaddt he
doping is carried out so that the inpurity elenent is added to the 39

i sl and- Ithiecaseei epatiiionorcsl trajeivs t4te- §Gper ed Apadrdim @t otthhee Ekamplle
el ectrical conducting |layer. Then, the acceleration voltage is reduced

| over thanthkatosk hheusecosd d@pmg‘attroa&/rmﬁt- an@nghd 58&&%999&69
treatnent is carried out to obtain a state shown in FIG 8A. As for the

condi ti el theye tie doxewlopi ng, dose anount is 1x1015- 1x1017 atons/ cn?; and
t he accel eration '
As an impurity element imparting the N-type, although an element’

included inthe 15-family, typically, phosphorous (P) or Arsenic
(As) is used, phosphorous (P) is used in the Example 1. 1In
this case, electrical conducting layers 628-633 serve as the
masks against the impurity element imparting the N—tirpe,
impurity areas 623-627 are formed in a manner of self—aligning.
To the impurity areas 623-627, the impurity element imparting
the N-type within the density range of 1x10'®-1x10%° atoms/cm?®
is added.

After removing the masks comprised of a resist, new masks
634a-634c comprised of a resist are formed, and are subjected
to a second doping treatment at an acceleration voltage higher
than that of the first doping treatment. As for the conditions
for the ion doping, dose amount is 1x10!%-1x10*atoms/cm?;
accelerationvoltageis 60-120keV. Asforthedopingtreatment,
the second electrical conducting layers 628b, 630b and 632b
are used as masks against the impurity element, and the doping

is carried out so that the impurity element is added to the
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voltage is 50-100keV. Omng to the second doping treatnment and the third
doping treatnent, to the | ow density areas 636, 642 and 648 whi ch overl ap
with the first electrical conducting layer, an inpurity elenment inparting
the N-type is added within the density range of 1x1018-5x1019 at ons/cn8B;
and to high density inpurity areas 635, 641, 644 and 647, an inpurity
elenment inparting the NNtype is added within the density range of
1x1019-5x1021 atonms /CMB. O course, as for the second doping treatnent and
t he t hiyrsdatobilige reemimeondubyorsapeéloy aheapppepeilaperadosl efatthen
voltage, it is possible to formthe |lowdensity inpurity area and the

hi gh- derfSintst | epectt ycal eeondesficicid VEAyerby Thiea ,dafiengacteeatra®@ilon Next,
after renoving the resist masks, new resist masks 650a-650c are forned,

and arevmﬂn&g&Edrbﬂumdanb&@rdhmdmhatb@&ﬂﬁ?@bco@ﬂdﬁbiﬁbEB@aEﬁ@HH‘dOp'ng
treatnent, to the island-like sem conductors, which becone the active

| ayers eind a Ph@han@Sblﬁ?lperJEﬂ_methﬂé'éé/rﬁiééso@@%o @¥tatrd 8rd @60,
added with an inpurity elenment inparting a conductive type 40 opposite to

t he abogerd@san pad .c@aduchkVeotYPRe éBﬁdRQ&GBQ foE:'tﬂg §BR ﬁsg‘iﬂg fpurity

el ectrical conducting |ayers 628b-632b as the agal nst t

el enent gglémgﬁdgy'§l nﬁpg lngafthgnP t pe tqge2§é§%ﬁ§£%1lp urity

ar eas |n a nmanner Ilgnlng CCOf

i puri t 413, ffts 1@%0 GL%keQ/Sg Y o g6q:oartei'1f Oré@ont?ydggﬁqgs; greagmen%pl ng

and the third doping treatment, to the low density areas 636,
642 and 648 which overlap with the first electrical conducting
layer, an impurity element imparting the N-type is added within
the density range of 1x10'®-5x10'® atoms/cm’; and to high density
impurity areas 635, 641, 644 and 647, an impurity element
imparting the N-type is added within the density range of
1x10'°-5x10%" atoms/cm’.

Of course, as for the second doping treatment and the
third doping treatment, by adapting an appropriate acceleration
voltage, it is possible to form the low-density impurity area
and the high-~density impurity area, respectively, by one doping
treathent.

Next, after removing the resist masks, new resist masks
650a-650c are formed, and are subjected to a fourth doping
treatment. Owing to the fourth doping treatment, to the
island-like semiconductors, which become the active layers of
é P-channel type TFT, impurity areas 653, 654, 659 and 660,

added with an impurity element imparting a conductive type
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usi ng di borane (B2H6) (FIG 8B). Wien the fourth doping treatnent is
carried out, the island-1ike sem conductors for formng N-channel type TFT
are covered with the nasks 650a-650c conprised of a resist. OMng to the
first to third doping treatnent, to the inpurity areas 653, 659 and 660,
phosphorous is added at a density different fromeach other, respectively.
By carrying out doping treatnment so that, in any area of the above, the

density of the inpurity elenment i rtjng P-type 1is

1x1019- g)?f@ffg:teo%%/ Eh@ aEPXSéHFﬁgr}P% Fg’ff" ddY & FHOS - 0ATEs Eormedsour ce
area angd the ggain area qof the p-channel type TFT, no problem occurs. By
carryi ngs&lﬂ’tg BREINNY G lard i RGN hbavers ¢PhrpBybawihies fornmed
in the respective island-1ike sem conductors. Then, an activation
processMiFhiss BARLNEY oile impurditnt helawendat i dh prpdesidithgelesentknown

| aser activation, thermal activation or RTA activation is applicable

t her et o 1MPRAF MG P-ttiwpd dscrdded k&t forminpuagdityy ageas rimy abmadoes, after
the first interlayer insulating filmhas been formed. Then, the mask

650a- 6506 sedfrialddirging. r dgicoirding erpvigte Exidmphel &, f thet impuetlegyer
insulating film661 is formed. As for the first interlayer insulating film
661, usikmgashé53et K6d, 0659 pamd N6 C\Arorf camid &y Mganshefi aswl abpaggl i | m
whi ch contains silicon, is forned in thickness of 100-200nm According to
t he Exampliagl, dBbsiaheon ByHEY i d€-10xi d&Bf i | mMefenl 50R& isbdddHN abpialness is
formed by neans of plasma CVD. O course, the

' treatment is carried out, the island-like semiconductors for
forming N-channel type TFT are covered with the masks 650a-650c
comprised of a resist. Owing to the first to third doping
treatment, to the impurity areas 653, 659 and 660, phosphorous

is added at a density different from each other, respectively.

By carrying out doping treatment so that, in any area of the

above, the density of the impurity element imparting P-type

is 1x10'?-5x10**atoms/cm®, since the impurity areas function as

the source area and the drain area of the p-channel type TFT,

no problem occurs.

