8 JUN 2006 MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE BACKGROUND OF THE

| NVENTION Field of the Invention: The present invention relates to a

manuf acturi ng- met hod of sem conductor device having thin filn1tgq@§QﬁEor,
particularly to a technique for formng crystalline sem conductor Tilm

whi ch conprises active layer of thin film transistor. Related Art: As a
formng nethod of active layer on thin filmtransistor (Thin Film

Transi stor: hereinafter, referred to as TFT), a technique, in which an
anor phous seni CHHHRAGTURING, METHOR Q% SEMIGONRUHSTORt REVECENng an i nsul ati on
surface, and then, «crystallize the same in a manner of |aser annealing or
heat annealing, has been devel oped. The | aser annealing is known as a
crystallization technique, in which a high energy is given to an anorphous
sem conBAEKGROUNPNOBNIHPEWINNENTION owi ng t he tenperature of a gl ass
substrate to rise too high, and thereby, the anorphous sem conductor film
is crysFaklidzed. tRar Tnwehadby,: excinmer |aser is a typical |aser, which
oscillates short-wave length |ight of 400nmor |ess in wavel ength, has
been used si ntketpwesdmsdnvanadn #e1wassdeyed aRefhfahad BsPhedMoRAl i Ng IS
carried 1 8 JUN 2006 out in such a manner that a | aser beamis processed by

means of semiconductor device having thin film transistor,

particularly to a technigque for forming crystalline
semiconductor £ilm, which comprises active layer of thin film

transistor.

Related Art:

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

(M, 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 aﬁnealing is carried




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., i rra@]gi ﬁﬁﬁi on
position of the |laser beamis shifted with respect to the surf 4% 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 conveﬂg?zoﬁ’él Suqh | aghanneirthat yatkasen hdamn 19 promeseaddyemeadsl- 0. 5R) ,
and, the_ position and the size of the crystal grain are not even. As for

t he TFTOE AR APTiCok drtam @v asgltesbesshapedtinto ia sproderlitke Featmt e

el enents, since the crystalline sem conductor filmis forned being

separ at @t & dilpeiag] fpdmlatk@ spafheense bd iwaadiapedsi dhe tie batwackyst al
grains at specified positions and sizes. Accordingly, it was al nost

i mpossi bb ebe tiorrfaatia todthne thieo s TbB g rateas s W &4n fe AR GMES babcsaegonduct or
while elimnating the influences of the crystal grain boundary. The
interfateséeryehmt grain hewadaay)iosf pblRatGlonsbd thel alaldelrS paRmAhea where
the translational symmetry of the crystal 1is decayed. It is known that,

due to shertsll wepserebpbbe +beeARDLRAELER ¢BNLE' 195 5aRRENY center of the
carrier, or the influence of the potential barrier in the crystal grain

boundary  causeped &P the rystaliRECEEn ko BRckbk e e GHELEN, L Tanspor

2 8 JUN 2006 characteristics e carrier 1S decreased, and as 4 result,

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 the TFT, which is prepared on a glass substrate,
in order to isolate elements, since the crystalline
semiconductor f£ilm is formed being separated into island-like
patterns, it was impossible to form crystal grains at specified

positions and sizes. Accordingly, it was almost 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 transla1‘: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 1ike . the current transport




the OFF-current increases in the TFT. A technique called as super |ateral
grow h, by which, conpared to the crystal grain size via conventional
excimer |laser crystallization, a |larger grain size can be forned, is
known. A detailed description of the technique is disclosed i ng'_:@q Zﬁﬂﬁe
super lateral growth phenonenon observed in excinmer |aser-induce
crystallization of thin Si filnms, Janmes S. Im and H J. Kim Appl. Phys.

Lett. 64(17 25 ril 19 2303-2305". In the super lateral_ growh, a
portion,% 2 cet‘?’ff?’otjs%?riofg%&&cgg?’r?‘grn’e?t%’t?’?ﬁﬁﬁﬂ%t N et RLE .

I rradi atji.on a | aser beam and a portion where the solid-phase

seni conddt®t ¥ FuFehdinrEeases tidt igte B then, the crystal growth
begins around the _solid-phase sem conductor area as the crystal nucleus.
Since it taked dechnigive saliledl ¢fs SuRed dratrmileadforth o hpkehigh ace in
the conpletely nelted area, during the period of time wuntil the nucleation
t akes plaPaned Heo ddveplatys taheintasich aviesy vitdearysttalompbvexaimend t he
above-descri bed solid-phase sem conductor area as the crystal nucleus in

t he hor ilasemlcryditeddtimrt i(drer & Nafrger, grefier sedet 0afsbéaterméddiiecti on)
with respect to the filmsurface of the above-described sem conductor.

Ther ef orknowrhe arystalilgdaiasgraptivh be théepgélindgud 0y BSscBy&dal tens
of tinmes of the filmthickness. For exanple, with respect to the silicon

filmthijakneoa tHe 80P PatédtLl YrowthShREnSmEnd N A6, L QW dk Of 4 2m i n

| ength takes place. Hereinafter, the '
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 thé irradiation of
a laser beam, and a portion where the solid-phase semiconductor
area remains, are formed, and then, the crystal growth begins
around the solid-phase semiconductor areaas the crystal nﬁcleus .
Since it takes a certain period of time for nucleation to ‘take
pblace 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 £ilm thickness of 60nm, a lateral crystal




phenonenon will be referred to as super lateral growh. 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 |laser beam where
the super lateral growth is obtained, is nuch stronger than tﬁéuﬂghﬁnsity
that is used in ordinary exciner |aser crystallization. Also, the range
of the energy intensity area is extrenely narrow. From the viewpoint of
the position control of the crystal grain, it is inpossible to control the
posi t i ofgiERe of | Hige2nysralengthi fakesomlasiared. Hanetimerf terthe iea ot her
than that of the large crystal grain is the mcrocrystal area where

count | eFhenqmanes vdd hie teafergsdade ay surennmiphalk aredht he size  of
the crystals is not even and the roughness of the crystal surface is
extrenely | ar & thecwmss pgl Yhe tadoeovie-rded aatiloer conadirt Loterabigdovwish general |y
used in manufacturing of sem conductor devices, is the condition where
even crydttiloughaaresl aeivélappmid ealyety10gai0. &dh GanobPgeinbbal #ied.
Further, according to "Sequential lateral solidification of thin silicon

films orenSi@E iRobesitP ar®R0sE!theaildsd@MRsans whbfe ARPEupBhYiStdiSlt -
69(19), 4 Novenber 1996, pp2864-2866", Janmes S. Imet al. disclosed a

Sequent igalowtat ekabbBakindidf,i €8t h@8h SELHAGeLNER S éefntér?éﬁg etcilap? as SLS
y

met hod), in which, by controlling artificia , the super eral growth

can be 4Budbll 290f Pt PedkAned 953Le0-POLE I PRat 86607 A9t A ide SLS

met hod,
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 large 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,theirraﬁiationcondition,whichisgenerallyuséd

in manufacturing of semiconductor devices, is the condition

-

where even crystal grain size of approximately 0.lum-0.5um can

be obtained.

Further, according to "Sequential lateral solidification
of thin silicon films on $i0,, Robert §. Sposili and James S.
Im, Appl. Phys. Lett. 69(19), 4 November 1996, Pp23864-2866",
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 nmateri al 8M$@ | aser
beamis displaced, at every shot, by a distance (approximatelslrI ﬁﬁ
which is roughly equivalent to the Iength of the crystal forned via the
super lateral growh; thereby, the crystal is allowed to grow by neans of
artificially controlled super lateral growth. As described above, by using
t he SLSOMEEHE®G £t g dpetred wogid imepadeaandimg tgr AhasSk$ meshadd
positions under artificially controlled conditions, in a manner of the
super [|o& exgiimgrowease Hibwareof pd s8l S sveit et s imaﬁnﬂdmﬂtm t@r obl ens
as described below. First of all, the problemis that the substrate
processiangatefiatienty 6Lhteudhpundsks iAStdfdThgio tA® SESGRdtiash
previously, in the SLS nethod, the crystallization distance per shot of

| aser beam csyapawxzaaiehyldr@ar&qw 88N 1d tthel SeNEEEFEPIsihEdn t he
relative shift distance (feed pitch) of the |aser beam between the beam

Spot onbelttredht ehedhateF{ AL nPBRf et h&s@?t@éé:ﬁlllssli@§bﬁ.§rs@d' Sa%@%rn%ess In
the conditions adopted in the ordinary |aser crysta 't zat'i on usi a pul se

osci || abkon oXql I°:LoaRte (SHU-BLLEALRRL ShoLuRl APED. DR Mol s pever

10nor nor e. | ess to say suc uliar to

Eﬁtlhte h?hgﬁ%tlgﬁﬁggﬁgé:??rtflgte}gﬁg@ Cﬁge’)c(l’ge ci]}yls\l t g? 01:6 orme& hvelas Lt%enestuhpogf
lateral growth; thereby, the crystal is allowed to grow by means
of artificially controlled super lateral growth.

As described above, by using the SLS method it is possible
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.

First of all, the problemis that the substrate processing
efficiency (throughput) is insufficient. As described
previously, in the SLS method, the crystallizétion distance
per shot of laser beam is approximately lpm. 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 lum 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 suchconditions,

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




| aser is used, the maxi numoscillation frequency of the pulse oscillation
XeC | excinmer laser is300H . Under such conditions, only the
crystallization area of maxi mum 300pmor so is processed in dijiﬂﬂﬁﬁlﬁn
the scan direction of the | aser beam At the processing speed g I bed
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 dcedden§Lei nethed .shdshough subulsat es¢ilhationl JeCheeypréem of
time and cost. That 1is to say, practically, in the case of crystallization
of an diffieghédgsusedi cbimeuwazoimin lagcitia siod doequansssifnghehestoé i s
critical. For exanple, in the case that laser irradiation is carried out
af ter ressviligtiainkeCl exicdeefi lasew i b 3dioHzt.e Uhvdrefidhosdsapeish®| t he
| ike as a pre-processing, in the surface of the substrate, conpared to the
ar ea Wheirly Shé bbiyethad it2at ildifal-a8 & hd* ARbABOOANYr LY sfpfsdesidgre is a
possibility that natural oxide filmgrows again in the area ﬁ%ere i's
subj ect dth digtbed asefble ErENAEIFRA IS d 3k 1hBetNbsamaseat appunt  of
Car bon, Oxygen, Nitrogen, or anmount of contamnation 1npurities such as
Joron 0fprdiRddiily UG d$ daENindy oy NANERe YL Ae LBYGNGLY W LN
the surface of the substrate resulting 1 n an unevenness o? he ansi st or
char act i, Sl | Lt hi surface of 1he bstrate. 6 6. JUN 2006

S8 kibechbly dae Bt FRE Sifrele ” it Phifin 2o atmdndler,

Secondl y, suc pro Mt hat’
with the SLS method, it takes an extremely long period of time

to process one sheet of substrate.

P

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 £ilm with dilute
hydrofluoricacid or the likeas a pre-processing, in the surface

of the substrate, compared to the area where is subjected to

famn

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 l1ike, 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 nethod. It s necessary
to incorporate a nask, 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, mhichghﬂmqm&p 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 |aser crystallization is at |east 200mJ/cnR(as a typical
exanpl e, for SRCERGFhoFEH B BEAPLEMEBATSOAM oRbheaki Fro ety YOBRY/ cnlwi t h
an XeC excimer |aser of 30nsec pulse width). In the SLS nethod, there is a
super | &PeP&l compbifatednaemabns iitdte conviea tépmiatuFLBonebhédr t hit
slightly stronger energy density area. It is difficult to prepare a
slit-1iKe necasrasl, tahintorporapald aask entichnorecefsss ranigt - 1 Hser ener gy
density. In the case of the mask of netal material, being subjected to the
pul se | &ber doediguraidiat | off thealabeonpeaanogerdensiths dlasteper ature
of local filmis raised and cooled down rapidly. As a result, it may cause

a peel i syrdiacedetayocothe Wyt taRly@tenl. a0FaARES iDL Tm AUE dithdsd ONY
period of use (as for photo |ithography for resist exposure, although a

hard nask apt&stdbe SUePe A CYH URHAlcH e 115K #&r m%;};%‘aelune
i nconpar abl y weaker energy density than the | aser energy density necessary

for siliseancenyshahls Zak t@Anisd s4o8d 1k f},f‘é@ef'%l @gﬂﬁ%@%ﬁggch @;e,igel i ng

or a decay of configuration of the mnute 7 ern
descri bgdpaleue osll8n& o Wl id PO Vet NAl used, the laser energy

density necessary for the laser crystallization is at least
. 200mJ/cm? (as a typical example, for an amorphous silicon film
of 50nm, approximately 400mJ/cm® with an XeCl excimer laser of
30nsecpulsewidth). Inthe SLSmethod, there is a 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. 1Inthe case of themask of metal material,
being subjected to the pulse laser beam irradiation of a strong
S energy density, the temperature of local film is raised and
cooled down rapidly. BAs 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

prohlem '_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 eliniaﬁhﬁ
attenuation area of the optical power between the irradiatio M and t he
non-irradi ation area of the |aser beam. In the conventional SLS nethod,
since the beam necessary for the super lateral growth cannot be condensed
usi ng t PEEH “513 AP sirscdived saeivonl Yherpeisxsnmbr a fo@rton sthaed.
Accordi ngly, I's understood that a slit-like mask is required to shield
the | as@rPUdé‘e% Faettiedl Pgpcomee oppppéicetetheesniehngoinis dicf Hiotukty he
above-descri bed problem and further, to increase the positional control

of crysfamagnsippence et @or dpperaniishi b Hed apavendafionkd JES metithd.

si mul taneously, to increase the processing speed of the crystallization

pr ocess Fudtibemarin culdend \to idariry atectsugdr tiha drerftonit 0 pfovi de a
manuf act uri ng met hod of sem conductor devices, which is capable of formng

| ar ge siizeneceysaay 10y ARG I EPaTHYUE! Ve Tp@w&nﬁﬁéfgie%ﬂoermlﬁé@éﬁl growt h
under an artificial control, and capable of increasing the substrate

pr ocessivegneshhebeney elmnilfh%ﬂeaaﬁfteﬁmﬁtl%' 'al?é&'ﬂ“thgf&ﬁﬁéaé': Bder, the
i nvention provides a manufacturing nethod of sem conductor devices which

i's capabetwfenf @hl E!er':l@'ig%_l%hzﬁrgﬁ ad NRO OG0 £ Y52 JE BORS SEECSssi vely

in a manner of super lateral grow
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 to solve 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

I

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 contrel, 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 thglN 2006
configuration of the |aser beampower into a slit-like shape on the
substrate surface , into an optical systemunlike the conventional SLS

