; €3e8h5<6Th#n~rra' o~ MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE
BACKGROUND OF THE | NVENTI ON Field of the Invention: The pr “mmm tion
relates to a manufacturing nethod of s~iconductor device memﬂ ilm
transistor, particularly to a technique for form ng crystallinggse

sem conductor film which conprises active layer of thin filmtransistor.
Rel ated Art: As a form ng nethod of active layer on thin filmtransistor
(Thin Fi | m Tr ansi MANIIEAQTRIRINGaAMEEHOD r @F e3ENICONDULSORFDEVIGEt echni que, in
whi ch an anor phous sem conductor filma.s fornmed on a substrate having an

i nsul ation surface, and then, crystallize the same in a manner of | aser
anneal i ng or heat annealing, has been devel oped. The | aser annealing is
known as BAOKEROENDI At T INMENTIIQMe, in which a high energy is given to an
anor phous sem conductor filmonly wi thout allow ng the tenperature of a

gl ass subgtirdide of othesenteotinrgh, and t hereby, the anorphous sem conduct or
filmis crystallized. Particularly, excinmer |aser is a typical l|laser, which
osci |l | at es shor Theauedegrigihvénghen gelagesntor hessfaatyaied aeghld has been
used since the |aser annealing was devel oped. The |aser annealing is

carri ed i ofresmr=condggtorn €echca nmanieng t Hdtin |fHder Beamsiistprocessed by
nmeans of an optical systemso as to be shaped into a spot-like formor a

| i near fomp@riticalsgilyac&ot oabe tiechadiadeed foand fiormigagr f e stelBénerr adi at ed
on the substrate is scanned by the processed | aser beam i.e., irradiation
posi tion eemilgenduseer fuam.i which' cdmpad swist Act Eepd@veroof HhiguEidwe to be
irradi ated. However, the crystalline sem conductor film which is prepared
by neans d&fransésteser anneal ing, conprises an aggregate of a plurality of
crystal grain (ordinary crystal grain size, which is prepared by neans of a
conventional excinmer |aser crystallization, is approximately 0.1-0.5,m,
and, the

Related Art:

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

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

laser annealing was developed. The laser annealing is carried
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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 elenents, since
the crystalline sem conductor filmis forned being separated into
island-like patterns, a.t was inpossible to formcrystal grains at
specified positions and sizes. Accordingly, it was al nost inpossible to
form channel -form ng areas with a nonocrystal sem conductor while

elim nati ngutt he sathugneasned thhe arysted wiai nsbpubdasy¥ed The riddmey f ace
(crystal grain boundary) of the crystal grain is an area where the

transl ati as@lanSypuRtay Sfstdie sor ¥sted beSsHepayerthtd tla kfoknoiwe tdtaim due to
the influence of the reconbination center or trapping center of the
carrier, or bheinedd gepaeatoh $lerq1d ebtbalirbadiaeedl addienersyfifalcegr ai n
boundary caused fromthe crystal defect or the |like, the current transport
2  characi®ebesitesd i tdd@nCane i AibdtradeCli easethna byaghd presdddsed he
OFF-current increases in the TFT. A technique called as super |ateral

growt h, byiaddrcheamompaeed {ierddieattions pdlsi@hiannosi ZRe Vids €O et iignal

exci mer | aser cryst3llization, a larger grain size can be forned, is known.
A det ai | edsriezed plithnrespéde tecid GuefiagedtsCbosefradiatad .t he super

| ateral growt h phenonenon observed in exciner |aser-induced crystallization
of thin Si fil nTHowdaaes the larystiad 1liné. sKimfiizoAgpttoPhfsElm L eiichb4E17), 25
April 1996, pp2303-2305". In the super lateral growth, a portion, where the
sem condugir@paredtey heash< ofipihet Hgedaenéal e, compriatés an agfgragaaser beam
and a portion where the solid-phase sem conductor area remains, are forned,
and t hen, dfhe prysilaltygoéwtiy degl gsadno(enckineers oriydtphagea semicenduct or
area as the crystal nucleus . Since it takes a certain period of tinme for
nucl eat i orwhticht dlse pplepaeednbyhsegospbet | gomed teibrerle xcdmemd aslee peri od
of time until the nucleation takes place in the conpletely nelted area, the
crystal graawstanatiundtibe, abhbye-aaseoximadesdgl | d: phaseuse/ri cord@jucttae area as
the crystal nucleus in the horizontal direction ( hereinafter ) referred to
as | at er alpogiittéoni and) the tdizeyfedhet oryheal i yrasurdis qradf eviea .
above-descri bed sem conductor. Therefore, the crystal grain grows up to a

| ength as | ong as fSmvdéhel TFEngvigicht igeprepardie on hnglds <lswbssrafer exanpl e,
with respect to the silicon filmthickness of 60nm a |ateral crystal 3
growt h of inamozdem i tiol ehgbhatekeslements . Heyigigeaf ttdre, tdnysglhdAadrenon wil |
be referred to as super lateral growmh. In the case of the above-descri bed
super | at sesicgnduchor fitlmpighfermed heivg|sedamagedciyte dislgndi-aikan be
obtained, the energy intensity area of the | aser beam where the super

| at eral gP@MBTRS . ot wepdapossimbetsfeyn ey stRdronaias at specifieat is
used in ordinary excinmer |aser crystallization. Al so, the range of the

ener gy i nPESItLPnEr 8R4 | 31258 r e AECPTHARI O FF 1A T R RASEWIBPRESdP1ehe
position control of the crystal grain, it is inpossible to control the

posi tion WeeF@rmchapgel ckySrNg granh WidhohMAPAEHY SFat t198E-COPABCEPEA ot her

t han that of the
while eliminating the influences of the crystal grain boundary.

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

caused from the crystal defect or the 1ike, the current transport



| arge crystal grain is the mcrocrystal area where countless nucl eation has
taken pl ace, or the anorphous area; the size of the crystals a.s not even
and the roughness of the crystal surface is extrenely |arge. Accordingly,
the irradiation condition, which is generally used in manufacturing of
sem conductor devices, is the condition where even crystal grain size of
approximately 0. | ~um0.5. mcan be obtained. Further, according

t 0" Sequent chariateriadtsiald dEf ticatdaarielr ididecidasean &dndms anr&€rt, Robert
S . Sposili and Janes S . Im Appl. Phys. Lett. 69(19), 4 Novenber 1996,
pp2864- 2866He QrEresizTent| Mmetreakes ith sitheosET.a Sequential Lateral
Solidification nmethod (hereinafter, referred to as SLS nethod) ( in which,
by controlling a¥ ttefchaiighkycal hed sapesupeat dradlergilowtrhwean be whictobt ai ned
at a desired position. According to the SLS method, an exciner |aser beam
of pul se oscmpamdd do ithel crgdial edrain ssivat erilaakcouvantishal -dxadignamsk.
According to the SLS nethod, the crystallization is carried out while the
rel ati ve pbase¢r erysehddenatheniad drargleragdathesi asaranbbanfosmad splsaced, at
every shot , by a distance ( approximately 0 . 75.m ( which is roughly
equi val entknowit he Al éagahled ddermptdoal of otlmedeachnitme $apdisdlatserdl

grow h; thereby, the crystal is allowed to grow by neans of artificially
control | edizsufén the enper dadwirhl gxowidsphebetemioobsebyedidnrepgdimerS| S
method it is possible to prepare crystal grains at desired positions under
artifici al }13seonindideddcrpatiallbratiom of fhane$i filintse dapes $ atlar.al

grow h. However, the SLS nethod has the foll ow ng problens as descri bed
bel ow. FirandoH.d11Kimhe 3pmwh eRiwvs. t Battt hed SUlFt.r at® Proddsdiodsd .

Pp2303-2305".

In the super lateral growth, a portion, where the
semiconductor is melted completely due to the 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 area as the crystalnucleus.
Since it takes a certain period of time for nucleation to take
place in the completely melted area, during the period of time
until the nucleation takes place in the completely melted area,
the crystal grows around the above-described solid-phase
semiconductor area as the crystal nucleus in the horizontal
direction (hereinafter, referred to as lateral direction) with
respect to the filmsurface of the above-described semiconductor.
Therefore, the crystal grain grows up to a length as long as
several tens of times of the £film thickness. For example, with

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



efficiency (throughput) is insufficient. As described previously, in the
SLS nethod, the crystallization distance per shot of |aser beamis

approximately |~ m Accordingly, it is necessary that the relative shift
di stance (feed pitch) of the | aser beam between the beam spot on the
material surface and the material substrate is lamor less . In the

conditions adopted in the ordinary |aser crystallization using a pulse

osci | | ati ofr&Xal ¥ 18880 um 1Q1eq_e[?fgtt‘f'1h tBREsSBAhcel | BefALi faara, s Rver al
10.mor nore . Needless to say, under such conditions , the crystal
peculiar tghdrdnedlon WEiLhOBeCaBr8PtedEPILRPF REr Datelal tdnwdlnS et hod,

al though a pulse oscillation XeC exciner |laser is used, the nmaxi num
oscillation frequengy caket b thel SsoRSGidIAtived Nefdr 8¥eLFBL drasah i S300Hz.
Under such conditions, only the crystallization area of maxi num 300m or so
i's processgrkridugh &§tRNIGR iivk1kNeaBgaRrestatt i OtabRe bBEQInH&AMNAL the
processi ng speed as descri bed above, in the case of a large size substrate
such as, fafeXAPtens OOPERKL 2H PR NadéABRSIMQWhetd bhé BapSEI amirhad, it
takes an extremely long period of time to process one sheet of substrate.
The fact tdhadwtH ikakBtafnédN0iPmACBSStAGnGé IR thBestitafsisibshaat e is not
only the problemof tinme and cost. That is to say, practically, a.n the
case of crissuakhiznbrdinaryaex@iniamphagsr sergoidiiciadiohi. | m1dde ther f ace
processing thereof is critical . For exanple ( in the case that |aser

i rradi ati arange 6frthe @nenigyaiheéns it aireg Dataxtalemediydeafiown WFtdamdi | ut e
hydrofl uoric acid or the like as a pre-processing, in the surface of the
substrat e,tlzovpewedihd dhetlas gsosihteiron icontubjleof ethé actysrdlageainrr adi ati on
at the first, there is a possibility that natural oxide filmgrows again in
the area witedie inpodijbdet ed dontifed the grodirtriaci wihes aalatdee cegsttall n this
case, anount of Carbon, Oxygen, Nitrogen, or anmount of contam nation

i mpuriti egrsichiasoBodaimedr tFluetheke, thdiated othekebhan theet fofmitabed
crystal, may vary within the surface of the substrate resulting in an
unevennesslagfget heystahsgisdior ishahaotirnrainyestall ahea wheresaoliacdeost t he
substrate. 6 Secondly, such a problemthat the optical systemtends to be
conpl i cat edhalerdins hast hekewmpisavd .oval tBeSametploous |drdas ribeesdary to

i ncorporate a mask, which processes slit-like the configuration of the

| aser beamipéhercuystaks sishaprtaeeenaididde roughhhes opf itd@ csystein
Odinarily, filmthickness of an active |ayer silicon, which is used for"~
pol ycryst durifpcesiibi eghremely fidnget.r ansi stor, is several tens nmor nore.
When a pul se oscillation excinmer |laser is used, the | aser energy density
necessar y Acgordinglus dhecimpadildtiipatdaniiity oat, Whaadt i90endrahdy gasda t ypi cal
exanpl e, for an anorphous silicon filmof 50nm approxi mately 400mJ/ cn®
with an Xé@ marpfasturingrobHfsepgipsadugtpsedoviesy. .19 rtheheosistienhod,
there is a super lateral growth condition, which is the optimumfor a
further skwhgrelgven crystal grain size of approximately 0.1um-0.5um can

be obtained.

Further, according to "Sequential lateral solidification
of thin silicon £films on Si0,, Robert S. Sposili and James S.
Im, Appl. Phys. Lett. 69(19), 4 November 1996, pp2864-2866",
James S. Imet al. discloseda Sequential Lateral Solidification
method (hereinafter, referred to as SLS method), in which, by

controlling artificially, the super lateral growth can be



stronger energy density area. It is difficult to prepare a slit-like form
mask, which is capable of enduring such strong | aser energy density. In the
case of the nask of metal material , being subjected to the pul se |aser
beamirradiation of a strong energy density, the tenperature of local film
is raised and cooled down rapidly. As a result, it nmay cause a peeling or
decay of configuration of a mnute pattern due to a |ong period of use (as

for photo dvtdiedaRRYa fqds kRSl 5bs EXPRSUr accakihay b anBasds imskhomt eri al
such as chromumor the like is used, since inconparably weaker energy
density than ddtanedsensenrepgym denNidnsdNecessanyibarisidton Lot | i zation
is used, there is no problem such as peeling or a decay of configuration of
t he m nut ea hatepahleriy a Hbiasikd hadk abauortdieetd Theushs andtaiar t hat
optical system becones conplicated resulting in a difficulty of maintenance
of an appattad Usystalhezg£oiventi ialied Sutwihiod. tharkhetive poiddiont 0 carry
out the super lateral growh, it is necessary to nake the spatial beam
power profbdtavedin the nlarsatialcand Unar paget ®elm 1% Hls® 1akkednuat iedergr ea of
the optical power between the irradiation area and the non-irradiation area

of the | astothedy) a dikidizLQayppbkonate B9 . M0d, whidgeid hRudBAR
necessary for the super |ateral growh cannot be condensed using the

ordi nari | yeqofilviaQ@ntsy 6t €tle Ardngthl be Exeidmfs laas €brined UsEdl . thAC eap@drngl vy, it
is understood that a slit-like nmask is required to shield the | aser beam
parti al | y.lalesradbgmsoittiof thémeebyy eheicaysitaltics sblawed e cxfvowiey desasi bed
problem and further, to increase the positional control of crystal grains
i n accor darfcantiifictihzly agontrafledchesupEf, lahedral 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 problem is that the substrate processing
efficiency (throughput) is insufficient. As described
previously, in the SLS method, the crystallization distance
per shot of laser beam is approximately lum. 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 lpum 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 tosay, under suchconditions,

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



si mul taneously, to increase the processing speed of the crystallization
process. More particularly, it is an object of the invention to provide a
manuf act uri ng nmet hod of sem conductor devices ( which is capable of formng
| arge size crystal grains successively in a manner of super l|ateral growth
under an artificial control, and capable of increasing the substrate
processing efficiency in the laser crystallization process. Further, the

i nventi on P ;hedSsSametinad AGiithiomghnat fuolk @fo ssamlaanduckecl dewtioes Whi ch i s
capable of formng |large size 8 crystal grains successively in a manner
of super |ristmlisgtiosd h thrdrax afullldddiildiaali oaont ¢ @hen@nd£capalha sef

i ncreasing the substrate processing efficiency in the laser crystallization
process, assaiellla tasniXeqir exd thee ral asanuf 28 0 0Hz Ng Unetehrotharsd argl it icorzv.eni ent

| aser irradiation nethod which does not need to incorporate a mask, which
processes éiey tRatirgstall 0faviod Ateh agaraxiarm TRt ot BbA sdprdddsdddke shape

on the substrate surface, into an optical systemunlike the conventi onal
SLS net hodin AisMaR¥eCkEn THie |IdAnNdAliONcAibasef the ddisatrobeappl izZed tthe t he
invention includes a first neans for controlling the irradiation position
of | aser heamesstingr eppedt at odescwiljest tabloyehe ipr phessasle (oS ubsiiaratee and
thin filmformed on the substrate); a second neans (laser oscillator) for
osci | | ati ngideheubasedatdearnh @ | Bbrctmale ,( OPOOaT 2 (s tLe rdinfenrs iphgcessi ng
the | aser beam and a fourth neans for controlling the oscillation of the
second nearisth thadTDmetbats ol itageshan fextsemedanbor perdbdt ¢t tigem spot of
t he

to process one sheet of substrate.