By carrying out steps up to the step described above,
impurity area is formed in the respective island-like
semiconductors. Then, anactivationprocessingiscarriedout.

As for the activation processing, well-known laser activation,
thermal activation or RTA activation is applicable thereto.
Further, the laseractivation-processingstepmaybe done, after

the first interlayer insulating film has been formed.

Then, the mask 650a-650c comprised of aresist is removed,
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first interlayer insulating filme661 is not limted to the silicon
nitride-oxide film Another single or lamnated |ayered insulating film
whi ch contains silicon, nay be-used. Then, by carrying out heat processing
(heat treatnent for 1-12 hours at 300-550C) , the filmis hydrogenat ed.
This process is for termnating the dangling bond of the island-Iike

sem conduct or by neans of hydrogen, which is contained in the first

i nterl ayer, i.nsul a%i ng, film®661, Irrespective of first interlayer
i nsul at %H& it s h’e‘gF%’F ﬂﬁ'—aFik‘éS‘éiﬁigfiﬁdtif'Brg%%nls FemMest ogéFafed. As for
anot her Efasags fﬁr_the hgdrogenation,_ the filmmy be subjected to plasm
hydr ogeh8€i HATEhyHR bGEMAYEXCIPEULBY LPFaE M| &6 Lisatfing they me thest ofr eat nent
for 1-12_ hours at 300-650C in an atnmosphere containi ng 3-100% of
hydr ogeR13RE%: CVPRFetP it e g ; rche jimsariadiing £idim .awhaghf contesns i s a
second interlayer insulating film 662 conprised of an inorganic insulation
fil m mafdldigenor ign fogad dn ndilciness ofit 299 al00AmcoricagriongheoExanypl e
1, an acrylic resin film of 1. émin filmthickness is fornmed using a
mat er i athef Exempd@0dp, a d421prehenabkyde40x2idecfiilm vifSE69nimy inwBith f or ns
unevenness on the surface. According to Exanple 1, in order to prevent
specul athickhless dis, fioneeantgs smésn$ os frepll asma hevBur f@gecofirsbe phyel
el ectrode by form ng second interlayer insulating film which is forned
W th unfiesteds terlidiersuidiaceat legeoiimFebtihals, not 1imited to the
silicon nitride-oxide film. Another single or laminated
layered insulating film, which contains silicon, may be used.
Then, by carrying out heat processing (heat treatment
for 1-12 hours at 300-550°C), the film is hydrogenated. This
process is for terminating the dangling bond of the island-like
semiconductor by means of'hydrogen, which is contained in the
first interlayer insulating film 661. Irrespective of first
interlayer insulating film, the island-like semiconductor can
be hydrogenated. As for another means for the hydrogenation,
the film may be subjected to plasma hydrogenation (hydrogen
excited by plasma is used), or to a heat treatment for 1-12
hours at 300-650°C in an atmosphere containing 3-100% of
hydrogen.
Next, formed on the first interlayer insulating film 661
is a second interlayer insulating film 662 comprised of an
inorganic insulation film material or an organic insulation

material. According to the Example 1, an acrylic resin film

of 1.6umin £ilm thickness is formedusingamaterial of 10-1000cp,
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in order to obtain light scattering by giving unevenness to the pixel

el ectrode, a convex portion nmay be forned in the area bel ow the pixel

el ectrode. In that case, since the convex portion can be formed using the
sanme photomask as that for formng the TFT, the convex portion can be
formed w thout increasing the nunber of steps. The convex portion nmay be
formed appropriately on the substrate in a pixel. section area other than
the wiri nd Egg portjons. Thus, unevenness is formed on the surface of
t he pi xéﬂ‘g‘:e‘?al GO T L T RERTEEY £ SR £ORMSHBNEYENRCS P he
insulating fil mhlch covers the convex. Further, a filmof which surface
IS plané??iéﬂl %e wused as the second interlayer insulating film®662. In
that case, it is preferred that, of ter the pixel electrode is fornmed, a
process such &§QQﬂqu&uﬁﬂl%%ﬂﬂblasﬂhngn(ﬂﬁﬁﬂnufqnpr¢memtkepecsladded to
make the surface thereof uneven to prevent specular ref |exion, and
therebyﬁﬂﬁlQKiQﬂiquﬁﬂeﬂmessai$efedmedegulthﬂgsurﬁaaeiqfreheepiwbﬂte

| evel . Next, after forming the second interlayer insulating film 662, a
third i etlerdtayete bysfibaning setomd 7Gihter Tayere d rsmlast irdg fiAnCOWRicR cont act
with the second interlayer insulating film 662. Then, in a drive circuit
686, Wi rHisng» St 6GAAH hatevwanmess ohheheespeehtvethBpUbicly Rhe8kew th each
other electrically, are formed. These wirings are formed by neans of

pat t er niidg orfidariN AR ifd |1 poEEdseee£ing By §ivihgfuROBBLLBSE! kB
t hi ckness
the pixel electrode,. a convex portion may be formed in the area
below the pixel electrode. 1In that case, since the convex
portioncanbe formed using the same photomask as that for forming
the TET, the convex portion can be formed without increasing
the number of steps. The convex portion may be formed
appropriately on the substrate in a pixel section area other
than the wiring and TFT portions. Thus, unevenness is formed
on the surface of the pixel electrode along the unevenness formed
on the surface of the ihsulating film, which covers the convex.
Further, a film of which surface is planarized may be
used as the second interlayer insulating film 662. In that
case, it is preferred that, after the pixel electrode is formed,
a process such as well-known sandblasting, etching or the like
is added to mak_e the surface thereof uneven to prevent specular
reflexion, and thereby reflected light is scattered, resulting
in a increased white level.

Next, after forming the second interlayer insulating film

662, a third interlayer insulating film 672 is formed so as
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and an alloy film((alloy filmof A and Ti) of 500nmin film thickness. O
course, not limted to the double-layered structure, a single-layered
structure or a triple-layered structure may be adopted. Al so, the naterial
for the wirings is not limted to Al and Ti. For exanple, the wirings may
be forned by patterning a lamnated film in which Al or Cuis formed on
a TaN film and further thereon, a Ti filmis forned (FIG 9). Further, in
a pixel sectlon 687, a |er electrode 670, a_gate wiring 669 and a
connect iTRGC8MECTP S 633t et dhiRe§ ©CoBs) ﬁBtF61PN§rcbﬂﬁlé&?Fh@gefééfﬂr ode
668, the source wiring (lamnation of 633a and 633b) is forned with an
electrléél connection with the pixel TFT. Also, the gate wiring 669 is
formed with an electrical connection with the gate el ectrode of the pixel
TFT. Further, Thea,pixaldriveccindeifb@6i,swinimesl 6 63it h6Arthalteconnealk
connection with a drain area 658 of the pixel TFT;, and furthernore, forned
wi t h anthee&esipegit ivendemimit widtheas hel ils | each | d tee s enl eotidica bLy 606 t hat
functions as an el ectrode constituting a holding capacity. As for the

pi xel eheet fodmedi4 BHEOsei wirsngseheer drineduse mesRs e6f qpabt€hnasga film
conprised of Al or Ag as the main conponent, a lamnated fil mthereof,

and so arlamimatedEidupesinprikadref hexi ¢iit . o BY oadr 1y iFAI moth i dPge SEEPS
descri bed above, a CMOS circuit conprised of an N-channel type TFT 681 and

