; MNOPQRSTe3e*. "' T6T. {F -1 LASER | RRADI ATI ON METHOD AND LASER | RRADI ATI ON
DEVI CE AND METHOD OF MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE
I NVENTION 1. Field of the Invention The present inventiodMMMWWMuumm "a

| aser irradiation nethod and a | aser irradiation apparatd |\t ﬂ t he
met hod ( apparatus including a | aser and an optical system fersogi di ng

| aser beamemtted fromthe | aser to anlebject to be irradiated) . In
addition , the present invention relates to a nethod of manufacturing a
seni conduct or R cLRRAN AT TONF | MEBHOR, ANR FABBR I RRABEATIPYNPEVERE Not e
that a sem conductor device described here includes an el ectro-optical

devi ce such as aANPQUEFHEPy OFaMANUSFACIVRING SEMICONNUGHAR MM EGEng devi ce
and an el ectronic device which includes the el ectro-optical device as a
part. 2. Description of the Related Art In recent years , a wide study has
been nmade on a technique in which |aser annealing is performed for a

sem conductor filmfornmed GACKGCROIEND 0F BHE ubDNVYENTEONade of gl ass or the
like, to crystallize the film to inprove its crystallinity so that a
crystal |l i nk. serelbdnufiictloe Invemtionbt ai ned, or to activate an inpurity
element. Note that a crystalline sem conductor filmin this specification

i ndi cates a semThmpuesentfidventiomirelagesrtyshaldaseedriradiiation metisedt
and al so includes a sem conductor filmwhich is crystallized as a whole. A
met hod of drod &l Msétliseakddationcappiratuacaxasiry tismethod- Gappatdeusi ke
by an optical systemsuch that it becones a square spot of several cmor a
| i near shapscidify anbaermand ah bergchlopystenr fageghodbrgi 1486t abe€sm and
scanning the | aser beam ( or relatively shifting an irradiation position of
the | aser digiiier £HomehpaHsd0td e cBydActo be ha-ddiack @) £d) nt£aCoRTbie ]
annealing is superior in mass productivity and is excellent in technol ogy.
The "l i neathe RS e e STAVAREL HRT Be IBEES 86! admelthdd' o Mditifddttimgnse
but a rectangle (or a prolate ellipsoid shape) having a high aspect ratio.

For exanplgamidorndiffi it &fe A GARM I | I RSP RECTadedt Ikb i 2 Ha#BY fon
(preferably, 10 to 10000). Note that the linear shape is used to obtain an

ener gy- dengidy. Rtk EHat U seMlilddiRttor aBYade! BEs8P18Bhekers A RBludes

irradiated. Fig. 7 shows an exanple of a configuration of an optical system

for form ng LaggtrBeaptiBad de%ﬂ?@é s%ﬁ}o@s A FqeHd (A5 A BEshihHA

This configuration is extrenely general. All Optical systens describe

above are hagad ghit L £ INIYd QR UL Erbhic devi AEGALER G A1
s I

configuration, a cross sectliona ape o aser beamis converted into a

l'i near shapg, eﬁT%Q:tijo’lW NEQUS M 1k qgeraﬁﬁ)ﬂeﬂsi ty distribution of |aser

beam on the surtace to"be 1rradiated 1s nogeni zed. I n general, an optical

system for, h(ﬁg%%%i&?i%g‘ totle Sher ag:eéhsi&]%/tt distribution of |aser beamis

called a beam nizer. Laser beamemtied froma laser 71 is divided in

a direction_perpandloul e d Q-2 L UGkl 08, el bl d RSHEohn Y Adulidulr i cal

I ens group 73, fthereby é%ern1hing al'eng II"near Faser eamin

per pendi C%la(vhqlcfleigggg'al-lrxt;'gagi{lgcié O&e:‘:éo:?x%& ei:do:f'sl J Isre%;[iconductor £film
formed on an insulating substrate made of glass or the like, to
crystallize the film, to improve its crystallinity so that a
crystalline semiconductor film is obtained, or to activate an
impurity element. Note that a crystalline semiconductor film
in this specification indicates a semiconductor f£ilm in which
acrystallizedregionispresent, andalsoincludes a semiconductor

£film which is crystallized as a whole.

A method of forming pulse laser beam from an excimer laser
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-3direction in this specification. It is assuned that, when amrror is
inserted in a course of an optical system the first direction is changed
in accordance with a direction of light bent by the mrror. In the
configuration, the cylindrical lens array is divided into seven parts .
Then, the | aser beans are synthesized on a surface to be irradiated 79 by a
cylindrical lens 74, thereby honbgeni zipg an energy density distribution of
the linear | aser_beamin the |ongitudinal direction. Next, the

confi gur aPfFo §h$9\heiniqyt AR QHLCTT W BFOR; FuCH that e Regome D&y squase
beamemtted froma laser 71 is divided in a direction perpendicular to a
travel i ngSBPLelfi T/HVEFR} I Cn@ LhBERF $RARE 1T 0By O YIOTRI it dienigdis
arrays 72a and 72b, thereby determning a |length of linear |aser beamin a
wi dt h di r 88t RoRurfacedre e i brradiated e@rd SKXHMIRA rtda 1@Femh bedms (or
specification. It is assuned that, when a mrror is inserted in a course of
an opti caFedpsiEplyt ReifEdaed ag deraddatilon:c pesddd onn ofc thedanserwbeiamg
direction of light bent by the mrror. In this configuration, the

cyl i ndri cHithgigspectake tirn sundazent @ hehizradin tedkfoieansiyeianpgeildngThe
di vided | aser beans are tenporarily synthesized by a cylindrical |ens 74.
After thats stperigerinomass preductivttedngd/ is exceblent iantlechasplogydensed
by a doublet cylindrical lens 78 so that they becone again single |aser
beam on t fibeslirirezer shape”i deschi-ibed hede Mbandouwt at” ldyle ninitded sktenet78 is
a |l ens conmposed of two cylindrical |enses . Thus, a honogeni zed energy
density dsenhsebbtitoa oécthngllenéar hapeplbeanelhipswidt bhdpegchaoingnd a

| ength of the linear |aser -4beamin a width direction are determ ned.
For exanphighaaspect matiaseFdmewhmplleg $itzendicatésaseshapedhaviisigl@nnm X
30 nm (which each are a half-width in beamprofile ) is used as the |aser
71 and | aaspebearatio mHRoadmbyet (preperablysyso etv haoiony .t hBote that
configuration shown in Figs . 7A and 7B . Then , |inear |aser beam which
has a uni thenLenesagysnHepsi iy dsedr tdubbeainangnachéezgy ofied@btymr&qlifedm can
be obtained on the surface to be irradiated 79. At this tinme, when, for
exanpl e, goarsdffsci6f€1y0anAkbhling an object to be irradiated.

Fig. 7 shows an example of a configuration of an optical
system for forming laser beam in a linear shape on a surface to
be irradiated. This configuration is extremely general. All
optical systems described above are based on the configuration
showninFig. 7. Accordingto the configuration, across sectional
shape of laser beam is converted into a linear shape, and
simultaneously an energy density distribution of laser beam on
the surface to be irradiated 1s homogenized. In general, an
optical system for homogenizing the energy density distribution
of laser beam is called a beam homogenizer.

Laser beam emitted from a laser 71 is divided in a direction
perpendicular to a traveling direction thereof by a cylindrical
lens group 73, thereby determining a length of linear laser heam

in a perpendicular direction. The direction is called a first



base materials of the optical system high transmttance is obtained. Note
that coating is preferably conducted for the optical system such that
transmttance of 99% or nore is obtained at a frequency of the used exciner
| aser. Then, the linear |aser beam fornmed by the above configuration is
irradiated with an overlap state while being gradually shifted in a width
direction thereof. Thus, when | aser annealing is performed for the entire
surface of an anorphous sem conductor fil t he anor phous sem conduct or
filmcan pExegiial in1dds spectBlcatiey. cdif be asspgmedddato wheapmirror
crystalline sem conductor film or an inpurity elenent can be activated.
SUMVARY OR sTHESERVENTHON clousserdf & ehthpailrsystem 7 thenfdpst ciregkiem f or
forming a linear beamis conplicated. There are problens that it is very

di fficult i gharfgedniop biccalrdatjces witht at disechian oft Light syentnhy alite i n
addition, since the footprint becones |arger, the device is enlarged. -5
Fur t her nomel,rraxr t h@ncate wieifigutrasion peahewegidndeficadt dens \wrirtay ekpect
to the irradiated body is high is used, when the foregoing | aser beamis
per pendi cdiarided nntdesdvemtparte | Thed,atkd lmghy, behak ase cyhrtdbsai geal ur n
beamis generated ) which returns on the sane optical path when the beamis
i nci dent ion 8 dutddd &di vé ddrda@iatethes st urdy bbadi besD Tensa7 4 aaitrddy i ng
a bad influence on an output of the |aser and the variation of frequencies
and the deniddEni¥ing ahhenépdy denfiety idess tiipEiombobhecliméat Naguesent
invention is to provide a |l aser irradiation device in which a |linear beam

is farmed géamd P hidid}i tisill Piestion] fied than the conventional
ones and which can effectively anneal using such a |inear beam and a |aser

irradiation met hadtUStRe 88RRigulkatshbn gha%a&hoahéeyms v ey &1, g anot her
object of the present invention is to provide a nethod of manuf acturl ng a

sem conduglian g#8\ddsrtibadl Ch e HOLRAIM IO d @Fonl &R AL oM SRliRAGd P
included in its step. The present invention is characterized in that an

aber r at | 09 ;54 R138.cY oS pREIBa 18, I e dvBI0GP AR b driilobeam

being slantly incident with“respect to the convex |éns t he shape o

the laser Jngagh@neiPee | 41AN A1 6P by Wyha6Acd1" 16hE arrays 72a and 72b,
thereby determining a length of linear laser beam in a width
direction. The direction is called a second direction in this
specification. It is assumed that, when a mirror is inserted
in a course of an optical system, the second direction is changed
in accordance with a direction of light bent by the mirror. 1In
this configuration, the cylindrical lens arrays 72a and 72b each
are divided into four parts. The divided laser beams are
temporarily synthesized by a cylindrical lens 74. After that,
the laser beams are reflected by a mirror 77 and then condensed
by a doublet cylindrical lens 78 so that they become again single
laser beam on the surface to be irradiated 79. The doublet
cylindrical lens 78 is a lens composed of two cylindrical lenses.
Thus, a homogenized energy density distribution of the lineaxr

laser beam in a width direction and a length of the linear laser



nei ghborhood is made in a linear. The configuration of the invention
relating to a laser irradiation device disclosed in the present
specification is characterized in that it has a |aser and a convex | ens
slantly set with respect to the traveling direction of the |aser beam
-6emtted fromthe foregoing | aser and maki ng the shape of the foregoing
| aser beamlinear on the irradiation surfage or in its nei ghborhood.
Moreover, as for the other configuration of the invention relating to a
| aser irr838f%t 1Bnad¥¥AtR, direcsdign azer deteiminedon devi ce having a | aser
and a convex lens which is slantly set to the traveling direction_of the
| aser beam eni t¥@H ¢¥HAPLPe 2B LFOIMRYE | LRERT ot WhKES & §d 28hdPe 20 2BRE
foregoing | aser beamon the irradiation surface or in its neighborhood in a
| i near shwpadovwis L0 Ry 38t (vhicheach apas halphpehd Hyiphaan pobédmwi dt h
measured when a | aser beamemtted fromthe |aser via the foregoi ng convex
| ens is iheiuked asnthetlrser (7ddpadethderpgan ksipvpduaed b dheappticad, and
the thickness of the foregoing substrate is d, the foregoing | aser beamis
i nci dent s¥shemdwpaing tthet benfadguyeithgni shown stred ligsdy7A andBi.ncTHent
angle 8 satisfying the follow ng expression: 8 a arctan (w (2 x d)) In the
respect i vkineaf ilgseat boas wieistr hbech abdfernm ¢émefoy dgaisidyt dsstribution
characterized in that it is a solid state |aser, a gas |laser, or a netal
| aser of andta raictes oisdi25 am en0o4 il can decidbtatiined ont thkeoshidfbeenboed
that as the foregoing solid state | aser, YAG | aser, YV04 | aser, YLF |aser,
YA103 | askee , igtadsatedev9.ruby | aser, alexandrite laser, Ti: sapphire |aser
or the Iike of continuous oscillation or pulse oscillation are |listed, as
t he foregoi ng gas thisertimxcivwiten ) aSer , exdimp B erqurt aberus&d2fb6AS&11 Or
the li ke of continuous oscillation or pulse oscillation are listed, and
as the f b£g®i ngteeials| agerchdadptie£RABY Mg BighC aftismidndeSes
gol d vapor laser and the like are |isted.

obtained. Note that coating is preferably conducted for the

optical system such that transmittance of 99% or more is obtained
at a frequency of the used excimer laser.

Then, the linear laser beam formed by the above configuration
is irradiated with an overlap state while being gradually shifted
in a width direction thereof. Thus, when laser annealing is
performed for the entire surface of an amorphous semiconductor
film, the amorphous semiconductor film can be crystallized,
crystallinity can be improved to obtain a crystalline

semiconductor film, or an impurity element can be activated.

SUMMARY OF THE INVENTION

However, as shown in Fig. 7, an optical system for forming
a linear beam is complicated. There are problems that it is very
difficult to performoptical adjustment to such anoptical system,

and in addition, since the footprint becomes larger, the device



Moreover, in the respective configurations described above, it is desirable
that the foregoing | aser beam has been converted into a hi gher harnonic
wave by a non-linear optical element . For exanple, a.t is known that a YAG
| aser emts a |laser beamin the wavel ength of 1065 nm as a fundanental

wave. The absorption coefficient of this |aser beamw th respect to the
silicon filmis very low, so it is difficult fromthe technical viewoint
to crystallize an anorphous silicon filnr®hich is one of sem conductor
films if iits e@d@negedhs it is. However, this |aser beam can-be converted
into a shorter wavel ength using a nonlinear optical elenment, and as a

hi gher har noni c Fuantdermoges ebiohlie iviaglesrhdme adrisereean vhese neflectdrecd hird
hi gher harnonic wave ( 355 nm) , the fourth higher harnonic wave ( 266 nn
and t he fwftth haspewtc teabhe( iZradimteat dddystied hig§ndes tusesk, iggrerthe

har moni ¢ waves have hi gh absorption coefficients with respect to the

anor phous feideigodmd | Lagethdsmncahsbeeattpdndbeshiarlyr yaicdldenzat inhooftHee
anor phous silicon film Moreover, in the respective configurations

descri bed iatravdd atieliebbday e pihiatg isorevEked ensetarniveac tiergaeerated hathidh i S
an aspherical lens. Furthernore) as a convex |ens, neniscus |ens, biconvex
| ens, pl apete@mscsnl ENe Sdnfe tdpt iddie paith Whehedhehbsenels iarcidem € dimMex
lens in the present invention, it may be any |lens out of these |enses and
the inci dene swrhasateld bbayl.asre betdriithedft Wodédifés A fdrdmmaBriiqaces of
t he convex | ens. _g_ Moreover, in the configurations described above, for

the foreggaad ip#IBlendet orft £ PP F ke BaGHAT hAASHRAS! KAFQatd.ofl ldfLoN
substrate, a plastic substrate, a netal substrate, a stainless clad

substr at € £r@qlibftiRlse anldP THedlde 3t dthion Ide€ 11D R8s W et s, the
foregoi ng gl ass substrate, a substrate consisted of glass such as barium

borosilicate gl ggaceal HH BBHRERSHE! Eﬁéepgbﬁéﬁtoﬁnbgﬁthbﬁei%a%ob?),rloivsitd‘aed-
Moreover) a flexible substrate is referfred to a substrate in a film shape

consi steda0f4 gxirzifr%%iéﬁlﬁm 8evYbelin Wi dH K idda® beall £8NANGIEY udatigce 1S

prepared by utilizing the flexible substrate, the weight lightening of it

I's expect gl o1 O (R 1UM h8CE SinPl £18a ¥ HdP¢Re conventional ones and

which can effectively anneal using such a linear beam, and a laser
irradiationmethodusing sucha laser irradiationdevice. Moreover,
another object of the present invention is to provide a method
of manufacturing a semiconductor device in which the foregoing
laser irradiation method is included in its step.

The present inventionis chéracterized in that an aberration
such as an astigmatism or the like is generated by a laser beam
being slantly incident with respect to the convex lens, and the
shape of the laser beam on the irradiation surface or in its
neighborhood is made in a linear.

The configuration of the invention relating to a laser
irradiation device disclosed in the present specification is
characterized in that it has a laser and a convex lens slantly

set with respect to the traveling direction of the laser beam



and the back surface of the flexible substrate, a barrier |ayer nmade of
alumnumfilm (AION, AIN, AIO or the Iike) ( carbon film( DLC ( dianond

| i ke carbon ) or the like ) , SiNor the like is formed in a nonol ayer or
multilayer, it is desirable that the durability or the |ike is enhanced.
Mor eover, the configuration of the invention relating to a | aser
irradiation method disclosed in the presept specification is characterized
in that through a convex lens slantly_set with respect to the traveling
direction g thed SRR HRenfonegehRdr 1gEgh ARYf Bekdd Yot henshana it
surface or_in its nei ghborhood, the foregoing |inear beamirradi ates while
the for eg(ﬁorﬁfgqil%ﬂ-aﬁéé'npﬁémrh’r%&amtﬂfyt%ﬁvbﬁr@\ﬁl%iht%% Fatfaqs ofelin its
irradi ated body. Moreover, the other configuration of the invention

rel ati ng meighbesdhodd s adi ati on nmethod is characterized in that, through a
convex lens slantly set with respect to the traveling direction g of
the | aser beam Maxrieiovear, beafiet stieohivneonifidgureidioat ¢8nthe rifnuantgion n
its nei ghborhood. Supposing that a beam w dt h neasured when the foregoing
| i near beamliatingtdenflaiseroirhadiat hdh atestidrody tf by metaser tiradimtione is
w, and the thickness of the foregoing substrate is d, the foregoing |inear
beam i s i deviert hantingt helaserdand el dvodyex denshwhiipbi dentlampgly €t to
satisfying the foll ow ng expression: 8 z arctan (W (2 x d)) and the

f or egoi ng thienasvdicang diradiabasithe tasae beamsgui tnged £ remthedameagoinay ed
relatively to the foregoing irradiated body. In the respective

confi gur atliages @esc mdlss alloy eshdpe 6Pr €hei Bgrebasay laselrabaaineionz ethd n
that it is a solid state |laser, a gas laser, or a netal |aser of continuous
oscill ati afrredipti®ss @uEfdcd ican.in titshedighmw o ithal 1anddre sheiprgoi ng
solid state | aser, YAG |aser, YV04 |aser, YLF |laser, YA103 | aser, gl ass

| aser, ruby |asgk, igl exardeitbeikzageas FollvaRhisu®posdtly @haithened b aaf
continuous oscillation or pulse oscillation are listed, as the foregoing
gas - aser wietel MBAsh2e@ whéh & AxHer Hednefiit te@2rrametnor1idd@r [viee thle
continuous oscillation or pulse oscillation are listed, and as the

f oregoi ng rEREEb1hdSESnvELNHE £84HIALAShto the irradiated body formed
on the substrate is w, and the thickness of the foregoing substrate
is d, the foregoing laser beam is incident with respect to the
foregoing irradiated body, at an incident angle 0 satisfying the
following expression:

0 = arctan (w/(2 x d4))
In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state laser, a gas
laser, or a metal laser of continuous oscillation or pulse
oscillation. It should be noted that as the foregoing solid state -
laser, YAG laser, YVO, laser, YLF laser, YAlO; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of contilnuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO;

laser or the like of continuous oscillation or pulse oscillation



copper vapor laser, gold vapor laser and the |ike are |isted. Mreover, in
the respective configurations described above, it is desirable that the
foregoi ng | aser beam has been converted into a hi gher harnmonic wave by a
non-linear optical elenent. Moreover, in the respective configurations
descri bed above, the foregoing convex lens is characterized in that it as
an aspheri cal -10lens . Furthernore , as_a convex lens , neniscus |ens ,
bi convex lens , plano-convex |ens and the |ike are |isted, however, as the
convex | eA¥eikigtrd pprdastheferepgainametigdylazennpel ty-catmdrmlaagr,

| enses and the incident surface of the | aser beam may be either of the two
surfaces 6PPPEE yePesx lasesr. Mlsbwapon daser @ne ithe diliken Axfe dlos trd
above, for the foregoing substrate, a glass substrate, a quartz substrate,
a silicon substMareoverplisthe regpective cenfiegurations gaserifhedatiovenss
clad substrate, a flexible substrate and the |like can be utilized.

Mor eover, ithiésciedirabke itdratothehforegehngolaset deiamghas beemeonyerifed
manuf acturi ng a sem conduct or device disclosed in the present specification
i s char actiatiozathighdihadtarimondugiasecoyvenoneddnebandbyical eldemenesFeat to
the traveling direction of the |aser beam a |linear beamis fornmed on the
irradi ati ezamplkacetoisi¥nows tleaghbyA®adserhemitsegolaget ivean ieame
irradiates while the foregoing linear beamis relatively noved with respect
to the sewavendugttdr df | 106Hbrhmouer a tiitdiniaitL0ONFagel arhen abisoription
invention relating to a nethod of manufacturing a sem conductor device is
char act er coedfiieiehat oft £ D4 dha e £ VoK witihs rekpatlityt s etheMdill Ieapadtint 0
the traveling direction of the |laser beam a |inear beamis forned on the
irradi ati @8 $&ffaréwOrlsd At tis ALEEhBAN ROSEom SEIY ASd dth 1dial vA h@ind dioh
measured when the foregoing linear beamis incident into the sem conductor

filmformegdygiall e zeWiShmetFhbss Wi1akdntf el WhEEAesOrY of BemfieoadRictdr
substrate is d, the -11foregoing linear beamis incident with respect to

the sem cengie! & k! PephihBeakn§idesl ABGLGeR,S2hlisl YhBEr! BRaOIaag

expression: 8 z arctan (w (2 x d))
converted into a shorter wavelength using a nonlinear optical
element, and as a higher harmonic wave, the second higher harmonic
wave (532 nm), the third higher harmonic wave (355 nm), the fourth
higher harmonic wave (266 nm) and the fifth harmonic wave (213
nm) are listed. Since these higher harmonic waves have high
absorption coefficients with respect to the amorphous silicon
film, these can be utilized for crystallization of the amorphous
silicon £ilm.

Moreover, in the respective configurations described above,
the foregoing convex lens 1s characterized in that it is an
aspherical lens. Furthermore, as a convex lens, meniscus lens,
biconvex lens, plano-convex lens and the like are listed, however,
as the convex lens in the present invention, it may be any lens

out of these lenses and the incident surface of the laser beam

may be either of the two surfaces of the convex lens.



and the foregoing linear beamirradi ates while the foregoing |linear beamis
noved relatively to the foregoi ng sem conductor film In the respective
configurations described above, the foregoing laser is characterized in
that it is a solid state |laser, a gas laser, or a netal |aser of continuous
oscillatian or pulse oscillation . It should be noted that as the foregoing
solid state | aser, YAG |l aser, YV04 Iaser,8YLF | aser, YAL03 | aser, gl ass

| aser, ruby |aser; al exandrite |aser, Ti: sapphire | aser or the |ike of
conti nuous OSC|VP5?PHﬁrorlﬁu¥%% eRRET gurabhons AesSTikEd APYYR R ddieng
gas |laser, exciner laser, Ar laser, Kr laser, C02 |laser or the |like of

cont i nuou§OEEEPINg: FYRSELatE.c@ g1 SUDGTTRLE | B QAT tanFubstmate, a
foregoing netal |aser, heliumcadm um | aser, copper vapor |aser, gold vapor
| aser andsiAdcpnksubsirateted MNsbl@rsubstrater eapmetale substrgteat dons
descri bed above, it is desirable that the foregoing | aser beam has been
convert edstatolessi ghed subsimate way & Uexidb o subshzraiteopncere dlidieesan

Mor eover, in the respective configurations described above, the foregoing
convex | ehe iutidhizreatt eh$ zdbiei nfartagoingi glagsaspiistinatie | ems subgirater nor e
, as a convex lens , neniscus lens , biconvex |lens , plano-convex |ens and
the |i ke epwvslistedd, offoweMerss assudie camvekatrius | horbheipiecstat ogAaesti on,
it may be any | ens out of these |lenses and the incident surface of the

| aser beaalmmynbborbshdicatet g2atwoosuthackbkefcdammdecdrisded.eMoreover,
-12Moreover, in the configurations described above, for the foregoing

substr at ea flgkilske ssitsétvdee is qufdrreiiizt hatebstratéi twra €Ullst shhpe a

pl astic substrate, a netal substrate, a stainless clad substrate, a

flexi bl e sohsisaea ANPET)EPESKPREN ake vt bk itzasd 11iMer, eDF & semficbh@uctor
respective configurations, it is desirable that the foregoi ng sem conduct or
filmis agévliseaepoepaidd byl weiNizing e £1exPHES ebsitiaeat | e WaggRtVery
sinplified configuration, optical adjustnent is easy, and the device

becomes cofgREbnifgSdLZ At MorSYSEte®V AT bl tHE iFAHBECon hd Eh2ehaki On
is performed using a plurality of laser beams, since the optical systemis

sinplifiegngind soame%lutﬂfedeooeaﬁhéyfﬂ@%fbw%m&mp% ehrifieraidybaser
beans. In order to performthe uniformannealing, it is very inportant to

make the Q348 é%"ﬁ%%ﬁﬁndﬁ'f&@hlkil@h | A3RT RE@”&r tﬂé ﬂﬁm%)beéﬁkbbhaéiihes on
a substrate having a | arge area using such a plurality of |laser beans , it

i's capabl gppé ¢ %Md]ﬂli(ur aaffﬁ&&'ﬂ'&&“%he X Vel N dhenBeRREAN BErMby! | 2ed

by synthe5|2|ng such |ty of lasers. Furthernore, since the present

i nventiongjs, alaagﬂ%eyw f8At 1Walpd ! PP ab01101br £aek Ah2dabogy 11

return bean1can revente ce an i so ator I's not required to se t he

confi guragj OEthfPEESlEDéﬁhéﬁgphlfled Therefore, the reductlon of the cost

can be realized. Moreover e efficient irradiation can be perforned mnth

respect to the @E\/a” a}tJIC:_Iorf]H édd Lﬁ hiP'd *%‘i‘leSEH%B‘L‘E?n %Qa’t&n

possi ble that t ectrlca property 0 prepar ed can

be reducegd |t§? g:fxsf@cﬁa?tf %Q:Bgldc&fécl%g?r’in %@%&%ﬁn&%é’ég %'Xl&l}‘d

-13reI|ab| sem conductor prepare om suc
g”hanced 1§% | Jed N QEaIHEhPE*éﬁ‘% ﬁbé:?elet%sagﬁamﬁ_ﬁ}yhe% L ngs:
ig. 1is agran1 or showing an exa an o

respect to the traveling direction of the laser beam, a linear
beam is formed on the irradiation surface or in its neighborhood,
the foregoing linear beam irradiates while the foregoing linear
beam is relatively moved with respect to the irradiated body.
Moreover, the other configuration of the invention relating to
a laser irradiation method is characterized in that, through a

convex lens slantly set with respect to the traveling direction



system of the present invention; Fig. 2 is a diagramfor obtaining an

I ncident angle 8 of a |aser beamw th respect to an object to be
irradiated; Fig. 3 is a diagramshow ng an exanple of a shape of a |aser
beam fornmed on an irradiation surface according to the present invention;
Fig. 4 is a diagram show ng an exanple of an optical system of the present

I nvention in the case a plurality of Iaseé beans is used; Fig. 5is a

di agram showi ng an exanpl e of an optical "System of the present invention in

the case &fplRaltiasproearverd Hdaeay dapkedis daFmeg ol Fhe dgreadHolethg an
exanpl e of an optical systemof the present invention in the case a
pl ural ity srfaggohehhsits netghberhgod.7 fupmogingr AR EhSnilRR i idddnpl e
of a conventional optical system Figs. 8A to 8C are cross sectional views
for expl amsiasyredepthest thewuferegeing bhipeas| bgam iadiacidentorintairiheer
circuit; Figs. 9Ato 9C are cross sectional views for explaining - 14st eps
of manuf adrwaidigtedbrdy FeTmeddom thel sfudrstoratre verwei ardi the Riglcki®ss a
cross sectional view for explaining a step of manufacturing a pixel TFT and
a TFT for of dhevé&oreigodmg subisgratl iis al,t dhevifowegoingdlimeamdeam is
structure of a pixel TFT; Fig. 12 is a cross sectional view of an active
matri x typeacdidewtd itst shediisplam ated a®ody| Jatldhes Bnci@sstSeniglend
structure diagramof a driver circuit and pixel portion of a light emtting
devi ce; FisgtisT4Anigo théF farld odiiagy &wprdumiorny: exanpl es of a -
sem conduct or ~device; Figs. 15A to 15D are di agrans show ng exanpl es of a
senm conduct@rx deve€gn FWwpe2 L1648y Jo 16C are di agrans show ng exanples of a
sem conduct or devi ce;

and the foregoing linear beamirradiateswhile the foregoing linear

beam is moved relatively to the foregoing irradiated body.