The fact that it takes a long processing time per sheet

of substrate is not only the problem of time and cost. That

is to say, practically, in the case of crystallization of an

amorphous semiconductor f£ilm, the surface processing thereof

is critical. For example, in the case that laser irradiation

is carried out after removing natural oxide film with dilute

hydrofluoric acid or the 1like as a pre-processing, in the surface

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

the laser irradiation at the first, there is a possibility that

natural oxide film grows again in the area where is subjected

to the laser irradiation at the last. In this case, amount

of Carbon, Oxygen, Nitrogen, or amount of contamination

impurities such as Boron or the like, which is taken in the

finished crystal, may vary within the surface of the substrate

resulting in an unevenness of the transistor characteristics

within the surface of the substrate.



| aser beam which is processed by the third neans , covers the specified
position in accordance with data (pattern information) of photonmask
configuration. As the first means for controlling irradiation position of
the | aser beamw th respect to the object to be processed, two nethods are
available . One of the nethods is a nethod in which the position of the

obj ect to be processed placed on the 9 stage is changed by driving the
stage by neans Gkcandiggeseeiitd bl emThRa Otitey optechs syseshackrnas whi ch
the irradiation position of the | aser beamspot is shifted using a | aser
optical sysd e tompl st hakihbeis Whet caheeposdiaDBLSSmétKed. Iot t he

i nvention, any one of the above-described two nethods is applicable; and a
net hod, i nisvheebstheyahniacdesorabech masknettinods papeessabigied; - liikeal SO
applicable. The position specified in accordance with the data ( pattern

i nformat i othe ainfiilbetratrask oe6nthgulasénpnbésmtphewgoOrdt orhd rsubssamteonduct or
film which becones a channel area, a source area or a drain area in the
thin fil mdumsfatiest Dfito ame@ bt Dbd Risgedeby cardinag lgut £ pantteridkmgsgr ocessi ng
by neans of photo |ithography technique on an island-Ilike sem conduct or

| ayer B afdfeancayisived [liaxyati ©hlidds,0whiikht he dsede ibr ginlhaefyertaliliieel aser
beamirradiation, it is necessary to subject the sem conductor to an

pat t er ni ngipriceastsh g fadmanrarsd iz, | ke seegrradncirct om o hore\, Whienh i s
specific area including an active |ayer form ng area conprised of thin film
transi st ora Ipplseanscodllphidm dxciwegr dpisert dshnsgde thenlhser fememgyar ker s on

parts of sem conductor film The marker
density necessary for the laser crystallization is at least

200mJ/cm® (as a typical example, for an amorphous silicon f£ilm
of 50nm, approximately 400mJ/cm® with an XeCl excimer laser of
30nsec pulsewidth). 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 energydensity. In the case of themaskof metal material,
being subjected to the pulse laser beam irradiation of a strong
energy density, the temperature of local film is raised and
cooled down rapidly. As a result, it may cause a peeling or
decay of configuration of a minute pattern due to a long period
of use (as for photo lithography for resist exposure, although
a hard mask material such as chromium or the like is used, since
incomparably weaker energydensity than the laserenergydensity
necessary for silicon crystallization is used, there is no

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



is necessary to realize the above-described fourth neans. Further, the

i sland-1i ke sem conductor layer Ais slightly larger than the island-Iike
sem conductor layer B. FIG 2 shows a portion 500 as an exanple of the

i sland-1i ke sem conductor |ayer A and a portion 501 as an exanple of the
island-1ike 10 sem conductor |layer B. That is to say, it is a node that
the island-1ike sem conductor |layer B, which will finally becone a channel
area, a Sopi€teerpa ard @sdirabBdansavel thersransssdraisadiet uded in the
i sland-1i ke sem conductor |layer A Using the |aser irradiator, which has
the above-@gstdd begshtiehSbe 888ES ddmpf1QWatelneagsit i inshaditetikerty

sem conductor layer Ais crystallized. At this time, using the fourth
means, a pef mawhiteRahgel&f binagpp &l bhlkheseshcontiueior skaywstiboOn t he
substrate after patterning processing in the sem conductor film which has
been for megurhdhe innsdatl 68 sSarf@acaut ithet Gipeeheadedal ngaeed dance wth
the data of the photomask configuration. And, the | aser beamis irradi ated
sel ecti vel ¥s hackbeatgltantlaké kBe3yd tti@dbedmpolvay @rokille &f Yakadlddeze t he
area using the marker as the positional reference. Next, the periphery
porti on ofbddieshakpnd:d ekemsaat e aidiesiuan ibay@read o Stisdibpeatad gawer et chi ng
by means of photo |ithographytechni que, andthe island-Iikesem conductor

| ayer B i Sbestijeacthd ipradpaticaf Rireg AHACESS inMg-ithediataod-dtdke of

sem conductor |ayer B is used as the active layer of the transistor. As
descri bed @abouaseac berndi)ng 1 tHe danwenttiionalt BBS| msetiodeamricse itheadi at ed
in such a manner that, not the entire sem conductor in the substrate
surface i shespanaedshvyry ierl deesubpenmatienrtlaggrdwddstaniet bemandansed

i ndi spensabl e portion thereof is crystallized. That is to say, by carrying
out the patdiergnitihg didinproteseptiran sysdensbabs- | the semimondestsr | ayer B
after the sem conductor has been crystallized, it is possible to reduce the
ti me necesisaugeflor Agoadiatdlyy tiheid awderiséandtthdathe pbit+tbike mals& renoved.
Onng to this, it is possible to reduce the tinme necessary for |aser
crystal |l i Zat imeqgudmrgdt voi abiebd ethdelguear dsgmngaspeatlvyf the substrate. It
a.s necessary that, after formng the island-1ike sem conductor |ayer A,

t he | aser beam headijeciterf tlse taveneibrous tozmwd veftheratidwat- detdreribeldand- | i ke
sem conductor |ayer B, which will becone the active |ayer of the

transi st orprabdefmor apd, fuotbﬂsurtptﬂnpqamﬂettbﬁaD0€€¢¢¢mﬂl(ﬂbnﬂnylcpfstal

grain in accordance with the |ayout of the TFT.
crystal grains in accordance with the layout of the TFT, and

simultaneously, to increase the processing speed of the
crystallization process. More particularly, it is an object
of the invention to provide a manufacturing method of
semiconductor devices, which is capable of forming large size
crystal grains successively in a manner of super lateral growth
under an artificial control, and capable of increasing the
substrate processing efficiency in the laser crystallization
process.

Further, the invention provides a manufacturing method

of semiconductor devices which is capable of forming large size



By applying the above-described constitution to the conventional SLS

nmet hod, the problemin the conventional SLS nethod that substrate
processing efficiency (throughput) is insufficient, is solved. Al so, a
means for ensuring the positional control of the crystal grain in
accordance wth the layout of the TFT is obtained. Further, according to
the invention, the tinme necessary for |aser crystallization can be reduced.
And furt hetrysrameghaind BatckbsieasgSntdpaphecesssngespaedral ddurtsubstrat e
and a nethod that ensures the positional control of the crystal grain in
accor danceurddea laayecitttigfictiae Ebhtasce, obhai aepabRirdthermarensiny ithe t he
conventional SLS nethod, the sinple nethod that does not need to

i ncor por atemas traske HobcPs OCes JATY dilkacgond itgie absen didstaaf1ilzazaonbeam
power at the surface of the substrate into the optical systemis obtained.
I n order tproaleisai,nakheesupes tat@ralidgy awmhnufactsries essaiod e iaange t he
spatial energy distribution of the |aser beamsharply in the direction of
the | atera conyentiahtgrasd¢h i(rradia&ion, métieodiwraein doasimothiedd tthe
solid-liquid interface o~ she sem conductor filmafter |aser irradiation)
That i s tomaypoirtatiesanetdss ahy chopebcas st eclicheoafliguvatiem «ff edew dt h of
optical power, which resides between the irradiation area and the

non- i r r adilasisiearbeEmepowé r theo laaslart -Hd&e step et hhasupsssabesurthee,
attenuation area wi dth capabl e of obtaining satisfactory super |ateral
growt h i s igheoi medoasibel osysteme . unlikiee thet ennetnbivrealeSLA defthibdom t he peak
position of the optical power to a

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
;scillator) 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



poi nt where the power decreases to 50~ is | OEun or less. In the
conventional SLS nethod, since an exciner l|laser is used, the density
necessary for the super lateral growth cannot be obtained by the ordinary
optical systemonly. Accordingly, it is understandable that a slit-1like
mask is necessary to be used to shield the | aser beampartially. The |ight
source of the above-described | aser beamis a systemthat irradi ates the
second harsmade is othdnddi rudy harindmiae tote fstargteh byamaamisC of of dtwye
solid-state | aser oscillator of pulse oscillation. Conpared to the exciner

| aser, in ddretdlliett .St abe dtaserone as d hetspd eadvingclangkei ofaditet iaut put

| aser beamis snmall , owng to the |aser constitution, with a cylindrical

| ens onl y ddsititdmadf itheubedtmabe an dipodr i/s sptiEtall upisigemlaers, opttidad possi bl e
to condense the beaminto a spatial beam power profile of the |aser beam
that is theyopm mmmaf stathetsaperhd sdursiregreowblsitlinnoidefikedi ndmease t he
substrate processing efficiency, it is desired to select a repeat frequency
and a feedm tioenlabni, sathenepbif ntine favotdraleSicS ietihbdo Mdehabnd-s~~ons for
that will be described below. The word " feed pitch" nmeans shift distance
of the submiplateatdteagender peltbedof ithehialsethdesmvd middreiBle® retohod,
since the distance of the super lateral growh per shot is limted to a
speci fi c Ingrigtdds lbyeenbabimed. tie dleed applléhabhéy, the substrate processing
efficiency cannot be increased. Wen the feed pitch a.s increased, it is
necessary to i nfheay®sditdont lrpecdfded firegaereydagfce heltlasthebdama

accordingly. The XeC exciner |aser used in the conventional
(pattern information) of photomask configurationis the portion

in a semiconductor f£film, which becomes a channel area, a source
area or a drain area in the thin film transistor, and is obtained
by carrying out patterning processing by means of photo
lithography technique on an island-like semiconductor layer
B after crystallization.

Also, in theinvention, before the laser beamirradiation,
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 1lithography technique,
and to form markers on parts of semiconductor £ilm. The marker
is necessary to realize the above-described fourth means.
Further, the island-like semiconductor layer A is slightly
larger than the island-like semiconductor layer B. FIG. 2 shows
a portion 500 as an example of the island-like semiconductor

layer A, and a portion 501 as an example of the island-like
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SLS nethod is maxi num 300Hz . On the other hand, the solid-state |aser
oscillator of pulse oscillation can increase the repeat frequency to the
maxi num several MHz. Accordingly, conpared to the conventional SLS nethod,
t he processing capacity can be largely increased by driving the solid-state
| aser oscillator of pulse oscillation to irradiate at a repeat frequency.
The upper Iimt of the repeat frequency can be determ ned wthin a range

t hat ensuresmidmndnercgy ldgnsiBy mhaessarto fsary,t he sspemoliat eiat tgreoW h at
every shot of |aser beam The upper Iimt depends on the maxi num out put of
t he sol i d-5¢ el laider esoiibbadoctef lJpyeseBosehldlaian. £ {Sanhte, bddoriehe ot her
conditions are the 14 sane) when the frequency is increased, the energy
density ataehenypel agrra,palssarice awsthueed.d dFatt leera of theetsoldidrtatrat e | aser
oscillator, not the conventional flash |anp excitation but sem conduct or

| aser exciitsatirgnlweld dnstheeis bamd- oidad |deaticondncteaskayeahed stability of
the | aser beamenergy largely. As .. result, it is possible to forma

sem conduct or ofUswhiodtheckasdnitrradiytdt ughiah hes titge arend efescAdeeddi ngl y,

it is possible to manufacture sem conductor device of which fluctuation in
TFT char actierd onéarss t ¢ fonnth meanpurthlesirs 1 angirddkeds ey copdugtoiri@yelraser
irradiator, the solid-state |aser oscillator is superior in

mai nt ai nabh lig eryeieilhdeadr e At dipar édmeo ubéngxtheefoumgemeaansadiaat or, the
pul se width of the solid-state |laser is longer. Since the tine for nelting
and cryst adhitzivhgcheicodestiamderahg- dtlbptseng conductnygekayar Beomittieh, | ar ger
crystal grain can be fornmed. Still further, by elongating the pul se w dth,
it is possiulistnaderaftharcpra itenrameprecess did irtbasemiconduatondilm,

which has been formed on the insulation surface, is comprehended
in accordance with the data of the photomask configuration.
And, the laser beam is irradiated selectively to the island-1like
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 technique, and the island-like semiconductor
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 tosay, by carryingout the patterning
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sem conductor surface, where is to be irradiated by the |aser, and the
interface (for exanple, base film between the sem conductor filmand the
filmabutting to the bottomface thereof. As described above, by reducing
the tenperature difference, the core generating speed becones slower. FIG
14 shows a result of sinulation of the relationship between the pulse w dth
and the base filmtenperature at 15 crystallization. Wien the maxi num
reached t enpereatsime of tiheeisgandohilkie tsamiswniiaceor sldiOK, a2O0&0Khand 2500K
respectively, the tenperature of the base filmtends to becone higher as
t he pul se sdndidonidaicitongess baed thestalhezddvel of pblssibérpes ateduecbecones
fixed. Also, when the pulse wwdth is larger than 50ns, -and preferably,
| ar ger t hamelO0ns pecksksrpfor,idtaliar imedtice Llhher besperathe poditfibar ence
bet ween the base fil mtenperature and the maxi num reached tenperature of
t he interftacde iremosepos Vvilryy tto ake ,t he dorpogeiteratingeipeed ther e
slowy. The follow ng table show a conpari son between the Xed gas | aser
i rradi at ortiardnthesbldry N1 laskirdesyatell aseridr nadi 8d aindreddee tBES net hod.
Table 1 Xed exciner laser irradiatorNd: YLF solid state |aserlLaser
medi unGas pxe€isp3obi dpetdtef (d: ¥ubskExreiteat i on nmet hodH gh vol t ageDPSS
(Di ode excitation)Mai ntenanceNecessar yMai nt enance freePul se w dt hAppr ox.
25nsec50- 200nse&Beam newgskbhegs thhan 3F®ewBFoFOAangPlthealisdands 1ike
avai | abl e) Machi ne pricel00 mllion or |essl8
m | | i onMasleNdcesdacyaskayeass dQptheal asas thea@oApradaa ol Homogemieds,
projection lens, etc)Sinple (convex and cylindrical |ens) 16

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
layout of the TFT is obtained.