%:_FF- chaanal ahype1oyFfi682(aa1d% ¥e16ai beUAL 888 v0§! yEi 8§oaA Dhchapgel type
thickness. Of course, not limited to the double-layered
structure, a single-layered structure or a triple-layered
structure may be adopted. Also, the materiai for the wirings
is not limited to Al and Ti. For example, the wirings may be
formed by patterning a laminated film, in which Al or Cu is
formed on a TaN film, and further thereon, a Ti film is formed
(FIG. 9).

Further, in a pixel section 687, a pixel electrode 670,
a gate wiring 669 and a connecting electrode 668 are formed.
Owing to the connecting electrode 668, the source wiring
(lamination of 633a and 633b) is formed with an electrical
connection with the pixel TFT. Also, the gate wiring 669 is
formed with an electrical connection with the gate electrode
of the pixel TFT. Further, the pixel electrode 670 is formed
with an electrical connection with a drain area 658 of the pixel
TFT; and furthermore, formed with an electrical connection with

the island-1like semiconductor 606 that functions as an electrode

constituting a holding capacity. As for the pixel electrode
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683, and a pixel section 687 including a pixel TFT 684 and a hol ding
capacity 685 are forned on the sane substrate. Thus, an active nmatrix
substrate is conpleted. The N-channel type TFT 681 of the drive circuit 686
i ncludes a channel form ng area 637, the |ow density inpurity area 636
(GOLD area), which overlaps with a first electrical conducting |ayer 628a
constituting a part of the gate electrode, and a high density inpurity
area 65% that functions as the source area or the drain area. The

P-chann®’ &y pt FEPIEEERIRA tockfetd Mated ide Sserbeid &dil semRgisesnect ed
with N-channel type TFT 681 via an el ectrode 666 includes a channel

f or mi ng °faPda o469 fRethfgRadBnsprponaptisri eylaritnatsd £ham thacepdns as
the source area or the drain area and the inpurity area 654 introduced
Wt h an 3¢ §9 Op e [Wiglt JsruperieN-iypeeilektnitynpurity el enent
inparting P-type. Further, the N-channel type TFT 683 includes a channel
form ng area B43carhpihgwuetbetytepspiesidnitedcabbd? ,(HLOMOSacearniwhi ch
overlaps with a first conductive |ayer 630a constituting a part of the
gat e el ecimpodssedand arhiNjchanse I ytyp@UIET Y6 81 ean®58 Phehahtact topse as the
source 45 area or the drain area. The pixel TFT 684 of the pixel section

i ncl udegFa elsannal drfieentngcaieas646inalhawndensi kiychARueilt ¥ypeeare@d5( LDD
area) that is fornmed outside the gate el ectrode and a high density

i mpurit ysar,ean@8 phaklf HBEionS 689 1HE18AYNGE a2peReANGFINE 8 4dhANN 42T €a.
The island-1ike sem conductor that functions as
holding capacity 685 are formed on the same substrate. Thus,
an active matrix substrate is completed.
TheN—channeltypeTFT681ofthedrivecircuit686includes
a channel forming area 637, the low density impurity area 636
(GOLD area), which overlaps with a first electrical conducting
layer 628a constituting a part of the gate electrode; and a
high density impurity area 652 that functions as the source
area or the drain area. The P-channel type TFT 682 that
constitutes the CMOS circuit being connected with N-channel
type TFT 681 via an electrode 666 includes a channel forming
area 640, the high density impurity area 653 that functions
as the source area or the drain area and the impurity area 654
introduced with an impurity element imparting N-type and an
impurityelement impartingP-type. Further, the N-channel type
TFT 683 includes a channel forming area 643, the low density
impurity area 642 (GOLD area), which overlaps with a first

conductive layer 630a constituting a part of the gate electrode

and a high density impurity area 656 that functions as the source
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an el ectrode of the holding capacity 685 is added with an inpurity el enent
inparting N-type and an inpurity elenent inparting P-type. The hol ding
capacity 685 is conprised of an electrode (lam nated |ayers of 632a and
632b) using the insulating film 616 as the dielectric and an island-1ike
sem conductor film In the pixel structure according to the Exanple 1, the
end portion of the pixel electrode is disposed to overlap with the source
wiring so that the space between the pixel electrodes is shielded wthout
usi ng afF§ft &k e r$5@1E@Fpfe 2 In Exanple 2, a manufacturing nmethod of a
TFT using a |laser irradiation nethod according to the invention wll be
descri bed. Fi ridte pixgil| TFRS&hefinthe rAixsl sestign bretp@ess chemnednduct or
filmis fornmed on an insulation surface, and then, the anorphous

sem condiRA¥NY i arRa s6Subj @cled denaht¥t thpngityoareanpaf (LODandela)ke

sem conductors 6001 and 6002. FIG 12G is a top viewof FIG 12A, and a
secti ondihatl g floagmed lbmtisivte e fateAeliesthlcdde B aThégh desnshawn in
FIG 12B, an anorphous sem conductor film 6003 is formed to cover the

i sl and- linkm1r Sty aosal UEs ®rsh&00fuacdi6082as| thesspueter aedat had, the

i medi ately before formng the film the filmis subjected to rinse with

di | ut ed duydirrofdrdar.i c Tael dstandemake @¥imdeohiduddoromHihe ranchacs s Lier eof
and then the anorphous senm conductor film6003 is formed imrediately. FIG
12H is aut @pedtevaeiofiKe nd2BindchgaSLEY 68Bals addedwith an impurity
element imparting N-type and an impurity element imparting
P-type. The holding capacity 685 is comprised of an electrode
(laminated layers of 632a and 632b) using'fhe insulating film
616 as the dielectric and an island-like semiconductor film.

In the pixel structure according to the Example 1, the
end portion of the pixel electr&de is disposed to overlap with

the source wiring so that the space between the pixel electrodes

is shielded without using any black matrix.

Example 2

Iq Example 2, a manufacturing method of a TFT using a
laser irradiation method according to the invention will be
described.