In the respective configurations described above, the foregoing

laser is characterized in that it is a solid state laser, a gas

laser, or a metal laser of continuous oscillation or pulse

oscillation. It should be noted that as the foregoing solid state

laser, YAG laser, YVO4 laser, YLF laser, YAlO,; laser, glass laser,

ruby laser, alexandrite laser, Ti: sapphire laser or the like

of continuous oscillation or pulse oscillation are listed, as

the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO;

laser or the like of continuous oscillation or pulse oscillation

are listed, andas the foregoingmetal laser, helium-cadmium laser,

copper vapor laser, gold vapor laser and the like are listed.

Moreover, in the respective configurations described above, it

is desirable that the foregoing laser beam has been converted

into a higher harmonic wave by a non-linear optical element.

Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical



Fig. 17 is a diagram show ng an exanple of performng a crystallization of
a sem conductor filmby using the present invention and observing the

sem conductor filmby SEM Fig. 18 is a diagram show ng an exanpl e of
performng a crystallization of a sem conductor film by using the present

i nventi on and observing the sem conductor filmby SEM Figs. 19A to 19H are
di agrans show ng exanpl es of nanufacturlng TFTs by using the present
invention; Figs. 20A to 20B are di agrans R6mﬁng exanpl es of manufacturing
TFT by us |ln>g18t huptkeemore nasm converdienmsnenhgcnhd aisecbiconvex lens,
characteristics; -15Figs. 21A to 21C are diagrans show ng exanpl es of
manuf act upilagoFrEbnlyexuieng artk tpeebike dmeydhsted, Howsver2? Ast bh@ 2 rares

di agranms showi ng exanpl es of manufacturing TFT by using the present

i nventi onlang deathei pgesbptelinvéntdonhalachayils¢ iasy Fergs.oRt3Aof ch3d ar e
di agranms showi ng exanpl es of manufacturing TFT by using the present

i nvent i onlendeseandr thg inei@dret tguxfadarcttthel 3hbes; baad hay.bl4ithexr

di agram showi ng an exanpl e of an optical system of the present invention. -

Fi gs. 25A b 2he awe guaFasesh@f nhd Rofvesharaand eri stic of a TFT
manuf act ured by conbining |aser beamirradiation with thermal

crystal l'i zati onMbgkBger, CkR! thaVEdWE LabBayides fadwdtDhed abdi®e, for the
crystallization and shows dependency on channel |ength. Figs. 26A to 26C are

graphs sheviregoliRyVoubkarates aShlasef sabbrlafRNubaghdred RunbsAzeitedeam
irradiation in the crystallization and shows dependency on channel Iength

Fig. 27 '§1§&éBHSs%®%W&%&e|Dﬁwﬁiﬁﬁﬂfﬁﬂéﬁb§%f&téf & mEtalM khpatkah®, a
thi ckness of 66 nmin conplete depression type. Fig. 28 is graphs show ng

| D- VG chaggalighkski £188 sudddrdtd h £ shihhidl shBgssatlk dnQ tEH’é '1'1]4@'%:%':13'
depl etion type. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI

Enbodi menj,Mage1hBelhe prPSent Embodi ment Mbde, a nethod of fornlng a
| i near

Moreover, the configuration of the invention relating to
a method of manufacturing a semiconductor device disclosed in
the present specificationischaracterizedinthat throughaconvex
lens slantly set with respect to the traveling direction of the
laser beam, a linear beam is formed on the irradiation surface
or in its neighborhood, the foregoing linear beam irradiates while
the foregoing linear beam is relatively moved with respect to
the semiconductor f£ilm.

Moreover, the other configuration of the invention relating
to a method of manufacturing a semiconductor device is
characterized in that, through a convex lens slantly set with
respect to the traveling direction of the laser beam, a linear
beam is formed on the irradiation surface or in its neighborhood.
Supposing that a beam width measured when the foregoing linear
beamisincident into the semiconductor filmformedon the substrate

is w, and the thickness of the foregoing substrate is d, the



beamw || be described below wth reference to Fig. 1 and Fig. -16 2. A
| aser beamemtted froma laser 10Z is incident into a convex |lens 103 via
a mrror 102. Here, as the laser 101, a solid state |laser, a gas |aser or a
netal |aser of continuous oscillation or pulse oscillation is used. It
shoul d be noted that as the foregoing solid state |aser, YAG |aser) YV04

| aser, YLF | aser, YA103 |aser, glass laser, ruby |laser, alexandrite |aser,
Ti: sapphire laser and the like are Iistéﬂ?'as t he foregoi ng gas | aser,
exci mer | 88EpIOARPIIldNGar hean dsdmcident uikh rggaechd a the seRiLeRANRESEs
oscillation or pulse oscillation are listed, and as the foregoing netal

| aser, hefilmatatiheuin¢bient angdeed sadpmf viagethe dulld oxdig ekasessand :t he
like are listed. Then, a laser oscillated fromthe | aser 10l may be
converted into @ HighetamatwdOO2cxwd¥e by a non-linear optical el enent

Mor eover, a beam expander between the |laser 101 and the mrror 102 or

bet ween t aedrherfmrddPingliinharbeamikriadtali@gwhi ledhedffreaying larpamrded
into the desired size in both of |onger direction and shorter direction,
respecti veegm Ibembead eapanileelystpathectibaeppinff semicendnctbhr £adm.where
the shape of the | aser beamemtted fromthe laser is small. Mraover, the
m rror maynniie respeictisve eoplfigalraty onfs 8ascrnibedraborsy, hesfbregbénigaser
beamis made slantly incident with respect to the convex lens 103 . The
focal posiasen is cHuddetbmiidd aberthait dn SeCh sl bdidigitet ilandyy, hegag
incident in such a way, a |inear beam 106 can be formed on the irradiation
surface olasérit srned ghépaboadserd shouvbfthfubasedsidiatiatfidoheocoputxsel ens
103 is -17 made of a synthetic quartz glass, it is desired since a high
transpar epsyiisa®bbal Nadshbinayemota tALtIdE theatbregPiny isdad dbthike
surface of the convex lens 103 , it is desirable that one capabl e of

obt ai ni ngy 4 Hert varsPasERC Yy, PRse ! YTV €a¥bih YENerdser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO;
laser or the like of continuous oscillation or pulse oscillation
are listed, and as the foregoingmetal laser, helium~cadmiumlaser,
copper vapor laser, gold vapor laser and the like are listed.
Moreover, in the respective configurations described above, it
is desirable that the foregoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element.
Moreover, in the respective configurations described above, the
foregoing convex lens is characterized in that it is an aspherical
lens. Furthermore, as a convex lens, meniscus lens, biconvex lens,
plano-convex lens and the like are listed, however, as the convex
lens in the present invention, it may be any lens out of these
lenses and the incident surface of the laser beam may be either

of the two surfaces of the convex lens.



to the wavel ength of the utilized | aser beamis used. Mreover, as for the
convex lens , it is desirable that an aspherical |ens whose spherical |ens
aberration is corrected is used. If an aspherical lens is used, the
condensi ng property is enhanced, and the aspect ratio and the distribution
of the energy density are al so enhanced. -Then, while the |inear beam 106
formed thus irradiates, for exanple, it can irradiate the desired region or
whol e area on the irradi ated body 104 bylBeing relatively noved with
respect to the Mprediveredibotlye l@anfigaratienpl @es¢nibéd abhoeet ifor the
indicated wwth the reference nuneral 107 or the directions indicated with

t he ref er éocregodimgr aubsi@dtel0a glhssheubsitatatesl v guastz issibsdmatet,elay
referred to "to operate the irradi ated body di sposed on the stage".
However, ddgdeonngubs tidateya\elEims tiof sabstsate beanmethd isnbstiratenca nmay
ari se between the reflection beamon the surface of the irradi ated body 104
and the reftheénllieas brad subsficabarka Flelaaa eofsublbe ratlesandt ehd Q5ilen calti ch
the irradiated body 104 is forned. In Fig. 2, as the irradi ated body 104,
an exanpl pel atwtiekda sem conductor 11 is forned on a substrate 10 is
shown. If the reflection ream 14 on the surface of the sem conductor film
11 and the reflgetbohebeam dide st thitkconrigetatiohbe it 1ddseashbae 10
are not superinposed, the interference due to these beans does not occur.

In this casat tdeeforeddflg Bbaleonaueh orSe D8k P8Rt Ol d6nt ik PRgisfiladbat.ed
surface and which is one of the plane containing short side or the |ong

side of aghgebans ?r‘é@ie?a'% 18vaasiIBRhd ® ab@eﬁr]%l”ﬁﬂﬁﬁié&@ohﬁﬁguh}ﬁ%ﬁbhs,

defined as incident surface, it is desired at the incident angle A of the

| aser beaBb%iEhifB&guﬁtﬁeﬁEPiéneé@&?dhnﬁh%b@ e’ berahBsOtompacthant
side or the long side contained in"the incident surface, and the thickness

of  Lhe  SUBSLEYEARd0 41 anIRAIEDEN By PERE G0 A drAREpob BTk -

This Wis W= L+ W en 1 'ength 15 o er beam
-1 nci dent ngéﬁfgfgggéﬂﬁ a(é:griéggr 88UmY¥2 L¥nBePeAR bERILD10kyRLLASEE Peam

reflected sur
simplified, it is possible to easily make the same shape of the
all laser beams. In order to perform the uniform annealing, it
is very important to make the same shape of plurality of laser
beams. If the beam irradiates on a substrate having a large area
using such a plurality of laser beams, it is capable of enhancing
the throughput. Moreover, the beamcan beutilized by synthesizing
such a plurality of lasers. Furthermore, since the present
invention is slantly incident with respect to the irradiated body,
the return beam can be prevented, since an isolator is not required
to set, the configuration becomes more simplified. Therefore,
the reduction of the cost can be realized. Moreover, the efficient
irradiation can be performed with respect to the semiconductor
film formed on the substrate, and it makes possible that the

variation of the electrical property of TFT prepared can be reduced

using such a semiconductor. Then, the operating property and



of the substrate 10. It is to be noted that when the |ocus of the |aser
beamis not present on the incident surface, an incident angle of a

proj ected one of the locus on the incident surface is defined as 8. If the
| aser beamis incident at the incident angle 8, the reflected beamon the
surface of the substrate is not interfered with the reflected beamfromthe
back surface of the substrate to enable_the irradiation of the |aser beam
to be conducted uniformy. Further, by setting the incident angle A on the
i rradi at e§edd@pidd tynef sesiaanducterpeepered £FeB&UGH 8yTER CRAPRiadae t o
enable the | aser beamto be used effectively. In the above, refractive

i ndex of eRbaygeétrate is 1. In practice, the refractive index ~f many
substrates is about 1.5. Wen this value is taken into consideration, a
cal cul ati on val ue | arger -19than the angle calculated in the above is
obt ai ned. However, because energies of both sides of the |engthw se
direction of the |inear BB&EF BESCRIPIAON: OF, THE SHRAMINEGSe i nfl uence is
small in this part and sufficient interference attenuation effect is
obtained with ths theva setowpanydngadrewikigssover, the reflection
prevention filmmy be formed on the surface of the irradiated body. Wen
t he anneal i ng oFighel sksn & chichtam foxt mhowipgy faor rechmgsien@£s anh op thiasdr
irradi ation device, the rel evant sem conductor filmcan be crystallized,

t he cryst aybtam s€nthengmwekentcanvieatdeni ned by enhancing the
crystallinity and the activation of the inpurity elenents can be carried
out. It shoul d begnop eds thaiiddieam hepe ortaidiend aaerilaaen @ dld feoent
dependi ng on the ﬁinds of the Taser beans emtted fromthe |asers , even if
the | aserabgaseirsbéannwithy reBpee! itealans phlj@Bt it be Suse~aldtdde to and
easily influenced with the original shape. For exanple, the shape of the

| aser beam em tieq, f3 98 & AX@GraaxshBRi nhas® exlatp1® 8rlf€chapaUbfila 3A8BS, as
for the shape of the |aser beamemtted fromthe solid state laser, if the

rod shapepbami foPméd! oA ¥ FRBL at Lo RIS adddrditly HoaRBe prdskhtit 1S
in a slab shape, it beconmes a rectangul ar shape. The present invention can

be appl i esnyanefiynshape.

Fig. 4 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
is used;

Fig. 5 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
is used;

Fig. 6 is a diagram showing an example of an optical system
of the present invention in the case a plurality of laser beams
1s used; -

Figs. 7 is a diagram showing an example of a conventional
optical system;

Figs. BA to 8C are cross sectional views for explaining

steps of manufacturing a pixel TFT and a TFT for a driver circuit;

Figs. 9A to 9C are cross sectional views for explaining



The present invention conprising the configurations described above will be
described further in detail by Enbodi ments indicated bel ow -20

Enbodi ments Enbodi nent 1 In the present Enbodi nent, an exanple in which a

| i near beamis formed by the present invention will be described below wth
reference to Fig. 1 and Fig. 3. As the |aser 101, YAG | aser is used.
Supposing that the | aser beamoscill atedigromthe |laser 101 is converted to
t he second hi gher. harnonic wave by a non-linear optical elenent contained

in the | astieRDef manyfpeturing astﬁ%%u"FFgT fRGt2 ¢ é" fax & IpdYART| %HF?PJTENDO
node, and has 2.25 nm of beam di aneter and 0.35 nrad of spreadi ng angl e.
Subsequent |y, t Fd%ed® iiF ihGuraf sSAHIEhetkew Fhee 1R 9
having a focal length of 20 mmat the incident angle ~ of 20 degrees. Then,
in the prefemarfianiieimng a mixenTEY iandia PEFfbehed 8R1VAE SHAEFBLSE t he
| aser beam forned on the irradiation surface disposed in parallel with the
convex | ens. Th&igeslltks &f toheskewfospyplainingga Strygiorre Pifga Blxel s
understood that a |inear beam having a | ength of 420Eun and a w dth of
40Eun is ftThed on the irradiation surface. Mreover, the distribution of
the energy density of the linear beamis a Gaussian distribution. Fromthe
resul ts-of thisFgnuldti®m®m crossasebtionali vied afhan ackiveanabrim type
formed on the irradiation surface or in its neighborhood according to the
present i Mientiidrerydterd, displahaenimss) i ng of a sem conductor filmis
performed using such a laser irradiation device, the rel evant sem conductor
filmcan be crystigl.l L3eik aacebyst sédthenstn tonneiiotedifagranc aff deimibter ned
-21 by enhancing the crystallinity, and the activation of the inpurity can
be carriedigtiuit and pixel portion of a light emitting device;

Figs. 14A to 14F are diagrams showing examples of a
semiconductor device;

Figs. 15A to 15D are diagrams showing examples of a
semiconductor device;

Figs. 16A to 16C are diagrams showing examples of a
semiconductor device;

Fig. 17 is a diagram showing an example of performing a
crystallization of a semiconductor film by using the present
invention and observing the semiconductor f£ilm by SEM;

Fig. 18 is a diagram showing an example of performing a
crystallization of a semiconductor f£ilm by using the present
invention and observing the semiconductor £ilm by SEM;

Figs. 19A to 19H are diagrams showing examples of
manufacturing TFTs by using the present invention;

Figs. 20A to 20B are diagrams showing examples of

manufacturing TFT by using the present invention and measuring

the electric characteristics:



Enbodi nent 2 I n the present Enbodi nent, an exanple in which the irradiation
of the | aser beamis perfornmed using a plurality of |aser beans wll be
described below with reference to Fig. 4. As lasers 11la-111c, YAG | asers
are used, these are converted into the second higher harnonic wave by a
non- |inear optical elenent . Then, after the respective |aser beans
emtted fromthe |lasers - 11la-111c travgl via mrrorsll2a-112c,these
areslantly incident with respect to the convex |enses 113a-113c. By slantly
bei ng i ncident,Figg-f ot Josi Rlen Aseshdiagramny Hhawerg ae+@npdissh of
astigmatismor the like, a linear beam can be fornmed on the irradiation
surf ace omahnfactunahghBEhbyd uskiigedier present dawierddlon:t hat an
aspherical lens is used for the convex lens. It should be noted that a beam
expander bet weeRighe |2&fer $oll2aBllareandfiagreams r radrowili o exbrpl@s betfween
the mrrors 112a-112c and the convex | enses 113a-113c is set and may be
expanded matufabtudésgr BHT sby assimg bididn pofedeprigdmvetintdomn eandamdashoinegr
direction, respectively. Mreover, the mrror my not be set, or a
pluralitythé éhectricochamagteeistticsthen, while the |inear beamformed in
this way irradiates, it can irradiate the desired region or whole area on
the irradi at ed hbgy. 1®@BDy teei R@Br eagéi ikl ygrawed sldwines p&aimpllest hef
irradi ated body 104 , for exanple , in the direction indicated with the

r ef er encemanufdcBufehgl TR bprud ey diHe piiedent Adveattadnahll hBgsteliagence
nuneral s 108) 109. Since in the present invention, the optical systemfor
form ng thegel éD€8trbeashlascievektiskiphagconfiguration, it is easy to nake
a plurality of |aser beans |inear beans having the same shape on the
irradiation surfpge 24 16 @iagLah sHdnd B8 SRdp P& 0Fah b titaaas§ELEmout
on any irradiation surface where any linear beamirradi ates ( the whol e
surface obstiwgeipradintednbedyibgaches to have a uniform physical property
and the throughput is enhanced. It should be noted that in the present

invention,. altheugh 253 to 25C are graphs showing ID-VG characteristic
of a TFT manufactured by combining laser beam irradiation with
thermal crystallization using nickel having catalytic function
in the crystallization and shows dependency on channel length.
Figs.26A to 26C are graphs showing ID-VG characteristic
of a TFT manufactured by laser beam irradiation in the
crystallization and shows dependency on channel length.
Fig. 27 is graphs showing ID-VG characteristic of a TFT
with a film thickness of 66 nm in complete depression type.
Fig. 28 is graphs showing ID-VG characteristic of a TFT

with a tilm thickness of 150 nm in partial depletion type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment Mode

In the present Embodiment Mode, a method of forming a 1linear

beam will be described below with reference to Fig. 1 and Fig.



an exanple in which three beans of |asers are used is exenplified, the
nunber of lasers is not limted to this, and the sane kind of |aser may be
not used. For exanple, it is also possible that a plurality of different

| asers are enployed, the desired region is irradiated by the desired |aser,
sem conductor filnms having different physical properties are formed and
TFTs having different properties are prefgred on the sane substrate.

Enbodi ment 3 In the present Enboaii nent n exanple in which the
irradiati @ of the |aser beans are carried out fromboth sides of the
irradi ated body using a plurality of lasers will be described below w th
reference to Fi @ 1l8semsbpameenitbed frompa lasar| h@kris ginebignhubtike a
oscillation are used, these are converted into the second hi gher harnonic

- 23wave byomviex teng BOdond aneirropti®al Helreneas. thied@seaf 164 .t d4esolid
respective | aser beans emtted fromthe |asers 121a, 121b travel via
mrrors 12Zatk2ldsex hesgaslessicant hyna ek Jaaerwift bontipeots tos aiid atoimrex

| enses 123a, 123b. By slantly being incident, the focal position is shifted
by an abeoratpulses wetidslagsionyned issedr Iteshoudd bel npéed ltbah e the
formed on the irradiation surface or in its nei ghborhood . Mreover , it is
desi r abl e for@igodmgasphidd sthtlechases,u¥add laserheYvonvusasdmenYLH tladeoyl d be
noted that a beam expander between the |asers 121a, 121b and the mrrors
122a, 122laq0;beaseen ghass Mrayexr ,12shy 1P2beAndalbrandpier lesees -Th23a,
123b is set and may be expanded into the desired sizes in both of |onger

di recti onsapphikerifserlah@ctionikeefifeti syely adbhe@odfegdiliRy gas nesermy not
be set, or a plurality of the mirrors nay be set. Then, while the |inear
beam f or megtcimetrhilasedy, iy ahsdes,. K+t 18388x] r codi h€ethendesheed ikegion or
whol e area on the irradi ated body 104 by being relatively noved with
respect teohf@nubtuadbated1hedynlof puise Sx@iPiLtioh MmideLtHEaL! i34 as
indicated with the reference nunera? 107 or the directions indicated with

the refergReerBrBBbahg HB2a1l98se?, NHA1HAm-RAARISKE NG eV eldbpper tR®or
optical systemfor formng the linear beam has a very sinple configuration,

It 15 easyak@rokg1a Phpba! 1£¥e9fal|1@3’@ﬁeb.ﬁﬂf@ ard8als REANEHERY, 30 1@ rsane

shape on the irradiation surface . Therefore, a plurality of |'inear beans

can be eagkky13HREh FRORCEnRAAL NN 01 BNGP bE LORVERBEAMIRES a higher
harmonic wave by a non-linear optical element. Moreover, a beam
expander between the laser 101 and the mirror 102 or between the
mirror 102 and the convex lens 103 is set and may be expanded
into the desired size in both of longer direction and shorter
direction, respectlively. The beam expander is particularly
effective in the case where the shape of the laser beam emitted
from the laser is small. Morezover, the mirror may not be set,
or a plurality of the mirrors may be set. -
The laser beam is made slantly incident with respect to
the convex lens 103. The focal position is shifted with aberration
such as astigmatism by being incident in such a way, a linear

beam 106 can be formed on the irradiation surface or in its

neighborhood. It should be noted that if the convex lens 103 is



a laser having a |lower output is used depending on the irradiated

-24body, it can be sufficiently applied according to the present

Enbodi ment. It should be noted that in the present invention, although an
exanple in which two beans of |asers are used is exenplified, the nunber of
|l asers is not limted to this, and the different kinds of |asers may be
used. Moreover, it is capable of being ceyried out that the present

Enbodi ment is conbined with Enbodi nent 2. Enbodi nent 4 In the present

Enbodi nenmade afkahpientihe Whe cauantzi gladbat idn i6f deisd regs &ingeas high
carried out by utilizing a plurality of lasers and superinposing these on

t he surfaderasfsparenay 46 abtdibedy Mereover deaz fioretihbet@at g IPrasfistehce
to Fig. 6. As lasers 13l1la, 131b, YLF lasers of continuous oscillation are
used, thesm &he sun¥eceedfi the dcdrevehilehshil@ler iltaisodesivabie byhat idnei ng
a non-linear optical elenment. Then, after the respective |aser beans
emtted frocapddle bfssbtsaihdieg thalbraneparantiyoff nOKkdenmowie Witk spexdedd t he
convex | enses 133a, 133b. By slantly being incident, the focal-position is
shifted bytoamhebeavalengthush #ise afiiilgrid Jaser bbam ikaised] iIMasoveas M can
be formed on the irradiation surface or in its neighborhood. Moreover, it

I s desirakise folrathancomwpderiemd , liand sl degsiedbiier thhe anrasphdeial Ilersdioul d
be noted that beam expanders between the | asers -25 131a, 131b and the

convex | engesel FpherdiZdl alénsehbandatiynba sexguncectddt Dst Ggedesitrechsi zes
in both of |onger direction and shorter direction, respectively. Moreover,

the mrrorsprerialbeendt isOseddl Whal idondendilily Propurtyay Ranseicedlhen,
while the Iinear beamfornmed in this way irradiates, it can irradiate the

desired r %&@eheray\?@éﬁ Phefo Uhd had Bi8¥rabatiBadys 1ode RhYPaen@ialy vel y
noved with respect to the irradi ated

are also enhanced.

“Then, while the linear beam 106 formed thus irradiates,
for example, it can irradiate the desired region or whole area
on the irradiated body 104 by being relatively moved with respect
to the irradiated body 104, for example, in the direction indicated
with the reference numeral 107 or the directions indicated with
the reference numerals 108, 109. "To be relatively moved” is
concretely referred to "to operate the irradiated body disposed
on the stage”.

However, depending on the wavelength of a laser beam, the
interference may arise between the reflection beam on the surface
of the irradiated body 104 and the reflection beam on the back
surface of the substrate 105 on which the irradiated body 104
is formed. In Fig. 2, as the irradiated body 104, an example in
which a semiconductor 11 is formed on a substrate 10 is shown.
If the reflection beam 14 on the surface of the semiconductor

film 11 and the reflection beam 13 on the back surface of the



body 104 , for exanple , in the direction indicated wth the reference
nuneral 107 or the directions indicated with the reference nunerals 108,
109. Since in the present invention, the optical systemfor formng the
| i near beam has a very sinple configuration, it is easy to nake a plurality
of | aser beans |inear beans having the sane shape on the irradiation
surface. Therefore, a plurality of |ineajgbeans can be easily superinposed
each other. Even in_the case where a Iaser havi ng a | ower ou i s used
dependi ng PPt GG LQREE AP hsHperipPrsSedspERe ¢ e‘bfé’rFF‘g“%%fii‘fecFBn'le?/se
applied according to the present Enbodinent. It should be noted that in the
presentllﬂﬂﬁﬁ% e o RFFWR- exanpl e in which two beams of |asers are
used is exenplified, the nunber of lasers is not limted to this, and the
di fferent ki nds I&f th&§e¢§SﬁayW1b%n & &d-avpleseewhight hﬁmw%@%c‘%amtcar e
synt hesi zed on the irradiation surface, after being synthesized, a |inear
beam may Q& dirwediigfeshsyptacs a%wmhm Odgepf tltleuslms?fcmfe,aimgt he
present Enbodinent is freely conbined with Enbodi nent 2 or Enbodi ment 3.
- 26 Enbodishent sidenwrhdbieofonanatidet of i agregtaryle evinieh iks sagsumed etd s
explained in this enbodi nent using Figs. 8 to 11. A substrate on which a
CMOS circliet @ shapevef theclong beamalpidefipedtasnideident sWwag: xalt and
a holding capacity are formed together is called active matrix substrate
for convernissdeeirkdr that alsdisididien t480gade df ehegl as6r edm ah thiayfiilgs
borosilicate glass or alum numborosilicate glass is used in this
enbodi ment. =NatethRa{wgRast wRELE WULH ASLSKGEH ZoB Wisd Istiast sidd G the
substrates, netallic sutistrates, and stainless steel substrates having an
i nsul ati ng.ond eider oedtanntheinubisé roieiden € aaerf@mye Al &0l haitd dkhddye
substrate 400 . Further, a plastic substrate having heat resisting
properti ei')fC&DébbﬁbQi:ralﬂduhaﬁgngh&@ﬂi@p&ﬁéhﬁﬁ VETPEred pEEs tis ethed Ndsurs
enbodi ment may al so be used. Because this invention can easily forma
l'i near beaw®aw il A@.unthosmwederyy=diwt r+ byhyanwheh iW, pesai beant Nangth
annealing the |arge area substrate is conducted effectively by using a
]I?' i” al i tKl@f ol ReaaskedPeanN@dlcid@ntash ftHdniddhdmied raivftd Nsandtwg
il msuc
is a beam length of a laser beam reflected from a back surface

of the substrate 10. It is to be noted that when the locus of
the laser beam is not present on the incident surface, an incident
angle of a projected one of the locus on the incident surface
is defined as 0. If the laser beam is incident at the incident
angle 0, the reflected beam on the surface of the substrate is
not interfered with the reflected beam from the back surface of
the substrate to enable the irradiation of the laser beam to be
conducted uniformly. Further, by setting the incident angle 0
on the irradiated body to the Brewster’'s angle, the reflectivity
is minimized to enable the laser beam to be used effectively.
In the above, refractive index of the substrateis 1. Inpractice,
the refractive index cof many substrates is about 1.5. When this

value is taken into consideration, a calculation value larger



as a ~-tlicon oxide film a silicon nitride film or a silicon oxynitride
filmis then formed on the substrate 400 by the known nethod. A two | ayer
structure is used as the base film401 in this enbodi nent, but a single

| ayer of the above-nentioned insulating filmmy al so be used, and a
structure in which nore than two | ayers are | am nated may al so be used.