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

not need to incorporate a mask for processing the configuration

12



OnM ng to the constitution as described above, it is possible to provide a
manuf acturing nmet hod of sem conductor devices which is capable of formng
| arge size crystal grains successively in a manner of super lateral growth
under an artificial control, and capable of increasing the substrate -
processing efficiency in the |aser cryst~.ilization process, as well as to
provi de a manufacturing nmethod using a convenient |aser irradiation nethod
whi ch doesMatkseecHetd poear pAr 8he sunbske omhitble pubsesses idi® the
configuration of the | aser beam power into a slit-1ike shape on the

substr at e mitrifcade syshen a8 aptaiaadd.system unli ke the conventional SLS

met hod. The word "sem conductor device" in the invention includes every
apparatus that s oapabl ecobbftanat ithei ngupgrusbengrahegsewktponductier
characteristics (for exanple, electronic device represented by liquid
crystal dirsplesysaandetieaigonhe spppaknatars: reyul jped buttilbntdeted aakeeni C
device as a part thereof). BRIEF DESCRI PTION OF THE DRAWNGS FIG 1 is a
di agr am i [Heastgtetniply in tlondigec tt ooof ched dtasel doysadilatrowthgadel.n t he

invention; FIG 2 is an illustration showing a | aser beam spot, which
shifts at téeerdimnadtsenn irh wiesqrecthé osahidbligqiid oibeepfacessedchEl GS. 3A
and 3B are illustrations showing a | aser beamirradi ati on spot of which

rel ati ve mewdoentiudtpectilonafitehi Tasesdbshdaation) chaibgedipytarsaps of

rotation of the substrate; 17
it is necessary to eliminate the attenuation area width of
optical power, which resides between the irradiation area and
the non-irradiation area of the laser beam, as much as possible.
The attenuation area width capable of obtaining satisfactory
super lateral growth is defined as below; i.e., the attenuation
area width from the peak position of the optical power to a
point where the power decreases to 50% is 10um or 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-1like 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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FIG . 4A and 4B are illustrations showing a relationship between the
channel length direction of a transistor and a | aser beamspot in a
relative novenent; FIGS . 5A and 5B are illustrations show ng
mar ker-formng portions; _ FIGS. 6Ato 6D are illustrations '.:owing a
manuf acturing nethod of an active matrix substrate; FIGS . 7A to 7C are
I1lustrations show ng a manufacturing nethod of an active matrix substrate;
FIGS . 8A tmmit8Gsaneeill dusindinagys ophdwa hgs ws tran ufeact, ul it ngys meddwid lef an
active matrix substrate; FIG 9 is an illustration show ng a manufacturing
met hod of tan cantleneentlhd ibecagulbstoad espafli@d bed) baved: POBfale of Ithet rati ons
of an optical systemof the laser irradiator, which will be described in
Enbodi nentldseb@8m. tAdA is thepbptiumemshomnithg suparf deteSEMdJdnmagd .af t er
| aser crystallization; FIG 11Bis an illustration showi ng a status of
crystal grain boumdadyr tBliBSreas2A heos Ubitt rarte pidaestsiatg efifsi siemwiyng a
manuf acturing nmethod of a sem conductor device using a laser irradiation
met hod accidr disngetsdrefetpnyed¢iore ,regieiach fwehheheydesdra biegkd wiEcbodi nent
2; FIGS. 13A to 13C are illustrations show ng a nanufacturing 18 met hod
of a sem cdredudtsorthgevptémyusi figr atheaasHiS imetthgidat | Bime nedriibid- ons for

that will be described below. The word " feed pitch" means

shift distance of the substrate stage per pulse of the laser

beam. Inthe SLSmethod, since the distance of the super lateral

growth per 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 dincrease 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. Accordingly, compared

to the conventional SLS method, the processing capacity can

be largely increased by driving the solid-state laseroscillator

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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according to the invent ion , which will be described in Enbodi nent 4; FIG
14 is a graph showng a sinmulation of a relationship between pul se width
and base filmtenperature at crystallization. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Now, referring to the figures attached hereto, the
node for carrying out the invention will be described in detail. FIG 1
shows a block diagramillustrating a |aser irradiation nethod according to
t he i nventsame, [whell Ghelf réquemet Heddnareastdwittes eaefrigystiensang gt
respectively, for controlling irradiation position of the pul se | aser beam
wi t h respeetery l@aseagbjpedset dsbeegnoedsked 107. One of the nmethods is such a
nmet hod that the position of the object to be processed 107 ( substrate ) ,
whi ch is pl aced Forrthest age 108 folxdcdimtgedaserdeseihgatbe, stayehk08 by
means of a stage controller 101. The other nmethod is such a nmethod that, in
a state theaentdretisuizst rfdtashpdsipi ercisatigedbut heenicomdatton et i on of
the | aser beam spot is shifted using an optical system 103. In the

i nventi on,ex¢itrriagne wflidetslieds mMipsbe adepidlator, inemtdmed &he which

t he above-nentioned two net hods are conbined with each other, 19 may be
adopt ed. |sttathelighowds- dbscilabed bewn ratdreds laygelvof Af henresalts, tite f act
that relative position of the |aser beam spot position wth respect to the
substrat e 13 RIRFIJEE Helfoirmaft semicondhttobect evhicdecxystamlinigyscan (t he
| aser beam spot)". Also , a laser irradiator 1 ~ ~ has a pul se | aser

osci | | at orfhutugtilem | ks aswatded- nedesordangdyei litat &8 PRESphlee toaser

beam The pulse | aser oscillator 102 can be appropriately replaced with
anot her orfe2Nuf agdeBied aABECORARC e AevdEesst i iol} dductpaciperin (KT pul se

| aser oscillators may be used being
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
possible to reduce the temperature difference between the
semiconductor surface, where is to be irradiated by the laser,
and the interface (for example, base film) between the
semiconductor film and the £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 film temperature at
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conbined with each other. In the invention, a well-known |aser may be used.
As for the |aser, a gas laser oscillator or a solid-state |aser oscillator
of pulse oscillation nmay be used. When a pulse oscillation gas |aser is
used, only a control by means of a photonask-like data pattern, which uses
a conputer 104 is applied thereto, and other constitution conforns to an
ordinary SLS nethod. In the node for carrying out the invention , a case,

i n whi ch rysltidldzatéohasdthegsthe|rmgmuwf rea¢ised deopelratiion afstused) wil |
be described. As for the solid-state |aser oscillator of pulse oscillation,
as a | i ghtsegdgrooductne orrfaqe 4sal3G0K .0RORPRANDR5POK arespeaitavedd. f r om YAG
| aser, YVO | aser, YLF |aser, YA103 |aser, glass |aser, ruby | aser,

al exandri ttd e hemperdiure ofppine h@sleadlm tegidst bpiacdmesbigMyZSisOfbsci | | at or,
whi ch are doped with &3+ , C+ ( Nd3+ , Er'+ ( Ce'+ , Co2+ , Ti3+ ( Yb3+
or V3+ asralze widipus Lypngany dd gihean. the Yeyelt A€ thandamperraturave of the
rel evant | aser, a | aser beam having a fundanental wave of |~ mor so is

obt ai ned, blegemes fixddes Hépendihed ore Phdsg@opidid hatlarggr than §6rend
harrmonic a third harnonic, and a fourth harnmonic with respect to the

f undanent-@ndnwavefenabbe. charder ddany 108nAg 4t nbh-BdIrddrlepdoi caflueeenent .
Further, the laser irradiator 100 has an optical system 103 equivalent to
t he thirdtheahempekdtdre digspabneedpe rerieddienpage e sp@pesftehe | aser
beam oscillated by the pulse oscillator 102 in the object to be processed.
The shapeasf the PasbpupRaahadferpesatihe ptldre dadantacs: 1021%s for ned
into a circular_shape if the shape of the rod is circular; if the rod is

sl ab- | i keP§RgpRLet Be Mk dhen&oa6f IpBeFaE e FRARY FATEcFfaRYdYar shape. By
further reformng the | aser beam as descri bed-above with the optical
system it is pbaRifAldoavdndotAPLAcSHAR SPBPABESPANRGTYREAMRE KBkl sur f ace

of the object to be processed 107.
gas laserirradiatorandtheNd: YLFsolid-state laserirradiator

in the SLS method.

Table 1

XeCl excimer laser | Nd:YLF solid state laser
irradiator

Laser medium Gas (XeCl) So0lid state (Nd:YLF)

Excitation method | High voltage DPSS (Diode excitation)

Maintenance Necessary Maintenance free

Pulse width Approx. 25nsec 50-200nsec

Beam length L.ess than 300mm 30-50mm(Plural units

available)

Machine price 100 million or 1less 18 million

Mask Necessary Mask-less

Optical system Complicated Simple {convex and
(homogenizer, cylindrical lens)
projection lens, etc)
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Further, depending on the purpose of the processing, a telescope , a
honogeni zer or the |like nay be incorporated into the optical system 103 to
process the beam Furthernore , the |laser irradiator 100 has a conputer 104
, which is equivalent to the fourth nmeans. The conputer 104 controls the
oscillation of pulse oscillator 102 ( and controls stage controller 101,
which is equivalent to first nmeans, so that the beam spot of the |aser beam
covers a positi owispedo itte Zdonsthtuitiendaisa defscaibesk apateer it lis addi tion
to the above described four neans , this |aser irradiation nethod may
i ncl ude a peadis foortoC pirbiraliki agnamer 4 @npeamat weeholl dhes @l @aiddar die
processed. FIG 2 shows a state that the relative position between the
substrat e @andiddewhashyidbeampadpet of Eadirsplgatedgd dizebergsannedaiats every
| aser beam pul se. Enl arged vi ews of beam spots 507a, 507b and 507c are
shown. Ref®u@noesisaanyolinSG/ andmmdd Gf Zsuienotlest eardlagefovi@amngeat anosi tion
at a pulse irradiation; 507b denotes the | aser beam spot position at the
next pul seartrirfadiiatli eoptand, 5S87C chepadiles cfhénkasasibeathes potbsposittel on at
the further next pulse irradiation. Referencesynbols 509a and509b denote
substr at e stagesssihdf effiistance {1 edde piaselr) cryseshiitatvigdy praicessery one
pul se of the | aser beam The feed pitch is required to be 0.3, mor nore and
5~m or | esas wehbras po erevdldleya magulfecOuriygmetbodmyiaaacBEenient| ess.
Further, as for the beam the energy density at the edge

laser jirradiation method which does not need to incorporate

a mask, which processes the configuration of the laser beam
power into a slit-like shape on the substrate sprface, 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 liquid crystal display and electronic apparatus

equipped with the electronic device as a part thereof).

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is an illustration showing a Llaser 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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portion of the |aser beamis generally | ower than the other portion,
processi ng on the object to be processed may not be nade evenly.
Accordingly, it is preferred that the |aser beamis irradiated so that the
edge portion in the longitudinal direction of the beam spot 507a of the

| aser beam does not overlap with the potion 500 equivalent to an

i sland-1i ke sem conductor filmA, which is obtained by patterning the

sem conduct or f FIGs22A aafitdy aceyisitlalsitiragtioon. sHeoriexams latiwneshigcanni ng
the beam spot of linear form it is adapted so that the area, which is
denot ed byeatsfeemnerivechamee illeb@8hididelc®io? qf adrrasistpadirat @dasert he
portion 500 equivalent to the above-described island-1ike sem conductor
filmA Weant bposeince/ rebabivafmmrerenyst al | i zation is used as the active
| ayer of the TFT, it is preferred to fix the scan direction so as to be
paral | el ed to t Fé&Gdi r5écandiBi arevilthsthet tens skpwingtaekelrafioginingr m ng
area noves. This is shown in FIG 4A and FIG 4B. Reference nunerals 529
and 539 i rpdElt@Gong;denote the island-1ike sem conductor |ayer A,
respectively) which is formed before |aser irradiation. Reference nunerals
528 and 538 denBiést t& bo &®, arespdatsitvetyonphuiiciving 4 oremed agsuanng

i sland-1i ke sem conductor |layer B after laser irradiation. FIG 4A shows an
exanpl e ofmeghodcpifvan| ageivefmatkizxngubsggateTFT which is provided with one
channel form ng area. A channel form ng area 520, which conprises the

i sl and-1i ke senf&endddt be 1Cagee iBlughgat hpns ishpvwingas mepufaggus2rg which
w Il becone a source area or a drain area, respectively, are provided. Wen
cryst al | i Metg§rHesénie opekit®maldiipggsuhetraster oscillator according to the
i nvention, as shown with arrows, the scan direction of the | aser beamis
fixed so as to BEGpasA relddare HAusErattond FHOWIRG @ ManNEACKEFLRBY in the

channel formn
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 1l2L are illustrations showing amanufacturing
method of a semiconductordeviceusingalaser irradiationmethod
according totheinvention, whichwill be described in Embodiment
2;

FIGs. 13Ato 13Careillustrations showingamanufacturing
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area noves (channel length direction). Reference nuneral 523 denotes the
beam spot of the | aser beam which scans in the 23 directions indicated
with the arrows. Also, in FIG 4B, an exanple of an active layer of triple
gate TFT to which three channel form ng areas are provided is shown.

I mpurity areas 533 and 534 are provided so as tv sandwi ch a channel form ng
area 530 therebetween; further, inpurity areas 534 and 535 are Provided so
as to sandi¢ttiodofhasnebohanatagdareae b31nyhdraadeat ot i aaridnfmertthver nor e,
impurity areas 535 and 536 are provided so as to sandwi ch a channel form ng
area 532 taed@bringeenthdhisnehheos ehhtendiltl bk des catiypelaln Bntediingintg t he

| aser oscillator according to the invention, the |aser beam scans in the
direction ©f the arrows. However, as a matter of convenience of circuit

| ayout, as for the TFT used in active matrix display, the direction of
carriers, novingIicnti tthea gespbcthora ngcea isigullayépnohfapned 1 dtoromsihg par eas,

may sonetinmes be different fromeach other, in the pixel section, the
signal |irnsethdare cpulkset wédthonandnd Bdwe scAhlhi neegpeveturecuiatt secti on
In such a case also, the invention is effective, and that will be described
-referring ¢nydadli8atEbs. 3 shows a case that the scan directions of the

| aser beamin the scan line drive circuit area 512 is different fromthose
in the other areas . First of all, using the markers forned on the
substrate as the positional references, as showmn in FIG 3A, area 511,
which will becone a signal line drive circuit, and area 510, which w |

becone a pi xel section, are subjected 24
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now, referring to the figures attached hereto, the mode

for carrying out the invention will be described in detail.