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

i nvent | GRYFREl RIS spcressivady 1@ vonnes|di aypenddrerail griosrthposi ti on
of laser beamw th respect to an object to be processed (substrate and

t hi n fivRilesr pRdaskifhieialbstomdtm)l, andcomphibbanst (inserasdng Ithat or) for
oscillating the | aser beam a third neans (optical system for processing
t he | asenbbtuateandoaessinghefibabsnépric aiia dakietgcibetastiikbatiopn of the
second nmeans, and for controlling the first nmeans so that the beam spot of
the | apeocésam ashwehli asptocpsseddbyat RenlifhtcdufBalS et Bisting
specified position in accordance with data (pattern infornmation) “of

phot omeakceovén geni it i Ofer Asrtd@i 4 £ {64 MBANSA 1 GPHIY MW nddadiat i on
position of the |laser beamw th respect to the object to be processed,

o et haderppeau bl 0TI RIS, bt TREIO D @G the

position of the object to be procCesse on th stage is

changeds Bye et itod e 1818985 DY L IPARS arfd SHAUR s OIS Qlure LG Ot hET One

is'anthod in which the irra

into an optical system unlike the conventional SLS method.

o

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 controlling 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 | aser beamspot is shifted using a | aser optical systemin
a state that the substrate positionis fixed. In the invention, any one of
t he above-described two nethods is applicable; and a nethod, in which the
above-described two nethods are conbined, is also applicable. gTig 7pmsi tion
specified in accordance with the data (pattern information) of photomask
configuration is the portion in a sem conductor film which becones a
channel area, .a sQurce _area_or a drain area in the thin filmtransistor,
and is 8%F§Fné§ QRP%ﬂﬁqypﬁgdﬁﬁVlﬁstﬁ&%ﬂﬁﬁﬁ%ﬁck%s@@ﬂ@sbyfn@a@$QHephoto

| i t hography technique on an island-|like sem conductor |ayer B after

cryst al PP?%FP&%BJ:AI sGhejqthewe opgvbntd BALhhEf bt whillkd the drrisstimtiioradi at i on,
it is necessary to subject the sem conductor to an patterning processing
on an i PPEAdionket d&e tandudiemm pbin it shliiftled ssispecl aseramaaidaic| udi ng
an active layer formng area conprised of thin filmtransistor by neans of
phot o | syBtgmaphny at etlrtiequdat aohe: tsarforia theres St Don pbs t Sivéd semiconduct or
film The nmarker is necessary to realize the above-described fourth neans.

Fur t her thehénirshandal, i kaysene conditd Gibdvyedefot soéd i €k Inethadgers t han t he
I sl and-1i ke sem conductor layer B. FIG 2 shows a portion 500 as an

exanpl eappliibabiel;antrd iKaSEBLONMWCHRLch! KT afovalded RAddPt Pl as an
exanple of the island-like 10 8 JUN 2006 sem conductor layer B. That is to
say, itmk$haddvdeet BahpiRtda, is also applicable.
The position specified in accordance with the data

(patterninformation)ofphotomaskconfigurationistheportion

in a semiconductor £ilm, which becomes a channel area, a source

area or a drain area in the thin £ilm 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 f£ilm 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-1like semiconductor layer B. FIG. 2 shows

a portion 500 as an example of thé island-like semiconductor

layer A, and a portion 501 as an example of the island—-l'ike

10




I sl and-1i ke sem conductor |ayer B, which wll finally becone a channel
area, a source area and a drain area of the transistor is included in the
i sl and-1i ke sem conductor |ayer A Using the laser irradiator, Wﬁﬁﬁ has

t he above-described first neans to fourth neans, the island- 8I e

sem conductor layer A is crystallized. At this tine, using the fourth
nmeans, a part which is left as island-like sem conductor |ayer B on the
substrate_after, pattetrnin rocessing in the sem conductor film which has
been fo?ﬁ@&cb’ﬂdflﬁ%oirn ﬁlyﬁgi gn stREt ot 9 SaonplehEndidirds Fhalcdtdance with
the data of the photomask configuration. And, the |laser beamis irradi ated
sel ecti %@ﬁ?nfié FEMAFQNALEE OTs dRVESNBucldt o ikl £ insldhy Hegldmeze t he
area usi nqlthe mar ker as the positional reference. Next, the periphery
port i on@dthamel sredd- fisQuragpregnand odreiyairer P thubjteensd stom et chi ng
by nmeans of Ehoto | i t hography technique, and the island-1ike sem conductor
| ayer BlFsisghpdeflednt 6hg pstleadniligepserdseindgctbire laysirand- | i ke

sem conductor |ayer B is used as the active layer of the transistor. As
descri bed aboVejingdder tasgrtiartadd dttorenizhaoh Haethaabbveb@addrivgd adi at ed
In such a manner that, not the entire sem conductor in the substrate

sur f acefisssomuaedtb¥ oulie hirfsais , BRaMs lia-ati HeLashi tbRalt8bFUByer

i ndi spensabl e, portion thereof is crystallized. That is to say, by
carrying est cietpatiieea.ngatliBi s Yimd00QsAheCessl #YuRR N Reany and-1ike
sem conductor |ayer B after the )

part which is left as island-like semiconductor layer B on the

substrate after patterning processing in the semiconductor £ilm,

.

which has been formed on the insulation surface, is comprehended
in accordance with the data of the photomask configuration.
And, the laser beamis irradiated selectively to the island-like
semiconductor layer A to crystallize the area using the marker
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 technigue, and the island-like semiconductor

£

p layer B is 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 carrying out the patterning

11




sem conductor has been crystallized, it is possible to reduce the tine
necessary for irradiating the | aser beamto the portion to be renoved.
Oning to this, it is possible to reduce the tine necessary forjusﬁgﬁ
crystallization and to increase the processing speed of the substrate. It
IS necessary that, after formng the island-1ike sem conductor |ayer A,
the | aser beamirradiation is carried out; and after that, the island-Ilike
sem conductor layer B,. which wil]| becone the active |ayer of the

Uransi sBGPOq98 1 ABAthe (i HRdT B kR SRIG A BHAOT daied! BoALEHE Y st al
grain in accordance with the |ayout of the TFT. By applying the

above- dEEEH REUTE PESt PRt GrYHeal bbas@ntdtoAsl PSESlgé@h’@)‘él raeer obl em
in the conventional SLS nethod that substrate processing efficiency

(t hr ougfht § 108 neGea sy ertirdagdisg] ing thal lesembasare the mrturdmg t he
positional control of the crystal grain in accordance with the |ayout of
t he TFT tios bsbtreimested .FuPwied, tectbddi,nd t d Ipessivdrt iten, radecd ithe
necessary for laser crystallization can be reduced. And further, a nethod
t hat i ndriswsescelssapyofessiagespeegsbhllheastibat aalet@nch@rs@idiathe t hat
ensures the positional control of the crystal grain in accordance the

| ayout ofrcidessinl apectblcd ne@d shwdtieryd®re, unlike the conventional SLS
nmet hod, the sinple nmethod that does not need to incorporate a mask for

processing thetcanf i gedad sy 12nBtI UM Q06 pbrhasgr ctheamIQuR]- Bitkd he
surface of the substrate into the '
semiconductor layer A, the laser beam irradiation is carried
out; and after that, the island-like 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 constitution 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

y layout of the TFT is obtained.

Further, according to the inventidn, the time necessary
for laser crystallization canbe reduced. Andfurther, amethod
that increases the processing speed of the substrate and amethod
that ensures the positional dontrol of the crystal grain in
accordance the layout of the TFT are obtained. Furthermore,

unliketheconventionalSLSnmthod,thesimplemethodthatdoes

not need to incorporate a mask for processing the configuration
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optical systemis obtained. In order to obtain the super lateral growh, it
IS necessary to change the spatial energy distribution of the |aser beam
sharply in the direction of the lateral crystal growth (i. e. 8 lN'ﬁE
direction in which the solid-liquid interface of the seniconducgor Pllm
after laser irradiation). That is to say, it is necessary to elimnate the
attenuation area width of optical power, which resides between the

i rradi atigon area,and the nog-i rradiation area of the |aser beam as nuch
as possihl §35eFhBeaM: BRWSE| 8h LheaSWrirfecababre SiboEratei Mt dief act ory
super |ateral growmh is defined as below, i.e., the attenuation area wdth
from t hEPhéSRIp 5T5teRh 16t obf@i®®G cal power to a point where the power
decreases to 50%is bumor less. In the conventional SLS nethod, since an
exci ner | aser 1% &¥6¢ad tq hebteisi thenecamesr yldverahegsapth, | dtterisd growth
cannot be obtained by the ordinary optical systemonly. Accordingly, it is
under st BREG&ISIS@TIhEe chasbietth¢ kpatrel emergredéssaiputtdohnenfishd Laseshi el d t he
| aser beam partially. The |ight source of the above-described | aser beamis
a syst ebeahghdrpladintbe diwe seoond £ taebat €rd Deryhhanddewarsmi e. or fourth
harmoni c) of the solid-state |aser oscillator of pulse oscillation.

Conpar ettheo dimeetddnrein| agdrch i théhgosald-d isfal® idesefacadsothespreadi ng
angl e of the output |aser beamis small, owing to the |laser constitution,

with a sphicdnicu@tdrens1fnbitdd BaddN 300 halod 5. Used@ssordifary optical
systemlens, it is possible

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 10pm or less.

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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to condense the beaminto a spatial beam power profile of the |aser beam
that is the optimumfor the super lateral growh. In order to increase the
substrate processing efficiency, it is desired to select a reqﬁgﬁqﬂqm
frequency and a feed pitch that is the optimumfor the SLS nmeth
conditions for that will be described below The word " feed pitch" neans
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

i mi t edtPBETEpREPEI RS | UIAT DRI} @R Y XS tahel aed i tich Remsiblene
substrate processing efficiency cannot be increased. Wen the feed pitch
i s i ncré@seendeesesthrhenmintioa Aprtisd beaw power queetile exfudibey of the
| aser beam accordingly. The XeCd excinmer |aser used in the conventional
SLS net hagdersbaani Waat 309HAe @ptineuntfer thendupere 1edem s gatoertH.aser
oscillator of pulse oscillation can increase the repeat frequency to the
maxi mum sever dn dfter Aocoraitasy ¢/ the agyartath td prdé des shny eftfiienaincgl,S et hod,
t he processing capacity can be largely increased by driving the solid-
state | aselsodekliratioto sélpuksa espekitarredueddy’ badi af Fetld pirepeat
frequency. The upper Iimt of the repeat frequency can be determ ned

wi thin tRatangethBabpeffmufeoi-henaneray wiansid.y @ﬁfée%%%&itfl%st e super
lateral growth at every shot of |aser beam The upper limt depends on the

maxi M REEPWL 19f bEhaesekiBeasbahi®w 2SeheOabichl at %edogu&l&ﬁ-e RS ' ation.
(Since, if the other conditions are the 14 0 JUN 2006 Sanme, when t

frequengyike ANEEEASEIsr e B HrIE0S:{Yg@lper pulse of the laser
beam. In the SLSmethod, since the disfance of the super lateral
growth pexr shot is limited to a specific length, by enlarging
the feed pitch only, the substrate processing efficiency cannot
be increased. When the feed pitch is increased, it is necessary
to increase also the repeat 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 MHz. Accordiﬁgly, compared

( to the conventional SLS method, the processing capacity can

be largely increased by driving the solid-state laser oscillator
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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every |aser pulse is reduced.) Further, in the solid-state |aser

oscillator, not the conventional flash |anp excitation but sem conduct or

| aser excitation solid-state |aser oscillator increases the stability of
the | aser beamenergy largely. As a result, it is possible tg iR

sem conductor of which crystallinity fluctuation is smaller. Accordingly,
it is possible to manufacture sem conductor device of which fluctuation in
TFT characteristics is smaller. Further, conpared to the exciner |aser

i rradi at6i"e -t HeenshpegfEeduencysip HRerepaedr thesemergyrdensity at

mai ntai nability. Furthernore, conpared to the excinmer |aser irradiator,

t he pul S¥ERYJILRSEE PR ssolisdrsidmced.dser is longer. Since the tine for
melting and crystallizing beconmes |onger by adopting the |onger pul se

wi dt h, | argerFoarybeal gnaithecsolbid-fsdahed. 1a8tdd lofairtiargr byncel angati ng t he
pulse wwdth, it is possible to reduce the tenperature difference between
the segicoyrdddomeals fifeade, laterexésthaoiba butadieptiedndudtee l1aspyy and
the interface (for exanple, base filnm between the sem conductor film and

the fil exehibtiog t edihia-bogdm f 2egert hepesl 1aAsrdeseidraed saboua,e by
reducing the tenperature difference, the core generating speed becones

sl over. sEaGili4ysbovwgna neserd vdfansidRd@y O et ALl Atiansi p 5 bet ween
the pulse width and the base filmtenperature' ™ at” 15 6 JUN 2006
crystal kisZgbls@i b1\ teenex | SUM E6RGHEH o FeBRELALWHE Ay ddiB 1inity
fluctuation is smaileru Accordingly, it is possible to
manufacture semiconductor device of which fluctuation in TFT
characteristics is smaller.
Further, compared to the excimer laser irradiator, the
solid-state laser 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
(J; 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 f£ilm and the £ilm 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 Ffilm temperature at
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sem conductor surface is 1500K, 2000K and 2500K respectively, the
tenperature of the base filmtends to beconme higher as the pulse width is
| onger, and then, the |evel of the tenperature becones fixed. Al so, when
the pulse width is larger than 50ns, and preferably, |arger td;i@jﬂa ns it
I's possible to reduce the tenperature difference between the ™ | m
tenperature and the maxi numreached tenperature of the interface, it is
possiblgrto ngke the core generating speed nore slowy. The follow ng table
show a EEHPAFiddr W ReenPRE Sagma T} ¥e&Fhed, haraeseture ehdha: YLF
solid- state |laser irradiator in the SLS nethod. Table 1 XeC exciner
| aser Nﬁ.eqllfﬁc’?aqc&oﬁ grefagsels i150HS aR8P 0Kaaed IR FesPeCckd@elSol i d state
(Nd:YLF% Excitation net hodH gh vol t ageDPSS (D ode excitation)
Mai nt endREcRERRSEAEYKAI Off dhenbaskr Sdlputerdsiitdt happmexhighesewdat@00nsec
Beam | engt hLess t han 300nmB0- 50mm( Pl ural units avail abl e) Machine pricel00
m | | i onPBESPe¥id8hni & | fanrouhs lavel dbear,y Vhekléest ddmild cempaerSituyde (convex
and Optical systenmhonogenizer, cylindrical |ens)

becomes fixed. Also, when the pulse 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.

The following table show a comparison between the XeCl

gas laserirradiatorandtheNd: YLF solid-state laser irradiator

in the SLS method.