-27 Next, sem conductor |ayers are forned,on the base film First of all,
sem conductor filmis _fornmed with a thickness of 25 to 200 nm (preferably
30 to 150tRhAP bheaaRAddn CReCvddtesudn fha RPSButi%e i iathod HomeyempovD
met hod, and the plasma CVD nethod) . Then, the sem conductor filmis

cryst al | i Pegapyeaengsgiesr ¢t Hotthz giides ekt kbe. laagtheisgsdirection of
crystallization nmethod, the |aser beamirradiates to the sem conductor film
by appl yi hjeohthedr Rganianenattenngteder inyerferepce ot Hienceams snaldf
Enbodiments 1 to 4. It is preferable that a solid-state |aser of continuous
oscillati én thipuwaet cad [duhifiigrent gasdrfsgrenay atdteaidatcddmedifead: ised.
Note that; as the solid-state |aser, there may be given a YAG | aser, a YV04
| aser, a ¥bEalinedrwitthYAhE3abaver cadcgllased asdme.a ruby | aser, an

al exandrite laser, a Ti : sapphire laser, and the like . As a the gas

| aser, there najobeoygyerentlre evedfilwrrtics prevenddon Aidnsmaygdd [farined on
pul se oscillation, Ar laser, Kr laser, COz laser, or the like. And as the
nmetal | i ¢ theesurfheeecoffayhke igira@lazeldebiody.cadm um | aser, a copper vapor

| aser, or a gold vapor laser. O course, not only the laser crystallization
met hod but al sovikey tid@nneaihg bYsthk| samiconduet e diiMAs pBefbirednl
crystallization nethod using a~ urnace annealing, the thernal

crystal | i g8ihgsushi HQG ses NPragiathos RhvaBN shdiedle i BéRiconductor
crystallization) may al so be conbi ned. The sem conductor filmmay be an

anor phousg $ &1 GBS Ity Stid 1M1 Aedl] HHRE EYstla 13N dBf ebAlubitlR @andbe

crystalline sem conductor film Alternatively, the sem conductor film may

“be a conpewpgised KPrehRARELhy! Ph8a¥EPFtallinity and the activation of
the impurity elements can be carried out.

It should be noted that the shapes of the laser beams are
different depending on the kinds of the laser beams emitted from
the lasers, even 1f the laser beam is formed by the optical system,
it is susceptible to and easily influencedwith the original shape.
For example, the shape of the laser beamemitted from a XeCl excimer
laser is in a rectangular shape, as for the shape of the laser
beam emitted from the solid state laser, if the rod shape is in
a cylinder shape, it becomes a circular shape, and if it is in
a slab shape, it becomes a rectangular shape. The present invention
can be applied to any shape.

The present invention comprising the configurations

described above will be described further in detail by Embodiments

indicated below.



- 28an anor phous structure such as an anorphous silicon germaniumfilm 1In
this enbodi nent, plasma CVD nethod is used to form an anorphous silicon
filmw th a thickness of 50 nm and then the thermal crystallization method
using netallic elenents, which pronote crystallization, and | aser
crystallization nmethod are used for the anorphous silicon film N ckel is
used as a netal elenent, and is introducegg_onto the anorphous silicon film
by a solutjqn coating nethod. Then heat treatnent is conducted at 500 C for
five hour,mﬂéﬁ,ﬁg‘gtai ning a first crystalline silicon - film
Subsequently, the | aser beam shot froma continuous oscillation YVQOa | aser
w th out pm&éonverted into the second hi gher harnonic wave by a
nonl i near optical elenment and then a linear |aser beamis forned and

irradi ated by of® dhe mEresisntc fimodimanichdtth e%AMEisodithehtich & nbingamh 4
or by the optical system conbined these enbodi ments, whereby obtaining a
second cryps@d fisnosmpchy the mresatddiiaviens iofeWiddcbe Hsr¥bred oglowt
crystalline silicon film and changing the first crystalline silicon film
to the secdrtd greferdndenctsifFigconl fandnFigr ove the crystallinity of the
second crystalline silicon film At this nonent, abaut 0.01 to 100 MW cnz
(preferably 0.1Asothe Masesn2)01li,s Ydéc dsswry fsouseds Swpppsidendingt thee
stage is relatively noved to the | aser beam at a speed of about 0.5 to 2000
cm s, and liaserbean atsed, Llarted ficom tthe bager 4101 ieconvertedfid thesdaombd.
When the excinmer |aser of pulse oscillation is used, it is preferable that
300 Hz of hiigheue haymand cl@aveoby0dtnon - 1in€a dpipical el ement2 30k aineBD0 nj
/cne ) of laser energy density are used. At this nonment , |aser beam may be
over | apped.nbyhe0 lla@ eS8 101 .OA tc alrise t ialet, hcugpipos itigl thaat bhe drasedt beansi ng
the first crystalline silicon film it is preferable that the second
crystalling shlTEMSO fmdde ) and bdst 2. 26rmm td¥e bEah aianetébeas&c®id@b mrad
crystalline silicon filmhas an inproved crystallinity and electric

char act er %t ispFre@idibigl advgd.d.nproved. For instance,”al though, when TFT is
formed by using the first crystalline silicon film a nobility is al nost
300 cn®/Vs, whegubkéquenitafTBthdie s s ddHaSEERDEh Seypledit td€hsiddniax
film the nobility is extrenmely inproved with about 500 to 600 cnR/Vs. The

sem condugkpk howehavipd bOréRa1anengehRE RY REr G FhBJ iRRL RN Rhgle
processing on thus obtained sem conductor filmby using the

photol it h&)g%@&'r?yd%&—g%@-. PROANG P rd YEEYeRTBhhbSERHEN t Oft 1) slifRYHtlbn

el enent ( ro
isperformedon the shape of the laser beamformed on the irradiation

surface disposed in parallel with the convex lens. The results
of these are shown in Fig. 3. From Fig. 3, it is understood that
a linear beam having a length of 420um and a width of 40um is
formed on the irradiation surface. Moreover, the distribution
of the energy density of the linear beamis a Gaussian distribution.
From the results of this simulation, it can be confirmed
that a linear beam is formed on the irradiation surface or in
its neighborhood according to the present invention. Then, when
the annealing of a semiconductor film is performed using such
a laser irradiation device, the relevant semiconductor £ilm can

be crystallized, a crystalline semiconductor £ilm can be obtained



or phosphorous ) may be perfornmed after form ng the sem conductor |ayers
402 to 406 in order to control a TFT threshold value. A gate insulating
film407 is fornmed next, covering the sem conductor |ayers 402 to 406. The
gate insulating film407 is formed by an insulating filmcontaining silicon
with a thickness of 40 to 150 nmusing plasma CVD or sputtering. In this
enbodi nent, a silicon oxynitride filmhaying a filmthickness of 110 nmis
f ormed by 8I asma CVD net hod. The gate insulating filmis of course not
limted toP¥eHANSIRISEMCrvsdelilingt Yandndthera¢hkabtomgirthedmpBEL &Y ni ng
silicon may be used in a single |layer or in a |amnation structure.

-30Furt hercapib@ SarrEefd eRtede filmis used, it can be forned by plasnma CVD
method with a mxture of TECS (Tetraethyl Othosilicate) and Oz, at a
reaction pressure of 40 Pa, with the substrate tenperature set from300 to
400QC, and by discharging at a high frequency (13.56 MHz) el ectric power
density ofEmbediment82WcnR2. Good characteristics as a gate insulating film
can be obtai ned by subsequently perform ng thernmal annealing, at between
400 and 500QC, ofnt lthesipresenbxiBbddimentius amnekavpleedin Awhiicdt the
conductive film 408 having a filmthickness of 20 to 100 nm and a second
conduct i veifradiafDomaf ridpea lhisem bhamkihe gsenf oximdd tus 4R anpilareltihgnof
formed and | am nated on-the gate insulating film407. The first conductive
film408, Iaesker fbeaams Wil fhe Néswriiged belowtwithkneeBenénd€ ho Fagd 4 bhe
second conductive film 409, made froma Wfilmhaving a filmthickness of
370 nm arks fragecs arw 420 haf etAG NLaséeBs eabe dused] . tHése Tade f convestéar ned
by sputtering, and sputtering of a Ta target is performed in a nitrogen

at nospher eintaith8eecohldtMyHd 4 Watfioh O& MRS ey & Avht- 2 hegrvPtitaa ddmege! .

In addition, the Wfilmcan also be fornmed by thermal CVD nethod using

tungsten hmer) agtedet h¥spddt CHeIRIsdiS beard, ehittsd NeEeswAtliet Dadierabl e
to make the fil mbecone |ow resistance in order to use it as a gate

el ectrode,1 mryl i11d eravel iahhertdns 11ha-nascstindde/apé suad tW4f i hda den rade
| ess than 20uS2cm Note that although the first conductive film408 is TaN

and the sqpail XU 186 tiid Belifest SLddls L1 Sa S1PR] MBYPLs1ddEIE BE £0d10

particular limtations placed on the conductive fil ns. -31 The first

conduct i ve rididBrt08 1 £d¥ 1 gt L dCtdyer fdd B O WYe A0 b disnred
froman el enment selected fromthe group consisting of Ta, W Ti, M, A,

Cu, G, ang Mt iQmatidM 3 #hleOy 1Mt ehl ?hngéﬁéi ngﬂgfaﬂfbé hfczfm&&e&?“éﬁe a

its main constituent, or froma chem cal conpoun t hese enents.
Further, %.rradiation surface or in its neighborhood. Moreover, it is

desirable that an aspherical lens is used for the convex lens.
It should benoted that a beam expander between the lasers l11la-1l1llc
and the mirrors 1l12a-112c or between the mirrors 112a-112c and
the convex lenses 113a-113c is set and may be expanded into the
desired sizes in both of longer direction and shorter direction,
respectively. Moreover, the mirror may not be set, or a plurality
of the mirrors may be set.

Then, while the linear beam formed in this way irradiates,
it can irradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated

body 104, forexample, inthedirectionindicatedwith the reference



sem conductor film typically a polycrystalline crystalline silicon film
into which an inpurity el enment such as phosphorous is doped may al so be
used, as nay an AgPdCu alloy. Masks 410 to 415 are fornmed next fromresist
usi ng a photolithography nethod, and a first etching process is perforned -
in order to formelectrodes and wirings . The first etching processing is
performed in accordance with first and spgond etching conditions(Fig.8B).
Anl CP(I nducti vely. Coupl ed Pl asnma)etching nethod i s used as a first etching
conditionqq?QWﬂglgﬁﬁ ditfeptrechions ipdlcatedsyl tdrhe refsrengenyreral §ised
as an etchin as , the gas flowrates are set to 25 . 25 . 10 (sccm,
respectivé-losﬁg gopﬂasma is generated by supplying a 500 WRF ( 13 . 56 MHz )
el ectric power to a coil shape electrode at a pressure of 1 Pa, and etching
is performed. ASingewimr the presgniinyentéensi shporPticslaisst@ipifed to
the substrate side (sanple stage), thereby applying a substantially

negati ve dermigichsheoliangar vramhas| m veret echeple meerfigieratien, eithing
conditions , and the edge portion of the first conductive |ayer is nmade
into a tapesydtohmpke Jhplwtakity coddiseirobsamsel thaaycveams chawtogdhe
etching condition w thout renoving the masks 410 to 415 nade of resist. A
gas m xt usamgf sBhpeaonl thkzirsadiatiias surfacdi Mhegafionehesgace th8Ldnew
rates are set to 30 : 30 ( sccm) , respectively, a plasna is generated by
appl yi ng anp@el\Wnigr is] a6 ildz oud et kiny [dowadiad isanc Gur fvap evhelmec targyde  at
a pressure of 1 Pa, and etching is perforned for approximately 30 seconds.
A 20 W RF1ibeaxtbéhin)irmtattiates paher whelal surfagmlofethe altiesd sabsd maidy si de
( sanple stage ) , thereby applying a substantially negative self-bias

vol t age. TeacWels itm hatet Beudibbim| phys EcdDigrajatied dnd dhd hrsaghputder
by the second etching conditions using the gas m xture of CF4 and Cl2. Note
that the ekClnh@nlteld® nmay be increased on the order of 10 to 20% i n order
to performetching such that no residue remains on the gate insulating

film Edge porfiogiso@idtteenbieat tk@NAULC theeplay&ht altrdiei iEC @& hough
conductive layer are nade into a tapered shape in accordance with the

effect of an &ia@tp VOlina@e1cRRPIHR0bESmE WE SHBSHE v GkEA, i P xERHIAGilRE
shapes of the resist masks suitable with the above-nentionedfirst etching
condi ti ongnghBuABakeodf 14565 3P LSk 1imited to this, and the same kind
of laser may be not used. For example, it is also possible that
a plurality of different lasers are employed, the desired region
is irradiated by the desired laser, semiconductor films having

different physical properties are formed and TFTs having different

properties are prepared on the same substrate.

Embodiment 3

In the present Embodiment, an example in which the
irradiation of the laser beams are carried out from both sides
of the irradiated body using aplurality of laserswill be described
below with reference to Fig. 5.

As lasers 12la, 121b, YVO,; lasers of continuous oscillation

are used, these are converted into the second higher harmonic



portions is from15 to 45Q First shape conductive |ayers 417 to 422 (
first conductive |ayers 417a to 422a, and second conductive |ayers 417b to
422b) are thus formed fromthe first conductive |ayers and the second
conductive layers by the first etching process . Reference nuneral 416 dues
a gate insulating film and regions not covered by the first shape
conductive layers 417 to 422 becone thinper by approximately 20 to 50 nm

t hrough etching. A second etching process is then performed w thout

renovi ng VAEEnRY Rt inlefel g o E@Psgl(lpiag. optjcaligelement ; Then s afdisdcithgel y
etched by using CF4, Cl2, and 02 for the etching gas. At this -33 tine,

t he seconBegBaatidveviasey heanp enitded3SEonr Ehe glrafﬁﬁ}”-"o)lztlﬁe 1ddokgawedhi ng
process. On the other hand, the first conductive |ayers 417a to 422a are
hardl y et¢hadnbrrorsel 222 chiRbhdpresomigtsiantlyy dneidept yisbargspersr ned.
A first doping process is then perfornmed w thout renoving the masks nmade of
resi st antiot tlee seoneemdianses |13as, 133 add silentdy bedg dpcdidemint thei ch
inparts n-type at a | ow concentration . The dopi ng process may be perfornmed
by ion dofiooglneosbtiion imrshiftead ibgn aretabed ratdondspchgassagtifgoatédmwi t h
process conditions in which the dosage is set from1l x 1013 to 5 x 1014

[ cn?2, andotltheattlket eraal ineay ddangean besEdrivell wrethd A rira it tkiedh sDopang i s
performed in this enbodiment with the dosage set to 1.5 x 1013 /cnR2, and

t he accel eraniids vedl dhigerisedd | MobBokeY., iAniseleserabhelttvagdi axgasphehecgloup
15 , typically phosphorous ( P ) or arsenic (As) is used as an inpurity

el ement whésd ispaséd Potypre Ebasphonens.( P ) is used here . In this case
the conductive |l ayers 428 to 433 act as masks with respect to the inpurity
el ement whi ch imMpaH1E bgpeo €At \&W byamadebdider Mitwdeh thg DASedE3 t O
427 are formed in a self-aligning manner. The inpurity el enment which
inparts nr2y»e 129 rEf@tHePmi Beor B 24 Y 1208 N HetdehOtHe hidirors 122a,
concentration in a rang~f 1 x 101$ to 1 x 102 /cnB. Next, after renoving

the masks) spglead thestshveReVenBek sl 284 a 10314 34CsdR¢h PhmaebESbxpaRaéqr med,
and the second doping process is perfornmed in higher acceleration voltage

than the fistuloRidil PSS oBokaP0R01bAGRS EOLEBEL YA B! S665Eer

conditions 1n which the dosage is set from to 1 x 1015 /cnk, and

the  -3499cLel fEAL LIP%SIYQ&PQ&%? M6te §GL1L N E0nL Prd 2 Unke Voo 56 dORE NI

process i s perforne y using the second conductive [ayers 428b to 432b as

masks and,t he SEM-£P C%PrtﬁéyﬁirPQQErmé?eFéaBSE?d portion of the first
ed to [

conductive layer 1s a the 1mpurity element. Continuously the

el o o, Ykl ok s BB PR BiGresa Lt 1

dopi ng process s done, the stat on dopi ng

met hod i%g%%ﬁ%%i‘g%%?é;ﬁ%ﬁﬁe@%%%ﬂQﬁ» &ﬂoi‘@iaﬁgat&?rﬂgsfﬂf%&fa%& from

1 x 1015 e ac eration voltage is set between 50
L SR ARSI P TR R it WA AaEid 0P
body 104, forexample, inthedirectionindicatedwith the reference
numeral 107 or thedirections indicatedwith the reference numerals
108, 109.
Since in the present invention, the optical system for forming
the linear beam has a very simple configuration, it is easy to
make a plurality of laser beams linear beams having the same shape
on the irradiation surface. Therefore, a plurality of 1linear beams

can be easily superimposed each other. Even in the case where

a laser having a lower output is used depending on the irradiated



inmpurity elenment, which inparts n-type within the range of the density of 1
x 1018 to 5 x 1019 /cnR2 by the second dopi ng process and the third doping
process and high concentration inpurity regions 435, 441( 444 and 447 are
added to the inmpurity elenment, which inparts n-type within the range of the
density of 1 x 1019 t0 5 x 1U21 /CnR. O course, the second doping process
and the third doping process can be one-%&ge dopi ng processes by making it

to a suitable accel eration voltage and if js also possible to formthe | ow

concent r atOSy «i ifuGaty Bee §UdF IGi®™Hilgh aRREER AaGFHTinghda (e SFFE Next |
after renmoving the masks made of resist, new nmasks 450a to 450c nade from
resi st ar& ™nd the fourth doping process is perforned. Inpurity

regi ons 453, 454, 459 and 460, to which an inpurity el enent which inparting
a conductivity ffpshoulddbepeded thap imiheopreaenibienhorofdidough y
type is added, are forned in accordance with the fourth doping process in

t he sen cemde¥awple| inmyhiale kvwiocbepmset ihaserg are vwsedHes gxempdddiedpe
TFTs. The second conductive | ayers 429b to 432b are used as masks with
respect t&hehaumbeyr pfylasenenis nat bhimibedrie ythas mnd Whiec lQiliffenend:
p-type conductivity is added to formthe inpurity regions in a

sel f - al i gkiingsmefndasetse mayplra tusadgi ons 453 , 454 , 459 and 460 are
formed by ion doping nethod using di borane (B2H6) in this enbodi ment (Fig.
9B). The ¥emweoweductidr ilsagapabiler ofobeEing idaeriedhawtelthaypéheFprasent
covered with the masks 450a to 450c made of resist when the fourth doping
process i Empenfiimentd isPleomblioed with aidediamerdi fX.erent concentrations into
the inmpurity regions 439 and 447 by the first to third dopi ng processes.
However, by perform ng dopi ng such that the concentration of the inpurity
el ement which inparts p-type conductivity beconmes from1l X 1019 to 5 x 1021
at ons/ cnBEmboimen®spect i ve regi ons, no probl ens devel op in making the

regi ons function as source regions and drain regions of the p-channel type

TFT. In the present Embodiment, an example in which the

irradiation of the laser beams is carried out by utilizing a
plurality of lasers and superimposing these on the surface of
the irradiated body will be described below with reference to
Fig. 6.

As lasers 131a, 131lb, YLF lasers of continuous oscillation
are used, these are converted into the third higher harmonic wave
by utilizing a non-linear optical element. Then, afte£ the
respective laser beams emitted from the lasers 13la, 131b are
slantly incident with respect to the convex lenses 133a, 133b.
By slantly being incident, the focal position is shifted by an
aberration such as astigmatism or the like, a linear beam can
be formed on the irradiation surface or in its neighborhood.
Moreover, it is desirable that an aspherical lens is used for
the convex lens.

It should be noted that beam expanders between the lasers



The inpurity regions are thus fornmed in the respective sem conductor |ayers
by the steps through this point. Afirst interlayer insulating film461 is
formed next after renoving the masks 450a to 450c nade of resist. This
first interlayer insulating film461 is forned froman insulating film
containing silicon, having a thickness of 100 to 200 nm by using plasma
CVD net hod or sputtering method. A silicgg_oxynitride -36 filmhaving a

t hi ckness of 150 nmis forned by plasma CVD nethod in this enbodi nent. The
first intéddlaped3ilhsandt thg epniexclensest 133as sk3Abt are nse ARG BARihe con
oxynitride film and other insulating filns containing silicon may al so be
used, as &xpangled Hajyorthe desiredasizes s oty ef Bongeyudiregtien rangbvery
of the crystallinity of the sem conductor |ayer and an activation of the

i npurity eherders dideedion .t respespdote e dmrespraiuctidre Inyarer aray not
performed by irradiating the | aser beam as shown in Fig. 9C. As the | aser
activati obe tsle¢,| aser lpdamalrirtadic dshdé onitmorsemaprigeicsdeat. fil m - by
appl yi ng one of Enbodinments 1 to 4 or by freely conbining with these
enbodi mentTaenl,t whiler ¢her Ahheatrhdieam Falrmkds tial ehias evayofirradtitiesiodst
oscillation or a pulse oscillation, a gas laser) or netallic |laser is used.
Not e t hat caasithadsateé deltd des ik reglibar 6r Wb e agiedeon st he\Grirasdateld a
continuous oscillation or a pulse oscillation, a YV04 |aser, a YLF |aser, a
YAL103 | asebdyal @4 &3Sbé A6 melatityly avtled witRIepuslit t6 tedrradibited
sapphire laser, and the like. As a the gas |aser, there may be given a

exci mer | psak 194 ,COOH REMAPI e 0SEH tHEHE 8CcOl 0AUNTE 23Ed wEth ORe rAfFerag®le  Kr

| aser, C02 |aser, or the like. And as the netallic - |aser, there nay be
given a hahindwagady Wthé%ﬁrneca:fdﬂépﬁﬁdYGQ@édh&%ﬁrthé)feﬁeﬂéhgeﬁ%%&'aﬂl%ser
At this nonent, if a continuous oscillation |laser is used, about 0.01 to
100 NMVcngogprngrably O0.1to 10 MW cnR ) is necessary for t he energy
density of |aser beam The substrate is relatively noved to the | aser beam

at a speed of a8PHLeOiR tRe2PR EHS irfVhtidn, cﬁh% 9§Ehi|§g§@ for

-37laser is used, It is preféerable that 300 Hz uency a to 1000 _
] /cnR I d.
A thi's nsosntns) tie Platlr Moaf et ey s P TP Bk A TFhser
I : I
anneal i nge JEL Qg m&ﬁra”ﬁguéﬁﬁﬁ%pkggcgﬁég%g .er.aigl_ﬁ’eé:?%e’mds [ P

met hod ( RTA met h e app
same shape on the irradiation surface. Therefore, a plurality

of linear beams can be easily superimposed each other. Even in
the case where a laser having a lower output is used depending
on the irradiated body, it is capable of beingsufficiently applied
according to the present Embodiment.

It should be noted that in the present invention, although
an example in which two beams of lasers are used is exemplified,
the number of lasers is not limited to this, and the different
kinds of lasers may be used. Moreover, although laser beams are
synthesized on the irradiation surface, after being synthesized,
a linear beam may be formed by an optical system.

Moreover, it is possible that the present Embodiment is

freely combined with Embodiment 2 or Embodiment 3.



Further, the activation may al so be perforned before the formation of a
first interlayer insulating film However, if the wiring material used is
weak with respect to heat, then it is preferable to performthe activation
processing after formng an interlayer insulating film( an insulating film
having silicon as its main constituent, for exanple a silicon nitride film
in order to protect the wirings and the like, as in this enbodinment . Then
) a heat treatnment can al so be perforned ( at 300 to 550QC for 1 to 12
hours) and it is possible to conduct a h3@rogenation. This process is one
of terninating_danaling bonds in the sem conductor |ayers by hydrogen

cont ai ned irst interlayer insulating film461. The

sem conductor | ayers can be hydrogenated whether or not the first
interlayer insdt #§PG i 9 Bapafacturingaany 8Fsd¥fafmadt iruSuhs WAk geh
excited by -a plasma) , and a_heat treatnment for 1 to |2~rours at a

t enper at urekrIized e Abdscempogdimento ysABLeFdgft aBntAgl hydrfoIPHITFtm 3
to 100% nay al so be perforned as ot her neans of hydrogenati on.

Subsequentany Whg che@oRMOBNELEFHER ﬁn@Hiﬁ?Fn@i¥¢vﬁ¥46@“¢m§k?##?ﬁnﬂ£¥t1°n
inorganic insulating filmmaterial or froman organic insulating materi al

i s fornmedhavimge af TFS pixedr landee heddimd mgpaci3dsf idua 4Prmesh tgeihier
resin filmhaving a filmthickness of 1.6 umis fornmed in this enbodi nent ,
and t he ndtsecdadlledsedtione abxix Gwrsirdate ffom donveni@ode cp) preferably
between 40 to 200 cp. A material in which unevenness is forned on its
surface i s usedFicstor dersulssiravent0ai made rfafdrecglass ) stbk ssr foeodwd a
pi xel electrode is made uneven by form ng a second interlayer insulating
fil m whi chorosigisatenglass o ddaminnmtiboso sehbioch te gl assFus ulsed, ib HhisE xel
el ectrode surface can be nmade to be uneven and have |ight scattering

char act er iesibioddimenand No¢eefthiat asustmeatemrsuch anyqabhstzbsubstradesn a
regi on bel ow the pixel electrode. The formation of the convex portion can
be perfor gadikynt Babsasra eyt avetskL bic t dabstoatésr nang sheainkéss( saedl
therefore it can be fornmed without increasing the nunber of process steps .
Not e that stilpe t&ameeX hR@lilng anTeyh Al Bt heg f £1 IRdfapReapbhatky sabstthateubs
trate of the pixel portion region except the wirings and TFTs . In this

vay, uneveuareszel fay 81800bé RiskliCas thleasenotrabe quocel FalreteirQde palagra d he
unevenness fornmed in the surface of the insulating filmwhich covers the
convex pokub@Rrate having heat resisting properties capable of enduring
the processing temperatures used in this embodiment may also be
used. Because this invention can easily form a linear beam with
a uniform energy distribution, it is possible t}'xat annealing the
large area substrate is conducted effectively by using a plurality
of linear beams.

Next, a base film 401 made from an insulating film such
as a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film is then formed on the substrate 400 by the known
method. A two layer structure is used as the base film 401 in
this embodiment, but a single layer of the above-mentioned

insulating f£film may also be used, and a structure in which more

than two layers are laminated may also be used.