FIG. 1 shows a block diagram ijillustrating a laser
irradiation method according to the invention. In FIG. 1, two
methods are shown as a first means, 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 position of the object to be processed
107(substrate), which is placed on a stage 108, is changed by
driving the stage 108 by means of a stage controller 101. The
other method is such 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,
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to the laser irradiation. Next, as shown in FIG 3B, the substrate stage is
turned by 90 and the markers forned on the substrate are read agai n. Based
on the positional information, the area 512, which will becone a scan line
drive circuit is subjected to the laser irradiation. Thus ) it is possible
to change the relative shif-t direction of the |aser beam spot within the
substrate and to irradiate the sane. Further, there may be a case that,
even when thde deaselopiteedadi ation is being carried out, the | aser beam shoul d
not be irradiated tenporarily to the surface of the substrate. In this
case, an AO (acamstbepsbeee)dds@hibatduwoane tinodleyitmeh wihi them snezapabl e of
tenporarily and conpletely shielding the | aser beam nay be provided in an
optical syshemabettisenréhetsudplosateponwii theilsasehebed) epb ttm g ipmocessed
and the laser oscillator. In order to determne the irradiation position of
t he | aser wednrespecs toedessabyttraté dsnchdryarar kBeseinafpas) titonildg with
respect to the sem conductor filmthereon. FIG 5 shows the positions where
mar ker s arige fugfieedteidn ta seni' condsicaror( tfhid rhasefri bkamssporthed to prepare an
active matri x type sem conductor device. FIG 5A shows an exanple of the
case that one sé@dsoordlieser idemadietios W epasedphisenlaserndisilil#teor FI G 5B
shows the case that four sem conductor devices are prepared from one
substrat e. 10 WHi@Gh 54, ar séeordioeeanmaiiadt $940idénteestlae pulee Wases 25 a
sem conductor filmis fornmed on the substrate; dotted |line 541 denotes an
area wher ebeampi x@hesputlsenliasefopaeiillaber el02 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. In 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 forcarryingout theinvention,
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, YAl0;

laser, glass laser, ruby laser, alexandrite laser, Ti ! sapphire

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

with cr®t, cr't, Na&**, Er®", ce®**, co?*, Ti®", ¥b®**, or vi' as a
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| ine 542 denotes an area where a signal line drive circuit is formed;
dotted line 543 denotes an area where a scan line drive circuit is forned.
Ref erence nuneral 544 denotes areas where a nmarker is forned(marker formng
portion) ( and are provided to be positioned at four corners of the

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

provi ded at four corners respectively, the invention is not limted

t heret 0. Assparihgy i hety tdee gieeint.i oni ng of the scan area of the | aser beam
in the sem conductor and the patterning nask of the sem conductor is
obt ai ned, the posi foonthanthndamiarta0f wadhe offeiieere fovanthfapert ia0hsser € not
limted to the node described-above. In FIG 5B, reference nuneral 550
denot es a Beah aoaidiiet @r fhaaamdn o8l teres wEstipat € dotilsedbtanre&pIo@henot es a
scribe line, which is used to cut off the substrates in the |ater process .
In FIG 5Bitbpardestdemprafing e thebiipiatgesatéoiml { hd sgrangeharmen b1 ( f our
sem conduct or devi ces can be manufactured. The nunber of the sem conduct or
devi ces, whi thimt éraghtomiimed apd eufoungh didrmarsineti tparespettrty tharited to
this. Reference nuneral 552 denotes a portion a marker is fornmed(marker
form ng poftndamentalindave qarobedset i ddouy womgesa s100f- Liheasesptciorauct or. I n
FIG 5 B, although the marker form ng portion 552 is provided at four
corners respsudrntvely, the 26 invention is not limted thereto. Assuni ng
that the positioning of the scan area of the |aser beamin the

sem conduct or afgrtherpatiherldseyr husadpptenhd 0dehdsadaptdcalidystiem

obt ai ned, the
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 the rod is slab-1like
shape, the shape thereof is formed into a rectangular shape.
By further reforming the laser beam as described-above with
the optical system, it is possible to form the beam spot of
laser beam at the surface of the object to be processed 107.
Further, dependingon the purpose of the processing, atelescope,
a homogenizer or the like may be incorporated into the optical
system 103 to process the beam.

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

that the beam spot of the laser beam covers a position specified
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position and nunber of the marker formng portions are not limted to the
node descri bed-above. The markers are fornmed sinultaneously in the
conventional photo l|ithography process in which the island-Ilike

sem conductor filmA is forned in a manner of patterning. OMng to the
constitution as described above, after crystallizing the sem conductor, it
is possible to reduce the tine necessary for the | aser beamirradi ati on and
t he procesbynthspsedch aff ttheasubpttaéencan be i nproved, because it can omt
the time necessary for irradiating the | aser beamto the sem conduct or
area, which is rienagédt tue tbotidebboe desgrabedsiandméake, stutiscloakct or film
B. Exanples Exanple 1 Referring to FIG 6 to 9, in the Exanple 1 , a

manuf act ur ingadied thioch afe tictd weryneincilndsubsteahe bt | chret xlekcirideche Her ei n,
as a matter of convenience, a substrate, which is formed with a CMOS
circuit, atenpemetgimecwift thendbaept xed eginogesisadi.ng a pi xel TFT and a

hol ding capacity on the sane substrate, will be called as active matrix
substrate. FirstrIgf. aldhowsat heaExaiipitethe e atbiste ppei600n dmfpwaesed 27

of a bariumborosilicate glass or an al um num borosilicate glass or the

li ke is usekrle substoate hrddhbsitasatrdeg@0spet ssddspdteed dtmbe suarnneah)
insulating filmon the surface of a quarts substrate, a silicon substrate,
a netal substevery baser beammpebse subsipaged iiewseofidwhm sbgbs 7% .astic
substrate having heat resistance agai nst the processing tenperature o-f the
Exanpl e 1 ¥l BndquS€dc are shown.

Reference symbol 507a in FIG. 2 denotes a laser beam spot
position at a pulse irradiatiop; 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 509a and 509b denote substrate
stage shift distance (feed pitch), respectively, at every one
pulse of the laser beam. The feed pitch is required to be 0.3um
or more and 5um or less, more preferably, to be O0.7um or more

and 3um or less.

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

£film A, which is obtained by patterning the semiconductor film
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Then, on the substrate 600, a base film 601 conprised of an insulating film
of a silicon dioxide film a silicon nitride film or a silicon oxide
nitride filmor the like is formed in a manner of well-known neans
(sputtering, LPCVD, plasma CVD or the like ) . According to the Exanple 1 ,
as a base filme601 , a double-layered base filmconprised of base filns
60l1a and 601b is used. However, a structure of a single-layered or

doubl e- | ayef e fadtymtefl itikatabove-kles eridred e, nwhleat sngnhihgn they temnused
(FIG 6A). Next, on the base film 601, an anorphous sem conductor film 692
i s fornmed spota dathil¢kpesstf afm 25+158mdgqutefdeisabtyat 3hel 20rA) winich nenner of a
wel | - known neans (sputtering, LPCVD, plasma CVD or the like) (FIG 6A).
Accor di ng dendtesl Byanpf erdncainimengh 208 amoFplous, senmobnductdiratfedd m i s
formed, a mcro crystal sem conductor filmor a crystal sem conductor film
i s al so appt tbabbetifub0ReguizadkeiitoatheappoeHitt senibednickictet - kel ng an
anor phous structure of an anorphous silicon germaniumfilmor the |ike may
be used. 2@&middexiuctblrefabmrphous sem conductor film692 is subjected to a
patterning, and by carrying out an etching in a manner of anisotropic dry
etching in an aWhesptize segdrtafnchgr afif@rogenstabbifaeionf ds exadplse, Cl F,
CIF3, BrF, BrF3) IF, IF3 or the like, portions 693a, 693b and 693c, which
wi | | beconghedtdivegndayereotdiec FRBucibrid idyatanredpéet fix|the scanf or ned
(FIG 6B). Next , the portions 693a, 693b and 693c on the island-I|ike

sem conductigredtiijom go @ terha parpiliedednta thendtregtfigmdarwhich the

carrier in the channel forming area moves. This is shown in
FIG. 4A and FIG. 4B. Reference numerals 529 and 539 in FIG.
4 denote the island-like semiconductor layer A, respectively,
which is formed before laser irradiation. Reference numerals
528 and 538 denote the area, respectively, which is formed as
an island-like semiconductor layer B after laser irradiation.

FIG. 4A shows an example of an active layer of a single
gate TFT which is provided with one channel forming area. A
channel forming area 520, which comprises the island-like
semiconductor layer B, and impurity areas 521 and 522, which
will become a source area or a drain area, respectively, are
provided. Whencrystallizingthe semiconductorusingthe laser
oscillator according to the invention, as shown with arrows,
the scandirectionof the laserbeamis fixedsoas tobeparalleled
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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crystallization. The | aser crystallization is carried out using the |aser
irradiation method according to the invention . Particularly, in accordance
with mask information input in the conputer of the laser irradiator, a

| aser beamis irradiated selectively to the portions 693a, 693b and 693c on
the island-1ike sem conductor filmA. Needless to say, not only the | aser
crystallization, but also, the crystallization nmay be carried out in a
conbi nat i odiwedthi cazotilnen caekl - kDohwntlos estradwsi.zat i on et hod ( RTA, heat
crystallization using furnace annealing, heat crystallization using a netal
el ement, whi ch adeel, ermatFgGt. B Cclayiséadmhp Zaabifoam actitheldydeedf Hripgile | aser
irradiation method according to the invention , a gas |laser oscillator or a
sol i d-st atgateaag@mT dsotHict ahreé ¢hdrseloSoirmiabi @reaa anel prdwnioded liaser
sources i s usable. Wen a gas |aser of pulse oscillation is used, only a
control bysheans oOfkpdalty pabterss3cdindhdt emegk codedgiy as itorsansiwigha
conputer 104 is applied thereto, and the other constitution conforns 29

t o ordi naryckashekefhoding arEaaspltheketiehwyeeas dunthenhiiopuan tiNdrea¥lLF | aser
of pulse oscillation is used, will be described. FIGS . 10A and 10B show a
| aser crysi¥ landabBbnape qressideg appas atussandw@sh aO¢hame @@ rgliow a case,
in which an Nd: YLF | aser oscillator |aser source 1101 is used under the
condi ti onsaxda 331 thérebepuweeancthirikFartkpenord r dgpentyy abeas| 3% andour ce
1101 is a nmethod, in which an YLF crystal and a non-linear optical elenent
i s placed 33p areesooratdrd sandsatsecoddilchr avrhiannsfl 507mimgcamdaengeh is
output . Needless to say, the non-linear optical elenent may be pl aced
out si de t hdveredbetawesn. Ahemhethe semiconductor is crystallized using

the laser oscillator according to the invention, the laser beam
scans in the direction of the arrows.

However, as a matter of convenience of circuit layout,
as for the TFT used in active matrix display, the direction
of carriers, 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 also, the
invention is effective, and that will be described referring
to FIG. 3.

FIG. 3 shows a case that the scan directions of the laser
beam in the scan line drive circuit area 512 is different from
those in the other areas. First of all, usingthemarkers 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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as for the laser oscillator 1101, the rod is cylindrical in configuration,
and the configuration of the beam spot immediately after output fromthe

| aser oscillator 1101 is circular. Even when the configuration of the rod
is slab-1ike shape and the configuration of the beam spot i mediately after
output is rectangul ar shape, as described bel ow, the beam spot can be
reformed into a desired configuration by neans of optical system As for
the Nd : ¥d- thesémserhérspareadiag. angl e of the beamis 3nmmradi an; although
the beam size is approximately 2nmmin dianeter at the outlet port, it
expands to apprBzkhataed ghbem im FdGan®s erthat sabposattd emagéchs awayeir om t he
outlet port . Wien a convex lens 1102 of focal length f=600mmis placed at
t hi s posi tdyono° talh@ bramdrkdref eoneddidi aha pasaitale heamedd laQaimi. n

di aneter. The | aser beam which is reflected by the 30 optical mrrors
1103- 1105 Bsisevinon ntHd Gosi®Apnad jodiwdergdednbythe coaegley|lwhidhh eallll ens 1106
havi ng the curvature in the direction of Y in FIG 10A. Herein, the

Y- di rect i ®edoget he sshnf lider dcivenciofcuite e anisirattedf tohehkadeselbeam on

t he sem conductor surface, and is the shorter direction of the beam spot.

Al so, theixrdddetipon iThud.GltliGAessithe Londiangditied relattve shidk t he beam
spot of the |aser beam on the sem conductor surface, and crosses at right
angl es wi direggiohi ¢f e dasiegnbesmt $pobhadrhhdpothefsubrttatse@ndedsm on t he
sem conductor surface ( optical mrrors 1103-1105 are placed on the ground
of the | ajowaddatehthepprmetus , but it is not always indispensable )

OnMng to the constitution as descri bed above, the beam spot on the
Further, there may be a case that, even when the laser

irradiation is being carried out, the laser beam should not
be irradiated temporarily to the surface of the substrate. 1In
this case, an AO (acoustooptics) light modulation device, which
is capable of temporarily and completely shielding the laser
beam, may be provided inan optical systembetween the substrate,
which is the object to be process;d and the laser oscillator.