‘Table 1
XeCl excimer laser | Nd:YLF solid state laser
irradiator
Laser medium Gas (XeCl) S0lid state (Nd:YLF)
oy 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 millicn
Mask Necessary Mask-less :
‘Optical system Complicated Simple {convex and
{homogenizer, cylindrical lens)
projection lens, etc)
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projection lens, etc) 16 8 JUN 2006 OM ng to the constitution as descri bed
above, it is possible to provide a manufacturing nethod of sem conduct or
devi ces which is capable of formng |arge size crystal grains successively
in a manner of super |ateral growh under an artificial contﬁf?I anpd
capabl e of increasing the substrate processing efficiency in W% aser
crystallization process, as well as to provide a manufacturing nethod
using a convepient _|aser irradjation nethod which does not need to
incorporate &"MRZk Fowmtith proeEitBELPRe aSoMtaSfiHiRGD 2RIV helfadsr beam
power into a slit-like shape on the substrate surface, into an optical
syst em BREFRELIENEOCBRO¥ALPoRaMaBpSasRUKIAS Tedhas: @' seavicondustoar devi ce"
in the invention includes every apparatus that is capable of functioning
by usi n§eVr&essehiebnragrakmodc formingctatgers examivstal grados ¢ devi ce
represented by liquid crystal display and el ectronic apparatus equi pped

Wi th t heuecessiysily devizenagnerperft supenredidteBR EfrOESCRURERONaOF THE
DRAWNGS FIG 1 is a diagramillustrating a configuration of a |aser

i rradi apgitifdedailncohéroiyennidorapbbtGe 2fi $nateasing rale enbshawtreg a | aser
beam spot, which shifts at every pulse with respect to an object to be
processedpcekk®ag 8AfandedByaia ihkusheali @Ry s$RAWIRG 13 dnd$RoRaaM

i rradi ati on spot of which relative novenent direction within a substrate

I s changedvdyl @eans plovideahiin @fadHer SHE MM using a convenient
laser irradiation method which does not need to incorporate
a mask, which brocesses the configuration of the laser beam
power into a slit-like shape on the substrate surface, into
an optical system unlike the conventional SLS method.

The word "semiconductor device"” in the invention includes
every apparatus that is capable of functioning by using the
semiconductor characteristics (for example, electronic device
represented by 1iquid 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. 2is an illustration 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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17 8 JUN 2006 FI Gs. 4A and 4B are illustrations showi ng a rel ationship

bet ween the channel length direction of a transistor and a | aser beam spot
in a relative novenent; FIGs. 5A and 5B are illustrations show

mar ker-formng portions; FIGs. 6Ato 6D are illustrations shov&nﬂ@l@ﬂﬁ
manuf acturing nethod of an active matrix substrate; FIGs. 7A to 7C are
I1lustrations show ng a manufacturing nethod of an active matrix
substrate; FI 8A 1o 8C gre illustratiaons show ng a manufacturing nethod
of an active % Fi‘@%&ﬁ%t ?gtaelfeli‘ usgratiohs showipg:3 &g lefdanpiy

manuf ac urti ng nelglhog of _.an active matrix substrate; FIGs. 10A and |1 OB are
i |1 ust r EFYRE oF e FhapRedal R gLl dhresit ioneof asbFarsiairEEed alASET wi | | be
described in Enbodinent 1, FIGs. 11A is a picture showing a surface SEM

i rage aPfaR SPRedncAy Tedptilyet mevemend; 11B is an illustration show ng a

status of crystal grain boundary; FIGs. 12A to 12L are illustrations
showi ng a nanfif&8t frd Agd R Erediblugtsatiiovsdsivrwing earke rufiompialgas
erirradi ati on nethod according to the invention, which will be described

i n EnboBPwEAENS; FIGs. 13A to 13C are illustrations showi ng a manufacturing

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 manufactqring |
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 a status of crystal
grain boundary;

FIGs. 12Ato 12L are illustrations showing amanufacturing
methodof a semiconductordeviceusingalaser irradiationmethod
according to theinvention, whichwillbedescribedin Emb'odiment
2;

FIGs. 13Ato 13Careillustrations showing a manufacturing
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18 a JUN 2006 nethod of a sem conductor device using a |aser irradiation

nmet hod according to the invention, which will be described in Enbodi nent

- 4; FIG 14 is a graph showing a sinulation of a relationship between pul se
w dth and base filmtenperature at crystallization. DETAILED Eﬁg@ﬂ[ﬁﬂl 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 i.agramiJlustrating a laser. irradiatjon method according
Lo the PRt Se & YA ductel 3V e iandd athb i ad B GRS it
respecti velroé:, A of ggnt_r olling irradiatiaqon position of the pulse |aser
beam wi 7 F°FHEE t9 GReHRVERTEAn + ¥hpshiddda dasenFbedia Broadhkmert hods i s
such a nethod that the position of the object to be processed
107(subst’rate), which is placed on a stage 108, is changed by driving the
stage 108 by neans of a stage controller 101. The other nethod is such a
met hod that, FASa 5% diseatgrzaprh ishosiing pasbnubation of Ascdladethnshuep
irradiation position of the |laser beam spot is shifted using an opti cal
syst em bedwelem t hpuiaeentwiohth eiamnider baseof fidinhodsempyrbeuvadoptet; or, a
met hod, in which the above-nentioned two nethods are conbined with each
ot her, tIy&taiNi2ed@Gomay be adopted.

DETATILED 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 illus‘trating a laser
irradiation method according to the invention. In FIG. 1, two
methods aré shownasafirstmeans, respectively, forcontrolling
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 lposition 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 10l1. The
other method is such a method 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 one of methods may be adopted; or, a method, in which

the above-mentioned two methods are combined with each other,

19




In the above-descri bed two net hods, both of them nmeans the fact that

rel ative position of the |aser beam spot position wth respect to the
substrate is changed. Hereinafter, it will be referred to as ﬁfg@@an
(the laser beamspot)”. Also, a laser irradiator 100 has a puI%é r
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
anot her i_n rdance with the processing object. Further, two pul se
| aser oggﬁfpgtgg%%%gﬁﬁbe used being conbined with each other. In the

I nvention, a YelL-knomn Iaaer may be used., As for the |aser, a gas |aser
oscillator or '8 8§ #ho¥eafesraibpdotup PaEBrPass PAtRePHSeN M9%E may be
used. en_a gulse oscillation gas laser is used, only a control by neans

of a ph ARt thad gelatiyeeenl thnp &f tbeslasenmeamesPot g itiqpl i ed
thereto, and other constitution confornms to an ordinary SLS nethod. In the
node foMitRFEFPRCH O Fhe gubainatonis changed. | dlemsiciaftegnl Ltwitldt e | aser
oscillator of pulse oscillation is used, will be described. As for the
sol i d- sbgt efggaedod® lasat'ortofsqanl deheosEddmtticam sgpeotgd ".i ght source, one
or a plurality of kinds of |lasers selected from YAG | aser, YV | aser, YLF
| aser, YA103 Alaserg lglsassitasdtatorhyod asera pallexabdsét @ dasarat ol
sapphire |laser, forsterite laser (My2Si ®4) oscillator, which are doped
Wi th Cr'1L02CwkichNd3+ aEs@tonde dean@&hatlioktiMites Ahe/Phiake a8 JUN
2006 inpurity, may be given.
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. Inthemode forcarrying out the invention,
( 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, YAlO;
laser, glass laser, ruby laser, alexandrite laser, Ti : sapphire

laser, forsterite laser(Mg:SiO;)oscillator, which are doped

with ¢r*", cr'*, Na®**, Er*', ce®’, co?t, Ti®'", ¥p°', or V** as a
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As for the fundanmental wave of the relevant |aser, a | aser beam having a
fundanental wave of |pmor so is obtained, but it varies depending on the
doping material. A second harnonic, a third harnonic, and a fourth
harnmonic with respect to the fundamental wave can be obtai nedd BUN&@fing a
non-linear optical elenent. Further, the |laser irradiator 100 has an
optical system 103 equivalent to the thirdneans, which is capabl e of
processi; ea t of. the laser beamoscillated by the pul se

osci | | ato ur%%'i nmaiﬁgbeo Y& to be processed. The shape of the |aser beam
out put fromtE\%Pul 3%] oEci | ator 102 is formed into a circular. shape if

t he shape of Fod st Lrdpearal wavis et e relevapt|ia&er shakRSe¥ he shape
thereof is formed into a rectangular shape. By further reform ng the |aser
beam as B§ESt haydddaBoFungamentele waei 08l lupsoensoits icbipwbsédl ub form
the beam spot of |aser beam at the surface of the object to be processed
107. Fdrt heFiegdsaadidigoantthe gopppganaterhal pr deesspng harmaisscope, a
honogeni zer or the like nay be incorporated into the optical system 103 to
pr ocess & & iFsh marmentiiter reovde a tHeerrths dvaxinrgreidi atiorh b deast aba ortpait er 104,
which is equivalent to the fourth means. The conputer 104 controls the
osci | | atiuoranferthdlseawsccah Atecopbt@2 nedniy ainPlasnost ageespripider 101,
which is equivalent to first nmeans, so that the beam spot of the |aser
beam coedrememtposi tion specified 21 8 JUN 2006 by the data of a nask
pattern.

Further, the laser irradiator 100 has an optical system
103 equivalent to the thirdmeans, 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 sysfem, it is possible to form the beam spot of

laser beam at the surface of the object to be processed 107.

,5.
Pt
: e

Further, dependingon the purpose of the pProcessing, 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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In addition to the above described four neans, this laser irradiation
nmet hod may i nclude a neans for controlling the tenperature of the object
to be processed. FIG 2 shows a state that the relative positioQ Bﬁ%ﬁfen
the substrate and the | aser beam spot is displaced (to be scann d

every | aser beam pul se. Enlarged views of beam spots 507a, 507b and 507c
are shown. Reference synbol 507a in FIG 2 denotes a | aser beam spot

positio e _lrradiation; .507b denotes the | aser beam spot position
at the ﬁgigh%uﬁggﬁiPFa igFF%n?agﬁ&I§07C denotes the |aser beam spot
position at tge ﬂ#%%her next gulse i.rradi ation. Reference s%nbols 509a and

509b denote shBRFHECRERGERS DAV EIAEBGRELEr M PrRes)y, tht S%ely, at
g y

every one yl se of the |laser beam The feed pitch is required to be 0. 3pM

or mor e YA E O medded Rk {reredantyneaBspécy. eertsrlddng thel 3pm or

| ess. Further, as for the beam the energy density at the edge portion of

t he | aséPMpeaptgegfeitiel poiiesdr tohde PHRecsSsed. portion, processing on

the object to be processed may not be nade evenly. Accordingly, it is

preferred t habl€he2 |syers esiatiesthatathateelaol védqtogitsl cadde tpayan on i n

the longitudinal direction of the beam spot 507a of the |aser beam does

not oveithgprubsgittntaangdhieoha S0 beguistal tehs di@pdaces! @ndbéiskanse conduct or
filmA, which is obtained by patterning the sem conductor film22 8 JUN

-2006 af bereveyptladd belannpukEse . eXBphLgedhelews dNbagntdwo beFV7a,

507b and 507c¢ are shown.

Reference symbol 507a in FIG. 2 denotes 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 symbols 509%a 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 Sum or less, more preferably, to be 0.7um or more

and 3um or less.

L 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 £ilm
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spot of linear form it is adapted so that the area, which is denoted by
reference nuneral 508 in FIG 2, is not irradiated in the portion.500

equi valent to the above-described island-like sem conductor filgmyg2008hen
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 form ng area noves. This

is sho ' El 4B. Reference nunerals 529 a 539 in FIG 4
denot eWtg lé;glrs Fg%-t éﬁl(lgr%%écnjiogdndggfo? XF&?@-F 'A,"#ﬂeé’s ﬁ&@ﬂ%%rlc%%/?ﬁ%ad“ is

f or med ggﬂ;%r fIf\ser i rradi ation. Reference nunerals 528 and 538 denote the

area, ra&5pecttvely=ahnt¢H ot dﬁ"r\?glaz?é:e 79 SPafatiereredni@iehickor | ayer

B afterdl asgr i{rradi tion. FIG 4A shows an_exanple of an active |ayer of a
singl e GRCECTFFRY e LA PROB YR i A& 101 E ISnaRnels Matriimy atiate
channel form ng area 520, which conprises the island-1ike sem conductor
| ayer BIRHE PeptteR p0Sressivakenhgosie ahpyve hdegrribpddsimngd sdkee ar ea
or a drain area, respectively, are provided. Wen crystallizing the
sem con8EBEEPNAYLKGTt Bdlmader oscillator according to the invention, as
shown with arrows, the scan direction of the |aser beamis fixed so as to
be paral |l el edWhen the sdinriesiridn: ior wiitelr thestanniientiion he chadined form ng
area noves (channel length direction). Reference nunmeral 523 denotes the
beam sptheofictheel aagerbeanthahiEh, stanss ipréfer2dd 8td UN 2046 didact i ons
i ndicated with the arrows.

direction so as to be paralleled to the direction in which the

carrier in the channel forming area moves. This is shown in

ey

FIG. 4A and FIG. 4B. Reference numerals 529 and 539 in FIG.
4 denote the island-like semiconductor layer A, respectively,
which is formed before laser irradiation. Referenc-e numerals
528 and 538 denote the area, respectively, which is fc')r'med as
an island-like semiconductor layer B after laser irradiation.
¥IG. 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
(.,j‘ 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,
the scandirectionof the laser beamis fixedsoas tobe paralleled
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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Also, in FIG 4B, an exanple of an active layer of triple gate TFT to

whi ch three channel formng areas are provided is shown. Inpurity areas

533 and 534 are provided so as to sandwich a channel form nggqygqu@i%o

t herebetween; f urther, inpurity areas 534 and 535 are provided so as to

sandwi ch a channel forming area 531 therebetween; and furthernore,

I mpurity areas 535 and 536 are provided so as to sandw ch a channel

form ng t.her.ebet ween. n the sem conductor is crystallized

usi ng tdﬁge:%fajggérgso%8%1110&%8\?165’6‘5&\/\3'1% &F M i nvention, the |aser beam

scans in the &rectj o& of the arrows. However, as a matter of convenience

of circuit |afoif; TAL  %r BnPTErARE P AR AR TRLAYRTRE P le he

direction. of carriers, nmoving into the respective active |ayer channel

f or mi ng93t&alF Ty Whirh ithaeeehgnmrdr SpEmingnnsaah aradarzovided Hes pi xel

section, the signal line drive circuit section, and the scan |ine drive

ci rcui t SEE¥Ri-onIMPUritiFnreamBal ainsb53 4 eare prwehdedsoias bbfseqtdwiash and t hat

will be described referring to FIG 3. FIG 3 shows a case that the scan

di r ect i erthasmehforming areedid ¢ hhelmebsdtwmeen ; nBuxithere, tinponityarremsb12 i s

different from those in the other areas. First of all, using the markers

formed 584 &ahd SBbstratprasiddé Posis iohadand®ibilene hane 1S FoMuiny Fl G

3A, area 511, which will beconme a signal line drive circuit, and area 510,

whi ¢ 2_ walrkalh®Th b ex diiet®le AEC hnANE udt Re SHBFE ¢t BEb 24 167 AYNa2098s5 tand he | aser