A filmhaving a |l evel surface may al so be used as the second interl ayer
insulating film462. In this case, it a.s preferable ~. ".at the surface be
made uneven by an added- process such as a known sandbl asti ng process or
etching process to prevent mrror reflection, and thereby increasing

whi teness by scattering reflected light. Wrings 463 to 467 for
electrically connecting respective i npwaty regions are then forned in a
driver circuit 506. Note -39 that_a lamnatign filmof a Ti filmhaving a
t hi ckness of 5&&Fh-artPBFARdIRter | IeYers afFoyiormad Qrg the .

t hi ckness of 500 nmis patterned in order to formthe wrings, O course,

it is not LTSt oF pdlenheemheondyeitort fidhyie forBedwhth-a a’gyr"]%’t?%t?ff e or
the lam nation structure nore than three | ayers nay al so be accept abl e.
Further, AP &0d290 Bhe(msefprablzd3PotenkSQ Rinhgoyrer denewn meskhed Adgnah A1
and Cu are fornmed on TaN film and the lam nation filmformng the Ti film
i s fornedalsy theesputterihggmatbofior thei EPGYD (e ghod o) andthé arlasmag G

el ectrode 470, a gate wiring 469, and a connection electrode 468 ire forned
in a pi xemegodilon THEn, AheebenicpodhctonmrElm ds ¢xysbahbiizeftty aHagsxel
TFT and the source wiring by the connection el ectrode 468. Further, the
gate wiri cgystalildzadion gleddiod.cahscthredasen wiryls tialld igatd ol ewtthod®, of
the pi xel TFT. The pixel electrode 470 forns an el ectrical connection with
t he drai ntheglasezddeat itrmmadiiadeds Telthendemhcaddiutcton, £1bm sy appdlydatg i cal
connection wth the sem conductor |ayer 459 which functions as one

el ect r odeoher mfnEmbalimeages chptsi 4obr by ifrgulef ecatbining uaayaonet exf al
havi ng superior reflectivity, such as a filmhaving AL or Ag as its nain
const it ueRmbodamenhtsliagonat i At fid Preffextald ithat aasollid-pitatec1eeigrode
470. A CMCS circuit conposed of a n-channel TFT 501 and a p-channel TFT
502, a drb¥econtiftoblis e iEVA oo ptlaeNekcIkIa%9dn,aadgddelqee or
portion 507 having a pixel TFT 504 and a storage capacitor 505 can thus be
fornmed onmklia13aee1aebst fat @selle Reté&VEhAR, M $HBSEDALA-sEattBUlaser,
conpl et ed. -40 The n-channel TFT 501 of the driver circuit 506 has : a
channel f ehBrBMmaEBHPBiddh; a ¥ hawesQNgeNfd Al h88r, NP WIF Yakegdi, 08 ¥idfo,( GOLD
region) which overlaps with the first conductive |ayer 428a that structures
a portion)gkethe a0qf1asd eddde; a apdblhaalied) G@NCEIEkMALDES RHEREY BETi ON
452 which funcfions as a source regioh or a drain region. The p-channel TFT

502, whi cist gagghws M8, C1 415l dndMtifkd Ne Al SN ad N ARy

el ectrode 466 an electrical connection has: a channel form ng regi on

155; he baWgaoaaen! dld b MPULLLY ok Ceodit ifibuA L A1PLA {IUK | b¥ pRELEN 453
in which the inpurity elenents Inparting n-type and - p-type are

i nt rOducePscﬂ!iﬁeﬂm, tAe dianiel lggerOéOzh%%S(egigépgglé O{]?{%n\)'mng?rdegison

443; the low concentration I npurity region 4 over | aps

W th the EheshoeonIicysed NHe A0y M A/ HURES 18PRLUINNOY aLRE, 02t €

el ectrode; a concentratio npurity region 44 unctions

o 2 SOUr G Gigfl.00aBrt GEBLN 20 901 Udl NEEelLT 804ledle dictEhy

portion has :""a cha orm ng region ration |rrpHrity

{ﬁgi ﬁi”gﬁ“tr’néL'?Bs%‘igi Oy s £ 21 1E8a Lok NreWticd J5ul’ 41l 98h§ DB RfowAd
crystallization method (RTA, the thermal crystallization method
using a furnace annealing, the thermal crystallization method
using metallic elements which promote crystallization) may also
be combined. The semiconductor film may be an amorphous
semiconductor f£ilm, a microcrystal semiconductor f£ilm or a

crystalline semiconductor £film. Alternatively, the

semiconductor £ilm may be a compound semiconductor £ilm having



concentration inpurity region 458 which functions as a source region or a
drain region. Further, an inpurity elenent which inparts n-type and an
inmpurity elenment which inparts p-type are added to the sem conductor | ayer
whi ch functions as one el ectrode of the storage capacitor 505 . The storage
capaci tor 505 conprises an electrode (lam nation of 432a and 432b) and the
sem conductor layer, with the insulating,§ilm416 functioning as a
dielectric. -41Edge portions of the pixel electrodes are di sposed so as
to overl afWaAMPTERR e SHTUGRre RUrh Bt N PRRREh SHE X ded@ Aty des
shield the |ight, without using a black matrix, with the pixel structure of
this embodild@ht. An upper surface di agram of the pixel portion of the
active matri x substrate manufactured in this enbodinment is shown in Fig.
11. Note that tH® s embeddmeatsypBeismagf¥Dunethpdripoasednto form an
corresponding to those in Figs. 8 to 11. A chainline A-A" in Fig. 10

cor r espondsanphous ¢dd iswex ifddal wdithgrathdégknessngfa5@hemn andiethren\'the t hi n
Fig. 11. Further, a chainline B-B in Fig. -10 corresponds to a cross
secti onal tieagradmcoyts talldrig ek icdmaime hate W-iBlg wetld il ifg glementEtbodiidnt 6
A process of manufacturing a reflection type liquid crystal display device
fromthe actomoteratyistadlliztataiton mamd dassre crys Hattiddiatenin methek @@ ned
below in this enmbodinent . Fig . 12 is used in the explanation. An active
matri X subsiedaferi thé hemstpheusisfifcod Eilnfi Nickelll dAsneded nasict anedaice

wi th Enbodinment 5, an orientation film567 is then forned on at |east the
pi xel el eellem@ft47@ndn ilsh@nadGtldduathionto Hes Emdirpheiud-isg.litbn @idm by
rubbi ng process is performed. Note that, before form ng the orientation
film567 iansbhiusienbesk oeng meehsdnarrnpateatS¥2ehsmént Bsl dohdifste® Gt
positions by patterning an organic resin film such as an acrylic resin

filmand 609 90 £6r £i0eHAN, WRFRLYIGH th i UiPa T REEry st 421 SHOSiNAh
Further, spherical spacers may al so be distributed over the entire surface

- of the subghimat e fitbsbudist iy Ut @nbOnddes CoéaN3hotPAY®P a continuous

oscillation ¥YVQ, laser with output 10 W is converted into the

second higher harmonic wave by a nonlinear optical element and

then a linear laser beam is formed and irradiated by one of the

optical system shown in Embodiments 1 thorough 4 or by the optical

system combined these embodiments, whereby obtaining a second

crystallinesilicon £film. Irradiatingthe laser beamto the first

crystalline silicon film, and changing the first crystalline

silicon £ilm to the second crystalline silicon film improve the

crystallinity of the second crystalline silicon f£ilm. At this

moment, about 0.01 to 100 MW/cm? (preferably 0.1 to 10 MW/ cm?)

is necessary for the energy density. The stage is relatively

moved to the laser beam at a speed of about 0.5 to 2000 cm/s,

and it irradiates, and then the crystalline silicon £ilm is formed.

When the excimer laser of pulse oscillation is used, it is

preferable that 300 Hz of frequencyand 100 to 1000m7j/cm? (typically,



An opposi ng substrate 569 is prepared next . Coloring |ayers 570 and 571,
and a leveling film573 are then fornmed on the opposing substrate 569. The
red coloring |ayer 570 and a blue coloring |layer 571 are overlapped to form
a light shielding portion. Furthernore, the Iight shielding portion nmay

al so be formed by overlapping a portion of the red coloring layer with a
green coloring layer. - The substrate shgen in Enbodinent 5 is used in this
enbodi nent. . . Therefore, with the top view of the pixel portion of

Enbodi nent 08 AN miACl § of1lasqx eperggdedsdty armpsed: |Rhlhismomeqnt,
between the gate wring 469 and the pixel electrode 470, the gap between
the gate WPFPRgP26D HRY Bfe VS aRDesh BY &8 P88, and the gap between

t he connection el ectrode 468 and the pixel el ectrode 470 be shielded from

| i ght. Each of OEhECBEEEri ﬂbthayehsaésé'l‘ s Rgeformed Praisinmg thefiirst

shi el ding portions nmade fromthe | am nation of the coloring |ayers are
formed i ncpysteldanet pklinen 6ilwhi ditdels f porfeirghile diwmt hbheasedasidhed
to the opposing substrate. It is thus made possible to reduce the nunber of
process stcepstbylpaefoihiagn fiigm ishiseditegformtthe T¥Tpheitntecthmpedemdieen
the pixels by using the |ight shielding portions, conposed of the

| anmi nat i oaxystailhdneolssriigpen afélm hag taputimpaoviedy erystatlinl by diamg

| ayer such as a black nask and the |ike. -43An opposi ng el ectrode 576
made fronmedettaihepehamactendisdtiiose dfi | TRT safer improwetihe Fevelinsdgahnicdemn 573
over at |east the pixel portion, an orientation film574 is formed over the
entire sualaheugh, mheroPPDdisnfp1mdd byatss n atide & 1msirhe s {8 briss siid icon
performed. The active matri x substrate on which the pixel portion and the
driver cifftlin{ samebiaingdis aildnddte 30ppas’i/VG ,swheh'eR'E iar oihea Jyusaaghy a
sealing material 568. Afiller is mxed into the sealing material 568, and
the two sthéetsét6sdadey$OalEinseiBiden Hidlm) thea mdbilanp gapekfirameakdance
with the filler and the columar spacers. A liquid crystal nmaterial 575 is
t hen inj echpdohedwwebnbabbusubsbr @besoo emd/vhe substrates are conpletely
sealed _ by using a sealant (not shown in the figure). A known liquid

The semiconductor layers 402 to 406 are formed by performing
patterningprocessingon thus obtained semiconductor filmby using
the photolithography method.

Doping of a very small amount of an impurity element (boron
or phosphorous) may be performed after forming the semiconductor
layers 402 to 406 in order to control a TFT threshold value.

A gate insulating film 407 is formed next, covering the
semiconductor layers 402 to 406. The gate insulating film 407
is formed by an insulating filmcontainingsiliconwith a thickness
of 40 to 150 nmusing plasma CVD or sputtering. Inthisembodiment,
a silicon oxynitride film having a £ilm thickness of 110 nm is
formed by plasma CVDmethod. The gate insulatingfilmis of course
not limited to a silicon oxynitride film, and other insulating
films containing silicon may be used in a single layer or in a

lamination structure.



crystal material may be used for the liquid crystal material 575. The
reflection type liquid crystal display device shown in Fig. 12 is thus
conpl eted. The active matrix substrate or the opposing substrate is then
cut into a desired shape if necessary. In addition, a polarizing plate (not
shown in the figure) is attached to only the opposing substrate. An FPC is
then attached using a known techni que. Liguid crystal display device nmade
by above-nentioned net hod has TFT manufactured by using the sem conduct or
fi1m thoroughl y F¥REEEFedlber fisdelqe ordder TR fiddedy dér GaRxRe formed
uniformty of the ener distribution is irradiated. It is possible to
becone t hX’YonElG\H‘ﬂ EnRigmedhadat Whkhc rar FEFHULR | efantEQR i(FIsTHasthyL  he
above-nmentioned liquid crystal display device. Such a |liquid crystal

di spl ay c&@Fthesiddgaie)aanisps aptparreantion RFeIAr&iofd40 Pas4ibth the

el ectronic equipnent. Note that it is possible to freely conbine this
enbodi nentsubistthraEebbdinpenatutet set. fxomcihdet 490RF, t and harrdd@ich@angingn
exanpl e of manufacturing the light emtting device by using a nanufacturing
met hod of atFa bhhgh ifseguedciyor( 18056 Milzan edecibnd onpiovier depstirtat @f 0n 5 hi s
specification, the light emtting device is the general termfor the

di spl ay paweld.@&wlafed Godd gitamsrtanint steamsne dadrerbdsuhat hegskbbn cane

bet ween the aforesaid substrate and the cover nenber, and to the aforesaid
di spl ay mbeulodtadmnegpdy Eubsedquentky aperfesmmingdi sheapapanehealliogderttal | y,
the light emtting elenent has a |layer including a conmpound in which an

el ect r ol ubeteseant 0 aad 500 it of hhd il Fgun pkihdediilal tivts manbifalctufred .|l i ght
emtting |layer ) an anode, and a cathode. Meanwhile, the

el ectrol um nescenceitgtocgaanetEoaPenf 406l Heoingha [Eight thdckaess Of
fluorescence ) upon returning fromthe singlet-excited state to the ground

state and2bh® 10@hh, MEE5880hH8ROGNRATAVREFNTEN 40P BRAVIRIGH £i N thi eknklke
triplet-excited state to the ground state ) including any or both of I|ight

eni ssi on. ok g & 490 b6 FHeEoAtda baer smi i f@dlohahergit é hasanade ngnd
the cathode in the light emtting element are defined as the organic |ight

em tting kayar4pFhe tadhe:ean tdddithd ees .£1110 408 & nddeS&irdn d ansr £ilhe

el ectron injection |ayer, the hole
having a £ilm thickness of 30 nm, and the second conductive £ilm
409, made from a W £ilm having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN f£ilm is formed
by sputtering, and sputtering of a Ta target is performed in a
nitrogen atmosphere. Further, the W £ilm is formed by sputtering
using a W target. In addition, the W film can also be formed
by thermal CVD method using tungsten hexafluoride (WFg).
Whichever is used, it is necessary to be able to make the f£ilm
become low resistance in order to use it as a gate electrode,
and it is preferable that the resistivity of the W £ilm be made
less than 201pQcm.

Note that although the first conductive film 408 is TaN

and the second conductive £ilm 409 is W in this embodiment, there

are no particular limitations placed on the conductive films.



transportation | ayer,andthe el ectron transportation |ayer,etc. -45 are
concretely included in the organic light emtting layer. The light emtting
el enent basically has the structure that the anode | ayer, the |ight
emtting layer, and the cathode | ayer are sequentially lamnated. In
additionto this structure, the light emtting elenment may al so has a
structure that the anode | ayer, the hol-8li-njection |ayer, the |ight

itti dth th | iall i nat
o et i TR pRE o SN0 1 A B BE SHRINBRLRY LdnaGBERGLTE Bh 4o

itti | t he hol t tati | , d th t hode. | tc.
are sequeMEValdyFq bt nioEHearigom Fn cOheBERE: sPAeqHED, O™ FRgnOTaHR (i ng
devi f thi nbodi t. Fig. 13,.t i t chi TFT 603 i d
Chel cebet PapsLrsgngeo candl nTludas K SRohhnnd Ny S5t tphmay, aligy

Consequently, concerning the explanation of the structure, it is

sati sf act H%%&aﬂepéylpgeoﬁﬁp?ﬁng??% SHERERL S 3% dhfematEr cop§tituent,

I ncidental |y, although this_ exanple is of a double gate structure forned
with two SRafifam ragrbguicad jcompounidy eft fhgse L£1AMRNES gat BuSEPBEr ude
formed with one channel region or a triple gate structure formed wth

t hree. Th&emirgaAugitpzyifiln ovtypicahlyhe ROLI¢EYetabbine rawstdldyngsi ng
the CMOS circuit of Fig. 10. Consequently) concerning the explanation of

t he strucfdtécoptfilmgdimter yhichyan dmpardty RdeBRpltapach G BROSREOFOMSannel
TFT 601 and p-channel TFT 602. Incidentally, although this enbodinent is of
a singl e &&t dopedumayr alspt besusedsi Bisemay @de AgPdSyblad lpdt-e structure or a
-46 triple gate structure. Meanwhile , the wirings 701, 703 serve as source
wirings of the OMEekei #d0i tondils%e are fivrinad NeXtafreomirzesiskriagng a
Meanwhile , a wiring 704 serves as a wiring to electrically connect between
t he sour cphekoilah?g8aphyt mdkhabuand a Egret elfching pwptelisnig PETLwrined t he
wiring 705 serves as a wiring to electrically connect between the drain

W ring 702nanddele tor aform egleatobdeseasd twiliimysLFT. THencf tlesit akltghiag
current control TFT 604 is formed by using the p-channel TFT 502 of Fig.

10. Consepuneaéksyingdsqezrf ongnddibn axgoadanicewbth £hesstandcterend etching
satisfactory to refer to the explanation on the p-channel TFT 502.

| nci dent atbypdisidbhsygiig.leB) enbadicre(indscoivalgiCogipd el Pashai Jletghéngit i S
possible to use a double gate structure or a triple gate structure.

Meanwhi | emethedwis vk d & BSEfArsPWEtching ictthdift idie ituthest e@bodimbntET
(corresponding to a current supply line) while the wiring 707 is an

el ect r odeatgadantiantd icrldry, coneainadol 0i ¢ s 3 atl etthadg ¢as., the
Meanwhil e , reference nuneral 711 is a pixel electrode ( anode of a

| i ght - em §&s gL 6w er@tds afed gl oy 25 t:;r agspanen{seemnjycied¥pebtlive1ds khe
transparent conductive filmcan be used a conmpound of indiumoxide and tin
oxi de, a pLABNANG YenieRdited BY SlEpFIFH A E 5001 WERF Zi13C, 56X MHR,) &18cexiide or

i ndi um oxi de, or otherw se may be used a transparent conductive film as

above addggweittttd gaddiLBhabCe Db&Elodé et hOSEeddird D OIFERd a®ld 8t8h8Ag!

interlayer insulating film710 prior to formng the wirings. In this - 47

enbodi menis pelcFosmé@ly ATBOW R@t} 1130 5% m@{] edcithe ciSherEs 41&d Qﬁ?i'f'efdby
using a resin planarizing film710. Alight-emtting layer to be forned
later , besayde bshpgrextecr®ide STBEinp1R (HEEKEPSS thl ¥y b!appgwsl@s poor

| ight em ssion due to the presence of a step. Accordingly, it iS desired to

provide plabtdedd iy R{é%ﬁtfv% QnF-Rd a3 Pbxehgtl eCPROAE £F3an Ralefched
light-emtting | ayer can be forned as planar as possible. After formng the

| 9%, 80k 0 €18 segkckidl ol (Bina7 BN UDpolSaclicoens 1
Cont L 24 GHISNLF 0k 000 ol SAAGBLAL hipave L1 b
g R
e 0 Ry, PR R AR, £ 8 e

particle Anng%sb?nigt lil:set %(% E’:?u pa'ir?d“(ﬂﬁ "%srﬁé'eat Iaglé géching gas, the gas




1 x 106 to 1 x 1012 SZm (preferably 1 x 108 to 1 x 101 S2m) . A light
emtting layer 713 is fornmed on the pixel electrode 711. Incidentally,

al though Fig. 13 shows only one pixel, this enbodi ment separately forns the
light-emtting | ayer correspondingly to the respective colors of R (red), G
(green) and B (blue). Meanwhile, in this enbodinment is forned a | ow

nol ecul ar wei ght or gani ¢ I ight emtting f32erial by the deposition process.
Speci fi cal y, this is a agl nation strycture havi ng _-4; a %ggfer i

pht hal ocydrite TATEFPETS FRFntBriviued i{AC&™ hl CRAR gt?ﬂ"e g'n 3ﬁ'8‘?els
injecting |ayer and a tris-8-qyuinolinol atg | um nu n%)l ex 1@ q‘?g

provi ded (3SSEAF§%h BY APPIYAEE 2P 0PoWnRF ok 13- Pf’ng[ teSHGLE Kever

color of emssion |i ght can be controlled addi ng_ a fI uor escent _pi grrent )
such as qtﬁ%ﬁﬁéﬁ@elﬁé&tﬂ%%?murﬁogﬂ 3. apdetehing s rerfraned
exanple is an exanple of organic light emtting material to be used for a

| i ght - eni toth @OPERFiaie b3 heracends | v 4 20 “gdu*tdlt%i%ﬁ MHz) jelectric
satisfactory to forma light-emtting layer (layer for em ssion and
carri er mpPseahis ahapsuppdiedtd thespbsdreite i %l(wgmeé%asﬁ)ngth%y a
charge transporting |layer and an electron in jecting |layer. For exanple,

al t hough iappliyiisgeatmbstantivbly hega tilve sgdfipbdasvakiiade a The W il ar
wei ght organic light emtting material is used for a light-emtting | ayer,
it is pos<indl the FaN€idm are dobbde bckediyanncthe ghmeeodex hy hhestdeindind a
hi gh nol ecul ar wei ght organic light emtting material. Furthernore, an
organi c | iegleh-iey tcondg. tisnes ived indhabhien@aw nsidtiumeatafoCHar epdr C.2 butNdiaevi ng
nol ecul es in the nunber of 20 or |ess or chained nol ecul es having a | ength
of 10 ~, ~nhart thesetchipyovimkethaysbe inteeasdiadbe therordex af 10 gami2od i ght
emtting material. For an exanple of using the high nol ecul ar wei ght

or gani ¢ | ighbrasrt tbnger®dat el chingdGudthitbpitene (&EDGH¢ feémains tdn &he

t hi ckness of 20 nmis formed by the spin coating nmethod as a hole injection
| ayer andgafte Lasuwiaftioy FHiawcture installing paraphenyl envinyl ene (PPV) of

about 100 nmon it as a light emtting |ayer may be good. The
Edge portions of the first conductive layer and the second
conductive layer are made into a tapered shape in accordance with
the effect of a bias voltage, applied to the substrate side, by
making the shapes of the resist masks suitable with the
above-mentionedfirst etchingcondition. The angle of the tapered
portions is from 15 to 45Q. First shape conductive layers 417
to 422 (first conductive layers 417a to 422a, and second conductive
layers 417b to 422b) are thus formed from the first conductive
layers and the second conductive layersbythe firstetchingprocess.
Reference numeral 416 denotes a gate insulating £film, and regions
not covered by the first shape conductive layers 417 to 422 become
thinner by approximately 20 to 50 nm through etching.
A second etching process is then performed without removing

the masks made of resist (Fig. 8C). Here, W £ilm is selectively

etched by using CF4, Cl,, and O, for the etching gas. At this



-49] um nescence wave |l ength can be selected fromred to blue by using the n
-conjugated type polyner of PPV. Meanwhile, it is possible to use an

i norganic material such as silicon carbide for an electron transporting

| ayer or charge injecting |ayer. These organic light emtting naterials or
inorganic materials can be a known material . Next, a cathode 714 of a
conductive filmis provided on the lightggmtting layer 713. In this

enbodi nent , _as %Be conductive filmis _used aqeﬁgloy filmof alum num and
lithium GFMEoulBE, SEERROWTONGHS HLVEMINEESy A8 Pmtsr 4radlnéStuhfCamesinR er )
may be useg. As the cathode material may be used a conductive filmof an
el ement bEPBNFSPID BREDHBEI RFACasH e GPoddrel oFher bend.cobtctilrst il m
added with such an elenment. Alight-emitting element 715 is conpleted at a
ti me havi AgnfBFhEYeupaYeTENLL LAt d@2p aTe ﬁereém%lwl%dtaf{td Ithhsesond i ng
el ement 715 herein refers to a diode forned with a pixel electrode (anode)
711, a |i gharenreppngtiygedayersanda teaidddareifomed.s effective to

provi de a passivation film 716 in such a manner to conpletely cover the

| i ght - eni tti ngRefirehtdgning hreogessiistihen pPenfiorred witbomdd rigpoaring
insulating filmincluding a carbon film a silicon nitride filmor a
silicon okheimasls made ofindeatetl asdabhensemicpnduEibm lLayersisgladdedyer
or a conbined lam nation. In such a case, it is preferred to use a film

f avor abl et¢ thedmpugje welameat whighi impdritsm-typé etef Iocconeendrasdoa .
carbon film particularly DLC (di anond-1ike carbon) film The DLC film
capabl e oThédlopfine muXideaess imayabeeppefarmed banigen nwipimy aettiandd or- 56n100C
fromroomtenperature, can be easily deposited over the light-emtting

| ayer 713ihpecthohmethodsi sTandepilikpiwherEorinbd wittE gridagsdhashddtaohisgh

bl ocki ng effect to oxygen, can suppress the light-emtting |layer 713 from
oxi di zi ngin Ganiset Ut Apkalgeeipr obt efrah 10%i deti ep san 1P pravented thet he
light-emtting layer 713 during the foll ow ng sealing process. Furthernore,
a seal i ngaddaberatidni soptageded eott e thasy vas i€ 46 eV 16 ls@gi)ﬂﬁgt @sbond
a cover nenber 718. For the sealing nenber 717 used nmay be an ultraviol et
curabl e rgstforméd i tn efHBS téiSod D €\ len t 106 Cidk £ URSE as el e Np'a
hygroscopi c effect or an antioxidant effect . - Meanwhile ) in this

errgogl rr;sn,tcrhz,f @nd e Qide TBFRDEI O | Po LSSGe | Sef 86966 REVS! IR Ce18MaNEZ
substrate

belonging to the group 15, typically phosphorous (P) or arsenic
(As) is used as an impurity element which imparts n-type.
Phosphorous (P) is used here. In this case the conductive layers
428 to 433 act as masks with respect to the impurity element which
imparts n-type conductivity, and the impurity regions 423 to 427
are formed in a self-aligning manner. The impurity element which
imparts n-type is added to the impurity regions 423 to 427 at
a concentration in a range of 1 x 10'® to 1 x 10%° /cm’.

Next, after removing the masks made of resist, new masks
434a to 434c made of resist are formed, and the second doping
process is performed in higher acceleration voltage than the first
doping process. Ion doping is performed with process conditions

in which the dosage is set from 1 x 10! to 1 x 10'® /cm?, and the



or plastic substrate (including a plastic filn) having carbon filns (
preferably dianond-1ike carbon filns ) formed on the both surfaces thereof
In addition to the carbon film the alum numfilm (such as Al ON, ALN, and
Al0), SiN and the like are used. Thus , conpleted is a light emtting
device having a structure as shown in Fig. 13. Incidentally, it is
effective to continuously carry out, withéut release to the air, the

process tq form.a.passivation film71 fter farmn k 712 by using a
deposi t i of ASpAraTE o o HRdS il-scﬁgﬁbg’re%é"&?é’né%( 5° ?%BI fig%g sc%}é?re CP4ng
addition, with further devel gpment jt i ossi bl.e to.continuously carry out
The procedPaspe HoRAF AT e S ORE M mahd 35 Sony pROARSFAPBatarete (PR, ¢
In this nner.,..n-channel TFTs, 601 and 602, swj tchin FT (.n-channel . TFT)
603 and & LAPER BoMAPEP T84 PHS CRARHEPTSRFToT Lagan i hger (i bAT dthe
substrate 700. Furthernore , as was exglained usiqg Fig . 13 ,éﬁy rovi di ng
an i mpur i PPTEGRTVEE Ehbal GPRAVEHEVEaLtBYEFelf rAeE HiQ Udif Rlﬁ%ﬂhti ng
film it is possible to forman n-channel TFT resistive to the
det er i or atiléMendsul EPREIPEBHFAY tRadGea1eraelen Vediagsudftlgwered ithan
emtting device wth_ high reIiabiIitﬁgﬁan_be realized. Meanwhile, this
ermbodi nentthenh8asoBA| JoRHRI PFFIFAF atnentBL T8ROI D@ PLOSESSo A Safen@r ians
circuit . However, according to the manufacturing process in this
enbodi nentthepgtatiepf Rdge, 94 tig gbjadised.e Tonfdnninshmehbodake Herfidrmeadg
menber such logic circuits as a signal division circuit ( a DA converter,
an oper at wdithappprepercondytionsetbn ividrich rtdid dosagehds| s&b. fremtlher kBre, a
menory or nicroprqpessor can be forned. The light emtting device formed by
t he abovetmedt o¥d femhodnidath®ractelewdtipnuvphyaghelserettdrativgan 50 | m
t horoughly anneal ed) because it is irradiated the | aser beamthat has a
very exceltbeh®0 keV.or liogneoggedtsatibot impur The s gicss Bl6 ,abhéeamdbdtdi8oned
light emtting device is obtained enough operation characteristic and
reliabilibyer$appiag wilth ame tiinpstdevonduetivdelagerd asedadpdedy tportheons
of various electronic equipnents. Incidentally, this enbodi nent can be
freely conhpoedty themehedi wvehtE impards n-type within the range of the

density of 1 x 10'® to 5 x 10'® /cm? by the second doping process

and the third doping process and high concentration impurity

regions 435, 441, 444 and 447 are added to the impurity element,

which imparts n-type within the range of the density of 1 x 10%°

to 5 x 10** /cm?.

Of course, the second doping process and the third doping
process can be one-time doping processes by making it to a suitable
acceleration voltage and it is also possible to form the low
concentration impurity region-and high concentration impurity
region.

Next, after removing the masks made of resist, new masks
450a to 450c made from resist are formed and the fourth doping

process is performed. Impurity regions 453, 454, 459 and 460,

to which an impurity element which imparting a conductivity type



-52 Enbodinment 8 In this enbodinent , an exanple of performng
crystallization of a sem conductor filmby using an optical systemw | be
described with reference to Fig. 1 and Fig. 17. In thisenbodinment,a silicon
oxynitridefilm conpositional ratio: Si =32 % O=59 % N=7 % H=2%
with a thickness of 400 nmis forned on a glass substrate as a base film by
pl asma CVD net hod. Subsequently, an anocghous silicon filmw th a thickness

of 150 nmis fornmed on the base filmas a sem conductor film | asma CVD
oLt hod. | ISRBHE o o P T A Qe R ARG YT <L YRS bl chAdd.,

perform ng heat treatnment at 500 QC for three hour. Then crystallization of
the sem @rfid@ded iimmacsordangenwd tiy they EQBF’Canﬂ%B%PﬁgPﬁ%%ﬁﬁa. irpghe
crystallization of the sem conductor filmis perforned under the condition
of the | &LeoGToR fldMmsowbipht bacere et Hie ddviershafethe PAaghannelr s
used as a |l aser beam an incident angles c~ of the | aser beamrelative to a
convex | el Ts- afhgpseeandsgenduciayenlaerpgt29bj ko se32h ang used form
a rectangul ar shape beam whereby irradiating the sem conductor film as
nmovi ng t RS Sasks Mmidhgregpepdelioothsoimpnsity ebementhigidian perpuwried to
the crystalline sem conductor filmthus obtained, and the result of
obser vi nglamenduwhdch dmpardsc pysyael craduetilydtguisoaddefntoi form 8EM (
scanni ng el ectron mcroscopy ) by one thousand tinmes is shown in Fig . 17 .
Not e t hatimpuridysregigns uin aself -ald gndog mangheng iThe hwpunsdtyackegionsisi ng
KZCr20~ for HF : H20 = 2 : 1 as an additive. Fig. 17 was obtai ned -53 by
rel ati vel4p3cédhni 4Hotdred k6 9arehfanmed hiyhtoun dopdnigowe thiell uatieg diypddenear r ow
in figure, and Fig. 17 shows the appearance that crystal grains of |arge
grai n si Zd,Hs) fix ntedli s rebinpendi (Rlqr 9B ) ectiihen sealiaiondndtot Heaygaanni ng
direction. Therefore, since the crystal grains of large grain size

for forming the n-channel type TFT are covered with the masks

450a to 450c made of resist when the fourth doping process is
performed. Phosphorous isaddedatdifferent concentrationsinto
the impurity regions 439 and 447 by the first to third doping
processes. However, by performing doping such that the
concentration of the impurity element which imparts p-type
conductivity becomes from 1 x 10 to 5 x 10?! atoms/cm® in the
respective regions, no problems develop in making the regions
function as source regions and drain regions of the p-channel
type TFT.