First of all, as shown in FIG. 12A, an amorphous
semiconductor film is formed on an insulation surface, and then,
the amorphous semiconductor film is subjected to an etching
to form an island-like semiconductors 6001 and 6002. FIG. 12G

is a top view of FIG. 12A, and a sectional view along the line
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view along the line A- A is FIG 12B. Next, as shown in FIG 12C, by
subj ecting the anorphous sem conductor film 6003 to a patterning
processing, a film6004 of an island-like sem conductor filmA, which
covers the island-like sem conductors 6001 and 6002, is forned. FIG 121
Is atop viewof FIG 12C, and a sectional view along.the line A - A is
FIG 12C. Then, as shown in FIG 12D, a | aser beam is irradi ated
selectively to the film 6004 of the island-like semconductor filmA to

i ncr easé"?%e ey ELG| thPry. Thew, 239)sheynainoblGi eh2Bf &nGamozPhoarsd a
sectional view along the line A-A is FIG 12D. Next, as shown FIG 12E,
the fil MBYEPHUIGHE | 1 HAASPPRe issERTBSAdIE stover | the, ighanA-Adkebeen
increased in crystallinity, is subjected to a patterning to forma film
6008 whiSEMAGandugieont08h and &0R2 | | Ke seprefrdueddrhdt | imBedFaGeli?K is a
top viewof FIG 12E, and a sectional view along the line AA is FIG 12E
Then, adefisgn fom@in®rhey FEAM, whieclfidsedst hab jeictmd6808rahsiesvamt- | i ke
sem conductor filmB as the active 47 layer, is fornmed. Al though the

fol | ow g lpetretd byfiap £ 1poepar atid it opreness ety fidmyr E@pehd 8grgackhe
configuration of the TFT, typically, the followng steps are carried out;

i.e., atdleedin ahdchea tgad SmbApHbAL ISR ildINBRAGT £ $1H 60BN s B8rRAagl O cone
in contact with the film 6008 of island-like sem conductor filmB; a step

i n whi chnmegrleealyect Fade BPAAs & opOF {80 0@ F 10 198, CahaSULALE NG LI M a
step in which inpurity
view along the line A—A' is FIG. 12B.

Next, as shown in FIG. 12C, by subjecting the amorphous
semiconductor £ilm 6003 to a pat.t“erning processing, a £film 6004
of an island-like semiconductor film A, which covers the
island-1like semiconductors 6001 and 6002, is formed. FIG. 121
is a top .view of FIG. 12C, and a sectional view along the line
A—A' is FIG. 12C. Then, as shown in FIG. 12D, a laser beam
is irradiated selectively to the film 6004 of the island-like
semiconductor film A to increase the crystallinity. FIG. 12J
is a top view of FIG. 12D, and a sectional view along the line
A—A' is FIG. 12D.

Next, as shown FIG. 12E, the film 6004 of the island-like
semiconductor filmA, whichhas been increased in crystallinity,
is subjected to a patterning to form a film 6008 which will
become an island-like semiconductor film B. FIG. 12K is a top
view of FIG. 12E, and a sectional view along the line A—A'
is FIG 12E. Then, as shown FIG. 12F, a TFT, which uses the

film 6008 of island-like semiconductor film B as the active
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areas 6011 and 6012 and channel form ng area 6013 are formed in the island
6008; a step in which an interlayer insulating film 6014 that covers the
gate insulating fil me6009, gate electrode 6010 and the island 6008; and a
-~ step in which wirings 6015 and 6016 that are connected with the inpurity
areas 6011 and 6012 are fornmed on interlayer insulating film6014. FIG

12L. is a top view of FIG 12F, and a sectional view along the line A-A
is FIG The, t hi ckness sem conductor filmin_the inpurity areas 6011
and 601215 Bdapted é%r'%%gto b THIXUE (Ha® (FRliAViRAesParsiciar

sem conductor filmin channel formng area 6013. Since the sheet resistant
of the iBPETII IR RTOHPIRES BV cEATYi dereRApRe i} tbe congpoyration
sati sfactorty transi stor characteristics. Exanple 3 Exanple 3 includes a
process Forths ydihd I5RIRABLY sethe ofRilitPBingsshgbPa eneacperietniopti:he
point, which is 48 different fromthe Exanple 1, will be described. Wen a
cat al yst1- %] erferfiter inethich 3 YakefirselatbngsEiline6060hiisqesmeshi ch
are disclosed in Japanese Patent Laid-Open No. 7-130652 and in Japanese
Pat ent 1S BROpleh ¢@me ginggontaatt wi thorthiendf e GOWS phdUs s anidcaacect or
filmusing NI, the sane is subjected to a solid-phase crystallization
(her ei nafemircontdhectoyy s il i Bata ot et hodwhidth degaeéeslgdti-adeas oligSPC) .
For exanpl e, when the technique disclosed in

is formed on the gate insulating film; a step in which impurity

areas 6011 and 6012 and channel forming area 6013 are formed

in the island 6008; a step in which an interlayer insulating

film 6014 that covers the gate insulating film 6009, gate

electrode 6010 and the island 6008; and a step in which wirings

6015 and 6016 that are connected with the impurity areas 6011

and 6012 are formed on interlayer insulating £ilm 6014. FIG.

12L. is a top view of FIG. 12F, and a sectional view along the

line A-A' is FIG. 12F.

The thickness semiconductor f£ilm in the impurity areas

6011 and 6012 is adapted so as to be thicker than the thickness

ofthesemiconductarfihninchannelformingarea6013. Since

the sheet resistant of the impurity area can be reduced, it

is preferred to obtain satisfactory transistor

characteristics.
Example 3

Example 3 includes a process for crystallizing a

semiconductor using a catalyst. Only the point, which is
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Japanese Patent Laid-Open No. 7-130652, the anorphous sem conductor film
Is applied wth solution of nickel acetate salt containing N ckel of 10ppm
i n weight conversion to form a N ckel-containing |ayer, and after
dehydrogenati on processing for one hour at 500C, the sane is subjected to
a heat treatnent for 4-12 hours at 500-650C, for exanple, for 8 hours at
550QC, to crystallize the sane. As for applicable catalyst elenent, in

addi tion,.tqg N cke Ni.) ,.an element, such as Gernmanium (Ge), iron (Fe),
Pal | adi Eir%lt%lf e,nl"l%ﬁ&(' e,E’f%'%J‘e gl‘;ﬁjl,“(ﬁﬁzﬂecso(réd)?dpl dhefacabalystopper
(Cu), gaold Qﬁﬁ%,or the |ike may be used. The process of applying the

sol ut i off TS TS UseEralt 1S RTetphredd name theateshnisues mepilsh carri ed
out after the island-|ike sem conductor film A has been formed. By neans
of | asePhe CAFAASHT gt W aresr Fakerb bakd-PpeanNooen7-LRO66Rysnal | inity
of the island-like sem conductor filmA, which has been crystallized in a
manner &N Nagpoeses Pty didied-Open désedd - Bh2e. t he pol ycrystalline

sem conductor obtained by neans of |aser beamirradi ation contains a

catal yst el eAfiter fopnbugsthe gambirphions) sénitendvue tolief £ahalgisig aliement
fromthe crystalline sem conductor filmis carried out after the |aser
crystal [theat seme Ass f arudjecigad t a&id ng, $beidephAkguesrydtschosadion
Japanese Patent Lai d-Open No. 10-135468, Japanese Patent Lai d-Open No.