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

In FIG. 5A, reference numeral 540 denotes an area where
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sem conductor surface, which is the irradiation surface, is refornmed into a
| i near shaped beam of | Omxl O~. m However, the nethod of reformng the
| aser beam of rectangular, elliptical or linear shape at the irradiation
surface is not limted to the above. Al though not shown in the figures, it
is possible to elongate the beam spot in |ongitudinal direction by placing
a concave cylindrical |ens between the optical mrror 1103 and the convex
cylindrical desrisohBiGtoAl SD1mtid Fopmesi bhethHa splbaceadebeddn €od 1Rt or for
reformng the | aser beaminto a parallel beam or a beam expander for
expandi ng 4 deageteshaanabesweleerd he ioredavectybhnis i tatmd @nsicrw@d he | aser
oscillator 1101. A nethod of reformng a beaminto a |inear shaped beam
usi ng a | asere $ddrdenoted H\W\ABda wivarteut swpghdl al ireadrspet cifcd sl O~-m has
been described here. However, in the case of a |arger output |aser source,
it is preffarmed;t dattéhaibheah 3genoskezean Arthavdearga tatdinnai ndidrasiel on only
is enlarged wi thout changi ng the beam spot size in the shorter direction
(current| wimuiasts|fatned .of REEeragtd atumerallds 44 Meholtasedr e ad iwtle ries
operabl e at 20V output, is commercially available). In order to shift the
rel ati ve posiairkem b$ fidwendifamarkeat fofmihge paddon)eaamdmtdieoreefidednduct or
surface, a substrate stage 1109 is nade to sweep in the Y-direction (
shorter diteedtel posdtivhedbatnfepotcornerdhedi the sewbpmhrdawrof the
substrate stage is 3.0Omisec. at | kHz | aser pul se repeat frequency, at
every irradiati &n BIGt H& .| @ad¢hopghsthe tnarkeg] forméngasexiion [fetdnden t he
substrate and the beam spot displaces by 3~.un in the Y-direction (feed
pitch is PagvidedGatlfdur sceriBEM olesperdtiveayof the sinveggridn [im nefti ch has
been crystallized by nmeans of the |laser irradiation nethod

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 nu_meral 550 denotes a semiconductor
formed on the substrate; dotted line 551 denotes a scribe line,
which is used to cut off the substrates in the later process.
In FIG. 5B, by cutting off the substrates along the scribe line
551, four semiconductordevices canbemanufactured. Thenumber
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. 1InFIG. 5B, although the marker forming

portion 552 is provided at four corners respectively, the
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according to the Exanple 1, in which crystal grain boundary is visualized
in a manner of Secco 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 growh in the Y-direction of the scanned beam spot of the
| aser beam are fornmed continuously. The grain boundaries reside
peri odi cal fyvémtidreiseat Hinecdd tReBéith I AEsHRi g ¢ahtdineepds O Gding Of the
| aser beam spot. It is understood that the period correspond to 3~m which
i s the feeédfpii€hcn theal agethpul seeptveanerin itheadeaitoNdu&bntid t he
above described | aser crystallization, portions 694a, 694b and 694c of
i sl and-| i kehs gritecendiayoiadk bmthe sbmibosductysralii 18 bpthayebeethd ncr eased
(FIG 6C). Next, by patterning the portions 694a, 694b and 694c of the
i sl and- | i keo st @xondul trammifeir] MEAthet maakdesfoediconpottidaid ard aspect i vel y)
portions 602-6060f an island-1like sem conductor filmB are fornmed (FIG
6D). Afterlfmrtadgd depaptieodss&ibaDmmafvet.ne i sl and-1i ke sem conduct or
filmB, in order to control the threshold of the TFT, m nute anount of
i mpurity el ementTheBormte e aphosphed sisu) tangovelyapeathe ddrerempiloridly dopi ng
for controlling the threshold may be carried out before the |aser
crystal |l i zgtioton, bitkdgeapHor nproceasgat ni nehliahi ngHel | MmsNendt-1ike gat e
insulating film®607 that covers island-like sem conductor filnms 602-606 is
formed. Theematondusdwiratiby AilsnH¥mdd inoamednnet hofinpatisadraitigng il m
whi ch contains silicon, of 40-150nmin thickness in a manner of plasma CVD
or sputtering. Awdogditeg the tdvamsBidmilien] ast e sgatideidn sbloatel, nguffielrm 607 i s
formed with a silicon nitride oxide film

crystallizing the semiconductor, it is possible to reduce the

time necessary for the laser beam irradiation and the processing
speed of the substrate can be improved, because it can omit
the time necessary for irradiating the laser beam to the
semiconductor area, which is removed due to the forming of

island-like semiconductor film B.

Examples
Example 1

Referring to FIG. 6 to 9, in the Example 1, amanufacturing
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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(constitution ratio: Si=32~, O=59~, N=7~ and H=2~) at 110nmin thickness in
the manner of plasma CVD. Needless to say, the gate insulating filmis not
limted to the silicon nitride 33 oxide film but another insulating
film which contains silicon, nay be fornmed into a single-layered or

| am nated structure. Further, when a silicon dioxide filmis used, the gate
insulating filmcan be formed in a manner of the plasma CVD, by m xi ng TECS
(Tet r aet hydf ObklRaubitoreatie) cand Qs sair 40Baumeéaciivomropriessate gaads300- 400C
substrate tenperature, and by discharging high frequency (13.56MHz) at

0. 5-0. 8W cnz tofe aliget nscupeder rAdeEsirt fheThebsttatons @l 0xXd dartisitinaatpr epar ed
in the above-described manner is subjected to a heat anneal at 400-500C,

t her eby exelnesntwictharaac tiersiuditdagas iflive ogatthel mswifatengff ial muaresobt ai ned.
Next ( formed on the gate insulating filme607 is a first conductive film
608 of 20-sid@tmaite,fd $11idvicknessrane, a negdednshicondue owe sftialim ée9 of
100-400nmin fil mthickness. According to the Exanple 1 , the first

conduct i vesubisitmaGe8mapmer used. ofalsolall plastiof sabsmranefhdmrdhekness and

t he second conductive film 609 conprised of a Wfilmof 370nmin film

t hi ckness r&sd slyanke- agatims f he arbaessatedkdmpegratufeeo afthd Ekampdef ormed i n
a manner of sputtering using a target of Ta, and sputtering in an

at nospher & oeyt @eniagdNitrogen . Also , the Wfilmis fornmed in a manner of
sputtering using a target of W Qther than the above, the above-descri bed
filmmay be forfkeninom thenmarbsdfratiee 608l VPRSI TighnT 6dds compirdgafll uor i de
(WF6). In any case, to use the filmas the gate electrode, it is necessary
to | oner tofeanr besutalniow fakhwofa sigriqdned yaesidet fihbe afilheomniiticideit 34

is desired to be less than 20~~S2cm As for the Wfilm although it is
possi bl e tfdlmewer aheiliststonice myitirddei fglnapyethe rlidtealisgfairmed in t he
case that a large anount of inpurity el enent such as oxygen or the like is
cont ai ned iinna msan@rf ¢ f melilhknewpdredrng faphbhersng nhPEVPedr¥asmd €VRg in a

| arger resistance. Therefore, according-to the Exanple 1, by carrying out

t he sputt @ri hige usikey -a Atgbrding tbp vhedinample dveds a0basedidmE04. t ar get
and furthernore , while paying a great attention not to allow any inpurity
to cone i@ fipehmlﬁhéamwgmﬁe%fd&m femPRésSed| of fRAsh fglMsh&O0hAf ARt i s
formed achi eving a resistance of 9-20~S2cm According to_the Exanple 1, the
first con@Qdbi & PEPfh 60V §%0r e P WUITURENAn@ tSHE9d€cdATSEBAIREL i ve film
609 is fornmed with W However, the above is not |imted thereto. In any
case, thedPuPAemhgypEed SidBrinvihn above-dessribefdnsedatigmifalnmgy 11, M
(Al , Cu, O and Nd; or , the filmmay be formed with an alloy materi al
cont ai ni n§et HEe8bb¥EC el ®Went as the main conponent, or a conpound naterial .

Al so, a sem conduct or )
Next, on the base f£film 601, an amorphous semiconductor

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

film or the like may be used.
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represented by a polycrystalline silicon filmdoped with inpurity el enent
| i ke phosphorous , or AgPdCu all oy may be used. Further, a conbination of a
first conductive filmformed with a Tantalum (Ta) filmand the second
conductive filmfornmed with a Wfilm a conmbination of a first conductive
filmformed with a Titaniumnitride (TiN) filmand the second conductive
filmformed with a Wfilm a conbination of a first conductive film 35
formed with TanNektin the amdephdadl)s eanid dnli@cgecofidlne 619¢uts iswd jfeicttedf or med
with a Wfilm a conbination of a first conductive film

for medw t frart @adgterninde 4TAN)Y armrtyhess ecsndn condutig vien fa imMamnkear medw t h
an Al film or a conbination of a first conductive filmfornmed with

Tant al um mift andeo {rofuld Jroptchheg secondtoosehets ventaimioaimdogenh as Cu
filmmy be used. Further, not limted to the double-layered structure,
but, for &Xawplide.afar pphwplay&ié&d GIRudBLl eBrivhi €1, iIFslny the dpkei t h a
Tungsten film an alloy filmof alum numand silicon(Al - Si)filmand a
Ti t ani um momtiigesf ¢33 i ©98bderd HaY chevhissdwiFurhcvomepae isdlaad-dike
triple-layered structure is adopted, a nitride Tungsten may be used in

pl ace of HBemgspbeductnrafiby X iteagefkively) ofeafermeuniFlitd BBdani umin

pl ace of the alloy (AL-Si)filmof alum numsilicon may be adopted; and a
Titani um fil m nlgxbe thecprtiqiismed3af 6A3d and gABammMEhe ilgd ahdl-Aiket i s
important to collect the opti numetching nmethod and type of the etchant
dependi ng semichadrateri &i1wf At #ee conmrieadtdezed 1im aNamennegsichiglasphot o

| it hography, masks 610-615 conpri sed

crystallization. The laser crystallization is carried out
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 f£film A. Needless to say, not only
the laser crystailization, but also, the crystallization may
be carried out in a combination with another well-known
crystallization method (RTA, heat crystallization using
furnace annealing, heat crystallization using a metal element,
which accelerate the crystallization, or the like).

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

means of datapatternof photomaskconfigurationusingacomputer

104 is applied thereto, and the other constitution conforms
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of aresist are forned, and are subjected to a first etching processing to
formelectrodes and wirings. The first etching processing is carried out
under the first and the second etching condition S ( FIG. 7B ) . According
to the Exanple 1 , as for the first etching conditions, |ICP (Inductively
Coupl ed Plasma) etching is adopted; as for etching gases ( CF4, Clz and (Z
are used, 36 and the gas flowrate is 25 : 25 : 10 ( sccm respectively.
Under a pressardimgirg Bas aatRbd( I Exb6opbHe ), elecickise ,panewhoéh H00W i s
applied to coil type electrode to generate plasnma, and the etching is
carried outid : YIO LtheesWISpids€ osicda 1qtabherd uskagear)imbsodesdrifed. 13.

56MHz ) electric power of 150Wis supplied to inpress a substantially
negati ve sel f - biFassvol tagedtlosr fidw aUrder ¢iwes fdlsitz agtiom pugp cordintg ons, t he
Wfilmis subjected to the etching to formthe edge of the first electrical
conduct i ngap@maertudt OFacsapeo Rdacdnf 0B Wiadw @N.calkt eint WAich htldut
renovi ng the masks 610-615 conprised of a resist ( the etching condition is
changed t ocYsecbasert obchflavrdi tases. sdsrfor 11 bk éschised gasies, G4 and Cl2
are used, and the gas flowrate is 30:30(sccm respectively. Under a
pressure oforndad)ics &F 1(. 5. Gbiviit) and d&He| regratef rafudsGHY | Theu@sered to t he
coil type electrode to generate plasma, and the etching is carried out
appr oxi matstyrdeot 180 isexwatbod Td ntwiel ubs YLEt erystdd dndlejrewt- Isiimege ) al so,
an RF ( 13 . 56MHz ) electric power of 20Wis supplied to inpress a
subst ant i adptigedgeleventdisiplnesl ohtaaygeshraten. anddesehesddwmmhaatichi ng
conditions, in which CF9 and Clz are m xed, both of the Wfilmand the TaN

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

optical element may be placed outside the resonator. Further,

as for the laser oscillator 1101, the rod is cylindrical in

configuration, and the configuration of the beam spot

immediately after output from the laser oscillator 1101 is

circular. Even when the configuration of the rod is slab-like

shape and the configuration of the beam spot immediately after

output is rectangular shape, as described below, the beam spot

can be reformed into a desired configuration by means of optical

system.

As for the 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

lcm in diameter at a position 20cm away from the outlet port.

When a convex lens 1102 of focal length f=600mm is placed at

this position, the beam is reformed into a parallel beam of

10mm in diameter. The laser beam, which is reflected by the
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filmare etched to the sanme level. To carry out the etching w thout

remai ni ng any residue on the gate insulating film it is preferred to
increase the etching tinme by approxi mtely 10-20~. In the above-descri bed
first etching processing, By 37 adapting appropriately the configuration
of the mask conprised of a resist, the edge of the first electrical
conducting |l ayer and the second el ectrical conducting |ayer are forned into
a tapered epnfdcguidtrirons DWW RYL1as shewhi as Mt 1 dga,, whi cbndsnsppluyed to the
substrate side. The angle of the tapered portion ~~ 15-45. OmMng to the
first etchia ngomprexcesgiingiritche ekeet nical hgohoy cthargelayersredlif G2 (first

el ectrical conducting |ayers 617a-622a and second el ectrical conducting

| ayer s 617dktMi)onofofaYf insFIGonfoygur aeiretn, whhe hY ad ereotun sied tofe t he
first electrical conducting |ayer and the second el ectrical conducting

| ayer, ar esHioftmeiirdegfiemende thendreaim GO tdefottdés & agatre bieasuloat ithg il m
and the areas thereof, which are not covered by the electrical conducting

| ayer s 617séRizmfdudterfsustaconéngusatieonhartef drimedtinhomf hha berweas whi ch
has been etched approxi mately 20-50nm Next, w thout renoving the nmask
conpri sed sdota. ra3ket , tke secdnecetiohi hy Procadd mg tle clarmrgigohdimial( FI G 70)
. Inthis case, as for the etching gases, CF4, Cz and OZ are used, and the
Wil mis &igteadtiionedfy the dleed. spartdof libe 1 awe rrissamson ft hieheersiaonigi cgoahi ng
processi ng, second el ectrical conducting |ayers 628b-633b are formed. On the
ot her handsunfiaeed,i apd atastas aélright angles with the shift direction

of the beam spot of the laser beam on the semiconductor surface
(opticalmirrors 1103-1105 are placedon 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 10mmx1Oum.