The impurity regions are thus formed in the respective
semiconductor layers by the steps up through this point.

A first interlayer insulating film 461 is formed next after
removing the masks 450a to 450c made of resist. This first
interlayer insulating £ilm 461 is formed from an insulating f£ilm
containing silicon, having a thickness of 100 to 200 nm, by using

plasma CVD method or sputtering method. A silicon oxynitride



are formed in the sem conductor filmwherein crystallization is conducted
by using the present invention, when TFT is fabricated by using the

sem conductor film the nunber of crystal boundaries that nay be contained
in a channel form ng region can be reduced. Further, since an individual
crystal grain has the crystallinity - such that it can be regarded
substantially-single crystal, the high na6iHdity (field effect nobility)

| : . ' ; Usj ol |
S onqu TR a1 ol Pl cRheBs SANRE T 143t Blinda WY BiG ey 8B mernoa ||

senm conduct or tal ne ion, since ormed Ccrys

b i i ti t nb i t al
becors corh oheyb RS HhEE! | e WIS IUTREL oo 0SS0 SELRROLT U, RSt
n on_current val allue of. a, drain

possible to r e_variations. of ue (,a .M
o T ont 1 1 S, SRREA ARE P fdg 3D AL EG oG {od 43" a0 SEEL"
a drain curre in an off . stat threahold voltafee, an

n# flow_n . of aTFTQl

S value, aftFYIRTPLFAaE? FOBFRIPIRY AL AU PR A iR PR PR 92 3§10

ext renel yi roved. odi nent 9 Present enbodi ment will be described an
exanpl e of %ﬁﬁi%%’c‘??ﬁ%‘?l??&??'&ﬂr‘éf a senmiconductor filmin the
-54different nethod from Enbodinment 8 with reference to Figs, . 1 and 18. It

forms to the ariPIRARERTIY cof FFPFPUETYE i EBRJEETEFIRI T allorth®ice
wi t h Enbodi nent 8. Further, by aggl yi ngaa met hod recorded in Japanese

Pat ent Laifiemnigcteeilayers nyAcidyaddennPEkene sHBRAF Lt ¥ F1RMmemt s
(wei ght converting concentration 5 ppm volune 10 ml ) is applied to the
surface of2ddRa st tdh ARERKC HEVa IRPLGANARYHRT ApYerHATD R FHEEMed Y nent
in the nitrogen atnosphere at 500QC for one hour and in the nitrogen
at nospher ézRaEEEING dhe d@sex heam, SshsbewenipyFign Phpr AenBie lasgr
crystallinity of the sem conductor filmis perfornmed by |aser annealing
met hod. THREHiHRtcvahetheolagey eaniifinadigitandosthe ceemieeriduetomfislm
performed under the condition of the | aser annealing nethod that a second
- har noni ¢ \Waveppily¥vgione s Enbodimenis i imdeor hyafireedyi condéningmwitds ~
of the laser beamrel ative
these embodiments. It is preferable that a solid-state laser
of a continuous oscillation or a pulse oscillation, a gas laser,
or metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG laser of a continuous oscillation or
a pulse oscillation, a YVO,; laser, a YLF laser, a YAlO; laser,
a glass laser, a ruby laser, an alexandrite laser, a Ti: sapphire
laser, and the like. As a the gas laser, there may be given a
excimer laser of continuous oscillation or pulse oscillation,
Ar laser, Kr laser, CO, laser, or the like. And as the metallic
laser, there may be given a helium cadmium laser, a copper vapor
laser, or a gold vapor laser. At this moment, if a continuous
oscillation laser is used, about 0.01 to 100 MW/an (preferably
0.1 to 10 MW/ cm?) is necessary for the energy density of laser

beam. The substrate is relatively moved to the laser beam at

a speed of about 0.5 to 2000 cm/s. And, if a pulse oscillation



to a convex lens 103 of an optical systemshown in Fig. 1is set to 18 Q
to forma rectangul ar shape beam whereby irradiating the sem conduct or
filmas noving the substrate at a speed of 50 cnms. A seco-etching is
performed to the crystalline sem conductor filmthus obtained, and the
surface of the crystalline sem conductor filmis observed with the SEM by
one thousand tines. An observation resulfg7is shown in Fig. 18. The
observatiaqn resuylt in_Fi 18 was_obt aji ned b el atively scanning the |aser
boam | n' t PR et HEAGnGE A i 5ot HaL 8 TRl (990 FRPE, TERACRRGY 280 hbus
t he appearance that crystal, grains _of large grai,g Size is -55 forned in a
paral ol did L0998 /a1 drtpd 4 bihe 5 8anid RE ALl OFCiAS$R PPRERY dang Sty
characteristics that crystal grains shown in Fig. 18 has fewer grain
boundar i e@T /RS i nAthdbdisr BOMeRt wHiages Rea™ &id¥% ko PEhaRREG Rhnt g
direction of |aser_beamthan that shown in Fig. 17. Therefore, since the
crystal grt® %8 *of Pafideflaseapreal ingfieb@d nthernakanpsaddegdte thodn
wherein crystallization is conducted by using the present invention, when
TFT is fa9m €apPdd bhendphgaRrheaddnydee @o(quM methodd anfbeheotike yeam|
boundaries that may be contained in a channel form ng region can be
reduced. beF@nmdded.since an individual crystal grain has the crystallinity
such that it can be regarded substantially single crystal, the high
mobi ity (fiel dusfttheat, ridis lagtivaigien may @élswmibe tdewfanmed dfefoxte difss st or
using a single crystal sem conductor can be obtained. In addition, since
t he for medoomadtizin grfaian € ibedonien oy e inswleet ihg ettt Imn) Howevemberf of
crossing across the crystal grain boundary by a carrier can be remarkably
reduced. Ther ¢fiariag mbtesipdssskldeisoweakiugbth are speonstmfhert oty rient
val ue, an off current value, a threshold voltage, an S value, and field
ef f ect nolisl ptgferableltar peir€ormatlae tegrtiistdtci dispestessthy afpsFedming
Enbodi ment 10 Present enbodiment will be described an exanpl e of

- an interlayer insulating film (an insulating £ilm having silicon

as its main constituent, for example a silicon nitride film) in
order to protect the wirings and the like, as in this embodiment.

Then, a heat treatment can also be performed (at 300 to 5502C
for 1 to 12 hours) and it is possible to conduct a hydrogenation.
This process is one of terminating dangling bonds in the
semiconductor layers by hydrogen contained within the first
interlayer insulating film 461. The semiconductor la:{rérs can
be hydrogenated whether or not the first interlayer insulating
film exists. Plasma hydrogenation (using hydrogen excited by
-a plasma), and a heat treatment for 1 to 12-hours at a temperature
of 300 to 4502C in an atmosphere containing hydrogen of from 3
to 100% may also be performed as other means of hydrogenation.

Subsequently, a second interlayer insulating film 462 made
from an inorganic insulating film material or from an organic

insulating material is formed on the first interlayer insulating



conducting crystallization of a sem conductor filmby using an optical
system of the present invention and manufacturing TFT -56 by using the
sem conductor filmwth reference to Fig. 1, Fig. 19 and Fig. 20. In this
enbodi ment, a glass filmis used as a substrate 20 , and a silicon
oxynitride film( conpositional ratio : Si =32 %, O=27 % N=24 % H =
17% with a thickness of 50 nm and a siBgcon oxynitride film(

conposi ti o, Si. = %.,..0 =.59 % .N =7 % = 29 wi th.a

t hi cknessggﬁnlggihmp‘ar} g’ Clrgr%li%:af &q 151nft1 ﬁ‘e“ é%géggs%bfs ir“é{% eh:bvl I(F]éspsi é’sn&‘é\/D
met hod. Subseguent |

an. anor phous .si licon fi wit.h a thickness of 150 nm
is formed On't 0%%%31"1 It lflgggoglg‘gﬁit(:oﬁaﬁchg% r’?#?ﬁaﬁ{]b‘ilsep g‘?ﬁ%‘“&\?ﬁ
met hod. A hydrogen contained in the sem conductqr filmis released b
per f or mi ng ‘Z’e%‘f T’r‘é’ét%ﬂ Ii§tt30700 Ry Ptrﬁ&gécaﬁ?gﬁ’r. e¥HeRn 383%‘?:&93’ Fr\érrmni c
wave of YV04 |aser_is used as a |laser beam an incident angles ~ of the
| aser beafhBatefizk inpWhichRKVERAESE0RS Foreh PR LEF e fowsedn Fig.
1is set to 18 Qto forma rectangul ar shape beam V\hereb%gcscanni ng the
seni conduct or TRIGRAE HBPLRY aHeme GRSt IER el eftipnibg HITFRCELREA PRKGL
19B). Subsequently, a first doping processing is _conducted. The first
dopi ng pr®testrageiis made ypsYendRp LRFMiRG: 2 E6RPPEI N e pEahsngulatiBg The
first dopi ng processing is conducted by using BZH6 as a material gas
T- set t i ngt1H8 el FoRmsage Une VIR S¥EHacehen itk smbeddaenyt -t oFBrdhen, the
accel eration voltage to 60kV, and the dose to Ix 1014 /cn2 ( Fig . 19C) .
Subsequenthe phbuelceheatrode psurfapedcan becmadestni bendneven fnhfnhayein a
predet erm ned shape, and then a silicon oxynitride filmwth a thickness of
115 nm i slighhwtattegAngschagacseristigsi. nd ither2f oreve donyeshpostihad
sem conductor filmby the plasma CVD net hod. Subsequently, a TaN film 28
wi th a thmaknebso die Hprmedino @ Wefdian D@ lew tha phxeldnedsectiro8el nHhes
conductive filns are lanm nated on the gate insulating film?27 (Fig. 19D). A
mask nadefefmatiostofnbhesbommexi poidrimed dan be performed by the same
photomask as that for forming the TFTs, and therefore it can be
formed without increasing the number of process steps. Note that
the convexportionmayalsobe formed appropriatelyon the substrate
of the pixel portion region except the wirings and TFTs. In this
way, unevenness is formed in the surface of the pixel electrode
along the unevenness formed in the surface of the insulating £film
which covers the convex portion.
A film having a level surface may also be used as the second
interlayer insulating £ilm 462. In this case, it is preferable
tiiat the surface be made uneven by an added process such as a
known sandblasting process or etching process to prevent mirror
reflection, and thereby increasing whiteness by scattering
reflected light.

Wirings 463 to 467 for electrically connecting respective

impurity regions are then formed in a driver circuit 506. Note



photolithography to etch the Wfilm the TaN filmand the gate insulating
film Subsequently) the mask nade of a resist is renoved, a new mask 33 is
formed so as to conduct the second dopi ng processing - thereby introducing
inmpurity elenments which inpart n-type to the sem conductor film In this
case) conductive layers 30 and 31 are beconme nasks with respect to the
impurity elements inparting n-type respet¥ively and an inpurity region 34
is formedhn.a .Sférhi@étﬂ&r@imwzf ﬂi“fﬁﬁhshg{ﬂ&?ﬁg' ickiiEs S&EOY dapi ng
processing I's divided rnto two conditionsS to be perforned since the film
t hi ckness _of e ], C C fill mi r i 1 i
enbodi nenf ,Rda%ﬁf??g&,’ fﬂ“s@%ﬂ?& lé’g}pioﬁgxgr %Eésﬁ%ﬁg&#ﬁ%?f@&ﬂ%&%io? i on
is perfor by usin i ne PH3 ), a rial . a i.ng a
dose to 2@818%'31%95’%%%%%&1 cg)éﬁdeégatqooﬁfo\%o tatgj%e g = 'kVB(%A%g’h%ﬁgn, t he
second doping progcessing of t second condi tion. s pertar etting
t he dose E& gsxmigilzl'}'%ﬁ%ga%ﬂqﬁhee OS5 c\}:&%eg(gé:&ﬁeog‘iglg%- =
19E). Next, the mask de.of .a resjst |[S_renove a pew k 35 made of
Fesi st | s SEGHAEHTCANR L LARAPEt 0D REEPPERARE foal PREeTaRyek vy
the third dopin rocessing, an inmpurity element for | rti. a
conductiVPF§°t9gegﬁﬁﬁB§??%gto Fyrpther. dﬂH??WﬁfV"i§5gP?§“HS%§HQPthﬁ
inmpurity region 36. The inpurity reqﬁon 36 is formed_in the sem canductor
filmwhi cHibéRgnmBateriati v& e geamprl e nhdlang fiharerEermefon Il Edie
| ayers 30 and 31 are used as a mask to the inpurity elenment and the
i mpurity 8pénthe femipagien fdlp Famppdyg sthaidel Shimsis of PERATI Ruthey
region 36 in a self-aligning manner. In this enbodinment, the third doping
processi nBat§eanpipgdppidEarmnWaring d&ddi-t il@ds to be perforned since the
filmthickness of the sem conductor filmis very thick with 150 nm In this
enbodi nent, thBurkhed.dappPhBepr sdessredeoft7Pheaf ppée Wakdrg 4R sapeér flor ned
by using di borane (BzHb) as a material gas and setting the dose to 2 x 1013
/ cn2, andcehnegtiencelbe¢trode|4adane fogmed ipnd Rieel RarLian 5@ Tdophng
processi ng of the second condition is perforned by setting the dose to 1 x
1015 / cnReleatiribel anmeiegtaiomd svbbrmge widthl Ohe\pix¥e ) TFTomd tBe shurseeps
until now, the inpurity regions 34 and 36 are forned in the respective
sem conduwioingdyetbe ddmntecttiten prhskt3ddendes of Fuadilstr,i the gabecwinhdga
silicon oxynitride filmwth a thickness of 50 nm( c~~~~rositional ratio
Si = 32.8468 formé3an &jet¢tridab &pnhectbonedisb &ahei gatei alectapde of
insulating film37 by plasma CVD nethod. Next, a recovery of crystallinity
of the setheopdueloTFrayemheanstixell aclegatroda d@f70t formpuan t glecembaaladded
to the respective sem conductor |ayers are conducted by the heat -59
tr eat nentconhactihos weitbhdihendiraihheebtah t4éadfiehhei pipelf DFTedand in
nitrogen atnosphere at 550 C for four hour by a thermal annealing nethod
usi ng an addtdiong formmnea éFegtri8s). cdinédct bosadand thet sembyenduasotat i ng
film 38 nmade of organic insulating filmmterials or inorganic insulator
mat eri al s1layer f psaedhoohafhhettionst sl Ry dlsstrmidengfdrming’a $totage
enbodi ment, a silicon nitride filmwth a thickness of 50 nmis forned by
fCVD mét hogapaditben atsiils peeretialad itomuwet B RatBriknenavohgid@peiios
or ned.

reflectivity, suchasafilmhavingAlorAgasitsmainconstituent,

or & lamination film of such films, as the pixel-electrode 470.

ACMOS circuit composed of an-channel TFT 561 and a p-channel
TFT 502, a driver circuit 506 having an n-channel TFT 503, and
the pixel portion 507 having a pixel TFT 504 and a storage capacitor
505 can thus be formed on the same substrate. The active matrix

substrate is thus completed.



Next, a hydrogenation processing can be carried out after the heat
treatnent.- In this enbodinent, the heat treatnent-is perfornmed in a
nitrogen atnosphere at 410 C for one hour by using the annealing furnace.
Subsequently, a wiring 39 electrically connecting to the respective
inmpurity regions is formed. In this enbodinent, a lamnation filmof a Ti
filmwith a thickness of 50nm an Al -Si “#PFmwith a thi ckness of 500 nm
and a Ti filmwth a_.thick m atter it
. L %8 %-?ha efﬁ'%‘ﬁ’ luegﬁbe dﬁagegr IQ'R'QL‘E gofs(i{a@ gch%l%

is not limted ayer S a1%3 may single-
structure_or | .am nati.on ucture_of three | ayer.s or, Fur

et er1 i S<PaPIR FRgESE 3530 BB cPhSRR AT Lpr” iUz eyl YdlEn 36

W rings be forne Al or, Cu on the TaN film.and, patterning
the | am nAEPUR 7991 ot CUTAP® ST t RO AP Y PROuPaLye e dcribec
above, an n-channel TFT 51 and a p-channel TFT 52 are forned.

electric &RatastEPLEresoR PREtAODhQEn&heTERtE Slectade i Ang &hEQQAQth an
el ectric characteristic of the p-channel TFT 52 is shown in Fig . 20B by
nmeasur i ngCPREEBLERLAPR éﬂ&P&éﬁ@rF§9P@§ 4525 whiehnE nagtd ops: @§oﬁdFP“6ﬁebf
the electric characteristics, nmeasurenment point is assuned to be two

poi nt s, tﬁ@géaﬂeoﬁoptéﬁélP y§9iops sThets- FHaPﬁélrgﬁaeSQF'-Yﬁlpg ferys and
the drain voltage is set to 1 Vand 5V, respectively. Mreover, in
Fi gs. 20Ataﬁd0§8§ carguhtcmlténthe nD)"—hanaeéafl‘ETcépnleﬁpd( the) edeEtERGdn i n
a solid line and the mobility ( ,CCFE ) is showm in a dotted line . Figs.
20A and 28B6shywenhelectriepdcephnechipachasi:sai chapheirformintasegion by
using the present invention is remarkably inproved. Wien TFT is

manuf act ud88: byheidiongcoheestrat dadubtpurity megilom Abdheandfthyy yaparidyai n
boundaries that may be contained in a channel form ng region can be
reduced, segtenad’Bysn adhiphaithefinipangd ygrediemesitae imp ardrimed ni-rfyiplee and

sem conductor film which is crystallized by using the present invention.
Fur t hernopetypenaeet hetrcogstal.gremnthere tfhe medchanhbd TRReS508r besi:om, it
is possible to reduce the nunber of crossing across the grain boundary by
carrier rehankablfiormihey eégien 448 bthéillow yonsebR#at hdh\isnmiritheragtbannel
TFT and the nobility is 205 cn2/Vs at the p-channel TFT. Wen a

sem condug4pr(GIND eegion)ewhichdusrlhpy with the first conductive layer

430a that structures a portion of the gate electrode; and the
high concentration impurity region 441 which functions as a source
region or a drain region.

The pixel TFT 504 of the pixel portion has: a channel forming
region 446; the low concentration impurity region 445 (LDD region)
formed on the outside of the gate electrode; and the high
concentration impurify region 458 which functions as a source
region or a drain region. Further, an impurity element which
imparts n-type and an impurity element which imparts p-type are
added to the semiconductor layer which functions as one electrode
of the storage capacitor 505. The storage capacitor 505 comprises
an electrode (lamination of 432a and 432b) and the semiconductor

layer, with the insulating £ilm 416 functioning as a dielectric.



usi ng such TFT, the nobility characteris~ic and the reliability of the

sem conduct or device can be inproved. Enbodinent 11 In this enbodi nent , an
exanpl e of conducting crystallization -61 of a sem conductor filmby a
different nethod fromin Enbodi ment 10, and manufacturing TFT by using the
sem conductor filmw Il be described with reference to Figs. 1) 21A to 21C,
22A to 22B, and 23A to 23B. It fornms to_gR_anorphous silicon filmas a

sem conductor filmin accordance w th Enpodj e t he applying a
met hod recor dec#éghe f’aoplgtnle%nes ﬁa{e%rfe Lpajr’ﬁ‘?n%p%inecf\%go%%l %‘u‘llég’élﬁ)osb%% f’g‘gu Bus
ni ckel acetate sqlution. (weight converting.cqncentratigon b vaol u 10
M) is ansl POETAER HEthuFPURES Y T o iRt AR 8rPr PRrBSE NG Bikthg

t her eby form net al, nt ai nj ayer. 41. Then- he treatnment is .
per f or med ellr’f“ctq%é’ s[Fg‘d?ﬁ%a%ﬁﬁsi)ﬂg?g'a"({gb‘ﬂ“‘%‘*s&n%ﬁgﬁﬁaﬁ A 1H- (Heth
nitrogen atnosphere at 550 C fox twelve hour (Fig. 21B). Subsequently, an

i npr ovemert S PIXals (SHTUGEURL AT tHelg SMRYY br filmis perforned by

| aser anneal i n%i met hod. The inprovenent of crystallinity of the .

seni conduct or AR BPP&XpeRFERrFe AiRoxam afakbe RivrhinaTd ind REJthe RSt iR
conditions that a second harnonic wave of YV04 |aser is used as a | aser
beam an Ma&Tdéntubabrase myfufaretyredinpehhs eapadifentois shapekn | Fs. 103
of an optical systemshown in Fig. 1 is set to 18 Qto forma rectangul ar
shape bearh! -whBpEpythat fhaitsane meferanceosinbrds premed vy fprtiens
sL~:"*trate at a speed of 20 cm's or 50 cm's to inprovE the crystallinity of
t he seni coedresponding to ghoseCin FAdgec8r §anké- wid Ichai BiliArdnt 110, a
n-channel TFT 51 and a p-channel TFT 52 are fornmed hereafter. The electric
char act er Fdidi.c$0 glorties pengdsatac cYP¥saFrctiendl diquram qEy ajjong a chain
-62nmeasured, and then an electric characteristic of the n-channel TFT 51
manuf act uddaeby-Adv iwdd htilme Fhghstlrlat e Fatrthegpead cbfaih0 1ldmes Bi-8 'sHawFiign Fi g.
22A, an electric characteristic of the p-channel TFT 52 manufactured by
novi ng t haoscbstreapends Zospeedosis 3@atmonals dlagmanm cufi loddBa ahain

el ectric characteristic of the n-channel TFT 51 manufactured by noving the
substr at eldheaBspéearidhim) Fdy.s 1ils. shown in Fig. 23A, an electric
characteristic of the p-channel TFT 52 manufactured by noving the substrate
at a speed of 50 cns is shown in Fig. 23B, respectively, in the |aser
anneal ing step. As the nmeasurenent condition of the electric

char act er Embo@3imentt e neasurenent point is assuned to be two points , the
gate voltage (Vg) Iis set to in the range of -16 to 16 V, and the drain

vol tage (Vd) i pedcéds bSm¥nubheeyehg a Fefl@stiddAtype 22REnaidl ciiygtal?23A
to 23B, drain current (ID) and gate current (ID) is shown in solid Iine and
the nobil gi¥play dyicé SlvhHeadlivedmhtiex dulStratte Mdrufadt vl fings .
23A to 23B show that the electric characteristics of TFT manufactured by
usi ng thegpbeaembntny efd icdiplHl WKW Ynl TRL8VEaTbod RNt FT Fig. 12 is
manuf actured by using the sem conductor film the nunber of crystal grain

boundar i eﬁséaag_nmuengﬁgahgitagg,i n a channel form ng regi on can be
reduced, since a crystal grain of large grain size is fornmed in the

sem cond~t or fahraski¢d mat Sy SddtrR® By Hisd N 4the o PEEN1 0 NS R R
Furthernore, since the forned crystal grains becone conplete in

obtained in accordance with Embodiment 5, an orientation film

567 1s then formed on at least the pixel electrode 470 on the
active matrix substrate of Fig. 10, and a rubbing process is
performed. Note that, before forming the orientation film 567
in this embodiment, columnar spacer 572 is formed in desired
positions by patterning an organic resin f£ilm, such as an acrylic

resin film and the like, in order to maintain a gap between



one direction and there are few grain boundaries fornmed in the direction
crossed to the relative scanning direction of laser light, it is possible
to reduce the number of crossing across -63t he grain boundary by carrier
remar kably. Therefore, it is understood that the nobility is 510 cnR/Vs at
t he n-channel TFT and the nmobility is 200 cn2/Vs at the p-channel TFT in
Figs . 22A to 22B, and the nobility is 598-cn2/Vs at the n-channel TFT and

the mobi | i d5s-ahd% ,Cn%\_l%h]%tr,t ?ghg\ﬁﬁﬁéﬂ%d&s Inlh %‘}%8 Bl 23Fh e &0 d

these nobility s very excellen en a sem conduct evice Is

nanuf act ui Gl Dynsi g sYal, Tl o 12 HBOLLBLY, SPEIACLELLBLEELANE EOR the

reliability of e sem con evi ce can be I nprove I ment

I n Enbodi an exanple in which a TFT is manufactured by
crystalIig%ﬁ%%ﬁé%%?ﬂ%ﬁéﬁﬁinerent fromeach other is shown . In the present

Enbodi ment 12 ,, difference hetween .Cr Lpities i L der from
The TET char acP8 PRPFEERS Fepa i, p 88 (EPIePorblRenE’ L F ol ST The T tredd
manuf act ur, ac in o Enbodj ne 1 comhi nati on qf | aser heam and
Thermal ooy Duand 870 e B4 Pes R AR B e T oty EpEedlon FBR ompies
crystallization. Fig. 25 ows dependenc f drain current - gate voltage
char act er iSé’ﬁ’.Sgr(atFDg\?é)- oig9h€e$F$°£ n§ {C;W%ﬂg“%]ﬂ%la'}‘ir‘?g%br}.ueo?ﬁﬁg Bther
hand, TFT&g&eferred to as LGS hereinafte&? -S nanufacturig,bé only | aser
beam i r r ad®¥EFor e F i AYer62RREBditRefOXTh. @ FH{9h b sbAsNE LR p&?dér?ﬁf"of

| D-VG characteristic of the TFT (LGB% on channel length. The channel |ength
is 1.5 , ufigAhezR@re. . oths daghinghie goportipnimay Alre Ri PRt ih
n-channel TFT_is used in any case_ in the present enbodi nent . -64In Figs.
25 and ZGPVFHéa§§#P§oﬁUd¥¥%ﬁiqqIQﬁ(ﬁthﬁﬁEaﬁﬁigr%BQGGaﬁﬁ¥ Wth ehigreen
thickness, it is possible to operate in conplete depletion type. As

appar ent B9lesAparildyeBoth the Figures , in the case where the channel
length is as small as 2 ,um conspicuous difference is found in an off
region. That i Fheisuhsigatershesn indnbosdment $ hguseddnithi sembeddment .
extraordinarily junps up is observed. It is confirmed that this phenonenon
depends offhemefolgnnelthotlre dmmmiew pfabhedptedl inontuiors ocfuEmbbdimentt he

channel | ength becones short, PG5 becones superior to LG6
5 shown in Fig. 11, it is necessary that, at least, the gap between

the gate wiring 469 and the pixel electrode 470, the gap between
the gate wiring 469 and the connection electrode 468, and the
gap between the connection electrode 468 and the pixel electrode
470 be shielded from light. Each of the coloring layers are
arranged such that the light shielding portions made from the
lamination of the coloring layers are formed in positions that
must be shielded from 1light, and then are joined to the opposing
substrate.

It is thus made possible to reduce the number of process
steps by performing light shielding of the respective gaps between
the pixels by using the light shielding portions, composed of
the laminations of the coloring layers, without forming a light

shielding layer such as a black mask and the like.



with respect to withstand vol tage between the source and the drain . - In
the conpl ete depletion tyke having a small thickness of the seni conductor
film a significant difference is found in the source and drain wthstand
vol tage. Measurenment is conducted to know whether simlar tendency is
observed in a partial depletion type having 150 nm as thickness of the

sem conductor film In Figs . 27 and 28)4BB- VG characteristic is shown. The

extraordinary I i lsuenced
by drain vol talsg%gtpst%teg %I}glc%f\?q%t ggéeh%?el frlic](r)ﬁe‘raagte]ggﬁsl%e eﬁ?rclgglr lc‘i‘:@;lté&% junp
ddt Ieifd

f th
.“ﬁcf’udede.f%i?‘hgs%ﬁ’?ﬁ%&f.tﬁlﬁﬁ%ﬂ&?‘ sfﬁﬁiﬁ‘e‘-‘% °\“"ﬁf“%%61 e Pﬁ%%v% th

< P hageaBr kiRl M oripn¥ KBS DA 45 DO RN G Mle! It LSkl el 16
NN ?gesﬁ.e%“ﬁﬁ% 3€5?%°Hé§§ugﬁﬁ5?€ee?rea r%eDia s ﬁrr%%sslfs'pﬁlss?%% I%'Fltﬁlp?tzed
(hetive marrt x e acE FrinA Sy EID dsaﬁ"r‘se%t%)l?%@ AT G e L L
Sopl ving LRE AFARER: CLRVBAL, %%'ex§t8é§‘§ﬁE53?‘?§%Fy8%§\ééggﬁ% SHRGLAEtEnoLEn b
ol ot t o- obPPRATSURERCEY S SHRbT o MR Eatt AT ESEH o piinyf S”.C?}ﬁamlgeéhmto

electronlc e nent is a video canera, a d| ital canera, hgr
head- mount a@pwreg,metgageﬂeswp@rm §}3P—aw° %s&gﬁtﬁmﬁﬂ
car stereo per sonal uter, a mobile information term nal such as a

nmobi | e co%ﬁ?@?ménﬁo%lq @%ménoﬁcﬁﬁrépéé’?r‘ﬁﬂﬁ e idder a)“dthFhe
like . Figs . 14A to 14F , 15A to 15D, and 16A to 16C show one of its
exanpl es. CFLENNAY KDARKARS -a Pek b@nbd C@a@mﬁ]emaﬁﬁréﬁllﬁkﬁ yaddhen fmiackedy
3001, an inmage input portion 3002, a display portion 3003, a keyboard 3004
and t he Ibk’éweqhé’%%@hatr@bﬁgutaé\d bhetsub giinatad are\eomp et edahspaled
conpl eted by applying the sem conductor device manufactured by the present

i nvent i onbY oushegdaspealaptr (hok sbo®yn, ipj §hel £Bgymevs aAvkaewnclhignddwhi ch

i ncl udes a mai n body
crystal material may be used for the liquid crystal material 575.