10- 1354 €Qeare il tHeirke tivee cagplitiaqallzatildh pArtHddhdnl Hhe 2epakie@f +bhe

pol ycrystal line
as NiSPC). For example, when the technique disclosed in
Japanese Patent Laid-Open No. 7-130652, the amorphous
semicondUCéor film is applied with solution of nickel acetate
salt containing Nickel of 10ppm in weight conversion to form
a Nickel-containing layer, and after dehydrogenation
processing for one hour at 500°C, the same is subjected to a
heat treatment for 4-12 hours at 500-650°C; for example, for
8 hours at 5502C, to crystallize the same. As for applicabie
.catalyst element, in addition to Nickel (Ni), an element such
as Germanium (Ge), iron (Fe), Palladium (Pd), Tin (Sn), lead
(Pb), Cobalt (Co), platinum (Pt), copper (Cu), gold (Au) or '
the like may be used.

The process of applying the solution of nickel acetate
salt and the heat treatment step may be carried out after the
island-like semiconductor film A has been formed.

By means of laser irradiation method according to the

invention, the crystallinity of the island-like semiconductor

film A, which has been crystallized in a manner of NiSPC, is
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sem conductor, which is obtained after |aser irradiation, phosphorous is
added and is subjected to a heat treatnent in a nitrogen atnosphere for
5-24 at a tenperature of 550-800C, for exanple, for 12 hours at a
tenperature of 600C. When applying the invention, it is preferred that,
after adding the phosphorous to the sem conductor area other than

I sland-1i ke sem conductor filmB, which will becone the active |ayer of

t he TFTfin he i.sl and-|ike sem conductor_filmA, the heat treatnment is
carri ed THAtPeEIRG TSR s, THEartdie RUBICTY s halhinphsepheppdaciter t he

pol ycrystalline sem conductor acts as a gettering site, the phosphorous
resi des P atREdBY ednsg of| 1 ages bramhstadsat ioancoetadus eygatdlystt he area
added with the phosphorous. OMng to this, it is possible to obtain the

i sl and- BilREe®&ni aopEieeess, (dehtonint )t e thmeve \thef cadidlyydt edbmeant in t he
channel area of the TFT has been reduced to | ess than 1X1017 atons /CM3,

pr ef er afirpm theappyskaddtialey seniCbdstuartsyc 3. 1nb0 sExarplied ot Exgepl e 4, a
structure of a TFT, which is forned using a |aser irradiation nethod

accor di thetl@setecinstalildra tiionl. heﬁﬁfﬁﬁébédte&iﬁﬁfﬁﬂ&%@chﬂighgg 13A

I ncludes a channel formng area 7001, first inpurity areas 700

sandw cHiisglbbedcirgadeyaPagend’ ai dO0pehnes chot waen s sangdagAnacki ve

| ayer including second inpurity areas 7003 sandwi ched between the first
| mpur it pageA@SLaid-Open No. 10-135469 or the like are applicable.

In parficulaf, to a part of the polycrystalline
semiconductor, which is obtained after laser irradiation,

lﬁhosphorous is added and is subjécted to a heat treatment in
a nitrogen atmosphere for 5-24 at a temperature of 550-800°C;
for example, for 12 hours at a temperature of 600°C. When
applying the invention, it is preferred thét, after adding the
phosphorous to the semiconductor area other than island-like
semiconductor film B, which will become the active layer of
the TFT in the island-like semiconductor film A, the heat
treatment is carried out.

Owing to this, the area added with the phosphorbus in
the pochrystalline semicqnductor acts as a gettering site,
the phosphorous resides in the polycrystalline semiconductor
can be segregated in the area added with the phosphorous. Owing
to this, it is possible to obtain the island-like semiconductor .
in which the density of catalyst element in the channel area
of the TFT has been reduced to less than 1x10'’atoms/cm’,

preferably, to approximately 1x10'°atoms/cm?.
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7002 and the channel formng area 7001. And further, a gate insulating
film 7004 abutting to the active layer and a gate electrode 7005 fornmed on
the gate insulating filmare included in the TFT. Side walls 7006 are
formed so as to abut to the side faces of the gate el ectrode. The side

wal I's 7006 overlap with the second inpurity areas 7003 being interposed
with the gate insulating film 7004, and the sanme nmay be conductive or

insul ative. Wien '"the side walls 7006 are conductive, the sanme nmay be used
as the gate electrodes including the side walls 7006. A TFT shown in FIG

13B incl udes a channel formng area 7101, first inpurity areas 7102
sandw ¢ hannel formng area 7101, and an active |ayer including

second inpuri%y areas_ 7103 sandw ched between the first inpurity areas
7102 and the IEhEXABP1Eof nith§tamedureoef s . uvhheh, is fyamed nsdnat i ng
film 7104 abutting to the active |layer and a gate el ectrode conprised 51
of doublPe-lid8far dF Tashelet oy dné theg Fa0srdhng 7406thei inveptdon,t ke lgat e
insulating filmare included. Side walls 7107 is formed so as to abut to
t he upp®e desfaridest- t he conductive film 7105 and to the side surfaces of
the conductive film 7106. The side walls 7107 may be conductive or

insul ative. WhERTtskowhdenvBlés AN AmIadenduechbyae 1t REraaRgy ABKabe used
as the gate electrodes including the side walls 7106. A TFT shown in FIG