How;ever, the method of reforming the laser beam of
rectangular, elliptical or linear shape at the irradiation
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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conducting |l ayers 617a-622a are little etched, and electrical conducting

| ayers 628-633 of a second configuration are forned. Then, w thout renoving
the mask conprised of a resist, a first doping treatnent is carried out) an
inmpurity el enent 38 that inparts the NNtype to the island-1ike

sem conductors at a |l ow density. The doping treatnent may be carried out in
a manner of ion doping or ion inplantation . As for the conditions for the
i on dopi NGhutiRgewdBRUbeat dxdOlF 2vhRAidoah e GRBn A8sktveateekeration
vol t age i s40-80keV. According to the Exanple 1, the dose anount is

1. 5x1013atmvwdven?; iandhé hease cet ef alargervobtpge 18s&0kadlrds, an HBpurity

el enment inparting the N-type, although an el enent included in the

15-f am | y,pdefieirceld yhatphbs plecmosiso { sPz ior tiWe denigd t(Ashal Sivsedion
phosphorous (P) is used in the Exanple 1. In this case, electrical

conduct i ngprlyyeissef28r§83 wetrhvwatashangimgs kbeagaamsspdhesiizgpumi ttireel enent
inparting the N-type, inpurity areas 623-627 are forned in a manner of

sel f - al i glrg.teFodl hect igur(icduyrrantdy . 623-GREA 1 1atthve o APLY iexgichédent
inmparting the N-type within the density range of 1x1018-1x102 atons/cnB is
added. Af ngT: ¥EFQ\AsRE , tWiei dras k opeatabiliesee 20V autip|asi Sis doamietreiki1934a- 634c
conprised of a resist are forned, and are subjected to a second dopi ng
treat nent ataidmabdegel erati on voltage higher than that of the first doping
treatnment. As for the conditions for the ion doping, dose anount is

1x1013- 1x1015at onsymied; tactelfdr aheoredediitvegpos$60eml 20k ENe besAmosbhe dopi ng
treatnent) the second el ectrical conducting | ayers 628b, 630b and 632b are
used as nexdfkghagaaast bémm jqrpuhiet penmlieapAtctonnsutfacalo@ sgbssraseri ed out
so that the inpurity elenent is added to the 39 i sland-1ike

seni conducttags A %ie nade tapeieed Poth¢ Enddfeehior (sbpreprdireeaiorvonduct i ng
| ayer. Then, the acceleration voltage is reduced |ower than that of the
second doEifnghe beamypnt) . alben il Fdeepsinegd e dheepbssraty stadeout to
obtain a state shown in FIG 8A As for the conditions for the ion doping,
dose anoudis BsOnri9as- BE1OkHzal asey adiseamdgreht HCeaUeNeH.i @f everage i s

50- 100keV. OmM ng to the second doping treatnment and the third doping

t reat nent irredighéon of gbaslasempudsecdehe redating BABiivinchebyeehap with
the first electrical conducting layer, an inpurity elenment inparting the
N-type i s thddedibgitirhite tangl dersi bgamappet ofispleet8s5pY0 I umationstheB; and to
hi gh density inpurity areas 635, 641, 644 and 647, an inpurity el enent

i nparti ngYtrHeractiore (feetidddoli dli Aunhe density range of 1x1019-5x1021
atoms/cnB8. O course, as for _the second doping treatment and the third

dopi ng treat nenfIG hyl ldddst AnFEMPRERFVASLCR: ef ag cel ke & 1ol YASEL it is
possible to formthe |owdensity inpurity area and the hi gh-density
impurity 2PEPLesLSpEELrYLIZed By Ber %S %@etlraé&trn’e‘ma.d’f\%g&c’,n BEtR?4r enovi ng
the resi st masks, new resist masks 650a-650c are forned, and are subjected
to a four PACAERIRYG T St Eie™PARi hg B YRECH GRS oS Rd ™t PRYRARRY, to the
i sland-1ike sem conductors, which becone the active_|ayers of a_P-channel
type TFT, 1FrptFiayt26%a8 BHEPE50F HS§ T EEHI added-whiHh 287 Fhpurity

el enent i rtin conductive type. 40 opposjte to.the above-described
conduct | vaLyBROW She (AL GEPRG PREPSREERIGITRR Fies tRORATELTRg | ayer s
628b- 632b_as the sks, agai nst .the jnpurity el nt,..an i npuri | ement
Cpart] ng2P-tbe HPaShAHETS PASEAY m AT @ S P n it MR Brood
self-aligning. According, to the Exanple 1. the inpurity areas 653 654, 659
and 660 ar ié'_’lfgocfrr?’fasat Ay - %ﬁghotfa‘fegﬁeggpsllﬁ%jeucsﬁeﬁigt8i éb? as')rg’é’ef 5*¢{FiG 8B).
When the four dopj ng, treatnent | arried t he i.sl -1 ke

seni condu@t 8V¥szgf161r %%%rﬁ%& eﬁ-t%ﬁgn?éltﬁfa ysbcea"ﬂf'%ljé?%mcscﬁfécr %’gr{\?ﬁet jha?%re masks
650a- 650c, conpr i sed. of resist. ing tQ the first ta third doping

Creat ront P50e $5E THRAY i pae Ess” e i an hSeRaRBnEr St s added
at a densitv.different. from each.othe respectivel yv.. By carryi out
dopi ng trgé ﬁgﬁc%%f){ fat ]l,;hle rlscé-’lrrl'ydéF%%E%) ntaﬁlgl g Bve, ﬁlﬁgidéﬁg?¥590 t he
inmpurity element inparting P-type is 1x1019-5x1021at ons/cnB, since the
inmpurity areas function as the source area and the drain area of the

p- channel type TFT) no problem occurs. By carrying out steps up to the step
descri bed above, inpurity area is foraed in the respective island-like

sem conductors. Then, an activation processing iscarried out. Asfor the
activation processing, well-known | aser activation, thermal activation or
RTA activation is applicable thereto. Further,

t hel aseractivati on-processing step may be done, after the first interlayer

insulating filmhas been fornmed. Then, the mask 650a- 650c conprised of a
resist is renoved, 41



and a first interlayer insulating filme661 is formed. As for the first
interlayer insulating film®661, using the nmethod of plasma CVD or
sputtering, the insulating film which contains silicon, is forned in

t hi ckness of 100-200nm According to the Exanple 1 , a silicon
nitride-oxide filmof 150nmin filmthickness is formed by neans of plasna
CVD. O course, the first interlayer insulating filme66l is not limted to
the silicomf nthe | Desexilgeard | $pot Anatthers simigdes torod amatattac |mareiroen
insulating film which contains silicon, may be used. Then, by carrying out
heat processtrgsddieBtot 3@a) RefilcH 0 hdZdeaupstah P@n25083exr ghasd il mis
hydr ogenated. This process is for termnating the dangling bond of the

i sl and- | i ket samryonduwetiaathbynneans of hydrogen, which is contained in the
first interlayer insulating film®661. Irrespective of first interlayer
insulating fil nmowtihg itsl ae | atkeves ede omicheat oraoan dey iyl logertatomd. As for
anot her neans for the hydrogenation, the filmmay be subjected to plasm
hydr ogenatpaort i(dnsdé 9¢gen 6840I dredl 68 cpifad Fhand- Lsled semdrcohduathesfti 1r eat nent
for 1-12 hours at 300-650C in an at nosphere contai ning 3-100 of hydrogen.
Next, forrfed anwhiiehf crgstahlien]gydras eehatinpgeasédn 660G $C .second
interlayer insulating filme662 conprised of an inorganic insulation film
material or an Yeghnily ipadileanion bipe @ordlionAcédtdi e dboanfics Bawgl e 1, an
acrylic resin filmof 1 . 6~min filmthickness is fornmed using amateri al
of 10-1000dye 4zlangréfikpabbpmidgr@@oter i nfddscadsi tintonhiach desrimed
unevenness on

configuration respectively, portions 602-606 of an island-1like
semiconductor f£ilm B are formed (FIG. 6D).

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

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

the gate insulating film is not limited to the silicon nitride
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the surface. According to Exanple 1) in order to prevent specul ar

refl exi on, unevenness is fornmed on the surface of the pixel electrode by
form ng second interlayer insulating film which is formed wi th unevenness
on the surface thereof. Further, in order to obtain |light scattering by

gi ving unevenness to the pixel electrode, a convex portion nmay be forned in
the area bel ow the pixel electrode. In that case, since the convex portion
can be foroetiaifihyg. bhe asatbephotsoraskngs iflhatwhfioh dortsimg el cbal, t he
convex portion can be fornmed w thout increasing the nunber of steps. The
convex pormapreargprmedf dnteda apireipr - latyelinedopnrt hemsubbed adteruat werepi xel
section area other than the wiring and TFT portions . Thus , unevenness is
formed on the stnfdberofwhémr Ppisidlicehedionide didmy ishesedevismmessef or med on
the surface of the insulating film which covers the convex. Further, a
filmof whirdulsaurimgcéila paansy ifvethedaynbe mesekraoft hiee selcaamh iGviDer | ayer
insulating film662. In that case, it is preferred that, after the pixel

el ectrode by miprimed, TEOSr Obessnediigil @3-thel [SilkiiowtedandBl st iartg,40®achi ng or
the like is added to nake the surface thereof uneven to prevent specul ar
ref | exi on,resudt itdnepebysued lanct 20044 QIfC sbstoaitiectedlperasutd | agd mya

i ncreased white level. Next , after formng the second interl ayer

i nsul at i ngl¥sdhar@@Rg ahidi r freguentny dd 3i. A6MHaL | @d 0| GBI fam’f ofned so as
43 to cone in contact with the second interlayer insulating film 662.
Then, i nadrlieddiiiccpprves8&Ensity nFhe668l 5o tdioxidenfigtn niepareshdat i ve
inpurity areas with each other electrically, are forned. These wrings are
formed by theagboye-gesceihedgnaninelyiimasad jectadcbaps ikeat @nngafli aftj | m of
50nmin filmthickness and an alloy film( alloy filmof Al and Ti ) of
500nm i n f440m5ORI'Ekngberedly copeddenfotchanrdteditsgiche ajoubhe- lgayer ed

structure, a single-layered structure or a triple-Ilayered
insulating f£ilm are obtained.

Next, formed on the gate insulating film 607 is a first
conductive £ilm 608 of 20-100nm in £ilm thickness and a second
conductive £ilm 609 of 100-400nm in film thickness. According
to the Example 1, the first conductive f£ilm 608 comprised of
a TaN £ilm of 30nm in f£film 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 film may be formed in a manner of
thermal CVD using Tungsten hexafluoride (WFs). In any case,
to use the £ilm as the gate electrode, it is necessary to lower

the resistance, and as for the resistance of the W film, it
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structure may be adopted. Also, the material for the wirings is not limted
to Al and Ti. For exanple, the wirings may be fornmed by patterning a

lam nated film in which AL or Cu is fornmed on a TaN film and further
thereon, a Ti filmis formed (FIG 9). Further, in a pixel section 687 ( a
pi xel electrode 670 , a gate wiring 669 and a connecting el ectrode 668 are
formed. OnM ng to the connecting el ectrode 668, the source wring

(lam nati ois abs638a tande AFH) then POWMRG W Ab for eheat Fil@al aaamReh on with
the pixel TFT. Also, the gate wiring 669 is formed with an el ectri cal
connect i onitwié Ipotske bgatte kbeet tbdeeafistthecpigefoffikiing Faryhercrytshta1pi xel

el ectrode 670 is formed with an electrical connection with a drain area 658
of the pixetaifs]; iandhbtucabertate @ fagmeedmonbhh afi shwotitiyxalepentect i on
with the island-1ike sem conductor 606 that functions as an el ectrode
consti t ut iswyrha adsolodiyggncapatheylike iforcomeaimede|ieltdet Wodd. 144 the70, it is
preferred to use a material such as a filmconprised of Al or Ag as the

mai N conponersttalld zhgapndieidnhibitedeeenl tand igoa dargehingsiissaguggeri or i n
reflexivity. By carrying out the steps described above, a CMOS circuit
conpri sed TWfergfoleghagperdingetJFThS Sxampllea IP- dharmeairytiyyge oVET 882, a
drive circuit 686 including an N-channel type TFT 683, and a pi xel section
687 i ncl udipwy tarpngels TET 684 ganduni byl Wi(pyrdapatevel 688 AP HOr med on t he
sanme substrate. Thus, an active matrix substrate .is conpleted. The

N- channel & ypegsFT @8l forthhemore vevhdilecpayigg@e gnehbdestention not

to allow any impurity to come in from the atmosphere during
the film forming, the W £ilm is formed achieving a resistance
of 9-20uQcm.

According to the Example 1, the first conductive film
608 is formed with TaN and the second conductive film 609 is
formed with W. However, the above is not limited thereto. In
any case, the film may be formed with an element selected from
Ta, W, Ti, Mo, Al, Cu, Cr and Nd4d; or, the film may be formed
with an alloy material containing the above element as the main
component, or a compound material. Also, a semiconductor
represented by a polycrystalline silicon film doped with
impurity element like phosphorous, or AgPdCu alloy may be used.
Further, a combination of a first conductive film formed with
a Tantalum (Ta) £ilm and the second conductive film formed with
aW film; a combination of a £first conductive £ilm formed with
a Titanium nitride (TiN) film and the second conductive film

formed with a W film; a combination of a first conductive film
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a channel formng area 637, the |low density inpurity area 636 (GOLD area) ,
whi ch overlaps with a first electrical conducting |ayer 628a constituting a
part of the gate electrode, and a high density inpurity 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 el ectrode 666 includes a channel form ng area 640, the high
density i npumeldywatpal&ab3 turahitundei ONaN psarichéhsoskcendroeaducttikre drain
area and the inpurity area 654 introduced with an inpurity el enent

i mparti ng O¥limy permed werthi ApUELLy ; ed evebiinapavhi o)) aPf i ype conduichere t he
N-channel type TFT 683 includes a channel form ng area 643, the |ow density
i mpurity érida Hxdne(dGEID Baretag L unwini tohi dv €Tl psnaithh sacbnigiondordueti ve | ayer
630a constituting a part of the gate electrode and a high density inpurity
area 656 tfidm flamedwinsh aisAl fie 180 wircecdibinalriam of atthesdicanduateae The

pi xel TFT 684 of the pixel section includes a channel form ng area 646, a

| ow densi tii Imnfumieidyw iarheBa GAB(UrDL tariess) (Tdl and theseednduosiddetthe gate

el ectrode and a high density inpurity area 658 that functions as the source
area and tfiémdfarmedredth Hre duslfdia- makebsensednduct or that functions as an
el ectrode of the holding capacity 685 is added with an inpurity el enent

i nparting N-typBumnbielan natpuiimiyed| eénebhe | dparle ngyredgpetrikgunel di ng
capacity 685 is conprised of an electrode ( | am nated | ayers of 632a and
632b ) usibug . tfor exanple i agrfiple-6agegsdisteuditairec twhichahslbaslkstiand- | i ke
sem conductor film In the pixel structure according to the Exanple 1, the
end porti odtbfa (Tlhagsiteel filrecanodelaw fdilppes adumdnopaaidapinichn{Aé source
wWiring so that the space between the pixel electrodes is shielded wthout
usi ng any b$ackilratarik.a Bidaplien2nihrtanpd bn 2in amErufagt bei ngedet hod of a

TFT using a laser irradiation nethod according to the invention wll be
descri bedFurthermore, when a triple-layered structure is adopted, a

nitride Tungsten may be used in place of Tungsten; an alloy
film (A1—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 f£ilm.

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

Next, using a photo lithography, masks 610-615 comprised
of a resist are formed, and are subjected to a first etching
processing to form electrodes and wirings. The first etching
processing is carried out under the first and the second etching
conditionsS (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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First of all, as shown in FIG 12A, an anorphous sem conductor filmis
formed on an insulation surface, and then, the anorphous sem conductor film
is subjected to an etching to forman island-1ike sem conductors 6001 and
6002. FIG 12G a.s a top view of FIG 12A, and a sectional view along the
line 46 A- A is FIG 12A. Then, as shown in FIG 12B, an anorphous

sem conductor film®6003 is forned to cover the island-1ike sem conductors
6001 and 680@ thel yas < lpmwefetead ehat2] : ilmfedcal elespeeftdve 1iyor Mimipt he film
the filmis subjected to rinse with diluted hydrofluoric acid to renove

oxi de fil naforsasiive ShriRee arhBF 0¥ 3 . 5 &fitk k kéncthéc aryrgrheds5 8@Wiiconduct or
filme6003 is formed imediately. FIG 12His a top view of FIG 12B, and a
sectional ¥PRWed oy adie |tivke glecArode EpGdengBatfertasms, shviuttiean FI G
12C, by subjecting the anorphous sem conductor film 6003 to a patterning
processi ngetehing mscoaurbdd amti.s| Bad-id lsebserpte e debfieFm $taathi ch
covers the island-like sem conductors 6001 and 6002, is fornmed. FIG 121 is
a top vi ewabfo Flag RF2(} 3 aheMiz k eghteicdwdic prear a0 Othés| suepied Ao js FIG
12C. Then, as shown in FIG 12D, a |aser beamis irradi ated selectively to
the fil m cOUress theubsitantinlke megd toral wetldr biiipsnval t89¢ ndreseste t he
crystallinity. FIG 12J is a top view of FIG 12D, and a sectional view

al ong t he Yperr Abhg fiigst| etchiny epnditignsshdpe Er&E 12 suRigqled 6004 of
the island-1ike sem conductor filmA which has been increased in

crystal | i nt? §he p§chippéefarm eheepse c&thiefg i e ThE Y SRBOBE WG ch wi l |

becone an island-1ike sem conductor filmB. FIG 12K is a top
layer into a tapered configuration.