The reflection type liquid crystal display device shown in Fig.
12 is thus completed. The active matrix substrate or the opposing
substrate is then cut into a desired shape if necessary. 1In
addition, a polarizing plate (not shown in the figure) is attached
to only the opposing substrate. An FPC is then attached using
a known technique.

Liquid crystal display device made by above-mentioned method
has TFT manufactured by using the semiconductor £ilm thoroughly
annealed because the laser beam with a very excellent uniformity
of the energy distributionisirradiated. It ispossible tobecome
the one with enough operation characteristic and reliability of
the above-mentioned liquid crystal display device. Sucha liquid

crystal display can be used as a display portion in various kinds



3101, a display portion 3102 , a sound input portion 3103 , operating
switches 3104, a battery 3105, an inmage receiving portion 3106 and the

| i ke. The video canera of the present invention can be conpl eted by
appl yi ng the sem conductor device nmanufactured by the present invention to
the display portion 3102. -66Fig . 14C shows a nobile conputer which

i ncludes a main body 3201, a canera porti*4m 3202, an i mage receiving

portion 3 , r.af i S\t 3204, a display portion 3205 and the
i ke. The%%sog‘lll%%t%%?rlﬁu ee&q}o M%ng'pr esent invention can be conpleted by

appl ying the sem canduct or, device ufactured. b resent i.nvention to
t he displ ay porg:ooﬁ %‘6@.%&6 ?oﬁﬁgggﬁo% §egeg‘dg¥8}“p§5’§ t??lsspl":‘zg"yb &Pt

i ncl udes a_.nmi o%y 33Q1, .a .display portion 3302, arm portions 3303 and
the Iike. S%%@Iéqﬁﬁi§cﬁs of the present invention can be conpl eted
by applying the sem conductor device manufactured by the present invention
to the display portion 3302. Fig. 14E shows a player using a recording
medi um on_which a programis recorded (hereinafter referred to as the

recor di ng ERRQPIMENE dng the player includes anmain body 3401, a display
portion 3402, speaker portions 3403, a recordi ng nedi um 3404, operating

swi tches 3405 af@ this|gmRodingnt pjagy exappde af manyipgruringdadiighty sc
) , a CDand the like as the recording nedium and enables a user to enjoy
musi ¢, nmoeMadtigandevang bPHeushngradtanufrCEeEdRei PRthedi o THT thapdssent
i nvention can be conpl eted by applying the sem conductor device

manuf act ubé@dbyfPRe BPEBARY | ARendfbhiveo MAErHxspsehskerteon 340v. thig 14F
shows a digital camera which includes a body 3501, a display portion 3502,
an eyepi espegadificationpg3theddraht seidkilnghdevisesis &he gageragc@m AT
portion (not shown) and the like . The digital canera of the present

i nvent i ontbendbepdayppened bypcippedi aglibbtsemittingcedemgati ormed on
manuf act ured by the present -67invention to the display portion 3502.
Fi g. 15A shewsibes timadet bé tpeep tbpedicoresaiidsubstiatieand flreogecer memtbewr,ce
3601) a screen 3602 and the like. The front type pro j ector can be

conpl et edahy tapthy affgra saidud spYysshaiud e suwipeVTER witBSthdatbresaid
constitutes a part of the projection device 3601 and other driver circuits.
Fig. 15B aheptag paaeltymnqgidgrecd Dy )Wwhitedh liyHtded ta iy eleadnt3 Hak, aa
projection device 3702, a mrror 3703, a screen 3704 and the like. The rear
type proj eayer tatlteing | cdmsbund appkhiith an electroluminescence can

be obtained by applyinganelectric field (alightemitting layer),
an anode, and a cathode. Meanwhile, the electroluminescence in
organic compound includes the 1light emission (fluorescence) upon
returning £from the singlet-excited state to the ground state and
the light emission (phosphorescence) upon returning from the
triplet-excited state to the ground state, including any or both
of light emission.

In this specification, all layers formed between the anode
and the cathode in the 1light emitting element are defined as the
organic light emitting layer. The light emitting layer, the hole
injection 1layer, the electron injection layer, the hole

transportation layer, and the electron transportation layer, etc.



the liquid crystal display device 3808 which constitutes a part of the
projection device 3702 and other dr-fiver circuits. Fig. 15C shows one
exanpl e of the structure of each of the projection devices 3601 and 3702
whi ch are respectively shown in Figs. 15A and 15B. Each of the projection
devi ces 3601 and 3702 is nade of a light source optical system 3801,
mrrors 3802 and 3804 to 3806, a dichroi-@Svrror 3803, a prism 3807, a
liquid cr i V] , i | a
proj ecti o)r%%gg%?ggfgg% g*%‘%@ﬁ%éﬂﬁeﬂg? gj;%%ﬁl%lni% fc'%gﬁtg)}stgg%?gggo P@l%ade
of an opti S L ncludi Loj.ection lens., Pr iment is an
exanpl e ofl ﬁ?l}th%’rg%@g}g ee]te%eggt gﬁg ilglta ‘i:ig rﬁ%? t?xlen”? Pg%g?g{]% ﬁ?{sg{gggﬁpﬁ%o fd
may al so he of a single-plate type. In addition, .those o.emady t he
i nvent i onllrar‘é’f’ Tdppropr i!"égglty e(ﬁ‘}ls%tggbq aﬁa%?)’f t cgfllas %nf %ggﬂd%\r:igﬁ’%&ﬁ%%l
lens , a film havi a polarjzati function, a film.for .adjusting phase
i 11 or encaphtaatrhart BPLEREER! | ofn ndBRE LB 58 thar Credie fiF & FhRQ RS o
15C. -68Fi.q. 15D is a yi ew show one exanpl e of the structure of the
ot sourti it s eugatoirugnio o AR & 7 tATGTureCthnh TP ST AR . he
| i ght sour%e ch{éial system 3801 is made of a reflector 3811, a |ight
source 38fkel 33F3¥§°§§W%dt§8f'&gh§ oot bF 09 IJrGYGEFn\)%‘P%iEBﬁ c@rrg}%?'ﬁ
3815 and a condenser |ens 3816. Incidentally, the |ight source optical
syst em shéf¥ernaFpgsequentiady LamippEedand 2 Nt TRcENEe oHhat the anode
particularly limted to the shown construction. For exanple, those whose
enbody t héa¥s¥enthenhfdg Lppeepieht tayer: sbag el ighbmniiing karpaudihens an
optical lens, a filmhaving a polarization function, a filmfor adjusting
phase difbetenceransrertation odayeda | jjed thphecptlodecilgyesho@hCa. @8 gs .
15A to 15D is of the type using a transparent type of el ectro-optical
devi ce, bgeaupetdaldyndemdmenedan exanple in which the invention is applied
to a reflection type of electro-optical device and a light emtting device.
Fig. 16A showdig.ndlsi He mekepgitdoaaihiview wdl adddghtnemititdayg ewicea ofound
out put portion 3902, a sound input portion 3903, a display portion 3904,
oper at i ngtbist ehbed 3968t . anlmitignnd 3390Beaswit bbingKEET HOS potuvisiddlomphone
of the present invention can be conpleted by applying the sem conductor
devi ce nahbéastbstdaby 7h6 psefemmednbgntisdngt thehe-dhaphay FHT 503 $F04.
Fig . 16B shows a nobile book ( electronic book ) which includes a main
body 4001F}gdi sig ay gonisieguent(y? acdnd@biing stihw agrpiadatdoaOQ#f , the
operating switches 4005 , an antenna 4006 and the |like . The nobil e book of
t he presestruovaepeiontcas batisfpkbebey iy apfkyl Bfet BRpIamatadiuonhorhdevi ce
manuf actured by the present invention

n-channel TFT 503.

Incidentally, although this example is of a double gate
structure formed with two channel regions, it is possible to use
a single gate structure formed with one channel region or a triple
gate structure formed with three.

The driver circuit provided on the substrate 700 is formed
by using the CMOS circuit of Fig. 10. Consequently, concerning
the explanation of the structure, it is satisfactory to refer
the explanation on the n-channel TFT 601 and p-channel TFT 602.
Incidentally, although this embodiment is of a single gate

structure, it is possible to use a double gate structure or a



-69to the display portions 4002 and 4003. Fig. 16C shows a display which

i ncludes a main body 4101, a support base 4102, a display portion 4103 and
the like. The display of the present invention can be conpleted by applying
t he sem conduct or devi ce manufactured by the present invention to the

di splay portion 4103. The invention is particularly advantageous to a

| arge-screen display, and is advant ageoud46to a di spl ay having a di agonal

size of 1 r& g@eggggé@@g%AﬂEgélcularly, 30 inches or nore). As is apparent

fromthe goi scription, the range of appllcatlons of the invention
s extremly Ve 19 & NEnERLhOR F61, DR RRRLLEIaL 0 ARYcE A £ORLYs Yr

el ectroni c apparatus . Bl ectront ¢ ppar at us accor i ng to t e I nvention can
b I f t

of Eenﬁohf?r&ﬁi’%ﬁdﬁf%@ e 9 fﬁﬁt‘?%anséamﬁ% i *i’“f’ e, O
Enbodi t 14 nt Enbodi J b

s for meduELREP ﬂ??ﬁei%fe%w R PAEEY 560 ac%‘fto@lcéar £y V‘W‘@ Berha

Fo. 2a. Fhersgure vintre T a5a"fhe sies Tsdon,oF ffé 4y “cvrhe%r%i 403
a linear beam 406, a, non-irradi ated body 104, an | a s s trate 10 are
Gepl ot od. WholEotRe @ ﬁw'&r%ﬁf kYRS & ‘glﬁﬂo&g%gq S se g
directions in mhlch t.he substrate i s myve - 70VWhen th Iaser

em tted fPBHVERB "fl'éf’s@Faiﬁlw?gl?ﬂéllo(?eﬂ?dl"rﬂeodFﬁéno‘ﬁqu%P eoﬁf”’ll &(5’:? vi a

the mrror_402 , the |inear beam 406 can be formed on the irradiation
surface offfm its nei ghborhood. The shape of the |inear beam may be forned
by appropriatel¥ designing the diffractive optics . Mreover, if the |inear
beamis slantly Pﬁéfieéﬁ?l ¥t oA (e ta gratren THT ofd ist FRrmed ¥ 884G can
be prevented. It shoul d be noted that a beam expander. is set between_the

| aser 401thadetekapnelofFRGH2 of Bégweld- t HonRequsN 4o So@ceF@ing the

explanation of the structure, it is satisfactory to refer to the
explanation on the p-channel TFT 502. Incidentally, although
this embodiment is of a single gate structure, it is possible
to use a double gate structure or a triple gate structure.

Meanwhile, the wiring 706 is a source wiring of the current
control TFT (corresponding to a current supply line) while the
wiring 707 is an electrode to be electrically connected to the
pixel electrode 711.

Meanwhile, reference numeral 711 is a pixel electrode (anode
of a light-emitting element) formed by a transparent conductive
—_— film. As the transparent conductive film can be used a compound
of indium oxide and tin oxide, a compound of indium oxide and
zinc oxide, zinc oxide, tin oxide or indium oxide, or otherwise
may be used a transparent conductive film as above added with
gallium. The pixel electrode 711 is formed on a planar interlayer

insulating film 710 prior to forming the wirings. In this



diffractive optics 403, and may be expanded into the desired sizes in both
of the longer direction and the shorter direction, respectively. Mreover,
the mrror may not be set, or a plurality of mrrors may be set. Then,
while the linear beamfornmed in this way irradiates , it can irradiate the
desired region or whole area on the irradi ated body 104 by being relatively
noved with respect to the irradi ated bod471204 , for exanple, in the

directi O“ehﬂghfﬁﬁggf ‘g‘# nyg h€e£g‘;rg§.§p‘sf‘é Ja_ggf“%%gbléggr% et tﬂﬁedlsft‘éﬁat 4@8S to

i ndi cated w erence n I'nCe in the present

vent] Onend W OBl G UELEROD LRGN DS, LS PSCTLNRS SuyEEyg) ol ©

configura%? i S ea p | rnear
having the_s hape o he irradiation f ._Theref ar.e i he sane
anneal | ngf?gg]ggf’ folee%)ol{)“ﬁ%d it]'ﬁ%ﬁy R e \Aﬁ%ﬁée%%%epfagg r"Iag"elairﬁl i%ir]rgéglnéfgs ,
t he whol e sugfﬁ e of the irr%%i t.ed hod o ch%% 0 h%ye acyni%ornhghysica
property BRESt tcﬁr%t?gsnBﬁ?ri thamtes: Y lFl%lﬂ T8 oPed Phaf"in
Enbodi nenf s 2- as_in,the present odinment, t diffractive optics could
be useq. | BEpEattRITYnoLE ofgegerited 1K TN AR fRt it 1AEE o} nRESRF | Ba
system of the, present Enbodi nent. coul d be freely conbined w th Enbodj nents
57t hr oUGHESETRG 7 RSO RLECERg FPCERBES AL S AR CaR. B
obt ai ned by quloyiqf a configuration of the present invention: (a) Since
it is a vEPYMed npFi PIRR2ECRFi BAFSLPLR, the optical adjustnment is easy and
t he devi ce becones conpact in size . Simlarly in the case where a
plurality of | AfErar SonHacsihe wirdnge B0hIte d0i7yadpank ik 16t farpedr ent
kinds are used, the optical adjustnment is easy, and the _device becomnes
conpact |i®° SN (i Figsi Ace b&PggPanEnily MAYI Benformed PEspatterpliag
plurality of lasers, the return beam can be prevented, and it becones a
si npl er c¥mipguLatisg filmor omganigrefindysan gprEainhngisdddqon haying
| aser is carried

100 to 400 nm.

Incidentally, because the bank 712 is an insulating film,
caution must be paid to element electrostatic breakdown during
deposition. In this embodiment added is a carbon particle or
metal particle to an insulating £film as a material for the bank
712, thereby reducing resistivity and suppressing occurrence of
staticelectricity. 1In such acase, the addition amount of carbon
or metal particle may be adjusted to provide a resistivity of
1 x 10°to 1 x 10'? Qm (preferably 1 x 10°® to 1 x 10'° Qm).

A light emitting layer 713 is formed on the pixel electrode

— 711. Incidentally, although Fig. 13 shows only one pixel, this
embodiment separately forms the light-emitting layer
correspondingly to the respective colors of R (red), G (green)
and B (blue). Meanwhile, in this embodiment is formed a low

molecularweight organic light emittingmaterial by the deposition

process. Specifically, this is a lamination structure having



out using a plurality of |aser beans, since the optical systemis
sinplified, it is capable of easily making the sanme shapes of the all |aser
beans . Therefore, uniformannealing can be carried out to the irradiated
body. This is particularly effective in the case where a substrate has a

| arge area. (d) It greatly sinplifies synthesis of a plurality of |aser
beans. Therefore, even if it is a Iaser‘ﬁQVing a lower output, it is
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wherei n said,conyex .lens.is slantly set with respect o a |l aser am

et ed feentEaTLEH RtRdabioR FlhnYeRfbahinatia o Shieh b RarR I8 e, oo,
and a convex | ens, mhﬁ&@h? iaig convex-lens is slantly set with respect to
a | aser bRERY chil'Et 8H skiPd®d93er  and an irradiated surface is set so

that a | aser beamtravel ed via said convex |lens is slantly incident with
fespect to sai RPYSESF at TR LOTFARERT 26XAMPIEcls| AR GRAPPIA GEyPEGanic

conprisinf; a |laser; and a convex |lens, wherein said convex lens |s slantly
set with %%Ec?m%Bthnﬂa’E%FeBé%% Efti PeeclsedohPEafdtigREremiktiprg 4R ¥eEd
surface is set so that a | aser beamtravel ed via said convex lens is

sl ant . | y-#RdiRpdhPegerFarddyetimibedaf @ thirsadi &t b9 sathrsfagtonmt te £aEPe of

sai d

a light-emitting layer (layer for light emission and carrier
movement therefore) by freely combining a light-emitting layer,-
a charge transporting layer and an electron injecting layer. For
example, although in this embodiment was shown the example in
which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is possible to use an
intermediate organic light emittingmaterial and a high molecular
weight organic light emitting material. Furthermore, an organic
light-emitting material, having no sublimation property but
having molecules in the number of 20 or less or chained molecules
having a length of 10 um or less, is provided as a intermediate
—— molecular organic light emitting material. For an example of
using the high molecular weight organic light emitting material,
a polythiophene (PEDOT) film with a thickness of 20 nm is formed
by the spin coating method as a hole injection layer and the
lamination structure installing paraphenylenvinylene (PPV) of

about 100 nm on it as a light emitting layer may be good. The



| aser beamis deformed through said convex |l ens so that said shape of said
| aser beamis in a linear shape on an irradi ated surface. 4. A | aser

i rradi ati on devi ce conpri sing: -74 a Laser; and a convex |lens, wherein
said convex lens is slantly set with respect to a |aser beamemtted from
said laser, an irradiated surface is set so that a | aser beamtraveled via
said convex lens is slantly incident w thorespect to said irradiation

surface, afih St batR! fod 387 1cHCRL do AT BEY tﬂ&%%%f@é%f&ﬂﬁg

| ens so that sal ape o sal aser ean1|s I n i near
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claim 2, mhereln sal con ens i s an aspheri_cal ns . A device
accordlngqﬂfﬁﬁ¥ﬂ%@§ ¥®Q?%%?H9%Bh9§? Q£ﬁ?¥%°35 5§bﬁ€PM&ﬂa¢%ﬁ%318 A
devi ce according tg claim4, wherein said convex lens is an aﬁgherlcal

| ens. 75 9. NefigeQ Gathpds i7dd &&/l%é%‘i@%&l%‘ 15 HTORHPG on

diffractive optics, wherein said diffractive optics is set so that a Iaser
beam eni t (@ f+3ghEaeMiERiRg la¥emnt Ly - nciehhifi ehhedipant ¢ gagn t

I rradi ated surface.
conductive film is used an alloy film of aluminum and lithium.

Of course, a known MgAg £film (alloy film of magnesium and silver)
may be used. As the cathode material may be used a conductive
film of an element belonging to the periodic-table group 1 or
2, or a conductive film added with such an element.

A light-emitting element 715 is completed at a time having
formed up to the cathode 714. Incidentally, the light-emitting
element 715 herein refers to a diode formed with a pixel electrode
(anode) 711, a light-emitting layer 713 and a cathode 714.

It is effective to provide a passivation film 716 in such
a manner to completely cover the light-emitting element 715. The
passivation £ilm 716 is formed by an insulating film including
a carbon film, a silicon nitride film or a silicon oxynitride
£ilm, and used is an insulating film in a single layer or a combined
lamination.

In such a case, it is preferred to use a f£ilm favorable
in coverage as a passivation film. It iseffective touse a carbon
film, particularly DLC (diamond-1like carbon) £film. The DLC £ilm,

capable of being deposited in a temperature range not more than



10. A laser irradiation device conprising: a laser; and a diffractive
optics, wherein said diffractive optics is set so that a |aser beamemtted
fromsaid |aser is slantly incident with respect to an irradi ated surface,
and a shape of said | aser beamis defornmed using said diffractive optics so
that said shape of said | aser beamis in a |inear shape on an irradi ated
surface. 11. A laser irradiation device-&®mrising: a |laser; and a
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| aser or . of ntinuous oQscillation - or pulse OSCI||atI0n -
13 . A de¥ FEeEHEEBPdghﬁ fBSngﬁﬁﬁzse4%¥ﬁaaﬁ¥:ﬁ% S§ aser is a solid state

| aser, a gas laser or a netal |aser, of contlnuous oscillation or pulse
oscillation. 14FUTERGEDPPER. alcFeR g oMember 3717 wher Srevddes | Welthes a
solid state laser, a gas laser or a netal |aser of continuous oscillation
or pul se BaeFivatisn. fibm 716 fiias tabend-a FYVeD nemhex 4718 whEoF Kheai d
| aser is a solid state |laser, a gas laser or a netal |aser of continuous
oscill ati §gaé11ngmlej@b@§c?]47| ggpgnmay be an ultraviolet curable resin. It

is effective to provide therein a substance having a hygroscopic
effect or an antioxidant effect. - Meanwhile, in this embodiment,
for the cover member 718 used is a glass substrate, quartz substrate
or plastic substrate (including a plastic f£ilm) having carbon
films (preferably diamond-like carbon films) formed on the both
surfaces thereof. In addition to the carbon f£film, the aluminum
film (such as AlON, AlN, and AlQ), SiN and the like are used.

Thus, completedisalight emittingdevice havinga structure
as shown inFig. 13. Incidentally, itiseffective tocontinuously
carry out, without release to the air, the process to form a
passivation £ilm 716 after forming a bank 712 by using a deposition
apparatus of a multi-chamber scheme (or in-line scheme). In
addition, with further development it is possible to continuously
carry out the process up to bonding a cover member 718, without
release to the air.

In this manner, n-channel TFTs 601 and 602, a switching

TFT (n~channel TFT) 603 and a current control TFT (p~-channel TFT)



16 . A device according to claim9 , wherein said laser is a solid state

| aser, a gas laser or a netal |aser of continuous oscillation or pul se

oscillation. 17. A device according to claim 10, wherein said |aser is a

solid state |aser, a gas |laser or a netal |aser of continuous oscillation
or pulse oscillation. 18. A device according to claim1l, wherein said

| aser is a solid state |aser, a gas |asesler a netal |aser of continuous

oscillati g!aéor - rRUES S RSC o Ei:th Oe&]blzsr%]:?naVAéﬁw ce according to claim1,

wherein said3aser 1S one seléec ser, YV04 Iaser YLF Iaser

03 | .
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| aser) YV04 | aser, YLF | aser, YALQ3 | aser | ass | aser, ruby. | aser
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oscil l atian. . A_devi ce accordln toclaim4 ( wherein said Iaser iS one
sel ect ed Con?SfIPSHlt‘]‘KG # gyt w4 Y pequgp visRhigh et fahiddityycang
| aser, ruby |aser, alexandrlte | aser, sapphire | aser of continuous

osci | | ati BR 6Pa&&F§€ oscillation. 23 . A devi ce according to claim9 ,
wherein said | aser is one selected from YAG | aser, YV04 | aser, YLF |aser,
YA103 | aser, glM¥eanvhide, Ehbs pmbedimgpiysheWst @NL¥séhe FPREIgYFALAON aser
of continuous oscillation or pul se oscillation. 24. A device according to
cl ai m | U, ofhtheipixed wardden pedodsiverceirenit omBonevereacoprgynmier
YLF | aser; YA103 l|laser) glass laser, ruby |laser, alexandrite |laser, Ti:
sapphire theonawif aotes Hue By asrs s [iat itbﬁswmlpqﬂmeotcibesa;tdezm,these, it
is possible to form on the same insulating member such logic
circuitsasasignaldivisioncircuit, aD/Aconverter, anoperation
amplifier, a y-correction circuit or the like. Furthermore, a
memory or microprocessor can be formed.

The light emitting device formed by the above-mentioned
method has TFT formed by using the semiconductor £ilm thoroughly
annealed, because it is irradiated the laser beam that has a very
excellent wuniform energy distribution. Therefore, the
above-mentioned 1light emitting device 1is obtained enough
operation characteristic and reliability. Sucha light emitting
device can be used as display portions of various electronic
equipments.

Incidentally, this embodiment can be freely combined with

Embodiments 1 to 5.



25. A device according to claim1l, wherein said |aser is one selected from
YAG | aser) YV04 | aser, YLF laser, YA103 |aser, glass |aser) ruby | aser,

al exandrite | aser, Ti: sapphire | aser of continuous oscillation or pulse
oscillation. 26. A device according to claiml, wherein said |aser is one
selected fromAr laser, rr laser and CO2 | aser. --Y 27. A device according
to claim2, wherein said |laser is one sePécted fromAr |aser, Kr |aser and

C02 | aser Em%gﬂg’ﬁﬁeq)etv'ace according to claim3, wherein said |aser is one

_79_ sel | aser, Kr |aser and C02 | aser. 29. A device according

to claim -4, miﬁ?lﬁss@rhtgoéfrﬁg ! Ande gf b V\,ﬁ%?gﬁ]ﬁﬁ\égrﬁ Va1 182d1A%5 and

C02 | aser. evi ce accordi ng aser 1s one

sel ected {10 Jméﬁlegﬁsgq&éﬂ%. v 4508, Jgggf;, 1 e Anll] £6 000 diigy €0

claim 10, wher éi n sal aser i ne S aser aser and

C02 | aser, %Eﬁ Ké eV| ce % d| ngl %q a1117 wherein said | aser is one

sel ected f”l;‘ ser~. 33 . A device according to

claim1l, vvherel |d I |s one § Iected from u adm um.| aser

copper vapor Bi%&ﬁ melpbr 21 ?ﬁ’u‘i‘fjt g@glclolmé’?s&ﬁl(?f’ap}ul se
oscil l ation, A ew%'e accordlngto cIa|m2, rein_said_laser is one
sel ect ed FPGﬁPhelsllum 3&di-ufh Faér * 'ccglpr)'er7 Vap&r ‘I §§ Wit Golthd Y aser

of continugus oscillation ~~ pulse oscil]ation. .. A device accqording to

claim3 , OfheP @i d&i 8°F‘3§€r°‘i‘§ 8|1r€S§eFBEFEHaFPo¢ﬁ RePRER E&HR ImPLasEE

copper vapor |aser and gol d vapor_ |l aser of continuous oscillation_ or pulse
osci | | ati 6P metlfpdys SybspanentlitcofBi AFOrebPens fidicothetlm WArR Raser
is one selected from hel i um cadm um | aser , copper vapor |aser and gold
vapor | as&EPi6kngss: PRl PBsts [Hormash °6‘rtlbﬁlb:?es%§é|1ml asipfemdgonducEey ce
according to claim9 , wherein said |aser is one selected from

hel i um cad#lBm P¥sebPlagBppeVRapsetheder adiydy®igen/asontadaed in the

semiconductor f£ilm is released by performing heat treatment at
500 9C for three hour. Then crystallization of the semiconductor
film 4is performed by a laser annealing method. The
crystallization of the semiconductor £ilm is performed under the
condition of the laser annealing method that a second harmonic
wave of YVO4 laser is used as a laser beam, an incident angles
¢ of the laser beam relative to a convex lens 103 of an optical
system shown in Fig. 1 is set to 18 2@ to form a rectangular shape
beam, whereby irradiating the semiconductor f£ilm as moving the
substrate at a speed of 50 cm/s.
Aseco-etchingisperformedtothecrystalline semiconductor
film thus obtained, and the result of observing the surface of
the crystalline semiconductor £film with a SEM (scanning electron
microscopy) by one thousand times is shown in Fig. 17. Note that,
the seco solution in the seco-etching is the one made by using

K,Cr;0; for HF : H,0 = 2 : 1 as an additive. Fig. 17 was obtained



of continuous oscillation or pulse oscillation. 38. A device according to
claim 10, wherein said |aser is one selected from heliumcadm um | aser,
copper vapor |aser and gold vapor |aser of continuous oscillation or- pulse
oscillation. 39. A device according to claim11l, wherein said | aser is one
selected from heliumcadm um | aser, copper vapor |aser and gold vapor |aser
of continuous oscillation or pulse oscitPdtion. 40. A device according to

claiml, whenintSaiddy §§Shn@ﬁ§”tﬁé 1%&6553&\ mt&@a%@@%&ohaiﬁamestzé@ve
usi ng a non-linear optical eleent. devi ce according to cl=i"

wherei n saifl {13s edrRGRM Sffgﬂm/@rt%'ﬂ a1 i Gh&hs hé‘t‘iém%ﬁeéﬁ@é(ﬁcgstﬂgt

non-1inear optical elenent. 42. A devi ce accordl ng to clalm3) wherein said

| aser beargltg Q@eyggrélq.g gt}t %agg g{lgfm@w@&éﬁ d‘i'nng Pﬁ@néié‘@f r

opti cal e according to claim4, ern sai
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optical elemen erein said | aser beam

i's converted int A-dBher A(}_e}]ré’(raonéhce Wﬂﬁ]éﬁ? r%gi,pé)no%'f%{?‘é g@%%e siz

el enment. 45.-A device according to clal er el n~sal am’i
converted | nt a hi her har noni ¢ usi on-I.i near caI eI enent.
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| aser beargﬂ‘artorrpa% ILgS(:orrxtalned in a channel forming region can be reduced.
Further, since an individual crystal grain has the crystallinity
- such that it can be regarded substantially single crystal, the
high mobility (field effect mobility) equal to or more than that
of a transistor using a single crystal semiconductor can be
obtained.