13C i ncl7edas £irberimluf KiyThrgas’ Fe02 $308wikhisly {H® Whianh Al £88mIRG2
sandw chi ng the channel form ng
area 7001 therebetween, and an active layer including second
impurity areas 7003 sandwiched between the first impurity areas
7002 and the channel forming area 7001. And further, a gate
insulating £ilm 7004 abutting to the active layer and a gate
electrode 7005 formed on the gate insulating film are included
in the TFT. Side -walls 7006 are formed so as to abut to the
side faces of the gate electrode.
The side walls 7006 overlap with the second impurity areas
7003 being interposed with the gate insulating film 7004, and
the same may be conductive or insulative. When the side walls
7006 are conductive, the same may be used as the gate electrodes
including the side walls 7006.
A TFT shown in FIG. 13B includes a channel forming area
7101, first impurity areas 7102 sandwiching the channel forming
area 7101, and an active layer including second impurity areas
7103 sandwiched between the first impurity areas 7102 and the

channel forming area 7101. And further, a gate insulating film

7104 abutting to the active layer and a gate electrode comprised
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area 7201, and an active |ayer including second inpurity areas 7203 forned
between the first inpurity areas 7202 and the channel form ng area 7201.
And further, a gate insulating film 7204 abutting to the active layer, a
conductive film 7205 on the gate insulating film a conductive film 7206
covering the upper surface and the side surfaces of the conductive film
7205 and side walls 7207 abutting to the side surfaces of the conductive

film720 e forned. The conductive film 7205 and the conductive film
7206 fun(?:? ?%%“%lge‘?ﬁ%”%’é?‘z ErRtechee Fhbms HOnANS 7AA$7 bvdyl trdir @itduct i ve

or insulgﬁive. Wen the side walls 7207 are conductive, the sane nmay be
used as ?lgafjﬁtlé‘sé“}ﬁeac’ilr‘bﬂéélmﬁéleub?‘hbu@ﬁé-si%@%ﬂﬂ-ésﬂ;ﬂ(wlﬁﬁ@rﬁbeeirpl e 4
may be carried out in conbination with any one of Exanples 1-3. As
descri be¥f &ore, aButobelithe tpperesprfase of, the dendwet os Siiblne 7t1® Sr ovi de
a manufacturing nmethod of sem conductor device, which is capable of
f or mi ng 324 gee ckit 2l dersuntacescedstheetynByuchisns faimantioki.ci al |y
controlled super lateral growh, resulting in an increased substrate
processing effliei side walle 1liskmay yisé atdhdatdt Dve pooCeasn1ard vehi ch,
unli ke a conventional SLS nethod, uses a sinple laser irradiation nethod
Wi t hout Wherpuithiengidespadilal 70pvi spé cysdest 168, VAT damCnyVER LSeal. A
manuf act uri ng nmet hod of a sem conductor device

as the gate electrodes including the side walls 7106.

A TFT shown in FIG. 13C includes a channel forming area

7201, first impurity areas 7202 sandwiching the channel forming

area 7201, and an active layer including second impurity areas

7203 formed between the first impurity areas 7202 and the channel

forming area 7201. And further, a gate insulating film 7204

abutting to the active layer, a conductive film 7205 on fhe

gate insulating film, a conductive £ilm 7206 covering the upper

surface and the side surfaces of the conductive film 7205 and

side walls 7207 abutting to the side surfaces.of the conductive

film 7206 are formed. The conductive film 7205 and the

conductive film 7206 function as the gate electrode.

The side walls 7207 may be conductive or insulative.
When the side walls 7207 are conductive, the same may be used
as the gate electrodes including the side walls 7207.

The Example 4 may be carried out in combination with any

one of Examples 1-3.

As described above, according to the invention, it is
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conprising: formng a non-nonocrystal sem conductor over an insulating
surface; formng a marker and a first island-1ike sem conductor | ayer,
which is a specific area including an area to becone an active |ayer of
said thin filmtransistor, in said non- nonocrystal sem conductor in
accordance with a layout information of said thin filmtransistor; formng
a crystallization area by irradiating a | aser beam selectively to said
first |§l@%gji-“é<etc§em conduct or Ia%[er usi. ng sai d _marker as a positional
reference 1ofr T7radiBt?higtt hd TRt 2ChRaMPIaRatheanPhigSempernIMetPTar ea of
said first Jsland-Li he . sem conductor layer to forma second island-1ike
seni condtelee . | ¥)EFD i cRePRRbfetant aRPINE Layge FrEstrlsgr@imd n film
transistor, wherein said | aser beamis a_|aser beam of pulse oscillation,
and t he PESSH vy Oy Bepns ofsarthEamiofl lyusert batledauner lates@is or
nore. 2. A nethod according to claim1l, wherein said | aser beamis
pr oduce @IV isi nFeswldiing stiax e anaséncoeeiskeldat enbasratel | phbcessicey 3. A
met hod according to claim1l, wherein said | aser beam uses one or a
pl ural i t8ffgfciangy goutheslasdeoteys tabhizat YOG paseesescahdawbichg YVO4
| aser oscillator, a YLF |aser
unlikeaconventionalSLSmethod,usesasimplelaserirradiation

method without requiring a special optical system.
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oscillator, a YALO3 |aser oscillator, a glass laser oscillator, a ruby

| aser oscillator, an alexandrite |aser oscillator, a Ti sapphire | aser
oscillator, a forsterite |aser oscillator or an Nd : YLF |aser oscillator.
54 4. A nethod according to claiml1l, wherein said |laser beamis a second
harnmonic, a third harnonic, or a fourth harnonic. 5. A nethod according to
claim1, wherein the beam spot position of said | aser beam over the
surface of said non- nonocrystal sem conductor shifts for a di stance of

0. 3}i m dHATEPeClMMBhhtor | ess at every pulse oscillation. 6. A method
according to claim5, wherein the angle, which is forned by the central
axis in the l'ongi tttdMARIAEiYEdli o T°%aPl FeaffBpotWrdorheSHiFet

di recti aronpfrisahg: beam spot, is orthogonal. 7. A nethod according to claim
5, wherein the shift direction og said .beafrp spot resides.in the parallel

di rection vvifc’rfmrlé'gp%c?orf SYRE-ER AN IERGTRC T €815 oA ot "SR Wi n fil m
transi storrfae; A manuf acturi ng nmet hod of sem conductor device conprising:

form ng a non: npnocrystal .sem coglductﬁor Quer_.an jins | at i ng_ s rf.ace;
. ormlnﬁ a ?mrk T .aT ﬁ{s island-like sep conductor
formng a marker "ard a Tirst island-IiKé sermconductor ayer, Ich

speci fi claarea whithuding aspearidact erbecomelaing an area to become an

is a

active layer of said thin film transistor, in said non-
monocrystal semiconductor in accordance with a layout
information of said thin film transistor;

forming a crystallization area by irradiating a laser beam
selectively to said first island-like semiconductor layer using
said marker as a positional reference for irradiating the laser
beam; and

etching a periphery area of said first island-like
semiconductor layer to form a second island-like semiconductor
layer, which becomes an active layer area of said thin film
transistor,

wherein said laser beam is a laser beam of pulse
oscillation, and

the pulse width of said laser beam of pulse oscillation is

50ns or more.

2. A method according to claim 1, wherein said laser
beam 1is produced by using a solid-state laser oscillator as a

light source.