I rradlation. ‘
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 directiomn
of carriers, moving into the respective active layer channel
forming areas, may sometimes be different from each other, in
the pixel section, the signal line drive circuit section, and

the scan line drive circuit section. In such a case alsc, 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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Next, as shown in FIG 3B, the substrate stage is turned by 90 and the
mar kers formed on the substrate are read again. Based on the positional
informati on, the area 512, which will become a scan line drive (i ML S
subjected to the laser irradiation. Thus, it is possible to chéﬁggfw
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
Lon_is_being.carried out, the |aser beam shoul d not be

| aser jrragdia ]
i rradi a{téd%ﬁgrr%SFSFi Wrtaglgﬁéogurface of the substrate. In this case, an

AO (acoustooptics) |light nodul ati on device, which is capable of
temporarily a 8"% Nisit %F’&“SP 3Ri BEGi miP « &S gubptrptangtags e tyroeidded in an
optical system between the substrate, which is the object to be processed
and t heP¥a2@r apdcthpanarkers fnuked oo dbeesvbstrabe dre adizat mgaipasi tion of
the laser beam it is necessary to formthe markers for positioning wth
r espect BRgethen sdte @awdddisral informetdom, Eh6 afesol®s, wihelpediltli ons
where markers are formed in a sem conductor film which is formed to

pr epar ebafomet Bvecamt dibne s wenticondiict Ds sdieyéeted FL& thA Ibews an
exanpl e of the case that one sem conductor device is prepared from one

substraierafi@:ibB. showus, titeisgrasdihate towhaa7E eARAUCTOF i P8 GHGES ar e
prepared fromone substrate. In FIG 5A reference nuneral 540 denotes an

area whélee25iBANo200Be al €60 AUy ¢ T d A4S hHe IR W 4e SPsly at e;
dotted Iine ‘
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. In
this case, an AO (acoustooptics) light modulation device, which
is capable of temporarily and completely shielding the laser
beam, may be providedin an optical 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

N with respect to the semiconductor film thereon. FIG. 5 shows
the positions where markers are formed in a semiconductor £ilm,
which is formed to prepare an active matrix type semiconductor
device. FIG. B5A showé 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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541 denotes an area where a pixel section is fornmed; dotted |ine 542
denotes an area where a signal line drive circuit is fornmed; dotted |line
543 denotes an area where a scan line drive circuit is forned. erence
nuneral 544 denotes areas where a marker is fornmed(marker forn|§JUNz
portion), and are provided to be positioned at four corners of the

sem conductor. In FIG 5A although the marker formng portion 544 is

provided abnfouhagokl ies % + i nvent.i o s .n el-Anlmted
thereto. Assum ng tE ?ﬁieﬁpjggl él’%rﬁ% &q}%ée’uzjcgﬁagcreea ?ﬁt &§ser beam
in the gem or_and the tternln mask . .of the sem conductor_ is
obtaine% ﬁeﬂggé%t?gnaﬁﬁa WBEE xgﬁesﬁﬁFRQP i8r fPREefor dedtedar e not
I|n1tedlto t%& descri bed- above In FIG 5B, reference nuneral 550
denot es A 8enf£d ‘%ﬂﬂ:‘f%ﬁ an Gr6Ey WBRTENE S1BREL atERe dHtivesl qlingaidEisdenot es a
scri be f|ne which is used to cut off the substrates in the |ater process.
In FI G I8EMefy dRtteddigrr StRclenpkes Arcarapomerei@ seandeing deivesl, four
sem conduct or devi ces can be manufactured. Thenunber of the sem conduct or
devi cesCLHRNER BF £@medd neReafipromas nymeshil, 544 dwrtoles tdmdawhere nited to
this. Reference nuneral 552 denotes a portion a marker is forned(narker
f or m ng2pbarken)is datrniel (manikete f atming padriner)s, fd bhe peosivadeductor. In
FIG 5 B, although the marker formng portion 552 is provided at four
cor ner steebpeposibignpefinet2608rJthrd8R6 bivVeRki eBmisoRduclbm.t ed thereto.
Assum ng that the positioning
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 semiconductor devices 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. InFIG. 5B, although the marker forming

portion 552 is provided at four corners respectively, the
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of the scan area of the |laser beamin the sem conductor and the patterning
mask of the sem conductor filmis obtained, the position and nunber of the

mar ker form ng portions are not |imted to the node descri bed_ﬂ?ﬂ%@ The
markers are formed sinultaneously in the conventional photo |it gﬁphy
process in which the island-1ike sem conductor filmA is fornmed in a

manner of patterning. OMng to the constitution as described above, after

crystal |iin21ier1‘19:ifcﬂmei§%tcj?gﬂ£ Mot s 4 S i bl QI guce the tine
necessary for the [aser ea%?rtrhae |ee{!tc}‘oir%g§§}5‘gflﬁet%parto§ SHANY PEEE of the
substratg GaR ke l.praove cayse, it .can omt__ the tine necessary_for
i rradiating %he%la!élg%rr%\béegjn% t etH‘ SedeREBhdut (e ée@&c%é]%tc?% F%oved due
to the rn of .islan -IOiH:J< sem conductor film B. Exanples_ Example 1
ot er 11 0 BAPFEERhBRESK af Eng TR GPRduotar bt A6 0T RERSHe R of
active matrix substrate wll be described. Herein, as a matter of
conveni 8YE& TR @G PR hthe paFkes frrming eombicnscdne newrive
circuit, and a pixel section having a pixel TFT and a holding capacity on
the samdi¥diel, &ce thf medepdessmidedaabave ve matri x substrate. First of
all, in the Exanple 1, a substratée 600 conprised 27 8 JUN 2006 of a barium
borosili cat e §hadpgrenmazk finimed bbrodthneatslygliasshearonventiideal s used.
As for the substrate 600, a substrate .
photo lithography 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-1ike semiconductor film B.

Examples

i/'n\-‘\\'
{ g

Example 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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formed with an insulating filmon the surface of a quarts substrate, a
silicon substrate, a netal substrate or a stainless substrate may be used.
Al'so, a plastic substrate having heat resistance against the prgp g{gﬁ@wg
tenperature of the Exanple 1 may be used. Then, on the substrate

base film 601 conprised of an insulating filmof a silicon dioxide film a
silicon nitride film or a silicon oxide nitride filmor the like is

f ormed putterl I asima CvD or
the 11 kar > Ragann tiostiafiea thOtd-Tar Sy SRR Pirpraot oath oises

doubl d f ed of b |.ms 601 d 601b d.
oub) - bR RB 3R 4 B SE G B0l Do T SR o iy VT

above d scrl t&ed Ji,nsul atln%lil | m may . _be used (FIG 6A). Next, on the base
film 60 ot LRTTLBR4NBE! 5111“1‘ 9% 625 FUTERFfeftal AuHItkness of
25- 150nr‘r}JEf %ferab 30-120nm in a manner of a well-known neans

(sput t eFPREET Sl&ﬂ&@ﬁaﬁ%%@t% hé Me¥a} suPrEraga)or Asteridileps o the
Example 1, alt hough an anor phous sem conductor filmis forned, a mcro
crystal SUbS{tESHEUREEI DS (USADY 2lsrosswableetiicondbost vatéihaving reasto
applicable. Further, a chem cal conpound sem conductor having an anorphous
struct uF@SéﬁtéﬁCmgphoai thblpmcgesrmgl températuoe dhetla lExamplde used.
28 O JUN 2006 Next, the anmorphous sem conductor film 692 is subjected to
a patteidnmay, bandSby'l.carryi ng out an etching in a manner

Then, on the substrate 600, a base film 601 comprised

of aninsulatingfilmofasilicondioxide film, asiliconnitride

i

film, or a silicon oxide nitride film or the like is formed
in a manner of well-known means (sputtering, LPCVD, plasma CVD
or the like). According to the Example 1, as a base film 601,
a double-layered base film comprised o;‘f base films 60la and
601lb is used. However, a structure of a single-layered or
double-layered £ilm of the above-described insulating film may

be used (FIG. 6A4).

Next, on the base film 601, an amorphous semiconductor

R—

~

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 £ilm is formed, a micro
crystal semiconductor film or a crystal semiconductor £ilm is
also applicable. Further, a chemical corﬁpound semiconductor
having an amorphous structure of an amorphous silicon germanium

film or the like may be used.
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of anisotropic dry etching in an atnosphere containing a halogen fluoride,
for exanmple, CIF, CF3, BrF, BrF3, IF, IF3 or the |like, portions 693a,
693b and 693c, which will becone an island-like sem conductor fidﬂ@ﬁﬁﬁ
respectively, are formed (FIG 6B). Next, the portions 693a, 693b and gBBC
on the island-like sem conductor filmA are crystallized in a manner of

| aser crystallization. The |laser crystallization is carried out using the

| aser irradi ajk@® Nef | X | ,nventi.on Particul arl in
accordance with rrarsTE igﬁ%(l)r t‘?'gén%%npl&&ﬁ”%%ere%é&%pﬁ Arine Cbn’eeq%der

I rradi a I : mJj s iryadiated selectively to the portions 693a,
693b an %%83 aﬁﬁiﬁﬁﬁgﬁﬁsﬁﬁﬁiﬂ#ﬁ&?ﬁﬁﬁﬁ%ﬁnﬂﬁﬁnﬁﬂ 4%%ﬁﬁqﬁ e SHIMER]Y, say,

not onl .crystal lization, but also, the crystallization may be
carri edggu%&%éﬁ%ﬁ%flﬁé’tﬁ%hwq RO ERBP SREPFeGRAR IERE phakogan on

met hod %QTA .gﬁgt crystal lization using furnace annealing, heat

cryst al FrPSESF (EPREXA kS Ca&F erfetls» BT &FFacJdl B @1 Hae like,
crystallization, or the like). In the laser irradiation nethod according to
the i nvBREEIRTS §938s 4R anksEPBratwhrich wildobpgonean isdemddsidid | at or of
pul se oscillation in well-known |aser sources is usable. Wen a gas |aser
of pul sESHLEPPIPRCESR i£d 1ifs &d resmer td vedt.r elrebyf ormesih g FAiG .da#iBgpat t er n of
phot omask configuration using a conputer 104 is applied thereto, and the
ot her constit¥ektn donborid.o2® 693N eH6ahd €93t paryhSlLis meidrad.xd n
Exanple 1, the case, in which an Nd : YLF laser of pulse oscillation is
used, wsemipendecdorbdd.lm A are crystallized in a manner of laser

crystaliization. The laser crystallization is carried out

P

using the laser irradiation method according 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

(x furnace annealing, heat crystallization using ametal element,
which accelerate the crystallization, or the like).

Inthe laser irradiationmethod according to the invention,
a4 gas laser oscillator or a solid-state laser oscillator of
pulse oscillation in well-known laser sources is usable. When
& gas laser of pulse oscillation is used, only a control by
means of datapattern of photomask configurationusingacomputer

104 is appli'ed thereto, and the other coastitution conforms
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FI Gs. 10A and 10B show a |l aser crystallization processing apparatus. FlGs.
10A and 10B show a case, in which an Nd: YLF laser oscillator |aser source
1101 is used under the conditions of 1.5Woutput and 1kHz-repeat
frequency. The | aser source 1101 is a nmethod, in which an YLF @rj%gqgf’ and
a non-linear optical elenent is placed in a resonator, and a second
harnoni ¢ of 527nm wavel ength is output. Needl ess to say, the non-Ilinear
optical +@ eygR y out Si res 0 urther.. .as for the
| aser oscil Iﬂcgt E)lrag?lg%g {Hlﬁgﬁrsgd i%ﬁc%??rh ??cgi ‘%%}ﬁé éc%sn% giht AFHSH 3hd t he
confi gugsat f am spot || latel]y after output fromthe | aser
osci | | a@gr' gg%%?éé&g%regﬁ}lﬁg.oﬁjeﬁﬁéﬂnﬂ%“ESqu'i ghtdtbestescnihedod s
sl ab-1i ke sh a he i guration of the beam spot inmrediately after
output is rec?gﬁﬁurl;br}{ gﬂg;'eod,g ﬁgoﬁeas&P?8§ocWWl%% HeR RS siddh be
reformed into a desired configuration by nmeans of optical system As for
the Nd 2PPREAtYSer FiHE.spPBadnfy 18RyIskas & Ie@sSsoarhn jwhBrm amdid;
althougp %h beam size is approximately 2mm in dianeter at the outlet
port, itiEx t 35 Ghpt BkPFuleISET | 2NTee diafbt ds atsed pusfeirortZ0cm away
fromthe outlet port. Wen a convex |lens 1102 of focal length f=600mmis
pl aced SPRALALENSART tli-OW, ot teubemd LkHE efaprarsif raguencyar aThellaseam of
10mmin dianeter. The | aser beam which is reflected by the 30 8. JUN 2006
opt i cal SAEFFErkl Al 38-a mesholovin ivhiEhGin YOK, cigs ol derdse thosy- 1 ideGanVex
cylindrical lens 1106 having the curvature in the

optical element is placed in a resonator, and a second harmonic

of 527nm wavelength is output. Needless to say, the non-linear

s

optical element may be placed outside the resonator. Further,
as for the laser oscillator 1101, the rod is ¢ylindrical 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 cqnfiguration 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

e/“\\-

system.

As for the Nd : 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
lem in diameter at a position 20cm away from the outlet port.
When a convex lens 1102 of focal length £=600mm is placed at
.this position, the beam is reformed into a parallel beam of

l10mm in diameter. The laser beam, which is reflected by the
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direction of Yin FIG 10A Herein, the Y-direction is the shift direction
of the beam spot of the | aser beamon the sem conductor surface, and is
the shorter direction of the beam spot. Also, the X-direction in FIG 10A
is the longitudinal direction of the beam spot of the |aser beanpomNtm
sem conductor surface, and crosses at right angles with the shif

direction of the beam spot of the | aser beam on the sem conductor surface

(0t i CalopBiidar fi k3511993219 0Bl 288Gt gﬁsgrfﬁfng& Sfad QL Of Lhe

apparatus, but it is not always in |spensa itution
as descryj hegd, h sem nductor surface, which is
the i rrgdl ation \s{:‘f‘?]f g(}grﬂ?ﬁ“ fé’é’%r%ggg ntgraYd i ﬁ&atcuﬁ’( Sedm e

10mmx 10m. r ef the | aser bean1of rectangul ar,
el lipti céﬂljé% | neafi @gﬁ'élp "t @‘1 r?‘rgﬁi &?’I'oﬁhesdfr Fhreqtiantig itheed to

t he abov% fAI not shown in the figures, it is possible to elongate
the beafr&pdt ti hBP BEPBCSPOT RE pFhri hasarchbremvercyihedri ca

| ens between the optical mrror 1103 and the convex cylindrical |ens

1106. AP?B'-'LFP‘HG?C&&{S%FEEIPG At ésathre shoader dbreetion of therdany t he

| aser beaminto_a parallel beamor a beam expander for expanding the |aser
beam beffR&&n tHéSenthgeXcdiradtienl in|BHS. allh tiwe Htesdromgsididdiatacr 1101. A
met hod of reformng a beaminto a |inear shaped beamusing a | aser source
of 1.5WA3regtion @0bbedrguspaittdE dhbdamepbeanionl Simskifindia diran

descri bed here. However, in the case of a |arger output |aser source, it
is surface, and crosses at right angles with the shift direction

.

of the beam spot of the laser beam on the semiconductor surface
(opticalmirrors 1103-1105 are placed on the ground of the layout
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 10mmx10um.

