-1- LASER-1 RRADI ATI ON METHOD AND LASER-|1 RRADI ATI ON DEVI CE AND METHOD OF
MANUFACTURI NG SEM CONDUCTOR DEVI CE  BACKGROUND OF THE | NVENTION 1. Field of
the Invention The present invention relates to a |aser irradiation nethod
and a laser irradiation apparatus for using the nethod (apparatus-

including a |laser and an optical systemfor guiding | aser beam emtted
fromthe laser to an object to be irreldiated). In addition, the present

i nvention re f manufacturing a sem conductor device,

whi ch incIudggggﬁlgggngggﬁgﬁr&Qﬁqﬁﬂ(ﬁVDsﬁ R NRRARFAEIQN sRBY EGRduct or
devi ce describ Shgg%ﬂ§ludes an el ectro-optical device such as a liquid
crystal display de brOE, MANPEACEYRING gSHMCONDHEHORNDEVEEE oni ¢ devi ce
which includes the electro-optical device as a part. 2. Description of the
Rel ated Art In recent years, a w de study has been made on a technique in
whi ch | aser annealing is perforned for a sem conductor film formed on an

i nsul ati ng substrate nadeBAEKGRAYNDQPFt FHE JRWENTION:rystallize the film

to iinoYe its.crystallinity so that a crystalline sem conductor filmis
obt ai nedt - of 1¢42a2fi Faeelamentapirity el enent. Note that a crystalline

sem conductor film in this specification indicates a sem conductor filmin
whi ch a crystde pregepégioventionexdattesahd alaseirnicl et ©iGie feEBRYUC OF
filmwhich is crystallized as a whole. A nethod of formng pulse | aser beam
from an B Ankrserdaradiation apparatus for using the method {apparatus

including a laser and an optical system for guiding laser beam
, em;ttedfromthelasertoan object tobeirradiated). Inaddition,
the present invention relates to a method of manufacturing a
semiconductor device, which includes a laser beam irradiation
step. Note that a semiconductor device described here includes
an electro-optical device such as a 1liquid crystal display device
or a light emitting device and an electfonic device which includes
the electro-optical device as a part.
2. Description of the Related Art
In recent years, a wide study has been made on a technique
. in which laser annealing is performed for a semiconductor f£ilm
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 f£ilm
in this specification indicates a semiconductor f£ilm in which
acrystallizedregion ispresent, andalso includes a semiconductor
film which is crystallized as a whole.

A method of forming pulse laser beam from an excimer laser



or the like by an optical systemsuch that it becones .a square - spot. of .

several cmor a linear shape of 100 mmor nore in length on a surface to
be irradi ated, and scanning the |laser beam (or relatively shifting an

i rradiation position of the |aser beam wth respect to the surface to be
irradiated) to conduct annealing is superior in mass productivity and is
excellent in technology. The "linear-3hape" described here neans not a

"line" igrthgest{k&tyy SEPS ut rectangl e (or prolate ellipsoid shape)
having a ~high aspec Yr%?iog?Pﬁ?fe% ?’%,S??éima%ét‘é?ef%%ﬁaé“ FaRE an
aspect rg%&g % I re referably, 10 to 10000). Note that the |inear
shape is sedg #ggetrzfﬁgcghggnﬁr PERhsTRIPE QUi ™mr 8F 18RF¢ i demigith
anneal i n an é&%éﬁﬂet() Qe iirradjated, Fig. 7 shows an exanple of a
confi guratidr 6f A It iR T ARG o AT SAANPING dher d@fam bean fear
shape oqr%}sy{que to. be irradiated. This configuration is extrenely
ener al . TAITFEERY cHLETERE RN qhEERbBYLIgBoPESALdOBasEdths Lager beam
gener ! SV . . .
conflguraLéon shown in Fig. 7. According to the configuration, a cross
secti onal *tRFESREGE talbe Hanhace toohe dunadiatesi atpigmatucthapeecadndg
simul taneously an energy density distribution of |aser beamon the surface
to be i rradtRtEdotsH AT MTASHCivigenand is axcaobtéenalinystbnoloyy.
honogeni zi ng_the energy density distribution of |aser beamis called a
beam honBYenit?Bpar shape hdgscaiibadbetemans aséra 71ine "divitdeds tniet
direction perpendicular to a traveling direction thereof by a cylindrical
| ens gr GINSE3 Putheér g tderaden (Mg Pprehytd eflipsedd skape)beawingnaa
perpendi cul ar direction. The direction is called a first _3_
high aspect ratio. For example, it indicates a shape having an
aspect ratio of 2 or more (preferably, 10 to 10000). Note that
the linear shape is used to obtain an energy density required
for sufficiently annealing 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. According to 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 is 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 diréction
perpendicular to a traveling direction thereof by a cylindrical