3. A method according to claim 1, wherein said laser
beam uses one or a plurality of light sources selected from a
YAG laser oscillator, a YVO, laser oscillator, a YLF laser
oscillator, a YAlO; laser oscillator, a glass laser oscillator,
a ruby laser oscillator, an alexandrite laser oscillator, a Ti
sapphire laser oscillator, a forsterite laser oscillator or an

Nd : YLF laser oscillator.
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active |layer of said thin filmtransistor, in said non- nmonocrystal
sem conductor in accordance with a layout information of said thin film
transistor; formng a crystallization area by irradiating a |aser beam
selectively to a specific area including said first island-1ike

sem conductor |ayer using said marker as a positional reference for
irradiating the | aser beam and etching the periphery area of said first

island- |ike 4sem gopdugb@r abayRlidP dOrd1Aameronghésdandsdike &y
sem conduct or .| ayer, which becones an active |ayer area of said thin film
transi st’¥t3™ whdr ét n385P% | #8EFOBEEM s it ebabrurhcof Pl e fosRbN | ati on,
and the pademiwi.dth of said | aser beamof pulse oscillation is 50ns or
nore. 9. A nethod according to claim@8, wherein said |aser beamis
produced by using a solid-state laser oscillator as a |ight source. 10. A

nmet hod accordsng tR mdt@icd Sccvheid tsaldiml asefheR8aAMHSEEe AR YL
plurality of .Iight_sour es sel ected froma YAG | aser oscillator, a YVO4
| aser ogs/%ﬁﬁtlla?flor?f as?f_‘% I"488F GSEM |MDr , S YALER Tasef gddl (1edror, a
gl ass | assrocayeichl atsemicandudnod aseifts0sedd | at @fiscancal examdniihe Jaser
oscillator, a_Ti sapphire | aser osiillator, a forsterite |aser

. more and 5im or less at every pulse oscillation.
osci |l I ator
6. A method according to claim 5, wherein the angle,
which is formed by the central axis in the longitudinal
direction of said beam spot and the shift direction of said

beam spot, is orthogonal.

7. A method according to claim 5, wherein the shift
direction of said beam spot resides in the parallel direction
with respect to the channel length direction of said thin film

transistor.

8. A manufacturing method of semiconductor device
comprising:

forming a non-monocrystal semiconductof over an insulating
surface;

forming a marker and a first island-like semiconductor
layer, which is a specific area including an area to become an
active layer of said thin film transistor, in said non-
monocrystal semiconductor in accordance with a layout
information of said thin film transistor;

forming a crystallization area by irradiating a laser beam
selectively to a specific area including said first island-like
semiconductor layer using said marker as a positional reference
for irradiating the laser beam; and

etching the periphery area of said first island- like

semiconductor layer to form a second island-like
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or an Nd YLF | aser oscillator. 11. A method according to cl
said |aser beamis a second harnonic, a third harnonic, or
harmoni c. 12. A nethod according to claim8, in which where
spot position of said | aser beam over the surface of said

sem conductor shifts for a distance of 0.3pmor nore and 5
every pulse oscillation. 13. A nethod according to claiml
angle, which is fornmed by the centrgl axis in the,

di rect | onBT C¥ATEC behnt SFBt” akl the SRPRES 8P 8CLISR APYE4
orthogonadid ldniM FEIROEIrac€0E€bAg to claiml12, wherein the

aim 8, wherein
a fourth

in the beam
non- nonocr yst al
pmor |ess at
2, wherein the

56 _1 ongi t udi nal

G 68afMfspot, is
shift

direction of said beam spot resides in the parallel direction with respect
to the channeth¢eait h SdildectpdArofPeaymi dst ha n 4994 t PapBi stor pulse A

manuf actggép?lgi(%)d Ofq2@ sem conductor device conprising:
non- nonoct ystal 'seni conductor over an insulating surface;

and a first ishandphilike searitdtonduftosalidyernaswhi ctbesama sp
i ncludin area to b&iome an active layer of said thin f

an
in sai d ANt hbAot?Y st >RFi ebrtttor in

formng a
form ng a marker
eciplulGear ea
ilm transistor,

9. A method according to c¢laim 8, wherein said

laser beam 1is produced by using a solid-state laser

oscillator as a light source.

10. A method according to claim 8, wherein said

laser -beam wuses one or a plurality of light

selected from a YAG laser oscillator, a YVOqu
oscillator, a YLF laser oscillator, a YA1O;
oscillator, a glass laser oscillator, a ruby

oscillator, an alexandrite 1laser oscillator, a

sources
laser
laser
laser

Ti

sapphire laser oscillator, a forsterite laser oscillator

or an Nd YLF laser oscillator.

11. A method according to claim 8, wherein said

) laser beam is a second harmonic, a third harmonic, or a

fourth harmonic.

12. A method according to claim 8, in which
the beam spot position of said laser beam over the
of said non-monocrystal semiconductor shifts
distance of 0.3um or more and 5um or less at ever

oscillation.

wherein
surface
for a

y pulse

13. A method according to claim 12, wherein the

angle, which 1is formed by the central axis
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accordance with a layout information of said thin film transistor;

a crystallization area by irradiating a | aser
i sland-1i ke sem conduct or
reference for

first

form ng

beam sel ectively to said
| ayer using said nmarker as a positional
irradiating the | aser beam and etching a periphery area of

said first island-like sem conductor layer to forma second island-I1ike
sem conduct or | ayer, which becones an active |layer area of said thin film
transi stor, wherein said |aser beamis a | aser beam of pulse oscillation,

and att ehedibrdhreh WidSFHHBm ﬁéaksapld%l PEBR ofP@h 28pt i ths
WNgS £ L o@oﬁgrsggﬁrﬁééﬁss§88§o%§ b?t%g Rriless. 57 16. A nethod

ereln sal aser m i1 s produced by using a

poi nt

according to claim 15

tto a

solid-state |aser oscillator as a light source. 17. A method according to
claim15, wherein said, .|aser beam.uses, ,one or.a pluyrality of light sources
sel ect ed fronizg' YA(% Inéesté}ocgséicﬁoaﬁ 9 atWCﬁ?Fé@eriybsc"m%/%ef]d?, %LF | aser
oscillatemire JAEBrhasebf @sGid Il spol Bssilaseinostiel Ipatri,1a ruby
oscillator, an alexandrite |aser oscillator, a Ti . sapphire |aser

osci | | at@ireationsvékht gesaset dscithatepannel length direction of

| aser

said thin film transiStor.