Inaddition, since the formed crystal grains become complete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it
is possible to reduce variations of an on current value (a value
of a drain current flowing in an on state of a TFT), an off current
value (a value of a drain current flowing in an off state of a

TFT), a threshold voltage, an S value, and field effect mobility.

And electric characteristic is extremely improved.

Embodiment 9

Present embodiment will be described an example of

conducting a crystallization of a semiconductor film in the



-82 making said | aser beamslantly incident wwth respect to a convex | ens
slantly set with respect to said | aser beam deform ng a shape of said

| aser beam t hrough said convex | ens so that said shape of said | aser beam
is in a linear shape on an irradi ated body, and irradiating said |inear

| aser beamto said irradiated body while said |inear | aser beam and said

I rradi ated body are relatively noved. 5654A | aser irradiation nethod

conpri si ngj ¢£8FEAL e thd @ T onP RABOWAAENE BAPAIM refFRNidedtsdr fyd ASehpReam
slantly incident with respect to said convex lens slantly set wth respect

to said | pger beam setting an irradiated surface so that a |laser beam
travel ed via said convex lens is slantly incident with respect to said

rradiated surfactodal YA ansARGLST s 71 doh 50Im RRAT LORAUGNARRL,

convex |ens so shape of Said |aser beamis in a [inear shape on
Shape o Ekrh 17r46baF8anga v Eb EhBp 8eRT B, FEELREET bF APhTrhOCE"
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maki ng said | aser beam sl gntly incident wi th respect to - 83sai d_gconvex
| ens sl anfty QgPeﬂPﬁhlqéékﬁﬁ t%cﬁt?gela§8 uﬁ&&& (ﬁﬁ%ﬁQH%g 392“35@18? sai d
e e SO 581 % SOl N 38 BT S U PR e BT,
05 e Shee L0 SR ot sl ed sunlace, WlLg sl lopetabesiin
a beamlEgg%gé%{¥r§§g£akggg£hgggggggbggg%gggghourandinthenitrogen
atmosphere at 5502C for twelvehour. Subsequently, animprovement
— of crystallinity of the semiconductor film is performed by laser
annealing method. The improvement of crystallinity of the
semiconductor £film is performed under the condition of the laser
annealing method that a second harmonic wave of YVO; laser is
used as a laser beam, an incident angles ¢ of the laser beamrelative
to a convex lens 103 of an optical system shown in Fig. 1 is set
to 18 2 to form a rectangular shape beam, whereby irradiating
the semiconductor £ilm as moving the substrate at a speed of 50
cm/s.

Aseco-etchingisperformedtothecrystalline semiconductor
film thus obtained, and the surface of the crystalline
semiconductor £ilm is observed with the SEM by one thousand times.

An observation result is shown in Fig. 18. The observation result
in Fig. 18 was obtained by relatively scanning the laser beam

in the direction indicated by the arrow in figure, and Fig. 18

shows the appearance that crystal grains of large grain size is



said irradi ated surface set over a substrate, and thickness d of said
substrate, and an incident angle 8 of said | aser beam at which angle said
| aser beamis incident with respect to said irradiated surface satisfy the
foll ow ng expression: 9 s arctan (w (2 x d)) 52. A nethod according to
claim49, wherein as said convex |lens, an _aspherical lens is used. 53 . A
nmet hod according to claim50 , wherein as9sai d convex lens , an aspheri cal

| [ m n 1 ! . ’ hfl1 .
ens i s Usefmeati I/a gppeﬁaggﬁ@tgg@t%ﬂ@im 2. t8EShA1 A 2 fﬂcﬁw.ex

| ens, an aspherical 1lens is use | aser irradiation nét
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slantly incident wth respect to ractive optics set so that

said | asen pon | fepl AnG, b Silp e £sRAF 1 Ol Wiradiabed i dgce.

deform ng 'a € 0 a aser beamthrough s I ctive optics so
that said, saj qugr LSl ' h ' ' d
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i nci dent %ﬁ&ﬁr{§ﬁp%%} tqjsaid irradiated surf ace , and irradiating said
| aser beafiin said Iﬁhear'shape to said irradiated surface while said | aser

beamin said Iiigggﬁihape and sai irradiaagd surfac rel ati.,vel y. noved.
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| aser, making_said_|l aser beam.i ncident with respect to said djffractiyve
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irradi ated surface, deform ng a shape of said | aser bean1throu%p,said
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and said irradiated surface are rel atively noved, .
that may be contained in a channel forming region can be reduced.

- Further, since an individual crystal grain has the crystallinity
such that it can be regarded substantially single crystal, the
high mobility (field effect mobility) equal to or more than that
of a transistor using a single crystal semiconductor can be
obtained.

Inaddition, since the formed crystal grains become complete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it
is possible to reduce variatlions of an on current value, an off
current value, a threshold voltage, an S value, and field effect

mobility. And electric characteristic is extremely improved.

Embodiment 10

Present embodiment will be described an example of
conducting crystallization of a semiconductor f£ilm by using an

optical system of the present invention and manufacturing TFT



wherein a beamlength w of said | aser beamincident into said irradi ated
surface set over a substrate, and thickness d of said substrate, an

i ncident angle 8 of said | aser beamat which angle said | aser beamis
incident with respect to said irradiated -85 surface satisfy the
foll ow ng expression: Az arctan (w (2 x:ig) 57. A nethod according to
claim 49, wherein said | aser beamis osciliated froma solid state | aser )
a gas | asepyQisingreild dedtiRfortfudtestt | fHUOY SwitSC iddfRiredteddPRige 1, Fig.
oscillation. 58. A nethod according to claim50) wherein said | aser beamis
oscillatedidronaarsgligostate laser ) a gas laser or a netal |aser of
continuous oscillation or pulse oscillation. 59. A nethod according to

claim51, whereif, sgiis | @958aRaM | Sa0§ehsbafeimf {@M8e§0hsdasSi@bstl-a88r . @
gas laser or a netal |aser of continuous oscillation or pulse oscillation.
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froma solid state |aser, a Qgas |aser | 'aser nt i nuous
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wherein sald |'aser’ beam1s OSC|IIated fron1a so state aser, a gas
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A hydrogen contained in the semiconductor film is released by

performing heat treatment at 500 @C for three hour. Then, a second
harmonic wave of YVO, laser is used as a laser beam, an incident
angles ¢ of the laser beam relative to a convex lens 103 of an
optical system shown in Fig. 1 is set to 18 2 to form a rectangular
shape beam, whereby scanning the semiconductor film as moving
the substrate at a speed of 50 cm/s (Fig. 19B).

Subsequently, a first doping processing is conducted. The
first doping processing is a channel doping that controls a
threshold value. The first doping processing is conducted by using
BoHs as a material gas, setting the gas flow rate to 30 sccm, the
current density to 0.05 A, the acceleration voltage to 60kV,
and the dose to 1x 10 /cm® (Fig. 19C).

Subsequently, patterning is performed to etch a
semiconductor film 24 in a predetermined shape, and then

asilicon oxynitride filmwith a thickness of 115 nm is formed



YA103 | aser, glass laser, ruby laser, alexandrite laser) Ti: sapphire |aser
of continuous oscillation or pulse oscillation. 65. A nmethod according to
claim55, wherein said | aser beamis oscillated fromone selected from YAG
| aser, YVO4 |aser, YLF laser, YA103 |laser, glass |aser, ruby |aser,

al exandrite | aser, Ti: sapphire | aser of _gcontinuous oscillation or pulse
oscillation. 66. A nethod according to cP im56, wherein said |aser beamis

osci | | at echdf &8 AW NSV IRGE g I YAQ I ReLing M4 dtatesd s¥afidaaauct ¥ 03
| aser, glass laser, ruby laser, alexandrite laser, Ti: sapphire | aser of
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sai d Iaser beamis _oscillated fromone selected fromAr laser, Kr

| aser and o¢02 +é‘sljﬁ| aﬁs‘9 cénﬁ%@)ﬁ%é‘c ?ﬁ.ﬂfé‘gaf‘?a‘ila?dl é’éﬁ:d"‘@?{ emes(,%?cﬁel aser

beami s OSCI| ated fromone selected from Ar ser aser and aser.

70. A net igbg Héhciﬁlgbiﬁ,\qgﬁ |n said | aser beamis oscillated

from one s | ase |'asef "and C02 laser . 71. A nethod

according to C'ﬂ'”hggk mﬁsaglno§alggs%%§r gg%qll B%aﬁlllg%Ed d@%@djn

selected from Ar |aser, aser ser odaccording to

cl ai m 49, sai d osc at e 0 sel t d fr
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oscillatign o gulse g cillation. 73. A nethod accordlng to cIa|n150,
wherei n salPg" ﬂg épgbg s oscillated fromone selected from hel i um cadm um
| aser, copper v r Iase and,_gol d vap | aser of contjnuous oscillation or
oul se’ oscl | | at | SABSGUSREIY, hEHE sl arPgeto B EPRISE, LR YP Lait oo or

beami s 050|%I35ed fromope selected fromh un}cadnlun1laser copper

vapor | as®BpfS S0 ?@rthc%‘?ﬁ?Fu SR04 SePdRIPTRGESS1ng

OSCI||atIO
hereby introducing impurity elements which impart n-type to the

semiconductor £ilm. In this case, conductive layers 30 and 31
are become masks with respect to the impurity elements imparting
n-type respectively and an impurity region 34 is formed in a
self-aligning manner. In this embodiment, the second doping
processing is divided into two conditions to be performed since
the film thickness of the semiconductor f£ilm is very thick with
150nm. Inthisembodiment, at first, the second dopingprocessing
of the first condition is performed by using phosphine (PH;) as
a material gas, and setting a dose to 2 x 10*® /cm? and the
acceleration voltage to 90 kVv. And then, the second doping
processing of the second condition is performed by setting the
dose to 5 x 10 /cm2 and the accelefation voltage to 10 kV (Fig.
19E).

Next, the mask 33 made of a resist is removed, a new mask

35 made of resist is formed, and the third doping processing is



_88_ 75. A nethod according to claim55, wherein said |laser beamis
oscillated fromone selected fromheliumcadm um | aser, copper vapor |aser
and gol d vapor |aser of continuous oscillation or pulse oscillation. 76. A
met hod according to claimb56, wherein said | aser beamis oscillated from
one selected from heliumcadm um | aser, ggpper vapor | aser and gold vapor

| aser of continuous oscillation or pulse Scillation. 77. A nethod

accor di ng teQ*f%'rﬂJ 4. 4955%5% eqﬂhsc?'d% J.%sgegresgem Ogéemggsi%ﬁoed&ac gher

har noni ¢ ve through non-11 near cording
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wherein said_| ase s converted in har noni ¢ e through a
non- | : nea?‘I SopPTRg 15 §%n§em1°°§§uc ?r £ t“ﬂb‘%’r}hi’@ roﬂﬁenant%g%r‘é‘? rﬁaé’berg
wherei n sai_d. ]| aser beam ted into.a hi gher harnoni ve through a
hon. |.neanobilec%T°%%%%tTF¢1§ e EORgISI vt araEEurOngRd 1B AT MARS or
device conprising: formng a sem conductor filmover a subst rate

crystalli 2Fn§ @3&6 E%rﬁl(’:%rﬂd'ER:"EH‘FYI%WIW ARf dite g iy edemente fiar

thereto while said sem conductor_filmand said first |aser beamare

rel ativel y"RAFEANTAR NEYRS F9Rdad s afehp formalmperiky f1eg9iqny 36 in

sem conductor film and - _ activating said inpurity element by irradiating
a second Pa§é|1fbééﬁ=ﬂpén§a¥“én§9ﬁﬁ-coﬁﬂugbéﬁ Pmbﬁfl\m}?—rlé s&hg ithpgd depdaded

sem conductor filmand said second | aser beamare rel atively noved, wherein
processing is also divided into two conditions to be performed

since the film thickness of the semiconductor £ilm is very thick
with 150 nm. In this embodiment, the -third doping processing -
of the first condition is performed by using diborane (B;Hg) as

a material gas and setting the dose to 2 x 10" /cm®, and the
acceleration voltage to 90 kV. And then, the third doping
processing of the second condition is performed by setting the
dose to 1 x 10'° /cm?, and the acceleration voltage to 10 kV (Fig.
19F).

By the steps until now, the impurity regions 34 and 36 are
formed in the respective semiconductor layers.

Next, the mask 35 made of resist is removed and a silicon
oxynitride f£ilm with a thickness of 50 nm (coupositional ratio:
S1=32.8%,0=63.7%, H=3.5 %) 1s formed as a first interlayer
insulating film 37 by plasma CVD method.

Next, a recovery of crystallinity of the semiconductor

layers and an activation of the impurity element added to the

respective semiconductor layers are conducted by the heat



a shape of each of said first |aser beam and said second | aser beam
travel ed via a convex lens is deforned so that said shape of each of said
first | aser beam and said second |aser beamis in a |inear shape in said
sem conductor film 83. A nethod of nmanufacturing a sem conductor device
conprisi: g: formng a sem conductor filmover a subs~-~rate,

crystal lizingsaid sem conductorfilmby tPPadiating afirst |aser beam

thereto whid it SCThCOREN Mo {ddl AR hEak] EPLatASEE DOULA Gmeg

relatively nov adding an inpurity elenment to said crysta

sem conducgtor. fi.l and activatin aid i ity elenment by irradiating a
second | ad® 2BAh PG "%oésrﬁe}’ced:r?gtét OE&’(L mtJ\%‘iylfé)uga' U nb T i@ q’f(ﬂ?&

sem conduct or fﬁ'”‘%ﬁ% saj d. second IaserJ%Famfﬁfagéﬂ jvely. ggved, wher ei n
a shape of PBEEH1SF LGH9Y MG Sl ANGRLHY S PastHdd ram
travel ed via a gonyex lens is, deforned so that _ said shape of each of said
first |aser beaﬁf"ﬁ%d 3339805886%%?5 r Egﬁﬁif‘%lf‘ﬁ fg‘]ﬂ ﬁgé{%ﬂ%&%ggrigﬁ"s’éi d
sem condugtor _fil.mand.each of ;said first | aser beam and sai.d second | aser
beam tr avaPEHLATINgard LN BEROEAALENRE | LARFERRTS THHO AR APt A o
said sem conductor film, 84 . A neihod of, nanufacturing a enicondu?}or

devi ce cofBFMEANS™ 1 Br fiiF . IREPELAUEE PRI TLI8  Fdtr ot £ this
crystallizingsai dsem conductorfil mby irradiating afirst |aser beamthereto
whi | e sai Bmg’gﬁﬂ-ﬁ'ﬁﬁ&uc?oﬁlﬂfzﬂ?dh’dt & il withs g thigkpess £ inmip
noved) addi ng an igeurity element to said crystallized sem conductor film
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said sem conductor filmwhile said inpurity added sem conductor film and
sai d secofi AB9epmpdgmfermede| ati vel ynoved, wherein a shape of each of said

first |aser beam and said second
Next, a hydrogenation processing can be carried out after

the heat treatment.- In this embodiment, the heat treatment-is
performed in a nitrogen atmosphere at 410 °C for one hour by
using the annealing furnace.

Subsequently, a wiring 39 electrically connecting to the
respective impurity regions is formed. In this embodiment, a
lamination film of a Ti film with a thickness of 50nm, an Al-Si
film with a thickness of 500 nm, and a Ti £film with a thickness
of 50 nm is patterned to form. Of course, it is not limited to
a two-layer structure, but also may be a single-layer structure
or lamination structure of three layers or more. Further,
materials for wirings are not limited to Al and Ti. -For example,
wirings may be formed by forming Al or Cu on the TaN film and
patterning the lamination £ilm on which a Ti £ilm is formed (Fig.
19H).

As described above, an n-channel TFT 51 and a p-channel

TFT 52 are formed.



| aser beamtraveled via a convex lens is deforned so that said -91 shape
of each of said first |aser beam and said second | aser beamis in a |linear
shape in said sem conductor film and each of said first |aser beam and

sai d second | aser beamtravel ed via said convex lens is slantly incident
with respect to said sem conductor film wherein a beamlength w of each of
said first |aser beam and said second | as®- beamincident into said

seni conductor fixlm; 806, ;@'&meaisté}gtf@b@ SO @%fa%newp@%l glﬂ%q

angle 8 of each of said tirst | aser beam and said second | aser beam a
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accordi ng ,f m_83 sal d ex | e ) ri.C lens is
used. 87. ﬁgx[ehglgagg & %g ctoél orlﬁ é’fc er?rlzfslcsal 5 ccgznq:\fa alcé‘hsS an
aspheri cal I ens is manu act ur;r_ng sem cond

devi ce coffSASSYRYST Pf?i'iﬁ'g éss%?ﬁ‘é'&ﬁ‘gu%‘? &e HPPBYRFSa ERBHA% & tage
tall d torfilm d f t 92| b
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relatively ved, adding _an inmpurity elenment to said crystallized

sem condud¥ 5'r fils| Fetat® dcth FRS my Veai P IR HSL B eP?é’ﬁ)téOB'f i-r iS5y a

second | aser 8ht to said sem conductor filmwhile said | ur| ty added

seni condué@8r aP | #9Bn Azt QuEsht ((D9r apdaaprirccherert vEIR) MR Fhafer ei n
in a solid line and the mobility (LLFE) is shown in a dotted line.

Figs. 20A and 20B show that the electric characteristics
of TFT manufactured by using the present invention is remarkably -
improved. When TFT is manufactured by using the semiconductor
film, the number of crystal grain boundaries that may be contained
in a channel forming region can be reduced, since a crystal grain
of large grain size is formed in the semiconductor £ilm, which
is crystallized by using the present invention. Furthermore,
since the crystal grains are formed in the same direction, it
is possible to reduce the number of crossing across the grain
boundary by carrier remarkably. Therefore, the mobility is 524
cm?/Vs at the n-channel TFT and the mobility is 205 cm?/Vs at the
p-channel TFT. When a semiconductor device is manufzctured by
using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment 11

Inthisembodiment, anexample of conductingcrystallization



a shape of each of said first |aser beam and said second | aser beam
traveled via a diffractive optics is defornmed so that said shape of each of
said first |aser beam and said second | aser beamis in a |linear shape in
said sem conductor film 89. A method of manufacturing a sem conductor
device conprising: formng a seniconducggi_filn1over a substrate,
crystallizingsaid sem conductorfilmby irradiating afirst |aser beam

thereto Wyd 8 séhilcs8ELELHEUEL Gk vy bt PPFe 88k €l dt1ida 'F2oR) iRGRB M finent
relatively noved, adding an inpurity elenent to said crystallized

sem conduGir i %nﬁ%@_agﬁ&iﬂ@ i uggior s%l %héyéérﬁiéai%@ﬁcwr!ﬂﬂﬁgg%ig‘g a

second | aser beamto said semcon IFmwnile said Inpurity a
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a shape of eac Irst Taser beamand sal d secon aser beam

travel ed ‘Qn? ?ﬂ fgqr apyd ve optics is defornmed so that -93sai d shape of
each of sai iTst 1aser” beam and said second | aser beamis a.n a linear

shape in said sen conductor _filmand each,of said.first |aser. be nd said
second |aser bodm EPRPE: 50 on EafBRaRRrF1teeh Sl (8 d Wil o
with resp tQ_sal m_conduct o il 90. hod of nufacturing a
ser condudidP 48 AeGorSRBERL MG PuPRrTeRt, Al coiR gt - (Y Mg
substrate tallizingsai dsem conductorfilmby irradiati i.rst |aser
bean1thergF% | F§CO% A8 sgﬂiiﬁﬂﬁHEFSrﬁ?gF éﬂ%l Eveoad %tlﬂgkgiﬁﬁiﬂﬁ%ne
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a shape of each of said first |aser beam and said second | aser beam
travel ed ¥hg §eBirPRAUCEEE EpimcRY| spiRferabingthergby forming a metal

containing layer 41. Then heat treatment is performed in the
nitrogen atmosphere at 500 °C for one hour and in the nitrogen
atmosphere at 550 °C for twelve hour (Fig. 21B). Subsequently,
an improvement of crystallinity of the semiconductor film is
performed by 1laser annealing method. The improvement of
crystallinity of the semiconductor film is performed by the laser
annealing method under the conditions that a second harmonic wave
of YVO, laser is used as a laser beam, an incident angles ¢ of
the laser beam relative to a convex lens 103 of an optical system
shown in Fig. 1 is set to 18 2 to form a rectangular shape beam,
whereby irradiating the semiconductor filmasmoving the suktztrate
at a speed of 20 cm/s or 50 cm/s to improve the crystallinity
of the semiconductor f£ilm (Fig. 21C).

In accordance with the Embodiment 10, a n-channel TFT 51
and a p-channel TFT 52 are formed hereafter. The electric

characteristics of the n-channel TFT and the p-channel TFT are



sai d shape of each of said first |aser beam and said second | aser beamis
in a linear shape in said-sem conductor film each of said first |aser beam
and said second | aser beamtraveled via said diffractive optics is slantly
incident with respect to said sem conductor film wherein a beamlength w
of said | aser beamincident into said sem conductor film and thickness d
of said substrate ) and -94 an incidenb2angle B of each of said first

l'aser beameaingi d 23/C ¢hénl ance18688¢iat chrabtangbeigash ohe S chdnnésl
| aser beam and said second | aser beamis incident with respect to said

sem conduciper shihaheLhéthied sy heliay Ple SUHESH B atBaZsPe&d JF L0/ dm/x d))
91. A method according to claim82, wherein said | aser beamis oscillated

froma solifdsab@hein #99., 28 J%h bASBErIE éhdPidtel f5€Ic ¥ ERBIH LMl
oscillation or pulse oscillation. 92 . A -nmethod according to claim83 ,

I
wherein s¥igd baSinkEattlfed B bbahGlehe Wk SRlid oY 2ldpd b o 28 &RFs

| aser or a nmetal Taser of cont’i nuous~oscl tion or pulse oscillation. 93 .
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a solid state Taser, aser or a ne aser conti nuous oscllTation

or pul se Qs g&%érﬁ?fe{a%ﬁu%eéb@;ngggpgcmé% i gtt;% ee %g?b;bn?m. gl

| aser beam’i's 0ScCi a rom-a So state laser, a gas |aser
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accordi ng wher'ef n sai aser beam 'S 0SCl ( _
SRt |5t 80l 50000 Rk 068 Sp R HRE A LA,
aser DealD 3naeh LA BUEP, DOB A P EATES ATTEH aRs B bR R
accordingAgot%gghgg%%téﬁg%&gL%H%ﬁﬁigna%%rt %?ghgitric characteristics,
the measurement point is assumed to be two points, the gate voltage
(Vg) is set to in the range of -16 to 16 V, and the drain voltage
(Vd) is set to 1.5 V. Moreover, in Figs. 22A to 22B and Figs.
23A to 23B, drain current (ID) and gate current (ID) is shown
in solid line and the mobility (LFE) is shown in dotted line.
Figs. 22A to 22B and Figs. 23A to 23B show that the electric
characteristics of TFTmanufactured by using the present invention
is remarkably improved. When TFT is manufactured by using the
semiconductor £ilm, the number of crystal grain boundaries that
may be contained in a channel forming region can be reduced, since
a crystal grain of large grain size is formed in the semicondnrtor
film which is crystallized by using the present invention.
Furthermore, since the formed crystal grains become complete in
one direction and there are few grain boundaries formed in the

direction crossed to the relative scanning direction of laser

light, it is possible to reduce the number of crossing across



oscillated fromone selected from YAG | aser, YV04 | aser, YLF |aser, YA103
| aser, glass |laser, ruby |aser, alexandrite |laser, Ti: sapphire |aser of

continuous wave or pulse oscillation. 98. A nmethod according to claim 83,
wherein said |aser beamis _ oscillated fromone s-elected from YAG | aser,

YV04 | aser, YLF laser, YA103 |aser, glass |aser, ruby laser, alexandrite
| aser, Ti: sapphire |laser of continuous-@dve or pulse oscillation. 99. A

met hod aceeedigith i Sb@h l ibbEam reepseblbat g¢ firom
one sel ected ﬁ?%ﬁ]YAE??agggﬁ Y%ggﬁﬁgggﬁaig%ééfaségﬁ YAlO% | aser, glaggp

aser 1 ubkdedstioodt hRXANERE Rob 288ty Th s FRRARYUE heSale af- S daus, wave

or pulse osci | Iatlon 100 g to claim 88, wherein said

| aser bea%gsrﬁa%bf}fég {2 20 & g{zs%@%ﬁé g{@éﬁg@% YV%i;é.erzyzAYLF

| aser, aser aser y | aser rite aser I
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accor di ng to C wherern ami1s OSCI om one

Serected tygm Xt &31'1 3508, 1Y HYE ae i §38hanne1 el A4 Aseraagliaos

| aser, ruby M ; Fexdn I"aser Ire’laser o ti'nuous wave
or pul se 102 met hqd. _accordi m 90 . .wherein said

illa
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according o claim@82) wherein said |a beam i OSCI||ated from one
Speci o5 Sehazasteriame andskhe e L 1aBEEl ey (o e SeRbGOR AT AefatRod
according to claima83, wherein said |aser beamis oscillated fromone
speci es sEPBCPEJIFPEAVEA | aser, Kr |aser and CD2 laser. 105. A nethod
according to claim84, wherein said | aser beamis oscillated from one
species selected fromAr laser, Kr |laser and G2 |laser. 1~~-. A nethod

according to claim88, where-i~r said |aser beamis oscillated fromone
speci es sEMbpfidmentodAr | aser, Kr |aser -

In Embodiments 10 and 11, an example in which a TFT is
manufactured by crystallizationmethods different from each other
is shown. In the present Embodiment 12, difference between the
crystallinities is considered from the TFT characteristics.

TFT (referred to as PG6 hereinafter) is manufactured
according to Embodiment 11 by combination of laser beam and thermal
crystallization using nickel having catalytic function in the
crystallization. Fig. 25 shows dependency of drain current - gate
voltage characteristic (ID-VG) of the TFT (PG6) on channel length.
On the other hand, TFT (referred to as LG6 hereinafter) is
manufactured by only laser beam irradiation according to
Embodiment 10. Fig. 26 shows dependency of ID-VG characteristic
of the TFT (LG6) on channel length. The channel length is 1.5
um (A) and 2.0um (B) and 3.0um (C). It is to be noted that an

n-channel TFT is used in any case in the present embodiment.



and C02 | aser. 107. A nmethod according to claim89, wherein said | aser beam
I's oscillated fromone species selected fromAr |aser, Kr |aser 97  and
C02 laser . 108. A nethod according to claim90, wherein said | aser beamis
oscillated fromone species selected fromAr |aser, Kr laser and C02 | aser.
109 . A method according to claim82 ( wherein said | aser beamis
oscillated fromone species sel ected fr offthel i um cadmi um | aser, copper

vapor |aser andigorggyapps Argere Of tkdHdmiyaRstd |RtindOthillsetiple
oscillation. 110 . A nethod according to claim83 , wherein said | aser beam

i s oscillakedsl hAM ORELAPEALES thekrpesd ,f rom bel hyssendal ¥R bpsehteCapper
vapor | aser and gold vapor |aser of continuous oscillation or pulse
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oscillati %ﬂé channel length becomes short, PG6 becomes superior to LG6
withrespect towithstand voltage between the source and the drain.
In the complete depletion type having a small thickness
of the semiconductor £ilm, a significant difference is found in
the source and drain withstand voltage. Measurement is conducted
to knowwhether similar tendency is observed in a partial depletion
type having 150 nm as thickness of the semiconductor f£ilm. 1In
Figs. 27 and 28, ID-VGcharacteristicis shown. The extraordinary
jump up of the drain current in the off region is influenced by
drain voltage. As the drain voltage is increased, the
extraordinary jump up of the drain current is conspicuous.
However, even if the influence is included in the consideration,
it turns out that the PG6 is superior with respect to withstand _ .
voltage between the source and the drain. Also, it is judged
in the partial depletion type that PG6 is high in withstand voltage
between the source and the drain.