After that, without removing the masks 610-615 comprised
of a resist, the etching condition is changed to second etching
conditions. As for the etching gases, CF, and Cl, are used,
and the gas flow rate is 30 : 30(sccm) 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
the substrate side (object stage) also, anRF (13.56MHz) electric
power of 20W is supplied to impress a substantially negative
self-biasvoltage thereto. Under thesecondetchingconditions,
in which CF4 and Cl, are mixed, both of the W £ilm and the TaN
film are etched to the same level. To carry out the etching
without remaining any residue on the gate insulating film, it
is preferred to increase the etching time by approximately
10-20%.

In the above-described first etching processing, By
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view of FIG 12E, and a sectional view along the line A- A is FIG 12E
Then) as shown FIG 12F, a TFT, which uses the film 6008 of island-Iike

sem conductor filmB as the active 47 | ayer, is forned. Although the
followi ng particul ar preparati on processes nay vary dependi ng on the
configuration of the TFT, typically, the follow ng steps are carried out;
i.e., astepin which agate insulating film®6009 is fornmed so as to cone

i n cont actadaphindhepbrbonr BAOBLthe Hcid-duirkd igsemic bhe metssredmpmmsEd a st ep
in which a gate electrode 6010 is formed on the gate insulating film a
step in whetlr repusti yher edge @Flthafd Bl lantr tdmhoendfigtiaglaweea 6013
are fornmed in the island 6008; a step in which an interlayer insulating
film 60l 4 axdttheogeconthel gatteidals goadug§ingl RBOORregivemefietttowde 6010
and the island 6008; and a step in which wirings 6015 and 6016 that are
connect ed WiRdrahednfgurafrigneaswsodltantheobPasirecfoagred Wridntier | ayer
insulating filme6014. FIG 12L is a top view of FIG 12F, and a sectiona

vi ew al ong2RiNeld4d e thempulistritg sidd  The andlekefesbedaperreddrttdon i I min
the inmpurity areas 6011 and 6012 is adapted so as to be thicker than the

t hi ckness ©f f&he48eni cdidi@ okof ithe i it xdHanAErhivg niPAgcareango13heSi nce t he
sheet resistant of the inpurity area can be reduced, it is preferred to

obt ai n sat§FHctisA t CRRSPSEHRI chba¥riter 037-632 EkEhpte T IBoiRicels

i ncludes a process for crystallizing a sem conductor using a catalyst. Only
t he poi nt,coRiuating dgyerdi§¥@-&#2af path eroEk Aprérical gandusdigdscri bed.
When a catalyst element is used, it is preferred to use the techniques,

whi ch ar e ¥¥eAI%8EH0 162 2abahésel Tt eprfigER Grth WelclyarseyPrds@d n
Japanese Patent Laid-Open No. 8-78329. After form ng the anorphous

sem conduc®for the | Mastngldctrinels anduectdng) davar tand §BPi Foseasde
crystall ~ation (hereinafter, the crystallization method will be referred to
as N SPC) .e st T et AYHN S haY 2B c RAPFRFMA S RSP NGE DUPaRat & 1bat ent

Lai d- Open No. 7-130652, the anorphous
denotes a gate insulating film, and the areas thereof, which

are not covered by the electrical conducting layers 617-622
of the first configuration are formed into thin areas which
has been etched approximately 20-50nm.

Next, without removing the mask comprised of a resist,
a second etching processing is carried out (FIG. 7C). In this
case, as for the etching gases, CF,, Cl; and O, 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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sem conductor filmis applied with solution of nickel acetate salt
containing Nickel of IQpmin weight conversion to forma N ckel -containing
| ayer, and after dehydrogenati on processing for one hour at 500C, the sane
is subjected to a heat treatnent for 4-12 hours at 500-650C, for exanple,
for 8 hours at 550QC, to crystallize the sanme. As for applicable catalyst
elenment, in addition to Nickel (Ni) , an elenent such as Germanium (Ge),

i ron (Fe),til [1awagis( Pag N-Tivpe Sp) the el qnph)L ikeopanicomdyct et atdtnum (Pt),
copper (Cu), gold (Au) or the like may be used. The process of applying the
sol ution of lfwKersatetr atthesglopiagdtraethent mavedenearrsedpowhyihe carri ed
out after the island-1ike sem conductor film A has been forned. By neans of
| aser i rr deRmESOAL RenHRP idcer dppgmpd-anfié tiiaRentAoROT tthe eanditdidnisni ty of
the island-1ike sem conductor filmA, which has been crystallized in a
manner of f41SR8e ien 4®pinpurddee ameundasedx 18 hde10ht apompdcpdt @nld ne

sem conduct or obtai ned by neans of | aser beamirradiation contains a

cat al yst ethamepcelerpabigveaktgBis eriBRey -t Aexarliaa hre thatfaappleel enent
fromthe crystalline sem conductor filmis carried out after the |aser
crystal | i Zat ithe. dpge crndimntydsst & fri0 Yhtometemi:qead the dasderatidapanese
Pat ent Lai d-Open No. 10-135468_ . Tapanese Patent Laid-Open No. 10-135469 or
the |ike #HHEt@9§ i€aBPESVin particular, to a part of the polycrystalline
sem conductor, which is _obtained after |aser irradjation, phaosphorous is
added and AS2R4PPEELEY eleManhdPArteRORR N 11 YRE n2 FRRRHP &b fdSPRBLe foor
5-24 at a tenperature of 550-800C for exanple, for 12 hours at a

t enper at uri@GRIEETE thn&h - EFpT 1T ntyPRE2 T heRePoRRoOTquS (P hPEAZSead <t hat ,
after addi ng the phosphorous to the seni conductor area other than

i sl and- | i K&S9ediScH78Met BROFPROT IS ff ) H SwitSedpéRokiRe t ARt s Vi | &Per of the
TFT in the island-1i ke sem conductor filmA, the heat treatnent is carried
out. Owi nd™S £AFE: IRCHTIERlagaBAuGE IRty HToSBRoPBASSTTVE IS the

pol ycrystal l i ne sem conductor acts as a Betteri ng site, the phosphorous

resi des i Mahe A stHIT | HRPSEHCoRUeReRdr taPAbE e gFRgallsdYPR t he area
added with the phosphor OMng to this, it is ssible_to obtain the
Sl and- | | REOOEHEIGTARRR BP3-§77 AP LI IR ALY SEZeHty L GReREnt i n the
channel area of the TFET has_be reduced to | ess than 1x1Ql7at ons/ cnB,
ot o by O RS AR WaRER9° P Eedr o? TEOTLSY S PR ARRarA Lol ¢ 4.
a structure of a TFT, which is fornmed using a |asgf irragiation ngthod
accor di ng ¥ NRBYPAVERROH FhGi 1¢n &g eenet. DA TF difowf §aPsHc® 13A
i ncludes a Chﬁ ne~ formng area 7001 ( first inpurity areas 7002
sandwi chi 1§ £A€%Ehannel form ng area 7001 therebetween, and an active | ayer
i ncl udi ng secon_gﬁj:gpuri LY;8L84S 700]§ sandvm'.chgd tbet ween.the fi rs}csi npurity
ng

areas 7002 and e~ channel "Form hg af ea 7001 Kndafrl?rstlﬁécr',neaw 83 e

i | ati f.il 04 1 to. t i | .el de 7005
foried oneaie-Ba A8 ediiddd del 0 BT AL LY S BKS, 204 A JALB4ELEERT OE 7000

are [or1ed 5o A%ohd @lind Grblnshe BRaRkc ohE: JRLG BAR hadfe, The of de

wal I s 7006 overlap w e second inpurity areas ter posed

with the gaLe (subatidel ELni0e c ANLAE SAE BBy ARTNELRYE of

i nsul ative. Wen the side wa 6 are conductive, fhe sane may be used

as the galeelGel rodesaLOalydi aged henglde 8! h21300G, friToahioye, i FI G

13B i ncludeS a channel ng ar ea npurity area 2

sandw chi Bgcbhe-6RagAch1Ea501 09021 881.4h01 ARk PRe BEPING cLBYEhehC! Udi NG

second inpurity areas 7103 sandw ched between the fifst™inpurity areas 7102
and the chapngl 506 " W@ 217 E8haucfifle! VaFES 6 B2k obNaHkakssg film

7104 abutting to the active layer and a gate el ectrode conpri sed
are used as masks against the impurity element, and the doping

is carried out so that the impurity element is added to the
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51 of doubl e-1 ayered conductive filns 7105 and 7106 built-up on the gate
insulating filmare included. Side walls 7107 is forned so as to abut to

t he upper surface of the conductive film 7105 and to the side surfaces of
the conductive film 7106. The side walls 7107 may be conductive or

insul ative. Wen the side walls 7107 are conductive, the game may be used
as the gate electrodes including the side walls 7106. A TFT shown in FIG
13C i ncl udeslandtharkeelsefndcondgchoea B@Ddw the rteperggupptryian eas thz02

sandw chi ng the channel form ng area 7201 , and an active | ayer including
second i npli¥sly eleelbrit2(3 daordwdilpat weerent-helHeamr.stthempagtelermgtgan 7202 and
the channel formng area 7201. And further, a gate insulating film 7204
abut ti ng twltrgeats redutagdprvwen thendutat ok thilsecrrgdsianpinchiergtteentnsul at i ng
film a conductive film 7206 covering the upper surface and the side
surfaces oind wetbdnduteniva tirkatmens h@agirdedwalt sco720raibua tdtdget o t he
side surfaces of the conductive film 7206 are fornmed. The conductive film
7205 and t$teowbrAduEibvedii | As7206 thecedh Honshdogathe el @ tdard® g . The si de
wal | s 7207 may be conductive or insulative. Wien the side walls 7207 are
conduct i vedosdheangame: nmy 1b20tisdet 188’ tdtomgaice’ el @nd rduesadorlamitignt he si de
wal | s 7207. The Exanple 4 may be carried out in conbination with any one of
Exanpl es 1vELtage desSPi-hebkaVov@wingcdedithg secend dordErg itgieatimenits 52
possi bl e torb¥r ovi de a manufacturing nmethod of sem conductor device, which

i s capabl eansi thgr Bried IGaPdeIcEyaR HNeRft aitivs the cks Sensh§ Ygr ¢ fs fof
artificially controlled super lateral growth, resulting in an increased
substrat e §roeBesi4fgweich Gverdyri v thdheakrst ey ecarirahtiGBYstd®sss, and
which, _ unlike a conventional SLS nethod, uses a si mle laser irradiation

layer, an impurity element imparting the N-type is added within
the density range of 1x10'%-5x10'° atoms/cm®; and to high density
impurity areas 635, 641, 644 and 647, an impurity element
imparting the N-type is added within the density range of
1x10'°-5x10%*" atoms/cm’.

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

Next, after removing the resist masks, new resist masks
650a-650c are formed, and are subjected to a fourth doping
treatment. Owing to the fourth doping treatment, to the
island-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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met hod wi thout requiring a special optical system 53 VWHAT IS CLAI MED | S:
1 . A manufacturing nmethod of sem conductor device provided with a thin
filmtransistor over a substrate having an insul ation surface, conprising:
form ng a non-nonocrystal sem conductor over said substrate; formng a

mar ker and an island-1ike sem conductor |ayer A which is a specific area
including an area to becone an active layer of said thin filmtransistor,
in sai d noPPPeRiey ot Ahe semworihsstaibeidn candoe tavne & visiet. hage| fgougd .
information of said thin filmtransistor; formng a crystallization area by
irradi ati ngsangd dbersdei séeetrivael yondushidgildyems- 62 &le- 633h eentchect or

| ayer A using said marker as a positional reference; and etching a

peri phery mg¥es ofgsangti $hegndinnue tsent temeliet opn| dywurAtyo €lmmmmn

i sland-1i ke sem conductor |ayer B, which becones an active |ayer area of
sai d t hi n ¥R tinhi-svee, inhatddd teaifdrmatepubictymareas fasemdyaen of pul se
oscillation , and the pulse width of said | aser beam of pul se oscillation
is 50ns orofroredf 2ligndgpghodreretidihga ¢hel Examplewherdig eputiltyser beam
uses a solid-state laser oscillator as a |light source. 54 3. A net hod
accor di ng 3%£aq &P 165 Wh XS andab €0 | s fopmgh P steagve obr ien slapdalgi ty of

| i ght sources selected froma YAG | aser oscillator, a YV04 | aser

osci | | at orusipgy| Hperaie obRBiHs) at(difG- 8B). When the fourth doping

treatment is carried out, the island-like semiconductors for
forming N-channel type TFT are covered with the masks 650a-650c
comprised of a resist. Owing to the first to third doping
treatment, to the impurity areas 653, 659 and 660, phosphorous
is added at a density different from each other, respectively.
By carrying out doping treatment so that, in any area of the
above, the density of the impurity element imparting P-type
is 1x10'?-5x10%'atoms/cm®, since the impurity areas function as
the source area and the drain area of the p-channel type TFT,
no problem occurs.

By carrying out steps up to the step described above,
impurity area is formed in the respective island-like
semiconductors. Then, anactivationprocessingiscarriedout.
As for the activation processing, well-known laser activation,
thermal activation or RTA activation is applicable thereto.
Further, the laseractivation-processingstepmaybe done, after
the first interlayer insulating f£ilm has been formed.