15. A manufacturing method of a semiconductor device
comprising:

forming a non-monocrystal semiconductor over an
insulating surface;

forming a marker and a first island-like
semiconductor layer, which is a specific area including an
area to become an active layer of said thin film
transistor, in said non-monocrystal semiconductor in
accordance with a layout information of said .thin film
transistor;

forming a crystallization area by irradiating a laser
beam selectively to said first island-like semiconductor
layer using said marker as a positional reference for
irradiating the laser beam; and

etching a periphery area of said first island-like
semiconductor layer to form a second island-like
semiconductor layer, which becomes an active layer area of
said thin film transistor,
' wherein said laser beam is a laser beam of pulse

oscillation, and

attenuation area width from peak position of an
optical power to a point where the power decreases to 50%

is 10um or less.
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or an Nd : YLF laser oscillator. 18. A nethod according to claim 15,
wherein said |aser beamis a second harnonic, a third harnonic, or a
fourth harnonic. 19. A nethod according to claim 15, wherein the beam spot
position of said |aser beam over the surface of said non-nonocrystal

sem conductor shifts for a distance of 0.3pmor nore and 5pmor |ess at
every pulse oscillation. 20." A nethod according to claim 19, wherein the

angle, which is formed by the central axis in the |longitudinal direction
of said beam $Pot And"¥HEPIhidCOr@ingct Fon o2l d Sheatilgpsin jxaid

orthogonghse2l. pAsfet Dod 3£6008L80 19 Chaimy 1% wherginthe, shidd

direction of said beam spot resides 1n the parallel direction mnt% respect
to the chanhélatengeh di téghiomootcesaid thin filmtransistor. 58 22. A
manuf acturing nethod of a sem conductor device conprising: formng a

non- nonocrystal sem conductor over an insulating surface; formng a marker
and a first isbvandal ilkethsemacondiddng tayeflaihi als,i swRespesi fdLi@rea
including an area to become an active |ayer of said thin film transistor,
in said g%ﬁ@ﬁon'%%?ri}st%e%erﬁ%n@&ct 8r Phuraédébrdante W It a S@mARS

informatiopepfegai @ bR Nafi A  1aser oscillator, a YVO, laser

oscillator, a YLE laser oscillator, a YAl1O; laser
oscillator, a glass 1laser oscillator, a ruby laser
oscillator, an alexandrite laser oscillator, a Ti

sapphire laser oscillator, a forsterite laser oscillator

or an Nd : YLF laser oscillator.

18. A method according to claim 15, wherein said
laser beam is a second harmonic, a third harmonic, or a

fourth harmonic.

19. A method according to claim 15, wherein the beam
spot position of said laser beam over the surface of said
non-monocrystal semiconductor shifts for a distance of

0.3um or more and 5pm or less at every pulse oscillation.

20. A method according to claim 19, wherein the
angle, which 1is formed by the <central axis in the
longitudinal direction of said beam spot and the shift

direction of said beam spot, is orthogonal.

21. A method according to <claim 19, wherein the
shift direction of said beam spot resides in the parallel
direction with respect to the channel length direction of

said thin film transistor.
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transistor; formng a crystallization area by irradiating a |aser beam
selectively to a specific area including said first island-Iike

sem conductor |ayer using said marker as a positional reference for
irradiating the | aser beam and etching a periphery area of said first
island-1i ke sem conductor |ayer to forma second island-Iike

sem conduct or | ayer, which becones an active |layer area of said thin film
transi stor, W%ﬁrei sai d_| ser.bean1£ g | aser beam of, pul se . oscillation,
and attenuatioh ared " wi'dtH FHoMPelr %8 i Pf ol SFTARCNGHETREl d5SWEFE to a
poi nt whesnp el mpwer decreases to 50% is 10pmor less. 23. A nethod
according to claim22, wherein said |aser beamis produced by using a
solid-state |&3@ingsci| | &PHrT@ecLYiSFRL soifEkcopdcto et e ac@dr ding to

clai m 22, whelgi |9ealaser beam uses one or a plurality of light sources
r]“roma Al

sel ecte aser oscillator, a YWVX laser oscillator, a YLF |aser
oscillator, a&oAli@R | aser bArascill| amar, a gl afsrkaser igdend-atiae, a ruby

| aser oscillator, an alexandrite |aser oscillator, a Ti _sapphire |aser
oscilleﬂ%ﬁ@lﬁfqéﬁ%ﬁ%ﬁi TG s ¥ bk FPat ofPeGHfAR RGeS ?E?ng%BB 88ci |l ator.

area to become an active layer of said thin film
transistor, in said non-monocrystal semiconductor in
accordance with a layout information of said thin film
transistor;

forming a crystallization area by irradiating a laser
beam selectively to a specific area including said first
island-like semiconductor layer using said marker as a
positional reference for irradiating the laser beam; and

etching a periphery area of said first island-like
semiconductor layer to form a second island-like
semiconductor layer, which becomes an active layer area of
said thin film transistor,

wherein said laser beam is a laser beam of pulse
oscillation, and

attenuation area width from peak position of an

) optical power to a point where the power decreases to 50%

is 10um or less.

23. A method according to claim 22, wherein said
laser beam 1is produced by using a solid-state laser

oscillator as a light source.

24. A method according to claim 22, wherein said
laser beam uses one or a plurality of 1light sources
selected from a YAG laser oscillator, a YVO; laser

oscillator, a YLF 1laser oscillator, a YAlO; laser
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~direction wt

25. A nethod according to claim?22, wherein said |aser beamis a second
harnonic, a third harnonic, or a fourth harnonic. 26. A nethod according
to claim 22, wherein the beam spot position of said | aser beam over the
surface of said non-nonocrystal sem conductor shifts for a distance of
0.3pmor nore and 5mor less at every pulse oscillation. 27. A nethod
according to claim26, wherein the angle, which is forned by the central
axis in the |ongitudinal direction of said beam spot and the _shift

di rect i oYL AU beatn sPoLSSi s et Hogddil BEOX net hoBUB¥cordSRE to clai m

26, \Aher&ém%etoé,hi fi,di £ectiQn. OfcSaldsheam,spet 1 Kesides i nethe .paral | el
respect to the channel length direction of said thin film
transi steappl6lre laser oscillator, a forsterite laser oscillator

or an Nd : YLF laser oscillator.

25. A method according to claim 22, wherein said
laser beam is a second harmonic, a third harmonic, or a

fourth harmonic.

26. A method according to claim 22, wherein the beam
spot position of said laser beam over the surface of said
non-monocrystal semiconductor shifts for a distance of

0.3um or more and 5Sum or less at every pulse oscillation.

27. A method according to c¢laim 26, wherein the
angle, which 1is formed by the <central axis 1in the
longitudinal direction of said beam spot and the shift

direction of said beam spot, is orthogonal.

28. A method according to claim 26, wherein the
shift direction of said beam spot resides in the parallel
direction with respect to the channel length direction of

said thin film transistor.
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