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 concave: 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
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preferred that the beam spot size in the longitudinal direction only is
enl arged wi t hout changi ng the beam spot size in the shorter direction
(currently, an oscillator of LD excitation Nd : YLF laser, which is
operabl e at 20V output, is conmrercially available). In order to ighf@mﬁhe
rel ative position of the beamspot of the | aser beamon the sem©® % or
surface, a substrate stage 1109 is nmade to sweep in the Y-direction
(shorter direction of the beamspot). Wen the sweep speed of the

subst r aPBRtBRRgELth 2 be@iepet. ofit 1 Anry lPusdrap Hern deseatiHadkeesrcy, at
every irradiation of the |laser pulse, the relative position between the
subst r aH8WEKATY hdnhERM §pee Bfspl Aasgebyostpiti Aasks syudicesctitons(f eed
pitch is 3im. FIG 11A is a SEM observation of a silicon film which has
been crphseherreddhnt fharean splod¢ $hserin thadieatgidmdistaibdiractdod ng t o
the Exanple 1, in which crystal -grain boundary is visualized in a manner
of SecconEychéngnler@edleBthndtFeBanging thewbthe epyst alizgr dnn theundary
and the size thereof so as to be understood easily. Referring to this, it
i s undesBoobdr dhaéctiystadsrradtTh, hay o deen Sty et et bacihatseper

| ateral growh in the Y-direction of the scanned beam spot of the |aser
beam ane :foired st UONSIY op EBE IR P JRRUSIRLLES jrseabﬁlﬁlerefe_rallﬁgl cally in
the scan direction and the verglcal direction 32 8-JUN 2006 of t | aser
beam spgtaiikpig)understood that the period correspond to 3Nm which is
the feed pitch of the | aser pulse

In order to shift the relative position of the beam spot

of the laser beam on the semiconductor surface, a substrate

s,

stage 1109 ismade 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 3pm).

FIG. 11A is a SEM observation of a silicon film, which

has been crystallized by means of the laser irradiation method

~
-

- according to the Example 1, in which crystal grain boundary
is visualized in a manner of Seccé 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 ¥-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 direct‘ion
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at every irradiation. OmM ng to the above described | aser crystallization,
portions 694a, 694b and 694c of island-like sem conductor film A, of which
crystallinity has been increased (FIG 6C). Next, by patterning tﬂhﬁm 2008
portions 694a, 694b and 694c of the island-like sem conductor firlmA T nto
a desired configuration respectively, portions 602-606 of an island- I|ke
sem conductor filmB are formed (FIG 6D). After formng the portions

602- 606 the | sl and |i ke sem conductor filmB, in order to control the

t hr eshol sqETheamn P tanp it ¥ WRIRFFEQOQ| Ehafit thBomaFigd
phosphorous) nay be doped The inmpurity doping for controlling the

t hr esholc@TLeRPARE tQr Bad whicheiorihe feddpdiciry ¢St theikaséomulsye af t er
forming a gate insulating film Next, a gate insulating film 607 that
covers & &Y Keraddmtdemductor filns 602-606 is formed. The gate
insulating filme607 is formed with an insulating film which contains
silicon, of 40wiB@nma nthéi ebosss desearimedelastrplastdND zatricaputt eri ng.
According to the Exanple 1, the gate insulating film®607 is formed with a
si |'i con poirttriicshes 694de d94nan(renstidiiiisoandalike SemB828ad0eba%o NGy % and
H=2% at 110nm in thickness in the manner of plasma CVD. Needl ess to say,

the gate,i REumalichy driysBdisl ittty iHdd abdd ihe-sdddEoran trddhe, 33 8 JUN
2006 oxide film but another insulating film which contains silicon, nay

be formed int@eatSi Bl Pat C¥BREAGOENS PBAA Sk YIML! ¥oQb and 694c of

the island-like semiconductor f£ilm A into a desired

configuration respectively, portions 602-606 of an island-like

I

semiconductor £ilm B are formed (FIG. 6D).

After forming the portions 602-606 of the island-like
semiconductor £ilm B, in order to control the threshold of the
TFT, minute amount of impdrity‘element (Boron or phosphorous)
maybedoped. 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

e
5,

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 £ilm is not limited to the silicon nitride
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Further, when a silicon dioxide filmis used, the gate insulating filmcan
be formed in a manner of the plasma CVD, by m xing TECS (Tetraethyl Otho
Silicate) and 02, at 40Pa reaction pressure and 300-400C substrate
tenperature, and by discharging high frequency (13.56MHz) at 0. % SUNBIME R
of electric power density. The silicon dioxide filmprepared in the
above-descri bed manner is subjected to a heat anneal at 400-500C, thereby
excel | ent teglstics as the gate insulating filmare obtained. Next,

f or med Bﬁlﬁﬁgglg'aﬂﬂ Pﬁé@%ﬁ%ﬂ?ﬂﬁ%@l’f&fgl&l ffhigh cephalipeisid 99mm 608 of
20-100nmin fil mthickness and a second conductive film 609 of 100-400nm
in fil e ERnéeTmeldot® Agsinglend apesnd @1l lamiaaftiadss tametime ve film
608 conprised of a TaN filmof 30nmin filmthickness and the second
conductive fFp#tbes . .cuhpri segdibicanWliokideffBW0Onhs iusdd) riltdhigadtieess are
built-up to forma lamnated |ayer. The TaN filmis formed in a manner of
sput t er ingulgitdgaa fidmgeanobeTaprmad $puatmanmer of tHe gilasphavd,
containing Nitrogen. Also, the Wilmisformed in a manner of sputtering
usi ng abyamgetiraf BEOSX (Betihathyhe Orabevesilhestdpvandess, akedigdrd m may be
formed in a manner of thermal CVD using Tungsten hexafluoride (W6). In

any casgeactt@_olﬂxsﬁrégsui:blﬂ@%otdﬁo&)&bes@th%}sé@ e Wﬁ StdIREESSR Yoyf O | Oer

the resistance, and as for the resistance of it 34 8 N 2006

i s desi ge@ch@rlA dgeshi fhareRdRcys (&@r stsmzwfak Mo €§ W%w}bmz' to# S
possible to |l ower the resistance by formng | arger crystal
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 characteristics as the gate
insulating £ilm are obtained.

Next, formed on the gate insulating film 607 is a first
coﬁductive film 608 of 20-100nm in £ilm thickness and a second
conductive £ilm 609 of 100-400nm in filII.l thickness. According
to the Example 1, the first conductive film 608'comprised of
a TaN £ilm of 30nm in f£ilm thickness and the second conductive
film 609 comprised of a W £ilm of 370nm in film 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
in an atmosphere containingNitrogen. Also, theWfilmis formed
in a manner of sputtering using a target of W. Other than the
above, the above-described £ilm may be formed in a manner of
thermal CVD using Tungsten hexafluoride (WFg¢). 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 f£ilm, it
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grains, in the case that a | arge anount of inpurity element such as oxygen
or the like is contained in the Wfilm the crystallization is inhibited
resulting in a larger resistance. Therefore, according to the EX@UF? g.
by carrying out the sputtering using a high purity W(purity | eV UN 200
99.9999% as a target, and furthernore, while paying a great attention not
to allow any inpurity to cone in fromthe atnosphere during the film
formng, the Wfilmis formed achieving a resistance of 9-20RQxm

Accor di 1§ 9951FRA ELaRpI ke as thge 2PRBCrmeondEctow &hie Wifileng allghiogighed wit h
TaN and_the second conductive film609 is forned wwth W However, the
above i $tnict PPRATPEE théPUes theyregaytanse, bY Korming haggeme crasied with an
el ement selected from Ta, W Ti, My, A, Cu, O and Nd; or, the film may
be forn882i#st hiBnthel 6spatbpatap denusi ameynthefaboverditynederentt he mai n
conponent, or a conmpound material. Al so, a sem conductor represented by a
pol ycr ysugh| pse oxvigesowf itthma doijges ik tdontapoedt ynethaent £hiilke phesphor ous,
or AgPdCu alloy nay be used. Further, a conbination of a first conductive
filmfocunpdtaililzaiidantalinkibiaed résuandnghien aeconsk esdietianee.i | m
formed wth a Wfilm a conbination of a first conductive filmfornmed with
a TitanThersiEbredeactioldinid Manthd exapeoad: copguehiry@ihl Butf @heed with a
Wfilm a conbination of a first conductive film35 8 JUN 2006 formed with
Tant al uspakterdag(dabhgaathife wecond w qisiicldy 8 evfdil Mooy thy a W

film a conbination of a first conductive
a target, and furthermore, while paying a great attention not
to allow any impurity to come in from the atmosphere during
the film forming, the W film is formed achieving a resistance
of 9-20ufcm.

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. 1In
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

N 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 film formed with
a Tantalum (Ta) £ilm and the second conductive £film formed with
a W film; a combination of a first conductive f_ilm formed with
a Titanium nitride (TiN) £ilm and the second conductive film

formed with a W £41m; a combination of a £first conductive film
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filmornmedwith Tantalumnitride (TaN) and the second conductive film
ormedwith an Al film or a conbination of a first conductive

filnformedw t hTantal ummitride (TaN) and the second conductive filmforned
with an Cu filmmy be used. Further, not limted to the double-égygqﬁﬁ
structure, but, for exanple, a triple-layered structure, which IS built-up
with a Tungsten film an alloy filmof alumnumand silicon(Al -Si)film
and a Titaniymnpitride filmin order nab}/ be used. Furthernore, when a
tripl e-f%‘@?gd“’%ﬁi‘dﬁ%\‘%l‘i‘@ nHeptdR, (taNhiand daergrgonsncragdusdiysed in

pl ace of Tungsten; an alloy film (A -TI) of alum numand Titaniumin place
of the BiiBFoxmed giyieh pnWofilmum Aorbinkitdon efya Hd radopraducdicea
Titanium filmmy be used in place of the Titaniumnitride film It is

i npor t aft lnFogaeidetith Hanbpilummhteticls (Hakiehddheapecoydeonflutitd vet chant
depending on the material of the conductive film Next, using a photo

| i t hogr&phy fomrmeidsyBtili0at 23 £iolny bsecdcomibinat B6h 8 :of Eré O eoRducansear e
subjected to a first etching processing to formelectrodes and w rings.

The firsiletforned wiprloTessangming tad/dd €TaR)bnddRy sébénd cosiuard viehe second
etching condition S (FIG 7B). According to the Exanple 1, as for the

first etghhngoensdi i6ASan! ER ﬂmﬁlw@%&vsbyu%am ed Plasma) etching is
adopted; as for etching gases, CF4, 2 and OZ are used, 36 8 JUN 2006 and

the gas [ oW denes, 2ot 2hnitdd {SCEAL ABARPELINGEYeaUadEhotRAY COSUME Of
I .

1Pa, an RF (13.56MHz) electric power o
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 and a Titanium nitride f£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
(Al—Si)film of aluminum silicon may be adopted; and a Titanium
film may be used in place of the Titanium nitride £ilm.

It is important to collect the optimum etching method
and type of the etchant depending on the material of the
(;} conductive £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 £irst 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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applied to coil type electrode to generate plasma, and the etching is
carried out. To the substrate side (object stage) also, an RF (13.56Mz)

el ectric power of 150Wis supplied to inpress a substantially neggb&&ﬁ
self-bias voltage thereto. Under the first etching conditions, t Bi m
is subjected to the etching to formthe edge of the first electrica
conducting layer into a tapered configuration. After that, w thout

renovi ng t g masks 610-615 conprised of a resist, the etching condition is
changed 33r“cs4 BECHES 1AW FGtecdfcR i s’ 1RJ scem)i Feseeehivglyasdéndera and
Cl2 are used, and the gas flowrate is 30:30(sccm respectively. Under a
pressur@‘BFefﬁgfeaﬂfRﬁP%13@%6&ﬁt§1%ﬂ%ﬁﬁﬁ?l:%%ﬁﬁir%ﬁ POOEW PE 5§9ép}$ed to
the coil type electrode to generate plasma, and the etching is carried out
appr oxi FRFERG oo xPpkkchvRe. eTectirndes tosigemerafied@ Yasnactand agee al so,

an RF (13.56MHz) electric power of 20Wis supplied to inpress a

subst antSitaiphdgacaveiedeptit bi dBo viile sydsttirertet sidentebiebe seagal et chi ng
conditions, in which CF4 and Cl12 are m xed, both of the Wfilmand the TaN
film ar@lstcchéd RE (B8 .SaMizl)eedlectTd.cc powerootf 1 Beweishsugplivkdhoot

remai ning any residue on the gate insulating film it 1is preferred to

i ncr eas dniplreset Ghisudp sttiaret 1 Bppiaoyd tab el ye1 40 2050vdntdhe aboverdescri bed
first etching processing, By 37 8 JUN 2006 adapting appropriately the

conf i gumaidean tife tHig R HC AOTY iSHthi Pfods | e6hStw- £ Don edgesOf jdbeadi r st

el ectrical conducting |ayer

totheetching to formthe edge of the first electrical conducting
layer into a tapered configuration.