Then, the mask 650a-650c comprised of aresist is removed,
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a YA103 | aser oscillator, a glass |laser oscillator . a ruby |aser

oscillator, an alexandrite |laser *~illator, a Ti: sapphire |aser
oscillator, a forsterite |aser oscillator or an Nd: YLF |aser oscillator. 4
A met hod according to claim1 , in which said | aser beamis a second

harnmonic, a third harnonic, or a fourth harnonic. 5. A nethod according to
claim1, in which the beam spot position of said | aser beam over the
surface ofamshiadfhoat moricorlayteal iseniebhuadiidm §hifis fogmed .di &% fivae of
0.3.mor nore and 5~.mor less at every pulse oscillation. 6 . A nethod
accor di ng the ciaisth Bntenlayesi Anshéaghgb £ilmhbeh usifotimedndihedhefcent r al
axis in the longitudinal direction of said beam spot and the shift

di recti on pfasd GVBeamsppsteringortimdonalating fA Ippt Whilchcxrtdiimg to claim
5, wherein the shift direction of said beam spot resides in the horizontal
di recti on sdlitraomespectorpedhén chlabeitiedemdt H08i-2808nmon Afcargdidg Hion fil m 55
transistor. 8. A manufacturing nmethod of sem conductor device provided with
a thin filthea Exagpdeotl . oveild comboitaide hexidry fHAm psul afnmnins Jriflace,
conprising: form ng a non-nonocrystal sem conductor over said substrate;
form ng a thErdkeyesgndsafiormedndy | Né@nsarfi drgoat 6VD| ay@f gounge.chhies a
specific area including an area to becone an active layer of said thin film
transi st orfinpterindgird ayen- Apavtayinal £ 3w Cohdiuc it ilimddest danddewith a

| ayout information of said thin filmtransistor; formng a crystallization
area by i r¥iddicen iy tridesoxigeantislatect ARRIBLT oshngpRcPFi d-agi@atiede! udi ng
said island-1ike sem conductor |layer A using said marker as a positional

r ef er ence;la¥ieF et RS R EIHRY FddmphErich coR taLNE a7l $mnBaY | k@ US&Ri- conduct or

| ayer A to forman island-like sem conduct or )
Then, by carrying out heat processing (heat treatment

for 1-12 hours at 300-550°C), the film is hydrogenated. This
process is for terminating the dangling bond of the island-1like
semiconductor by means of hydrogen, which is contained in the
first interlayer insulating film 661. Irrespective of first
interlayer insulating f£ilm, the island-like semiconductor'cén
be hydrogenated. As for another means for the hydrogenation,
the film may be subjected to plasma hydrogenation (hydrogen
excited by plasma is used), or to a heat treatment for 1-12
hours at 300-650°C in an atmosphere containing 3-100% of
hydrogen.

Next, formed on the first interlayer insulating film 661
is a second interlayer insulating film 662 comprised of an
inorganic insulation film material or an organic insulation
material. According to the Example 1, an acrylic resin film

ofl.6pmin filmthickness is formedusingamaterial of 10-1000cp,
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| ayer B, which beconmes an active |ayer area of said thin filmtransistor)
wherein said |aser beamis a | aser beam of pulse oscillation , and the

pul se width of said | aser beam of pulse oscillation is 50ns or nore. 56

9. A nmethod according to claim8, wherein said | aser beam uses a
solid-state |aser oscillator as a light source. 10. A nethod according to
claim8, wherein said | aser beamuses one or a plurality of |ight sources
sel ect ed fPoeferatly | 49eR06spi 11 atigycosd tyVouhiels giormsc uhk¥epRess 1YLF | aser
osc~ i lator, a YALO3 |laser oscillator, a glass |laser oscillator, a ruby

| aser oscithatsrfage.al exandrite laser oscillator, a Ti: sapphire | aser
oscillator, a forsterite |aser oscillator or an Nd: YLF |aser oscillator.
11 . A et hod adésodidAagat socEaprmP8e, Li ninhPEfeSate PEseenhetrrtslaxr second
harmonic , a third harnonic , or a fourth harnonic . 12. A nmethod according
to cl ai m st ¥eXiitoh Wieyepe&AtsHHt LPHRed i Uh the sarfarasef Heamistedr the
surface of said non-nonocrystal sem conductor shifts for a_ distance of

0.3. m or nFFERAS IR IRTNidg sgeord dryfefdpyerostsydaftinehtiin. whidket hod
according to claim12 , wherein the angle , which is formed by the central
axi s in thes ITgad @it vAPYeRRESR OF FPWERPes FBLTEAS - t H SHIem
direction of said beamspot, is orthogonal. 14 . Anethod according to claim
12 , wher eth ke s iof pbypinctighht sscattering by giving unevenness to

the pixel electrode, a convex portion may be formed in the area
below the pixel electrode. In that case, since the convex
portioncanbe formed using the same photomask as that for forming
the TFT, 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 insulating £ilm, which covers the convex.

Further, a film of which surface is planarized may be
used as the second interlayer insulating film 662. In that
case, it is preferred that, after the pixel electrode is formed,
a process such as well-known sandblasting, etching or the like
is added to make the surface thereof uneven to prevent specular
reflexion, and thereby reflected light is scattered, resulting
in a increased white level.

Next, after forming the second interlayer insulating £ilm

662, a third interlayer insulating film 672 is formed so as
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of said beam spot resides in the horizontal direction with respect to the
channel length direction of said thin filmtransistor. 58 .An. A[3. A
3.Al.AIY.AB.AIF.A HF. AAF. A{3. AI3. A3. An3. Al .AH . A A@3.AL3. Al3.A[3.A35
A5 . AH Al .An .A[3. AHF. A3. An3. AHF. Al .AF.AH . A& .An .A . A . A5

A CAA.AHAHAH.AH.A3H A .AA An.A[. A[. A AH. Al . A A5. A3. AYHERj | UbN6w

| | w mhe” Yi ¢ ajorre] £a]axa]tcaitcalich] ded celoafich) va} kajeoalioahdalk tag ciilloRa] ca] cal
calcalca]calcalca]calcalcajc”hajcaljcRal|6 x } <16q'bU Il nie

}xsni d_Z] |]&&d ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca! \Dy H-6s*ny

d#y $~$$$0%K 9084 x:eing_if 4 aa) cakaalaal Galec adixdnes] €ad € 8poajheal aajreajtca) ca) cal
cal calca]calcalca]ca]calca]calcalcalcalcalcalcal W& ' (V((()N))) *I****+G+++,
A |,,,5-e-thkredpecsrivé Zhpoaltr]aadaa|widlhc gpch] odhen]| ebdctagica da].ca] ca] ca]
ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcal/C~I/]];

0@00041qldder Hoz{2A2| 3B3Sk) ABTn556 861 HOmmerl dyZnpeapcaf aed tttedwd]nen] ca] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calcalt
666' 7Q7778+388804DOQ £11lm comprised of a Ti film of 50nm in £ilm thickness

%=>>?Al A AAAB} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calcalcalcalc
a] ca] ca] cadodhlacapdapyaf £ cd ek £idn] o] &h)arsl BBy BBBS Ch0CCIo BibBDECEEEF=F
} FFFGEOGGEEHQHHHI HI } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] Wejakaiess]-ca]¥a] ceesd cahet] dapdhedatoa]tdee MU BIGRYPRSIAKKLZLLLLM
VMMVIVNBNNNN>OOOBP, Q QO xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc
a] ca] ca] cajtvajatainea] ¢a] ThHjdle davealeda]sdapedpea] @a] ch) Calid@ RAERRRIISt SSS" TY
TTTT&U] UUUVI VWWWnWIWAKXY XXX} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cjnudtealecap¥ e afoated] c Al c Ahediatg il Apaatea mirdnge
ZBZyz7777Z\\\ &] d] ] ] Y AN

_C}__ 6 nis nofalimhbed Y ilcape dle  aFes] exwriealtds] varénge Mavabea] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!) aj aaab" b\ bbbbc@fcccd&d_
d~dddd4eKeexaters \pt PAGERERiEI 72 | kaidd &dllma] én) v el 2h)¥a“Maf€a] cal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! g" g\ gggghChuhhhi jjj
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qq+r & | 1 krtf%G/ $lssst Yuduuuu: viwvvvw wr nhe”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca&ca] ca]_ca%caica%éiaiéa%ca] cal! wSw~w
wWABX Qxxy=yyyyy FREERET 8|3 | P17 Mt ap-682) & e 2] $Lag P28 ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] cal ca] ca] cal ca] c%]mca] cal ca] ca]
cal 2p[W95a3|g9|t5@:,Lr1ng 69 and a connecting electrode 668 are formed.
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holding capacity 685 are formed on the same substrate. Thus,

an active matrix substrate is completed.

The N-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 electrical conducting
layer 628a constituting a part of the gate electrode, and a
high density impurity area 652 that functions as the source
area or the drain area. The P-channel type _TFT 682 that
constitutes the CMOS circuit being connected with N-channel
type TFT 681l via an electrode 666 includes a channel forming
area 640, the high density impurity area 653 that functions
as the source area or the drain area and the impurity area 654
introduced with an impurity element imparting N-type and an
impurityelement impartingP-type. Further, theN-channel type
TFT 683 includes a channel forming area 643, the low density
impurity area 642 (GOLD area), which overlaps with a first
conductive layer 630a constituting a part of the gate electrode

and a high density impurity area 656 that functions as the source
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P-type. The holding capacity 685 is comprised of an electrode
(laminated layers of 632a and 632b) using the insulating film
616 as the dielectric and an island-like semiconductor f£ilm.

In the pixel structure according to the Example 1, the
end portion of the pixel electrode is disposed to overlap with
the source wiring so that the space between the pixel electrodes

is shielded without using any black matrix.

Example 2

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 £film is formed on an insulation surface, and then,
the amorphous semiconductor film is subjected to an etching
to form an island-like semiconductors 6001 and 6002. FIG. 12G

is a top view of FIG. 12A, and a sectional view along the line
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of an island-like semiconductor film A, which covers the
island-like semiconductors 6001 and 6002, is formed. FIG. 121
is a top view of FIG. 12C, and a sectional view along the line
A—A' is FIG. 12C. Then, as shown in FIG. 12D, a laser beam
is irradiated selectively to the f£ilm 6001_1 of the island-like
semiconductor f£film A to increase the crystallinity. FIG. 12J
is a top view of FIG. 12D, and a sectional view along the line
A—A' is FIG. 12D.

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

film 6008 of island-like semiconductor f£film B as the active
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is formed on the gate insulating film; a step in which impurity
areas 6011 and 6012 and channel forming area 6013 are formed
in the island 6008; a step in which an interlayer insulating
film 6014 that covers the gate insulating film 6009, gate
electrode 6010 and the island 6008; and a step in which wirings
6015 and 6016 that are connected with the impurity areas 6011
and 6012 are formed on interlayer insulating f£ilm 6014. FIG.
12L is a top view of FIG. 12F, and a sectional view along the
line A-A' is FIG. 12F.

The thickness semiconductor film in the impurity areas
6011 and 6012 is adapted so as to be thicker than the thickness
of the semiconductor £ilm 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 1includes a process for crystallizing a

semiconductor using a catalyst. Only the point, which is
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different fromthe Example 1, will be described. Whenacatalyst
element is used, it is preferred to use the techniques, which
are disclosed in Japanese Patent Laid-Open No. 7-130652 and
in Japanese Patent Laid-Open No. 8-78329.

After forming the amorphous semiconductor £ilm using Ni,
the same _is subjected to a solid-phase crystalli-=ation
(hereinafter, the crystallization method will be referred to
as NiSPC). For example, when the technique disclosed in
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 5509C, to crystallize the same. As for applicable
catalyst element, in addition to Nickel (Ni), an element such
as Germanium (Ge), iron (Fe), Palladium (Pd), Tin (Sn), lead
(Pb), Cobalt (Co), platinum (Pt), copper (Cu), gold (Au) or
the like may be used.

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

By means of laser irradiation method according to the
invention, the crystallinity of the island-like semiconductor

film A, which has been crystallized in a manner of NiSPC, is
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further increased. Since the polycrystalline semiconductor
obtained by means of laser beam irradiation contains a catalyst
element, a process (gettering) to remove the catalyst element
from the crystalline semiconductor film is carried out after
the lasercrystallization. Asforthegettering, the techniques
disclosed in Japanese Patent Laid-Open No. 10-135468. -Tapanese
Patent 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 that, after adding the
phosphorous to the semiconductor area other than island-like
semiconductor film B, which will become the active layer of
the TFT in the island-like semiconductor film A, the heat
treatment is carried out.

Owing to this, the area added with the phosphorous in
the polycrystalline semiconductor acts as a gettering site,
the phosphorous resides in the polycrystalline semiconductor
can be segregated in the area added with the phosphorous. Owing
tothis, it is possible to obtain the island-like semiconductor,
in which the density of catalyst element in the channel area
of the TFT has been reduced to less than 1x10'7atoms/cm?®,

preferably, to approximately 1x10'atoms/cm’.
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Example 4

In Example 4, a structure of a TFT, which is formed using
a laser irradiation method according to the invention, will
be described.

A TFT shown in FIG. 13A includes a channel forming area
7001, first impurity areas 7002 sandwiching the channel forming
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 f£ilm 7004 abutting to the active layer and é gate
electrode 7005 formed on the gate insulating £film are included
in the TFT. Side walls 7006 are formed so as to abut to the
side faces of the gate electrode.

The side walls 7006 overlap with the second impurity areas
7003 being interposed with the gate insulating £film 7004, and
the same may be conductive or insulative. When the side walls
7006 are conductive, the same may be used as the gate electrodes
including the side walls 7006.

A TFT shown in FIG. 13B includes a channel forming area
7101, first impurity areas 7102 sandwiching the channel forming
area 7101, and an active layer including second impurity areas
7103 sandwiched between the first impurity areas 7102 and the
channel forming area 7101. And further, a gate insulating £film

7104 abutting to the active layer and a gate electrode comprised
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When the side walls 7107 are conductive, the =same may be used
as the gate electrodes including the side walls 7106.
A TFT shown in FIG. 13C includes a channel forming area
7201, first impurity areas 7202 sandwiching the channel forming
area 7201, and an active layer including second impurity areas
7203 formed between the first impurity areas 7202 and the channel
forming area 7201. And further, a gate insulating film 7204
abutting to the active layer, a conductive film 7205 on the
gate insulating film, a conductive £ilm 7206 covering the upper
surface and the side surfaces of the conductive £ilm 7205 and
side walls 7207 abutting to the side surfaces of the conductive
film 7206 are formed. The conductive film 7205 and the
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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whereinsaid laser beamis alaserbeamof pulseoscillation,
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

uses a solid-state laser oscillator as a light source.
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7. A method according to claim5, wherein the shift direction
of said beam spot resides in the horizontal direction with

respect to the channel length direction of said thin film
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semiconductor layer A using said marker as a positional
reference; and
etching the periphery area of said island-like
semiconductor layer A to form an island-like semiconductor
layer B, which becomes an active layer area of said thin film
transistor,
whereinsaid laserbeamisalaserbeamof pulseoscillation,
and

the pulse width of said laser beam of pulse oscillation

is 50ns or more.
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is a second harmonic, a third harmonic, or a fourth harmonic.

12. A method according to claim 8, in which the beam spot
position of said laser beam over the surface of said
non-monocrystal semiconductor shifts for a distance of 0.3um

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

13. A method according to claim 12, wherein the angle, which
is formed by the central axis in the longitudinal direction
of said beam spot and the shift direction of said beam spot,

is orthogonal.

14. Amethod accordingtoclaiml1l2, wherein the shift direction
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of said beam spot resides in the horizontal direction with
respect to the channel length direction of said thin film

transistor.
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