The above result suggests that PG6 is suitable in the case

where element dimension of TFT is miniaturized into a submicron



115. A nethod according to claim82, wherein said | aser beamis converted
I nto a higher harnonic wave through a non-linear optical elenent. 116 . A
met hod according to claim83 , wherein said | aser beamis converted into a
hi gher harnoni c wave through a non-linear optical elenment. 117 . A nethod
according to claim84 , wherein said | aser beamis converted into a higher
har noni ¢ wave through a non-linear opticgd_elenment. 118 . A nethod
accordi ng R, @i m 88 , wherein said | aser beamis converted into a higher
har nmoni ¢ wave through a non-linear optical elenent. 99 119. A nethod
according to claim89, wherein said | aser beamis converted into a higher
har noni ¢ wave through a non-linear optical elenent. 120 . A nethod
accordi ng Al wherein said | aser beamis converted into a higher
har nmoni ¢ é%gggﬁﬁkgﬂgEE% non-linear optical elenent. 121. A nethod according
to claim82, wh i i ' rfi i il at.aj Nl i.ljcon.
Va?l%all%ﬁésg{ng.%%})gﬁl%q%? f&e\xfﬁéeg r@c@l&e %EPE&%@%%%M&.
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met hod accgordi to clai m82 wherein said sem conduct.or
%e em%%died in electronic equipment ofo any type in which such

an electro-optical device is incorporated in a display portion.

Such electronicequipment is avideocamera, adigital camera,
.a projector, a head-mounted display (goggle type display), a car
navigation system, a car stereo, a personal computer, a mobile
information terminal (suchasamobile computer, amobile telephone
or an electronic book etc.) or the like. Figs. 14A to 14F, 15A
to 15D, and 16A to 16C show one of its examples.

Fig. 14A shows a personal computer which includes a main
body 3001, an image input portion 3002, a display portion 3003,
a keyboard 3004 and the 1like. The personal computer of the present
invention can be completed by applying the semiconductor device
manufactured by the present invention to the display portion 3003.

Fig. 14B shows a video camera which includes a main body
3101, adisplayportion 3102, a sound input portion 3103, operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The video camera of the present invention can be
completed by applying the semiconductor device manufactured by

the present invention to the display portion 3102.



device is incorporated into one selected fromthe group consisting of a

personal conputer, a video canera, a nobile conputer, a goggle type

di splay, a player using a recording nedium a digital canera, a front type

projector, a rear type projector, a nobile tel ephone, and an el ectronic
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a film for adjusting phase difference, an IR film or the like.

The projector shown in Figs. 15A to 15D is of the type using
a transparent type of electro-optical device, but there is not
shown an example in which the invention is applied to a reflection
type of electro-optical device and a light emitting device.

Fig. 16A shows a mobile telephone which includes a main
body 3901, a sound output portion 3902, a sound input portion
3903, a display portion 3904, operating switches 3905, an antenna
3906 and the like. The mobile telephone of the present invention
can be completed by applying the semiconductor device manufactured
by the present invention to the display portion 3904.

Fig. 16B shows amobilebook (electronicbook) which includes
amain body 4001, display portions 4002 and 4003, a storage medium
4004, operating switches 4005, an antenna 4006 and the 1like. The
mobile book of the present invention can be completed by applying

the semiconductor device manufactured by the present invention
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As is apparent from the foregoing description, the range
of applications of the invention is extremely wide, and the
invention can be applied to any category of electronic apparatus.
Electronic apparatus according to the invention can be realized
by using a construction made of a combination of arbitrary ones
of Embodiments 1 to 6 and 8 to 11 or Embodiments 1 to 5 and 7

to 11.

Embodiment 14

In the present Embodiment, an example in which a linear
beam is formed using a diffractive optics (diffraction grating)
instead of the convex lens used in Embodiment 1 will be described
below with reference to Fig. 24.

In Fig. 24, a laser 401, a mirror 402, a diffractive optics
403, a linear beam 406, a non-irradiated body 104 and a glass
substrate 105 are depicted. Moreover, the reference numerals 107,

108 and 109 denote the directions in which the substrate is moved.



10z:"10%& ()-y8"10%& ()-EEE"F FFFFj K @&

10z3109%&' () -, Z"109%&' ()-&2"109%& ()- m'10%& ()-! F 10%& ()- 10z

10zF&GKGGG. H HIBK @

10z! F3) 109ZZ&" () - SM' 10%&' () - 92" 109%&' () - F3"109%& ()- @" 10%& ()-3 9

109%&' ()-1 HHH 11111 dEK @&

10z! 1 (Y"109%&' ()-4f & "109%&' ()-  $Y"109%& (V792" 100& ()-f

F'10%& () Wh&nl@¥® {hsérloddn Gduieitdd @om the laser 401 is incident into
10z! 1 47" 109&' ()-f2Z"109%&' ()-L03"109%& ()-|.Y"109%&' ()-f,3"109%& ()- *F"10%& ()
- UKKK3LAL 3@l jahile & ctaz k0¥ thils' 108%kik) thelfitPor 402, the linear beam

10: "109%&' ()-8"10%&' ()-s6m 10%&' ()-LLLM'M MWE @ 10z10%&' ()-3

10%&' () - 1QY% dan be £%fed on }fhg]a‘g%@di)atW&ffammgﬁghborhood .
10z98$Y10%&' ()-3"Y"10%&' ()- , 109 ()-& 10%& ()-!L)10%H& ()-3

109 () - NR4ORAREE @B the linear beam may be formed by appropriatel
10290Z10%&' () - 3. I 100& ()<, ) 31008 ()-9*Y100& () - 3( v 1098 OF> % ¥

1008 ()RR Q0 b8, 08 RO MG PR IR b o
10% U& () ':i_g;!é-i)g{?tly incident into the irradiation surface, the interference
can be prevented.

It should be noted that a beam expander is set between the
laser 401 and the mirror 402, or between the mirror 402 and the
diffractive optics 403, and may be expanded into the desired sizes
in both of the longer direction and the shorter direction,
respectively. Moreover, the mirror may not be set, or a plurality
of mirrors may be set.

Then, while the linear beam formed in this way irradiates,
1t can irradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated
body 104, forexample, inthedirectionindicatedwith the reference
numeral 107 or thedirections indicatedwith the reference numerals
108, 109.

Since in the present invention, the optical system for
forming the linear beam has a very simple configuration, it is
easy to make a plurality of laser beams linear beams having the
same shape on the irradiation surface. Therefore, since the same
annealing is carried out in any region where any linear beam

irradiates, the whole surface of the irradiated body reaches to

have a uniform physical property and the throughput is enhanced.
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It should be noted that in Embodiments 2-4, as in the present
Embodiment, the diffractive optics could be used instead of the
convex lens.

It should be noted that the optical system of the present
Embodiment could be freely combined with Embodiments 5 through
7.

The fundamental significances indicated as follows can be
obtained by employing a configuration of the present invention:

(a) Since it isavery simplified configuration, the optical
adjustment is easyand the device becomes compact insize. Similarly
in the case where a plurality of lasers of the same kind or a
plurality of lasers of different kinds are used, the optical
adjustment is easy, and the device becomes compact in size.

(b) Since being slantly incident with respect to a plurality
of lasers, the return beam can be prevented, and it becomes a
simpler configuration.

(c) Even in the case where the irradiation of laser is carried
out using a plurality of laser beams, since the optical system
is simplified, it is capable of easily making the same shapes
of the all laser beams. Therefore, uniformannealing can be carried
out to the irradiated body. This is particularly effective in
the case where a substrate has a large area.

(d) It greatly simplifies synthesis of a plurality of laser
beams. Therefore, even i1f it is a laser having a lower output,
it is sufficiently applicable by employing a plurality of these.

(e) The throughput is capable of being enhanced.

10%
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a convex lens,
wherein said convex-lens is stantly set with respect to a laser
beam emitted from said laser, and an irradiated surface is set
so that a laser beam traveled via said convex lens is slantly

incident with respect to said irradiation surface.

3. A laser irradiation device comprising:

a laser; and

a convex lens,

wherein said convex lens is slantly set with respect to a laser
beam emitted from said laser, an irradiated surface is set so
that a lasexr beam traveled via said convex lens is slantlyincident
with respect to said irradiation surface, and a shape of said
laser beam is deformed through said convex lens so that said shape

of said laser beam is in a linear shape on an irradiated surface.

4. A laser irradiation device comprising:
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of said laser beam is in a linear shape on an irradiated surface,

wherein a beam length w of said laser beam incident into

an irradiated body set over a substrate, and thickness d of said

substrate, and an incident angle B of said laser beam at which

angle said laser beam is incident with respect to said irradiated

body satisfy the following expression:

0 2 arctan (w/(2 x d))

5. A device according to claim 1,

an aspherical lens.

6. A device according to

an aspherical lens.

7. A device according to

an aspherical lens.

8. A device according to

an aspherical lens.

claim 2,

claim

claim

wherein

wherein

wherein

wherein

said convex lens

said convex lens

said convex lens

salid convex lens

is

is

is
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irradiated surface.

10. A laser irradiation device comprising:

a laser; and

a diffractive optics, -

wherein said diffractive optics is set so that a laser beam
emitted from said laser is slantly incident with respect to an
irradiated surface, and

a shape of said laser beam is deformed using saiddiffractive
optics so that said shape of said laser beam is in a linear shape

on an irradiated surface.

11. A laser irradiation device comprising:

a laser; and

a diffractive optics,

wherein said diffractive optics is set so that a laser beam
emitted from said laser is slantly incident with respect to an
irradiated surface, and

a shape of said laser beam is deformed through said

diffractive optics so that said shape of said laser beam is in



10@ 10@: y109%@& () - 8Y" 109%@& () - 6m' 109%@& () - 41 " 109%@& () - 2Z" 10%@& () -/ ndEYNC
10T "10967& ()- "10967& ()- |"1094& ()-"1094& ()-10947& ()-L109%& ()-, | &dEYNC
10T

F'10967& () - mi' 10967& () - mi' 10967& () - mi' 10947& () - mi' 10967& () - G' 10947& () - ¢$" dEYNC
10T (3"10957& ()-&Z"10947& () - $ni' 10967& ()- "mi' 10947& () -

Z"1099°& ()-2Z"109%9& ()- ZPJEYNC 10T 34ni LO%F& () -, 2" 1099& () - &0" 109F& () -

10T 10TF: B TOTHE() "Bt SOUPE (TR Ao (TRt dE @ 10T o 7 20T
1008 () 1 10U O LBYR (hagkn 0 0F ddsa TR Lo HUBRA) REIEC

' 10%g& ()a 9{{}%8&%&21 8649798 (dves ol QB el 10408, L) epB{8dE ¢ 09

10g3: " 10%§

f 8t ow%g) 6F" 10%8 () E( 100/% : 004%& ()- 9$m' 1098 () 189: 1 uy7/
10gnt 109 5fb§§h f@&&ﬁ@
10g%$gaB7/ 0g10% VK -'3 0% m' 109%vE,

1050 () B %o S0 et SQRJ %mlb%\/é(‘)"f?}‘?‘i”io%/g‘( feap%%v& pRid gg
10%V&' () - ." 10%/R! %@5 1090V’ (). &<= >7~xnb@D10 T | 109 ()-, 10M 10M
10MF: 109X FRAERtEGoRdY) S EXPEARE A

0 = arctan (w/(2 x d))

12. A device according to claim 1, wherein said laser is a solid
state laser, a gas laser or ametal laser of continuous oscillation

or pulse oscillation. . -

13. A device according to claim 2, wherein said laser is a solid
state laser, a gas laser or ametal laser of continuous oscillation

or pulse oscillation.

14. A device according to claim 3, wherein said laser is a solid
state laser, a gas laser or ametal laser of continuous oscillation

or pulse oscillation.

15. A device according to claim 4, wherein said laser is a solid-
state laser, a gas laser or ametal laser of continuous oscillation

or pulse oscillation.

16. A device according to claim 9, wherein said laser is a solid

state laser, a gas laser or ametal laser of continuous oscillation
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solid state laser, a gas laser or a metal laser of continuous

oscillation or pulse oscillation.

19, Adeviceaccoxrding toclaiml, whereinsaidlaser isoneselected
from YAG laser, ¥YVO, laser, YLF laser, YAlO; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser of continuous

oscillation or pulse oscillation.

20. Adeviceaccording toclaim2, whereinsaidlaser isone selected
from YAG laser, YVO, laser, YLF laser, YAlO; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser of continuous

oscillation or pulse oscillation.

21, Adevice accordingtc zlaim3, whereinsaid laser isone selected —
from YAG laser, YVO, laser, YLF laser, YAlO; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser of continuous

oscillation or pulse oscillation.

22, Adeviceaccordingtoclaim4, whereinsaid laser is one selected
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ruby laser, alexandrite laser, 7i. sapphire laser of continuous

oscillation or Pulse oscillation.

laser, ruby laser, alexandrite laser, Ti, sapphire laser of

continuous osclllation or Pulse Oscillation.

. Wherein said laser is one

selected from YAG laser, YVO, laser, vLF laser, YAl0, laser, glagg

laser, ruby laser, alexandrite laser, Tji. Sapphire laser of

continuous oscillation or Pulse oscillation.

26. A device according to claim 1, wherein said laser is one

selected from Ar laser, xr laser and CO; laser,. o
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selected from Ar laser, Kr laser and CO, laser.
32. A device according to claim 11, wherein said laser is one

selected from Ar laser, Kr laser and CO, laser.

33. Adeviceaccordingtoclaiml, whereinsaidlaser isone selected
fromhelium-cadmium laser, copper vapor laser and gold vapor laser

of continuous oscillation or pulse oscillation.

34. Adeviceaccordingtoclaim2, whereinsaidlaser isone selected
fromhelium-cadmium laser, copper vapor laser and gold vapor laser

of continuous oscillation ui pulse oscillation.

35. Adevice accordingtoclaim3, whereinsaidlaser isone selected
fromhelium-cadmiumlaser,coppervaporlaserandgoldvaporlaser

of continuous oscillation or pulse oscillation.
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of continuous oscillation or pulse oscillation.

38. A device according to claim 10, wherein said laser is one
selected from helium-cadmium laser, copper vapor laser and gold

vapor laser of continuous oscillation or pulse oscillation.

39. A device according to claim 11, wherein said laser is one
selected from helium-cadmium laser, copper vapor laser and gold

vapor laser of continuous oscillation or pulse oscillation.

40. A device according to claim 1, wherein said laser beam is
converted into a higher harmonic wave using a non-linear optical

element.

41. A device according to clz2im 2, wherein said laser beam is
converted into a higher harmonic wave using a non-linear optical

element.

42. A device according to claim 3, wherein said laser beam is

converted into a higher harmonic wave using a non-linear optical
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44. A device according to claim 9, wherein said laser beam is
converted into a higher harmonic wave using a non-linear optical

element.

45. A device according to claim 10, wherein -said laser beam is
converted into a higher harmonic wave using a non-linear optical

element.

46. A device according to claim 11, wherein said laser beam is
converted into a higher harmonic wave using a non-linear optical

element.

47. A device according to claim 4 wherein said incident angle

0 is Brewster's angle.

48. A device according to claim 11 wherein said incident angle

0 is Brewster's angle.

49. A laser irradiation method comprising:

emitting a laser beam from a laser,
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on an irradiated body, and

irradiating said linear laser beam to said irradiated body
while said linear laser beam and said irradiated body are

relatively moved.

50. A laser irradiation method comprising:
emitting a laser beam from a laser,
making said laser beam slantly incident with respect to
said convex lens slantly set with respect to sald laser beam,
setting an irradiated surface so that a laser beam traveled
via said convex lens is slantly incident with respect to said
irradiated surface,

deforming a shape of said laser beam through said convex
lens so that said shape of said laser beam is in a linear shape
on said irradiated surface, and

irradiating said laser beam in said linear shape to said
irradiated surface while said lasei Deam in said linear shape

and said irradiated surface are relatively moved.

51. A laser irradiation method comprising:
emitting a laser beam from said laser,

making said laser beam slantly incident with respect to
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wherein a beam length w of said laser beam incident into
said irradiated surface set over a substrate, and thickness d

of said substrate, and an incident angle 0 of said laser beam
at which angle said laser beam is incident with respect to said

irradiated surface satisfy the following expression:

0 = arctan (w/(2 x 4))

52. A method according to claim 49, wherein as said convex lens,

an aspherical lens is used.

53. A method according to claim 50, wherein as said convex lens,

an aspherical lens is used.

54. A method according to claim 51, wherein as said convex lens,

an aspherical lens is used.

55. A laser irradiation method comprising:
emitting a laser beam from said laser,

making said laser beam slantly incident with respect to
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irradiating said laser beam in said linear shape to said
irradiated surface while said laser beam in said linear shape

and said irradiated surface are relatively moved.

56. A laser irradiation method comprising:

emitting a laser beam from said laser,

making said laser beam incident with respect to said
diffractive optics set so that said laser beam is slantly incident
with respect to an irradiated surface,

deforming a shape of said laser beam throughsaiddiffractive
optics so that said shape of said laser beam is in a linear shape
on an irradiated surface,

irradiating said laser beam in said linear shape to said
irradiated surface while sald laser beaiu in said linear shape
and said irradiated surface are relatively moved,

wherein a beam length w of said laser beam incident into
said irradiated surface set over a substrate, and thickness d
of said substrate, an incident angle 0 of sald laser beam at which

angle said laser beam is incident with respect to said irradiated
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osclllated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

58. A method according to claim 50, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

59. A method according to claim 51, wherein sald laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

60. A method according to claim 55, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

61. A method according to claim 56, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

62. A method according to claim 49, wherein said laser beam is
oscillated fromone selected from YAG laser, YVO; laser, YLF laser,

YAl10; laser, glass laser, ruby laser, alexandrite laser, Ti:
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sapphire laser of continuous oscillation or pulse oscillation.

64. A method according to claim 51, wherein said laser beam is
oscillated fromone selected £from YAG laser, YVO, laser, YLF laser,
YA10; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous oscillation or pulse oscillation.

65. A method according to claim 55, wherein said laser beam is
oscillated fromone selected from YAG laser, YVO,4 laser, YLF laser,
YAl10, laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous oscillation or pulse oscillation.

66. A method according to claim 56, wherein said laser beam is
oscillated £fromone selected £from YAG laser, YVO, laser, YLF laser,
YAl10; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous oscillation or pulsc oscillation.

67. A method according to claim 49, wherein said laser beam is

oscillated fromone selected from Ar laser, Kr laser and CO; laser.

68. A method according to claim 50, wherein said laser beam is
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oscillated fromone selected £rom Ar laser, Kr laser and CO, laser.

71. A method according to claim 56, wherein said laser beam is

oscillated fromone selected from Ar laser, Kr laser and CO, laser.

72. A method according to claim 49, wherein said laser beam is
oscillated from one selected from helium-cadmium laser, copper
vapor laser and gold vapor laser of continuous oscillation or

pulse oscillation.

73. A method according to claim 50, wherein said laser beam is
oscillated from one selected from helium-cadmium laser, copper
vapor laser and gold vapor laser of continuous oscillation or

pulse oscillation.

74. A method according to claim 51, wherein said laser beam is
oscillated from one selected from helium-cadmium laser, copper
vapor laser and gold vapor laser of continuous oscillation or

pulse oscillation.
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4& S@%l%hé% according to claim 56, wherein said laser beam is
oscillated from one selected from helium-cadmium laser, copper

vapor laser and gold vapor laser of continuous oscillation or

pulse oscillation.

77. A method according to claim 49, wherein said laser beam is
converted into a higher harmonic wave throughanon-linear optical

element.

78. A method according to claim 50, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element.

79. A method according to claim 51, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element.

80. A method according to claim 55, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element.
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ming a semlconductor film over a substrate,

crystallizingsaidsemiconductor filmbyirradiatingafirst
laser beam thereto while said semiconductor film and said first
laser beam are relatively moved,

adding an impurity element to said crystallized
semiconductor film, and

activating said impurity element by irradiating a second
laser beam to said semiconductor f£film while said impurity added
semiconductor film and said second laser beam are relatively
moved, wherein

a shape of each of said first laser beam and said second
laser beam traveled via a convex lens is deformed so that said
shape of each of said first laser beam and said second laser beam

is in a linear shape in sald semiconductor f£ilm.

83. A method of manufacturing a semiconductor device comprising:
forming a semiconductor f£ilm over a subsirate,
crystallizingsaidsemiconductorfilmbyirradiatingafirst

laser beam thereto while said semiconductor film and said first

laser beam are relatively moved,

adding an impurity element to said crystallized
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wherein
a shape of each of said first laser beam and said second
laser beam traveled via a convex lens is deformed so that said
shape of each of said first laser beam and said second laser beam
is in a linear shape in said semiconductor film and each of said
first laser beam and said second laser beam traveled via said

convex lens is slantly incident with respect to said semiconductor

film.

84. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate,
crystallizingsaidsemiconductorfilmbyirradiatingafirst

laser beam thereto while said semiconductor film and said first

laser beam are relatively moved,

adding an impurity element to said crystallized
semiconductor f£ilm, and

activating said impurity element by irradiating a second
laser beam to said semiconductor £ilm while said impurity added
semiconductor filmand said second laser beamare relativelymoved,
wherein

a shape of each of said first laser beam and saild second

laser beam traveled via a convex lens is deformed so that said
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wherein a beam length w of each of said first laser beam
and said second laser beam incident into said semiconductor £ilm,
and thickness d of said substrate, and an incident angle 0 of
each of said first laser beam and said second laser beam at which
angle each of said first laser beam and said second laser beam
is incident with respect to said semiconductor film satisfy the
following expression:

0 = arctan (w/(2 x d))

85. A method according to claim 82, wherein as said convex lens,

an aspherical lens is used.

86. A method according to claim 83, wherein as said convex lens,

an aspherical lens is used.

87. A method according to claim 84, wherein as said convex lens,

an aspherical lens is used.

88. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate,

crystallizingsaidsemiconductorfilmbyirradiatingafirst
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a shape of each of said first laser beam and said second
laser beam traveled via a diffractive optics is deformed so that

- said shape of each of said first laser beam and said second laser

beam is in a linear shape in said semiconductor film.

89. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate,
crystallizingsaidsemiconductorfilmbyirradiatingafirst

laser beam thereto while said semiconductor £ilm and said first

laser beam are relatively moved,

adding an impurity element to said crystallized
semiconductor film, and

activating said impurity-element by irradiating a second
laser beam to said semiconductor film while said impurity added
semiconductor filmand said second laser beamare relativelymoved,
wherein

a shape of each of said first laser beam and said second

laser beam traveled via a diffractive optics is deformed so that
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90. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate,
crystallizingsaidsemiconductor filmbyirradiatinga first

laser beam thereto while said semiconductor £ilm and said first

laser beam are relatively moved,

adding an impurity element to said crystallized
semiconductor £ilm, and

activating said impurity element by irradiating a second
laser beam to said semiconductor £ilm while said impurity added
semiconductor filmand said second laser beamare relativelymoved,
wherein

a shape of each of said first laser beam and said second
laser beam traveled via a diffractive optics is deformed so that
sald shape of each of said first laser beam and said second laser
beam is in a linear shape in said-semiconductor f£ilm, each of
sald first laser beam and said second laser beam traveled via
said diffractive optics is slantly incident with respect to said
semiconductor film,

wherein a beam length w of said laser beam incident into

said semiconductor film, and thickness d of said substrate, and
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91. A method according to claim 82, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

92. A method according to claim 83, wherein said laser beam is -
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

93. A method according to claim 84, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

94. A method according to claim 88, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.

95. A method according to claim 89, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal laser

of continuous oscillation or pulse oscillation.
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97. A method according to claim 82, wherein said laser beam is
oscillated fromone selected from YAG laser, YVO,; laser, YLF laser,

YAl0; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous wave or pulse oscillation.

98. A method according to claim 83, wherein said laser beam is
oscillated fromone selected from YAG laser, YVO, laser, YLF laser,
YAl1O0; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous wave or pulse oscillation.

99. A method according to claim 84, wherein said laser beam is
oscillated fromone selected from YAG laser, ¥YVO4 laser, YLF laser,
YAl1l0; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous wave or pulse oscillation.

100. A method according to claim 88, wherein said laser beam is
oscillated fromone selected from YAG laser,—¥VO, laser, YLF laser,
YAl10; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous wave or pulse oscillation.

101. A method according to claim 89, wherein said laser beam is

oscillated fromone selected £from YAG laser, YVO; laser, YLF laser,
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102. A method according to claim 90, wherein said laser beam is
osclilllated fromone selected from YAG laser, YVO, laser, YLF laser,
YAl0; laser, glass laser, ruby laser, alexandrite laser, Ti:

sapphire laser of continuous wave or pulse oscillation.

103. A method according to claim 82, wherein said laser beam
is oscillated from one species selected from Ar laser, Kr laser

and CO, laser.: -

104. A method according to claim 83, wherein said laser beam
is oscillated from one species selected from Ar laser, Kr laser

and CO, laser.

105. A method according to claim 84, wherein said laser beam
is oscillated from one species selected from Ar laser, Kr laser

and CO,; laser.

1n2. A method according to claim 88, wherein said laser beam
is oscillated from one species selected from Ar laser, Kr laser

and CO, laser.

107. A method according to claim 89, wherein said laser beam

1s oscillated from one species selected from Ar laser, Kr laser
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108. A method according to claim 90, wherein said laser beam

is oscillated from one species selected from Ar laser, Kr laser

and CO, laser.

109. A method according to claim 82, wherein said laser beam is
oscillated from one species selected from helium-cadmium laser,
copper vapor laser and gold vapor laser of continuous oscillation

or pulse oscillation.

110. A method according to claim 83, wherein said laser beam is
oscillated from one species selected from helium-cadmium laser,
copper vapor laser and gold vapor laser of continuous oscillation

or pulse oscillation.

111. A method according to claim 84, wherein said laser beam is
oscillated from one species selected from helium-cadmium laser,
copper vapor laser and gold vapor laser of continuous oscillation

or pulse oscillation.

112. A method according to claim 88, wherein said laser beam is
oscillated from one species selected from helium-cadmium laser,
copper vapor laser and gold vapor laser of continuous oscillation

or pulse oscillation.
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copper vapor laser and gold vapor laser of continuous oscillation

or pulse oscillation.

115. A method according to claim 82, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element.

116. A method according to claim 83, wherein said laser beam is
converted into ahigher harmonic wave through a non-linear optical

element.

117. A method according to claim 84, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element. - —

118. A method according to claim 88, wherein said laser beam is
converted into a higher harmonic wave through a non-linear optical

element.
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film is a film containing silicon.

122. A method according to claim 83, wherein said semiconductor

film is a film containing silicon.

123. A method according to claim 84, wherein said semiconductor

film is a f£ilm containing silicon.

124. A method according to claim 88, wherein said semiconductor

film is a film containing silicon.

125. A method 2ccording to claim 89, wherein said semiconductor

film is a film containing silicon.

126. A method according to claim 90, wherein said semiconductor

film is a £ilm containing silicon.
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127. A method according to claim 82 wherein said semiconductor
device is incorporated into one selected from the group consisting
of a personal computer, a video camera, amobile computer, a goggle
type display, a player using a recording medium, a digital camera,
a front type projector, a rear type projector, amobile telephone,

and an electronic book.

128. A method according to claim 83 wherein said semiconductor
device is incorporated into one selected from the group consisting
of a personal computer, a video camera, a mobile computer, a goggle
type display, a player using-a recording medium, a digital camera,
a front type projector, a rear type projector, amobile telephone,

and an electronic book.

129. A method according to claim 84 wherein said semiconductor
device is incorporated into one selected from the group consisting
of a personal computer, a video camera, amobile computer, a goggle
type display, a player using a recording medium, a digital camera,
a front type projector, a rear type projector, a mobile telephone,

and an electronic book.

130. A method according to claim 88 wherein said semiconductor
device is incorporated into one selected from the group consisting
of a personal computer, a video camera, amobile computer, a goggle
type display, a player using a recording medium, a digital camera,

a front type projector, a rear type projector, amobile telephone,
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and an electronic book.

131. A method according to claim 89 wherein said semiconductor
device is incorporated into one selected from the group
consisting of a personal computer, a video camera, a mobile
computer, a goggle type display, a player using a recording
medium, a digital camera, a front type projector, a rear type

projector, a mobile telephone, and an electronic book.

132. A method according to claim 90 wherein said semiconductor
device is incorporated into one selected from the group consisting
of a personal computer, a video camera, amobile computer, a goggle
type display, a player using a recording medium, a digital camera,
a front type projector, a rear type projector, a mobile telephone,

and an electronic book.