Afterthat,withoutremovingthenmsks610—61500mprised

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(scém) respectively. Under a

pressure of 1lPa, 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. Uﬁderthesecondetchingconditions,
in which CF,; and Cl1; 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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and the second el ectrical conducting |layer are forned into a tapered
configuration, owng to the bias voltage, which is applied to the
substrate side. The angle of the tapered portion is 15-45. Onm ng_.to the
first etching processing, the electrical conducting |ayers 617-6@ﬂuﬂﬂmﬁst
el ectrical conducting |ayers 617a-622a and second el ectrical conducting

| ayers 617b-622b) of a first configuration, which are conprised of the
first el%ptELcal conducting I%ﬁﬁ% and .the second_ el ectrjcal conducting

| ayer, Ar&PorteiPPREPEFBACY R FRPTEBETafd ot @€ thegBRek GHumnTSay il m
and the areas thereof, which are not covered by the electrical conducting
| ayers 817282S1%F% . e pos of dire dwsti eheareiretmepdweblegilevaras which
has been etched approxi mately 20-50nm Next, wi thout renoving the nmask
conpri sé®%thg pesped elgckricnd eerfiAgiprotayerngre sfemmed sthiouta (FI G
7C) . Inthis case, as for the etching gases, CF4,Cl2 and 02 are used.,
and t h&apemedmdonfsigumatien y evtmedto Autlet hérs bplieges ofhitdie isecond
et ching processing, second electrical conducting |ayers 628b-633b are

f or med. appliled oo ltdve sanslt rabe sfiidest Thednglabs wrendapéirag gayersn
617a-622a are little etched, and electrical conducting |ayers 628-633 of a
second denfiBusstion awengormedihdhemirat t BedhihgnOyhsdetHengaskonpri sed
of aresist, a first doping treatnent is carried out, an inpurity el enent
38 8 JUM12QQGrildaal iooddc e Napees t @ itnesds! gnd-ddike SuEgondyct ors at
a low density. The doping treatnment nmay be carried out in a

conducting layers 6l7a-622a and second electrical conducting

layers 617b-622b) of a first configuration, which are comprised

i

of the first electrical conducting layer and t.he second
electrical conducting layer, are formed. Reference numeral 616
denotes a gate insulating film, and the areas thereof, which
are not cove.red by the electrical conducting layers 617-622
of the first configuration are formed into thin areas which
has been etched approximately 20-50um.
Next, without removing the mask comprised of a resist,
a second etching processing is carried out {FIG. 7C). 1In this
i_ case, as for the etching gases, CF;, Cl, and 0, are used, and
the W-film is selectively etched. And then, by means of the
second etching processing, second electrical conducting layers
628b-633b are formed. On the other hand, the first electrical
conducting layers 617a-622a are little etched, and electrical
conducting layers 628-633 of a second configuration are formed.
Then, without removing the mask comprised of a resist,

a first doping treatment is carried out, an impurity element
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manner of ion doping or ion inplantation. As for the conditions for the

I on dopi ng, dose anpbunt is 1x1013-5x1014 atons/cn2; and the acceleration
voltage i s 40-80keV. According to the Exanple 1, the dose ampunt is
1.5x1013at ons/cn®; and the acceleration voltage is 60keV. As angijgRumgty
el ement inparting the N-type, although an elenent included in the
15-famly, typically, phosphorous (P) or Arsenic (As) is used, phosphorous

(P) is ed i.n th mple 1. In this case, electrical conducting |ayers
628- 633"éi‘é&v%mgerﬁﬁgﬁﬁa‘%k@f%a‘??\sﬁhef He sanflir ke Seamaandusiats @ t he
N-type, inpurity areas 623-627 are formed in a nmanner of self-aligning.
To the Pn;';g?’i fengitys obe opingctroptmeny Baemmtcampad ot Ithe N-type
wi thin the density range of 1x1018-1x102 atons /CM3 is added. After

r enovi nGARREIRE RONINRINE 0 igin ampdandatigow nhsifor Bidd god’Ud icorspri sed of
a resist are fornmed, and are subjected to a second doping treatnment at an
accel er &virohhe ol emgeirghedosthanotthat i 9f 1182 f 5x 5o ‘dapomg/ tnéatament . As
for the conditions for the ion doping, dose amount is

1x1013- ItheGidee bemsd thén voatagkeratDoB Okeit.agrctsr80nd2keNe FAaniglle t he
doping treatnent, the second electrical conducting |ayers 628b, 630b and
632b aune yReddesen@ndenadad NSt LINE 2L BBMEY bY? £l AT The ARENREAARINY s
carried out so that the inpurity elenent 1s added to the 39 8 JUN 2006

i sl and- kokeagenigogduet/Qrs bel ow the tapered portion of the first

el ectrical conducting layer. Then, the accel eration

As an impurity element imparting the N-type, although an element

includedinthe 15~-family, typically, phosphorous (P) or Arsenic

v

(As) is used, phosphorous (P) is used in the Example 1. In
this case, electrical conducting layers 628-633 serve as the
masks against the impurity element imparting the N—tfpe,
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®*-1x102° 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. Asfor the dopingtreatment,
the second electrical conducting layers 628b, 630b and 632b
are used as masks against the impurity element, and the doping

is carried out sc¢ that the impurity element is added to the
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voltage is reduced | ower than that of the second doping treatnent, and a
third doping treatnent is carried out to obtain a state shown in FIG 8A
As for the conditions for the ion doping, dose amobunt is 1x1015-1x1017
atons/cn?; and the acceleration voltage is 50-100keV. OnM ng to the second
doping treatnment and the third doping treatnment, to the | ow defhgill Y00&r eas
636, 642 and 648 which overlap with the first electrical conducting

| ayer, an [ ur| y element inparting the N-type is added mnthln t he

densi t y*FARGE " 3f-Kex $6T4 CRAHES oo &S LATR theh dapsneidy Rogdhian wE ithsurity
areas 635, 641, 644 and 647, an inpurity elenent |npart|n% the N-type is

added WELRFR HEUEHSGaY Fandaching1layes 5xBa, atbasACFRlegatdom se, as
for the second doping treatnent and the third doping treatnment, by

adapt i n§oakagppropedaceddonerthen shatvof thgsedand dopbssithleatimenfnr m t he
| ow-density inpurity area and the high-density inpurity area,

respect apél §, tiirdfopliow tgreatmeatimast cafeded aftetoravaime tstatreesi st
masks, new resi st masks 650a-650c are forned, and are subjected to a
fourth dbpiwngint FEat neéht. Anfwr tithd Rpriditidh YN GHe dainT@oipinigo, t he

i sland-1i ke sem conductors, which becone the active |layers of a P-channel

type TFApskMBMbubLY akeas1658. 165 @%%n@%m@ﬁoanaa@%dawcte*le%ﬂﬂmw' ty
el enent inparting a conductive type 40 8 JUN 2006 opposite to the

above- d&&thb@dlﬁoBdUbek%Vtyp@w1ﬁ§etﬁoﬁﬁﬁdsecHﬁBnaobH%gs%QQQQM§ﬁ¥nr'CaJ
conducting | ayers 628b-632b as the

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
‘thirddoping 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

treatﬁent.

Next, after rehoving 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-1like semiconductors, which become the active layers of
a P-channel type TFT, impurity areas 653, 654, 659 and 660,

added with an impurity element imparting a conductive type
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masks against the inpurity element, an inpurity elenment inparting P-type
Is added to forminpurity areas in a manner of self-aligning. According to
the Exanple 1, the inpurity areas 653, 654, 659 and 660 are forggg)yhis
means of ion doping using diborane (B2H6) (FIG 8B). Wen the fourth
doping treatnent is carried out, the island-1i ke sem conductors for
formng N-channel type TFT are covered with the nmasks 650a-650c conprised

f t the f dd t t t t he i it
ar cas onPomg it e dhRuesRoras ook Candgs taroa aRRe) F5e TR En 1 om
rea of ries ERBVEREHRL adanRniFak CoRduRting LoVara AR 1Al Borgo. (ype

is 1 x10"9-5x]1 02" atons/ cnB, since the inpurity areas function as the source
area andadks dRIRANEEeLRS F-H'@uﬁitﬂYanﬁéPmF%e AT, impyrtab| ehewertrs. By
carrying out steps up to the st descri bed above, inpurity area is forned
in the A&RFeRinge B-divae-is b@dd fioc Seduc Lopurityenreas Aot aveahoer
processing is carried out. As for the activation processing, well-known
| aser a®f v@liformliadargmal Asctonditi®rtorti Axaiplatl pnthes apphitep| e
thereto. Further, the laser activation-processing step maybe done, after
the fir streiast 653ay664i,n66batnags 6 | amrd & deeh tyomeats dlienont depmgk
650a- 650c conprised of a resist is renoved, 41 8 JUN 2006 and a first
i nter| apsinonsaibéragef i(ByHHPL (FId.orgByl, Awnedr thde oursh idégihgyer
insulating film 661, using the nmethod of

treatment is carried out, the island-like semiconductors for

forming N-channel type TFT are covered with the masks 650a-650c

P

comprised of a resist. Owing to the first to third dopin_g
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.

(f 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 laser activation-processing stepmay be done, after
the first interlayer insulating film has been formed.

Then, the mask 650a-650c comprised of a resist is removed,
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pl asma CVD or sputtering, the insulating film which contains silicon, is
formed in thickness of 100-200nm According to the Exanple 1, a silicon
nitride-oxide filmof 150nmin film thickness is formed by nmeang N pigasma
CV/D. O course, the first interlayer insulating film661 is not |limted to
the silicon nitride-oxide film Another single or lam nated |ayered
insulating film which contains silicon, may be used. Then, by carrying out
heat pr Sgi tment  for. 1-12 hours at 300-550C), the filmis
nydr opeaatiod £RpE L Al dd SRR dnat Pedid TR GRnas ERTPERG. MG ¢ he

I sl and- Lﬁ%‘ge ilsegi cogdu tor bj%/ rrlffns_of hydrogen, which is contained in the
first i nterfa MsTF 22YRh 19t 3bing 1T 6&dti Y8180 thedtethod &F ayer

i nsul at i fil t he island-|ike sem conductor can be hydrogenated. As for
anot herpigﬁﬁ@ ?E‘%P Ph STt it 1neRdatiing Rhdmpersid) sond@itng pl asna
hydrogenati on (hydrogen excited by plasma is used), or to a heat treatnent
for 1-181lg6GRs 48 Foames0EN rHhdwkitefss pHerld CRERAGIMI nd orFinpito
hydrogen. Next, formed on the first interlayer insulating filme66l is a
second theeEkappdei Asudasihicon|mitoRdecopideefibh @b 1501om ganifilmsul ati on
filmmaterial or an organic insulation material. According to the Exanple
1, an athjkkpesesils fhiolrmedobyl me@ntsmdih flidsmd huukness icvufraraedisd ng
amaterial of 10-1000cp, 42 8 JUN 2006 preferably, 40-200cp in viscosity,

whi ch féimstuieremieseronnddlaisitid a88£1m 661 is not limited to the

silicon nitride-oxide film. Another single or laminated

layered insulating £ilm, which contains silicon, may be used.

o~

Then, by carrying out heat processing (heat treatment
for 1-12 hours at 300-550°C), the f£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 £ilm, the island-like semiconductor can
be hydrogenated. As for another means for the hydrogenation,
the film may be subjected to plasma hydrogenation (hydrogen

(Jg 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

ofl.6uminfilmthicknessisformedusinganmterialof10~10000p,
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According to Exanple 1, in order to prevent specular reflexion, unevenness
Is fornmed on the surface of the pixel electrode by form ng second
interlayer insulating film which is formed with unevenness on t%ﬁ ﬁg@iace
thereof. Further, in order to obtain light scattering by giving %v ess
to the pixel electrode, a convex portion may be forned in the area bel ow
the pixel electrode. In that case, since the convex portion can be forned
~using the ne“ﬁPotogaaﬁ as that for torning_ the TFT, the convex portion
can be FEF%%& Yol PH0FRad Y SPRELAYmDER 16 e EpS . uNEeRRARECThor ti on
may be formed appropriately on the substrate in a pixel section area other
than t h&hf ﬁqﬁfaﬁﬁﬁ TFT portions. Thus, unevenness is fornmed on the
surface of the pixel electrode along the unevenness formed on the surface
of the insul aPrEerAilng tehiFsemumhers, t e cvdeextoFpmrelvemt spfaduhapf whi ch
surface is planarized may be wused as the second interlayer insulating film
662. | nrefdexicase unavennaa=efisr Moxtndrhtqn dffteersurfage e e qisode is
formed, a process such as well-known sandbl asting, etching or the like is
added t elesiterddeebyuf daning kereonfd uneee dyerpinyanahtspgcel tn, wigfcH exi on,
and thereby reflected light is scattered, resulting in a increased white

| evel . Nextforafede fvifttr tinky die et AIMBYSS tstd et | ngJddBr 662, a
third interlayer insulating filme672 is forned so as 43 8 JUN 2006 to cone

in contael oMdelt e obe@Rd 1A |sRURMtd Ty Y M iddMbR%enness to

the pixel electrode, a convex portion may be formed in the area

below the pixel electrode. In that case, since the convex

e,

portion canbe 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 iﬁsulating £ilm, which covers the convex.

Further, a film of which surface is planarized may be

S

used as the second interlayer insulating f£ilm 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 interlaye: insulating film

662, a third interlayer insulating film 672 is formed so as
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Then, in a drive circuit 686, wirings 663-667 that connect the respective
i mpurity areas with each other electrically, are fornmed. These wirings are
formed by neans of patterning a lamnated filmconprised of a Ti fJUI %@f
50nmin filmthickness and an alloy film(alloy filmof A and Tﬁ) élf
500nmin film thickness. O course, not limted to the double-Iayered
structure, a single-layered structure or a triple-layered structure may be
adopted, Al so, the material for the wirings is not limted to Al and Ti.
For exafrfl 89M¢ HE? \Gom Wey-bhEher §eGapd bl tREIaY e i s et HAEdd S i I m in
which Al or Cuis forned on a TaNfilm and further thereon, a Ti filmis
f or med 5(5I3I'G 9). Further, in a pixel section 687, a pixel electrode 670,

a gate wiring 669 and a connecting el ectrode 668 are forned. Owing to the
connecti ng el Ebenoda $68ivehelzaulc 6846 Mingingd &6k nadd Dhhat «B33@end 633b)
is formed wth an electrical connection with the pixel TFT. Al so, the gate
Wi ring 68e respkotiwve wnphraiyelgetas edlihc eantc bittie rwietlle ctthrd ogdtiey el ect r ode
of the pixel TFT. Further, the pixel electrode 670 is formed wth an

el ectri ezk €ommedti OThesé hwirings naps efofibdd By nlgarpi x&d paticBrnang
furthernore, formed with an electrical connection with the island-Iike

seni conducAnoin 56 Ehat dothsti 988 o¥Sa an £l Bf birogienm AANBE 1h Witk na 10l di ng
capacity. As for the pixel electrode 44 8 JUN 2006 670, it i's preferred to

use a nahar hal aﬂ!ﬁﬁ 2814 {ALMbGORRIMSEE aPfarfd #f) A% aoddie iRig] 1gpPONent ,
alamnated filmthereof, | ,
thickness. Of course, not limited to the double-layered
structure, a single-layered structure or a triple-layered
- structure may be adopted. 2also, the materiai for the wirings
is not limited to Al and Ti. For example, the wirings may be
formed by patterning a laminated £ilm, in which Al or Cu is
formed on a TaN f£ilm, 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
(y (lamination of 633a and 633b) is formed with an electrical
connection with thé 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 conne_ction with