lens group 73, thereby determining a length of linear laser beam

in a perpendicular directio_n. The direction is called a first



direction-in this .specification. It is assuned that, when a mrror .. 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 hoaneniéing an energy density distribution
of the linear |aser beamin the longitudinal direction. Next, the

conf i gur SFEFTAREVER FRipapestifdloatlen Migis Asswikd e tdesben baal rigs er
beamemtted froma laser 71 is divided in a direction perpendicular to a
travel i ndSoiree¥ied ithereottirsamE aheopticel diysaodn Onhley s Lyt niliteatidens
arrays 72a and 72b, thereby determining a length of linear |aser beamin a
width diFechapgedThe accerdanaei withl hedinesetondodi Leght apeh Byithe
specification. It is assuned that, when a mrror is inserted in a course
of an opmntabrsysIenthBh@anﬁmguiahﬂunu|tme|6yrhﬁﬂggda1|ueﬁgcg&QQQCQ§Mth a
direction of light bent by the mrror. In this configuration, the

cyl i ndri davifledsiraro apsrefi?pazing . 72bhenac thana sérvheeflsi Ak o ey The
di vided | aser beans are tenporarily synthesized by a cylindrical |ens 74.

After than,a sth€atasies beepnBaaiateal’®eles I idhdBidor 18As, 1Y en
condensed by a doublet cylindrical lens 78 so that they becone aga |¥

singl e homegehbaim@ran ket a@astﬁwalbﬁ:&iéh%&%@l 48 tdda il Tas
cylindrical lens 78 is a | ens conposed of two cylindrical |enses. ?ﬁhs

honogeni Begn ener thye dedsgi ¥Yudi bl Byteerioh the linear |aser beamin a
width direction and a Iength of the linear |aser -4-

Next, the configuration shown in the side view of Fig. 7
will be described. Laser beam emitted from a laser 71 is divided
in a direction perpendicular to a traveling direction thereof
and the first direction by cylindrical lens 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, whén 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. In
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 surf_ace to be irradiated 79. The doublet
cylindrical lens 78 is a leps composed of two cylindrical lenses.

Thus, a homogenized energy density distribution of the linear

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



beamin a.w dth direction are determned. For exanple, -an exciner |aser in
which a size in a laser wndowis 10 mmx 30 mm (which each area half
-width in beamprofile) is used as the laser 71 and |aser beamis produced
by the optical system having the configuration shown in Figs. 7A and 7B.
Then, linear |aser beam which has a uniformenergy density distribution
and a size of 125 mmx 0.4 nmcan be obtapyned on the surface to be

[ I atgl 9 LS, tLoe en, for exanple, quartz is used for all

nggdlrrgt eri a%sng% %’#ﬁ%p{if%g&g??t e’ ﬁ?&ﬁ‘g\%ﬁ ttance is obt ﬁl tnﬁdi Not e
' ' f | y conducted for the optical system suc a

tr ansm t 1 ange TS COHBE o 4 (KNSR HAtPo Rttty Hhichuené)cer Lone loas

[ T the |linear |aser beam fornmed by the above ]

cont inSLr“l’a%tus o lﬁgﬁ]??‘é‘dg‘éf‘%?v&’%@ SRBARFS éﬁl%Jf%ﬂé’-C{\?h 18 hesimprofadeal | y

shifted, in a wdth direction thereof. Thus, when | aser annealing is

per f or ned® PEP% A8 QH? TS ey /i arRd gkaser ephsusrednteditutheroptital the

anor phous seni conductor filmcan be crystallized, crystallinity can be

i npr ove PHT-BbPAVATE Ehpstarfigeration cdmirtior Figkm 7omngn 7BrpuThey,

el ement .can be_activated. SUVMARY OF THE | NVENTI ON However, as shown in

Fig. 7, dMeqstearrBranbich has @ woiferniemergpdensiisyabigtitateton Ther e

are prbbl ens that it is very difficult to performoptical adjustment to

such an@56t Pcalizeyefeh?5 WAG* ih hawl aon bespbteinkd boothei nirbecomes

| arger, the device _S is enlarged.
be irradiated 79.