the island-like semiconductor 606 that functions as anelectrode

constituting a holding capacity. As for the pixel electrode
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and so on, which is superior in reflexivity. By carrying out the steps
descri bed above, a CMOS circuit conprised of an N-channel type TFT 681 and
a P-channel type TFT 682, a drive circuit 686 including an N-channel type
TFT 683, and a pixel section 687 including a pixel TFT 684 and GJUMHBIEI ng
capacity 685 are fornmed on the sane substrate. Thus, an active matrix
substrate is conpl eted. TheN-channel type TFT 681 of the drive circuit 686
includes_ a channel formng area 637, the |ow density inpurity area 636
(GOLD aPdfy, Thnt T RTEFEMFSSS tRidse @ Pptsrialesteh @l achbhim@amiriseder 628a
constituting a part of the gate electrode, and a high density inpurity
area 652% Adt oFuhgt#dnhagnate cunperenty ea Jaminat el & Hlartde retie,
P-channel type TFT 682 that constitutes the CMOS circuit being connected
with N é@ndnsel ont.ypdithT i8 bupexrian direatefdascid@dy ncl udes a channel
formng area 640, the high density inpurity area 653 that functions as

t he source ar 8x cartying oaitnthe ecteprddekeriedr abhyval @acldg cimduiogduced
with an inpurity elenent inparting NNtype and an inpurity el enent

| mpart i cgmprifswde ofFant Nechan®e INGHRNMET tegre ankh b @I Hd4ialddas e channel
formng area 643, the low density inpurity area 642 (GOLD area), which

over| apgrw 6823 &i dBiveCONHUEit VEsS aV0E1 83DRG CONTE L ML A RGN o pak tr@f the
gate electrode and a high density inpurity area 656 that functions as the

source 4338, bl 30Pxal 30t ibhes 92l Ac@h8ng THEp PLE e TFF e §8%4,04 4 he pixel
section includes a channel
holding capacity 685 are formed on the same substrate. Thus,
( ; an active matrix substrate is completed.
TheN-channel type TFT 681 of thedrivecircuit 686 includes
a channel forming area 637, the low density impurity area 636
(GOLD area), which overlaps with a first electr.ical 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
impurity element 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 ahigh density impurity area 656 that functions as the source
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formng area 646, a |low density inpurity area 645(LDD area) that is forned
outside the gate electrode and a high density inpurity area 658 that
functions as the source area and the drain area. The island-Ilike

sem conductor that functions as an electrode of the hol ding cgpagiAm 685
is addedwith an inpurity elenent inparting N-type and an inpurity el enent
inparting P-type. The holding capacity 685 is conprised of an el ectrode
(lam nated | ayers of. 632a and 632b) using the insulating film 616 as the
di el ect A E%NF dﬁ"q 44 13982 seni conductor film In the pixel structure
according to the Exanple 1, the end portion of the pixel electrode is

di sposed to ovef Bpet (I T 684 of heepireilReableminalvsespachdnneaken t he
pi xel electrodes is shielded without using any black matrix. Exanple 2 In
Exanpl e £ ngh fdfedc o6 n@ restvh stenofi by TP WSty ared o667 (LDD adied ] on

met hod according to the invention wll be described. First of all, as
shown i ¥h@tGis1Zarmed anbspldeushesgaiteonliactoodéi amii s Hoghretkron @

i nsul ation surface, and then, the anorphous sem conductor filmis

subj ect daprugrisy etreds 6358 tihdtorfaradt iGiaings | tike s@nico e ofred 6804 and
6002. FIG 12G is a top viewof FIG 12A, and a sectional view along the

line 46 @ alldNa2@@6 ATheAlsisn&lGiké2hemIBEAGUABoENEMALI fulkid G odLBhs an
anor phous sem conductor film 6003 is formed to cover the island-Iike
seni coneicd DESt BN o8 hPROZa1 hl dapAialee§ 89 stditea PR Al Vrity
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 the insulating £ilm
616 as the dielectric and an island-like semiconductor £ilm.
In the pixel structure according to the Example 1, the
end portion of the pixel electr_o‘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
L In 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 filmis 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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before formng the film the filmis subjected to rinse with diluted
hydrofl uoric acid to renove oxide filmfromthe surface thereof, and then
t he anmor phous sem conductor f iIm®6003 is f orned inmediately. F@ﬁﬂNﬂﬁ@ S
atop viewof FIG 12B, and a sectional view along the line A - | G
12B. "Next, as shown in FIG 12C, by subjecting the anorphous sen1conductor
filme6003 to a patterning processing, a filme6004 of an island-Iike

sem conductor filmA, which covers the island-like sem conductors 6001 and
6002, i $T0rméd. F#ﬁs 1221 TRen, t3p Shewn ofn FXS.- 1128, & amaxathdwnal vi ew
along the Iine - A is FIG 12C. Then, as shown in FIG 12D, a | aser
beam |§‘*|“P1‘%§’dﬁdé’(°é?9%eﬁ’e]éﬂl 0093 i® £REMPR| kroooNest thiee isslanttlike

sem conductor filmA to increase the crystallinity. FIG 12 is a top view
of FI G SEMdcoasiictosece POhardaORd odd tspréfarreAthati, sinfle@iai2ly Next, as
shown FIG 12E, the film 6004 of the island-Iike sem conductor film

A, whi ch bieoTiee Eorimiace Abed Eidmcr yheafliimi 1y, subgestubiecsd edirise avipgi t er ni ng
to forma filme6008 which will beconme an island-like sem conductor film B.

FI G 12Kiilsited bpdrefduoeficRdd 12Eemove axide! £ oD@l ndrevhalangrdde | i ne A
- A is FIG 12E. Then, as shown FIG 12F, a TFT, which uses the film 6008

of i sl arthelrielo , s enaduticdndipHdBs 8emh be naGkicvs: M Bs oM 12006 -dayer, is
formed. Al though the follow ng particular preparation processes may vary

dependi g ildie150nf Faer.at 298 s DkobhpihFde HiP! 28!, Yand B dAlIQNY steps
are carried out;
view along the line A—A' is FIG. 12B.

Next, as shown in FIG. 12C, by subjecting the amorphous
semiconductor £ilm 6003 to a patterning processing, afilm 6004
of an island-like semiconductor film A, which covers the
island-like semiconductors 6001 and 6002, is formed. FIG. 121
is a top giew 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 £ilm 6004 of the island-like
semiconductor f£ilm A to increase the crystallinity. FIG. 12J
is a top view of FIG. 12D, and a sectional view along the line
S A—A' is FIG. 12D.

Next, as shown FIG. 12E, the film 6004 of the island-like
semiconductorfilmA,whichhasbeenincreasedincrystallinity,
is subjected to a patterning to form a f£ilm 6008 which will
become an island-like semiconductor £ilm B. FIG. 12K is a top
view of FIG. 12FE, 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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i.e., a step in which a gate insulating film®6009 is formed so as to cone
in contact with the film6008 of island-like sem conductor filmB; a step
in which a gate el ectrode 6010 is fornmed on the gate insulatin%a@i;ﬂ@ a
step in which inpurity areas 6011 and 6012 and channel form ng g 013
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,i d 08;. and step.in which wirings_ 6015 and 6016 that are
connectéﬁakﬁgh t%biﬁﬂﬁﬂq{a'ar8&§ﬁeﬁfb 5#& 66%5%%“&W&n%ﬂ9¥?%94#%%r|ayer
insulating film.6014. FIG 12L is a top view of FIG 12F, and a sectiona
vi ew al SHFHNE “HThRTRCRSSPS FRG VaRy- depea dimik RAckle somfdsngiattiom il min
the inmpurity areas 6011 and 6012 is adapted so as to be thicker than the
t hi ckne&: e -s &mPdGaddat-orthe f@lilpwinn mliefo@nenganmiedb@s: : Si nce
the sheet resistant of the inpurity area can be reduced, it is preferred
t o obt ailnSsat ifsFPAEPoAR Wil &t @atecHarsadtadring iftislm B lics Tdasapl e 3
i ncludes a process for crystallizing a sem conductor using a catalyst.
Only t h&%@isntto witilsh i d@n BadUNvROB6tHEf Felent obBomiet e lrarmalikel, Wil |
be described. Wen a catalyst elenent is used, it is preferred to use the
t echni q@emiomnidelrtcar & idins © ;0%ed tep Japanash Rateile laiddtaie Np1¢/- 130652
and in Japanese Patent Laid-Qpen No. 8-78329.

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

areas 6011 and 6012 and channel forming area 6013 are formed
('g _ in the island 6008; a step in which an interlayer insulating
film 6014 that covers the gate insulating film 6069, 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 film 6014. FIG.
121 is a top view of FIG. 12F, and a sectional view along the
line A-A' is FIG. 12F.
The thickness semiconductor £ilm in the impurity areas

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

L

of the semiconductor film in channel forming area 6013. 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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After form ng the anorphous sem conductor filmusing NN, the sane is
subjected to a solid-phase crystallization (hereinafter, the
crystallization nethod will be referred to as N SPC). For exanple, when
t he techni que disclosed in Japanese Patent Laid-Open No. 7-130682UN{Z66
anor phous sem conductor filmis applied with solution of nickel acetate
salt containing N ckel of 10ppmin weight conversion to form a

Ni ckel - iLning.la and after dehydrogenation processing for one hour
at SOOCfd(itrtl e%&r"ﬁ%ﬁ?ﬁlgfiﬁf &b ¥ildda deperihefr (Whemaratdrst at

500- 650C; for exanple, for = 8 hours at 550QC, to crystallize the sane. As
for appPrERERE 18458 stlileliehbrel stredddrt Hen the Nieohniques, whiah enent
such as Gernmanium ﬁ)’ iron (Fe), Palladium (Pd), Tin (Sn), lead (Pb),
Cobal t E&6) ,dlﬁpérpﬁﬁ PPYRppPagesgePatemt, Igdidtqpan MNy. 7t-H8d65& amay be
used. The process of applying the solution of nickel acetate salt and the
heat tré#8t HBRENESepPaipnte Ladd-Openolio .afst-a832%e i sl and-1i ke seni conduct or
filmA has been forned. By nmeans of |aser irradiation nethod according to
the inventi oAftehd amyisiaithienamyrphotibesdntl esrdldker Fammceadugtngr, film A
whi ch has been crystallized in a manner of NiSPC, is 49 8 JUN 2006 further

i ncreasétie Ssae tike pabyectsidl tbnea seyGENQIEN  idianad st ians of
| aser beamirradiation contains a catalyst elenment, a process (gettering)

to renoyherbenadtakysthel €ApBtallitogriba ae¥abal {118 SePLNAUCI Yo filmis
carried out after _
as NiSPC). For example, when the technique disclosed in
(if Japanese Patent Laid-Open No. 7-130652, the amorphous
semiconductor £ilm 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
rcatalyst 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 fhe island-li];e semiconductor

film A, which has been crystallized in a manner of NisSPC, is
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the laser crystallization. As for the gettering, the techniques disclosed
I n Japanese Patent Laid-Open No. 10-135468, Japanese Patent Lai d-Open No.
10-135469 or the like are applicable. In particular, to a part ofggbﬁgmﬁ
pol ycrystalline sem conductor, which is obtained after |aser irradiation,
phosphorous is added and is subjected to a heat treatnent in a nitrogen
at nosphere for 5-24 at a tenperature of 550-800C, for exanple, for 12
hour s a% a henperature f 6Q0C. Wen applyin% the invention, it is
pref er r BHTERSE, 1AFTEASE4Hi ngiPRe tBRoBBRECEYS tod lime SemicondUstorT ar ea

ot her than i sland-1ike sen conductor filmB, which will becone the active
| ayer oPPtafppeddy pgangeof dases PerB isaradbribien eontalims/a calre Lysdt
treatment is carried out. OMng to this, the area added with the
phosphofdGBens . & mrqusnse rigsitdldning kde remduet bhe amrtisalassia edenteart ng site,
t he phosphorous resides in the polycrystalline sem conductor can be

segr egatsam| fhe herys bal hildeds emibobiecpbosphbnols .cad el dux WEterit i S
possible to obtain the island-1ike sem conductor, in which the density of
cat al ysthellemwentciys takl Chatheh . areafoefthidhys fildr hag, bBER cBRUCRE S O | ess
than 1X1017 atons /CM3, preferably, to approximately 1x10l1l6atons /cnB. 50

8 JUN 2806cExsaspl#n dabanesaphtedt 1ot TodnING . Of 0 21 I8 46 8 WiiaGfares o or med
using a laser irradiation nethod according to the invention, wll be
descri bpdtent Laid-Open No. 10-135469 or the like are applicable.

In particular, to a part of the polycrystalline
semiconductor, which is obtained after laser irradiation,
phosphorous is added and is subjected 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. |

(M} Owing to this, the area added with the phosphorous in
the polfcrystalline semicpnductor acts as a gettering site,
the phosphorous resides in the polycrystalline semiconductor
canbesegregatedintheareaaddedwiththephosphorous. Owing
tothis,itispossibletoobtaintheisland—likesemiconductor,
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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A TFT shown in FIG 13A includes a channel formng area 7001, first
inpurity areas 7002 sandw chi ng the channel formng area 7001

t her ebet ween, and an active |ayer including second inpurity areq§#m@gmﬁ
sandwi ched between the first inpurity areas 7002 and the channel ftorm ng
area 7001. And further, a gate insulating film 7004 abutting to the active
| ayer and a gate electrode 7005 forned 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 electrode. The side walls 7006 overlap with the second

i mpurit Areas 7003 being interposed with the gate insulating film 7004,
and théngﬁéfhéy be conductive or insulative. Wwen' the side walls 7006

are conductive, the same nay be used as the gate electrodes including the
side wal | s 70068 E¥amp¥e ho@nstrurtere1sB s FEFuddsich disafeshefiorsimg ar ea
7101, first inpurity areas 7102 sandw ching the channel formng area 7101
and an &ctfFer dyaadisdiindl me Hwrdrabdopling ytardes 1ri40d sandwiched
between the first inpurity areas 7102 and the channel form ng area 7101.
And fur Pgedesgrgdesd.i nsulating film 7104 abutting to the active layer and
a gate el ectrode conprised 51 8 JUN 2006 of doubl e-layered conductive filns
7105 and 7106AbTFT'tshgwonin (HEG gaa insluddsng &hammal et dmelngeske Si de

wal l's 7107 is formed so as to abut to the upper surface of the conductive

film71090lantitet impuiids avebacaD0bahbficARHYGH 8nhhhel EGnidde side
wal l's 7107 may be conductive or insulative. -

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 £ilm are included

in the TFT. Side ;ﬂalls 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 £ilm 7004, and

the same may be conductive or insulative. When the side walls

T

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 £ilm

7104 abutting to the active layer and a gate electrode comprised
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When the side walls 7107 are conductive, the same may be used as the gate
el ectrodes including the side walls 7106. A TFT shown in FIG 13C incl udes
a channel formng area 7201, first inpurity areas 7202 sandmﬁchéﬂ @Eg
channel formng area 7201, and an active | ayer including second 'ﬁ% ty
areas 7203 fornmed between the first inpurity areas 7202 and the channel
formng area 7201. And further, a gate insulating film 7204 abutting to
the acti I r, ;a.conductive film 7205 on_the gate insulating film a
conduct ioﬁdplﬁ¥337%6§e5 eFPRGVChe VEpHE mssﬂ?Péc@“‘gnﬁlQ%é"b’iH@%@hces of

t he conqﬁﬁgive fil 7%05 and side walls 7207 abutting to the side surfaces
of the COWHRYS VBSULRFAPIITemALe AordwdedtheStdnwaddisvel 97 LmErao®dand t he
conductive film 7206 function as the gate el ectrode. The side walls 7207
may be SGnBEct? FPWr tonkhpaepper sugf@re InE theecorflilst Y20 7E wire W@ uct i ve,
the sane may be used as the gate electrodes including the side walls 7207.
The Exafpide t® kh¢ sddeasuirddcsst ofn thenviomsticirnivei thilany1oene of Exanpl es
1-3. As described above, according to the invention, it is 52 8. UN 2006
possi bl e to pHbei deide maallac? U0V nyagebbodontiuseiiveondudneuladaviece, Which
is capable of formng large crystal grains successively by neans of

artifi civlsleny tbensidé lwall Baiparo 1 afres abndgicewtR, tRSULLLEMAP K Ut eased
substrate processing efficiency in the laser crystallization process, and
whi ch, asnithke gateorvertirod@ls $he1uMRNIOEhUSAUA wIHITR G1lorser irradiation

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

7201,firstimpurityareas7202sandwichingthechannelforming

e

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 f£ilm 7204
abutting to the active layer, a conductive film 7205 on the
gate insulating £ilm, 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 £ilm 7205 and the
(u} conductive f£ilm 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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met hod wi thout requiring a special optical system 53 8 JUN 2006 WHAT IS
CLAIMED I'S: 1. A manufacturing nethod of a sem conductor device

conprising: form ng a non-nonocrystal sem conductor over an insulatin
surface; forming a marker and a first island-1ike seniconductor ﬂl.ﬁm&gﬂﬁ
which is a specific area including an area to becone an active |ayer of
said thin filmtransistor, in said non- nonocrystal sem conductor in
accorda it | ayout. . informatjon of said thin filmtransjstor; formng
a cryst %ﬁ%sga%}goﬁcoa@eéaov 9 ﬂ%%ﬁﬁ%*%@e%O%eﬁ%qu*%%rsai d
first isjand-|i ke!ésem' conductor_layer using said nmarker as a positional
ref er en&E PO i rRbF At Mg GIRANLR P FOFRINGJLAFSRI K5 YSTHr i BFRFYS ar ea of
said first island-like sem conductor layer to forma second island-Iike
sem condASESSHVRIr Py ipg s Bé%fwaﬁywqmlew eupet katierahin film
transi stor, wherein said | aser beamis a | aser beam of pulse oscillation,
and t he FFAWdd wi FEFStisg dinasen beerefsed| ssubstritat ipodessHims or
more. 2. A nmethod according to claim1l, wherein said |laser beamis

pr oduce @il Qisingy &ns dihed-lstsete drysdraldsicid t dmwrpascess, and which,

unlikeaconventionalSLSmethod,usesasimplelaserirradiation

method without requiring a special optical system.
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i ght source. 3. A nethod according to claim1, wherein said | aser beam
uses one or a plurality of light sources selected froma YAG |aser
oscillator, a YVO4 |laser oscillator, a YLF laser oscillator, a Y@lﬁh?N o er
oscillator, a glass laser oscillator, a ruby laser oscillator,

al exandrite | aser osci |1 ator, a Ti sapphire laser oscillator, a forsterite
| aser oscillator or . YLF laser oscillator. 54 8 JUN 2006 4. A

nmet hpd %ﬁg%&”ghn%ﬁ]g@% %I m 1, wherein said | aser beamis a _second har_m)ni c,

athird fourth harmonic. 5. A nethod accor di ng to claiml,

wherein the qteam spot, m|995| tuIrC])_I’Il} of |% Ia er beam ovg}1 Qe térfgé:e of said
non- nonocrystal Sen Conduc dhitrs di stahce” ?3pm 6r“C nore and

Sum or |espracieyery pul se OSCI |lation. 6. A nethod according to claimb5,

wherein the %3 Beg\hﬁ&p O%ocgy%rﬁ %‘ﬁ“ﬁ&?zga&?‘% rralov%>r<| gnl n the Iongl t udi nal

direction of ‘sai am spo Frection of “sai'd" Sean?spot IS
ort hogormlrfaie A net hod according to claims5, wherein the shift direction

of said beamfz‘p‘g“tﬁaﬁ Seild} %‘&‘ hQ“fE‘%QEallsE%éé'—Jmen g!;erf.leccotr{d%@téé‘%th

respect to th engt h rection of ‘sai mtransistor. 8. A
manuf actisieng Frbmlmdlfbfa smﬁoa(fndu@tm Yerdivgéngcenprisd e 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
salid marker as a positional reference for irradiating the laser
beam; and

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

wherein sald laser beam 1s 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 is produced by using a solid-state laser oscillator as a

light source.

3. A method according te c¢laim 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 oscillateor, an alexandrite laser oscillator, a Ti
sapphire laser oscillator, a forsterite laser oscillator or an

Nd : YLF laser oscillator.
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form ng 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 become an active layer of sai®lJihi0s
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 a specific
area including said first island-lik sem.conductor | ayer, using said
marker as a p4g‘si t iforAT MO8k €tH0E ln?ogoi rcﬁéldf“a irng ﬁ%“ila%?gbb—:a%?r and

et chi ng ddwen pesi phesgcardeahafnadiod far shiirgl admohike ozem candued or | ayer

to formha second island-1ike 55 6. JUN 2006 sem conductor |ayer, which
armonlLc

beconmes an active |ayer area of said thin filmtransistor, wherein said
| aser beamis a | aser beam of pulse oscillation, and the pul se wi dth of

said | aser beba.m .OfA gn%lt?m\lﬁd gégclnrlclfrllt' %n !:fa15ng > W, Eergs?rli etheg' e'g‘mrrgt Qt?d
according to claim8, erein sai aser ‘bedm’i's produced Dy USihg a
sol i d- strsd tiasercf osxid | dbsrr abeam| ioght Sdwer coarfhe Afmeshiod acsording to

cl aim 8, \fm%g Lp ag?m.émr Reamuyses o a pluralit f.l1ght sources
sel ecte ki rom$a ?(;G aser 0scl ?I ator, a of %ﬁ%earnce o 8'3dm Qr
mere and 5pm or less at every pulse oscillation.

G. A method according to claim 5, wherein the angle,
which 1s 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 ¢laim 5, wherein the shift
direction of said beam spot resides in the horizontal parallel
direction with respect to the channel length direction of said

thin film transistor.

8. A  manufacturing method of semiceonductor device
comprising:

forming a non-monocrystal semiconductor over an insulating
surface;

forming a marker and a first islahd—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 semiceonductor 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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oscillator, a YLF laser oscillator, a YALIO3 |aser oscillator, a glass

| aser oscillator, a ruby laser oscillator, an alexandrite |aser

oscillator, a Ti . sapphire laser oscillator, a forsterite |aser

oscillator or an Nd YLF laser oscillator. 11. A nethod according jig 8gai m
8, wherein said |aser beamis a second harnonic, a third harnonic, or a
fourth harnmonic. 12. A nethod according to claim8, in which wherein the
beam spot position of said | aser beam over the surface of said

non- NDNot ‘ioé}d%ceqiﬁrco]r‘?di?c'i’orwskél‘rﬁfft SqYpey anYi At ahte VIYRE Gt More and 5m
or |ess @atievaldh pulise cAsddd@ddon. 13. A nmethod according to claiml12,
wherein the angle, which is formed by the central axis in the 56 8 JUN

2006 | ongi t uditrteidi r eeidonl atesaibgabeahs spot laadrt Heeaghi P ®ikeTtion of
sai d be pot,. 45 orfhogonal . 14. A nmethod according to claim12, wherein
t he sh?c%gtélgllolraetcjtciﬁqdn %t sai d beam spot resides in the parallel direction
wi th respect tteet hguthannelidcangtdt disetdi onasér Saiedmt higt fipmd« ansi stor.
15. A manufacturing nethod of a sem conductor device conprising: formng a
non- nondtT st Cedhilbmiig &iF R -an i nsul ating surface;

9. A method according to <claim 8, wherein said
laser beam 1is produced by wusing a solid-state laser

oscillator as a light source.

10. A method according to c¢laim 8, wherein said
laser beam uses one or a plurality of 1light sources
selected from a YAG laser osgillator, a YVQ, laser
oscillator, a YLF laser oscillator, a YAlG; 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.

11. A methed according to c¢laim 8, wherein said
laser beam is a second harmonic, a third harmonic, or a

fourth harmonic.

12. A method according to c¢laim 8, in which wherein
the beam spot position of said laser beam over the surface
of said non-monocrystal semiconductor shifts for a
distance of 0.3pm or more and 5um or less at every pulse

oscillation.

13. A method according to claim 12, wherein the

angle, which 1is formed by the central axis in the
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formng a marker and a first island-like sem conductor |ayer, which is a
specific area including an area to becone an active |ayer of said thin
film transistor, in said non-nonocrystal sem conductor in accordance with
a layout information of said thin film transistor; formng a 8 JUN 2008
crystallization area by irradiating a | aser beamselectively to said first
i sland-1i ke sem conductor |ayer using said marker as a positional

reference for (rradiating the | aser hea and et ching a _periph area of
said 1 g SHudA] kB ISERT Eondtiot OF LFayesat o SPFm A SedBRd 35t Emd-| | ke

sem conductit iy el s IMiLhlecums an A dayar. area of said thin film
transistor, wherein said | aser beamis a | aser beam of pulse oscillation,

and attenuation area width from peak position of an optical power to a

poi nt where the p rea .50% _|s 10pm or, J es 7.8 JUN 2006 16.
A net hod accolr% ngpyvte%nec%%lldren §§,§OE éfggi ntéaicdloéajlr%selrz’be%irhe?(glgr ot uced by
using a solfd-diatetiasest ostdl batar sasta ddghtesSaiH Cthe IgarAl el hod
according to cJaim 15, wherein said aser beamuses one or a plurality of

|
|ight sotriceetidblBttladre?BRTh YAGH Ss&hagnG] | angth Limgst1osept

sald 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-1ike
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 £ilm
transistor;

forming a crystallization area by irradiating a laser
beam selectively to said first island-1like 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
gaid 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 1l0um or less.
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oscillator, a YLF laser oscillator, a YAL103 |laser oscillator, a glass

| aser oscillator, a ruby laser oscillator, an alexandrite |aser
oscillator, a Ti . sapphire laser oscillator, a forsterite |aser
oscillator or an Nd : YLF laser oscillator. 18. A method accordi ng j10 708
claim 15, wherein said |aser beamis a second harnonic, a third harnonic,
or a fourth harnonic. 19. A nethod according to claim15, wherein the beam
spot positio f said | aser beam gver the surface of said _non-npnocrystal
seniconductopléhi#ismFG%OQ'd?%?%ﬁ 219 T, SPpALBr Inr e "ARESEPM Pt ess  at
every pulsfe0sdddrat iion. 2Qanet hgd aceardi B9 @1¢hakpadd, whetein the
angle, which is formed by the central axis’in the |longitudinal direction
of sai d bEam SPoIr sl & hlel §Hi faounfigecti on of said beam spot, is
orthogonal . 21. A nmethod according to claim 19, wherein the shift
direction of said beam spot resides in the parallel direction with respect
to the channel7l ermgt hetthrect aotopflingaitb t Bilaifi 118 1 r amsirstior . s5848 JUN
2006 22.. A manufacturing nethod of a sem conductor device conprising:

for m ng B$fh- ry§?§| SBRi cohdwet HlWaritah ofnsdigbfngSeuFfate;

form ng se1mudes apehR firstags! agdel k@scillator, 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.

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 5um or less at every pulse oscillation.

20, A method according to claim 19, 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.

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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sem conductor |ayer, which is a specific area including an area to becone
an active layer of said thin film transistor, in said non-nonocrystal

sem conductor in accordance with a |ayout information of said thiq%fiﬁﬂmﬁ
transistor; formng a crystallization area by irradiating a |aser ég
selectively to a specific area including said first island-Iike

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

i sland-1i ke mi CorHURH AT &Y R R of s cortl P AHe95 Kievice

sem condugtri dsayer . whi ch becones an active layer area of said thin film
transistor, wherein said | aser beamis a | aser beam of pulse oscillation,
and att enuat iformmgn wk dt hofirbanpeakspeasi t issmisongdmcteopt | calerpowst to a

poi nt where. the power .decreases to 50% is 10pmor less. 23. A nethod
accordiﬁb %%}%§%§§Ag§f£%ﬂﬁérein said |aser beamis produced by using a

solid-state |mseiingscidl at@arrRéra | kgt seurcefird A 1elded-bBreording to
claim 22, wherein said |aser beam uses one or a pIuraJitf of light sources
sel ect ePFHHRAWAGY dstelos Mt oS & WeRL FEgetredstrt w89 @ YLF | aser

oscillatpfes @ YN BedGrer 20 8202008 syer of said thin  film

transistor, 1in said non-monocrystal semiconductor in
accerdance witﬁ 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 sald marker as a
positicnal reference for irradiating the laser beam; and

etching a periphery area of said first island-like
semiconductor layer to form a second island-1like
semiconductor layer, which becomes an active layer area of
said thin film transistor,

wherein said laser beam 1is 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 wusing 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 laser ©oscillator, a YAlO; laser
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~oscillator, a glass laser oscillator, a ruby laser oscillator, an

al exandrite laser oscillator, a Ti . sapphire |aser oscill ator a
forsterite | aser oscillator or an Nd : YLF |laser oscillator. 8AU gmod
according to claim22, wherein said |aser beamis a second har m)nl C,

third harnmonic, or a fourth harnonic. 26. A nethod according to cl ai m22,
wherein the beam spot position of said |aser beamover the surface of said
non- nonocrystal sem conductor shifts for a_distance of 0.3pmor nore and
5pm or ISl @t Brer y@ pudes®scilPEEEI oR S22 Lako%Fet héd dﬁ%’?dl#ﬂf?% claim

26, whergin theoangls, wWiigh s { %n%styrdh?% fhhét?dt raXis igy the

| ongi tudi nal” direction of said beam spot an direction of said
beam spoﬁappmmth@genalosczalaAouBt hodfacebedihg tiaserai ms@bllatherei n t he
shift directi o.frﬁgl%beams %mdes in the parallel direction with
respect Yo the th: &gt PG re@i9n of said thin filmtransistor. 60

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

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

27. A method according to claim 26, wherein the
angle, which is 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 c¢laim 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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