At this time, when, for example, quartz is used for aill
base materials of the optical system, high transmittance is
obtained. Note that coating is preferably conduqted 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 semicpnductor film can be crystallized,
crystaliinity 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 an optical system,

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



Furthernore,  in the case where a |aser beamwhose reflectance with respect.
to the irradiated body is high is used, when the foregoing |aser beamis
perpendicularly incident into the irradiated body, what is called a return
beamis generated, which returns on the sane optical path when the beamis
incident into the irradiated body. The return beam becones a factor having
a bad influence on an output of the Iasgr and the variation of
frequenci;gs .aqd 1 Qldestruction of the rod or the like. Hence, an object of
the present 1nvention is to provide a laser irradiation device in which a
systemnmore sinplified than the

| i near beam i SFL%HEOI usi n%ﬂ‘ﬁﬂ opti cal

conventional onés —and" ok f Cafpetionepy astrdganyhagesriilectamenr
beam an%%?hl aser i.rradiatigon method using such a laser irradiation

devi ce. SovEPPeCh, 5Pn&PeoBrsadipt eth dogive den hrighy dst ivsted s Wheprihe de a

met hod %)f manuf actrﬁ‘_{rli%g a sem conductor device in which the foregoing
| aser irf3GPEPIBH nbisRE P& citid@enpendicwianly Thacidendnt inhoertttieon i s

charactegi zeg_i n that an aberration such as an astigmatismor the like is
gener at eFb§Eatgdehodeamnatel s Fadilad pyre bere deamii s lgeresyreodd | ovttiln
convex lens, and the shape of the | aser beamon the irradiation surface or
inits TeFgrBertRdde saneiepticall pashr wvhEhethebeguriat imwidferthdnto
invention relating to a laser irradiation device disclosed in the present
speci fi cEt® olFFadizked edy i /e inetiurt hdarhdecoreaser fartor GaRMEX Lens
slantly set with respect to the traveling direction of the |aser beam -6-
eni tt ed 3dripfiueneegenngnl asspusindfnaitiend ader shapetiod vAeiation of

frequencies and the destruction of the rod or the like.

Hence, an object of the present invention is to provide
a laser irradiation device in which a liﬁear beam is formed using
an optical system more simplified than the conventional ones and
which can effectively anneal using such a linear beam, and a laser
irradiationmethodusingsuchexlaserirradiationdevice.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 invention is characterized 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
dharacterized in that it has a laser and a convéx.lens slantly

set with respect to the traveling direction of the lagser beam



foregoing | aser beamlinear.-on the irradiation surface or. inits.

nei ghbor hood. Moreover, as for the other configuration of the invention
relating to a laser irradiation device, it is a laser irradiation device
having a |l aser and a convex lens which is slantly set to the traveling
direction of the |laser beamemtted fromthe foregoing |aser and nmakes the
shape of the foregoing | aser beamon the, irradiation surface or inits

nei ghbor i | i negr aga e, it is cﬁaFacterized as follows: supposing
that the g%r%erg\maf&i(‘r‘l" ﬁ%!fs %’Ee%%ﬂgaliaﬁgﬁr apdafiosding dde rdHRh o atlee vi a
the for%gpig%ncon ex lens is incident into the irradiated body formed on
the substPAEEOFLR928AT Rerm iinaaie 98 bhet Heradiatbonsuwifnge sreinitts, the
foregoing,lai r beamis incident with respect to the foregoing irradiated
body, FIPReFReARA angl e 0 satisfying the followi ng expression: 0 a
arctan (w (2 x d%) In the respective configurations described above, the
foregoi ng | as¥PTPeVERardetiar e phheraconfiguratdiohni df stiz dovasdriom gas
|l aser, or a netal laser of continuous oscillation or pulse oscillation. It
shoul d bEepstdadttme haserd gl ien devitest dtels babaser YAGddisari,onY VO
| aser, YLF |aser, YAL(3 |aser, glass laser, ruby laser, alexandrite |aser,
Ti: sappfifVéceadaying a Heddik@ndfa conviemudeasosbikthats onladit pylser to
oscillation are listed, as the foregoing gas |aser, excinmer |aser, Ar
| aser, KEheizaveldog direetion of tihe 1&se nbeamrinitt@dr 060 the Forelyodhgoul se
oscillation -T- arelisted, and as the foregoing netal |aser, helium cadm um
| aser, laser and makes the shape of the foregoing laser beam on the

irradiation surface or in its neighborhood in a linear shape,

it is characterized as follows: supposing that the beam

width measured when a laser beam emitted from the laser via the

foregoing convex lens is incident into 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 8 satisfying the

following expression:

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

In the respective configurations described above, the foregoing

laser is characterized in that it is a Soli‘d 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, YAl0; laser, glass laser,

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

of continuous oscillation or pulse oscillation are listed, as

the foregoirig gas laser, excimer laser, Ar laser, Kr laser, CO,

laser or the like of continuous oscillation or pulse oscillation -



- copper -vapor | aser, gold vapor |aser and the like are listed. Mbreover, .in.:
the respective configurations described above, it is desirable that the
foregoi ng | aser beam has been converted into a higher harnonic wave by a
non-linear optical element. For -exanple, it is known that a YAG | aser

emts a |laser beamin the wavelength of 1065 nm as a fundanental wave. The
absorption coefficient of this |laser begmw th respect to the silicon film

is very .S i1 is.difficult fromthe technical viewpoint to
crystalI%%g%%ékﬁéﬁ%ﬁgﬁgEﬁ?geﬁﬁgPFPﬁmeQﬂﬁﬁ%e%nBeéﬂugeﬁﬁﬂmiwkiiﬁerfiIns

If it reqains _as it is. However, this |aser beamcan be converted into a
short er 98?5@’{390&%‘@35'n@iﬂ]i%é@lpo&'ptliafﬁﬁr anck e liderl awee al bg s

har noni ¢ wave, the second hi gher harnmonic ~wave (532 nn) , the third higher
har moni ¢ wave [958CKRY - 1N Hae regpeRtiNegirnt inumaiensdescribedaownd t he
fifth harponic wave (213 n are listed. Since these higher harnonic waves
have hi ght HHEsSIitadH & sbati thefieregeing dasao beam has dvosphausreaitldd on
film these can be utilized for crystallization of the anorphous silicon

film wMtREGE} highethbBarmepdect vaee dunki gonaliorsrdestichi e banviet . Hdie
foregoing convex lens is characterized in that it is an aspherical Iens.
Fur t her nB¥@8MP48 . ol & kv dshawandhateni ¥8Gs1hens, embisonviaséeriseam| N AH@ONVeEX
lens and the like are |isted, however, as the convex lens in the present
i nvent i ofevelengihpefadPtSemn aut aofunidesentensesmwnd The bheodprtionurface
of the laser beam nay be either of the two surfaces of the convex |ens.
_g_  Moreesdficient vef ddvifs dasett beamdeschibespabovieo thy stilScon £ilm
is very low, so it is difficult £rom the technical viewpoint to
crystallizeanamorphoussiliconfilmWhichisoneofsemiconductor
films if it remains as it is. However, this laser beam can be
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 amerphous
silicon f£ilm.
Moreover,intherespectiveconfigurationsdescribedabove,
the foregoing convex lens is characterized in that it is an
aspherical lens. Furthermore, as a convex lens, meniscus lens,
biconvexlens,plano—convexlensandthelikearelisted,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.



-foregoing substrate, a glass substrate, a quartz substrate, a silicon

substrate, a plastic substrate, a netal substrate, a stainless clad
substrate, a flexible substrate and the |ike can be utilized. As the
foregoi ng glass substrate, a substrate consisted of glass such as barium
borosilicate glass, alumnoborosilicate glass or the |like can be |isted.
Moreover, a flexible substrate is referged to a substrate in a filmshape

consisted of PET, PES, PEN, acryl or the like, if a semconductor device
i s prepared bﬁ%’F??Y‘Eanl?h‘éh?|%&%+@%%B§?¥%t%?3@%b%i@ﬂve4 ifgin diieng of

It is expected, If OB. t he surface or on the surface and the back surface
of the frekFPEPENduBEPFLtatea Baplass FaPStTaksde soruainhs swhsitidabe( ABON,
AN, A O oi',the | i ke{, carbon film (DLC (dianmond |ike carbon) or the |ike)
. SIN orSthtCPRkBUPELratRed @ it as tighoialyekratke nuit nebgdr substicatdesir abl e
that the durability or the like is enhanced. Moreover, the configuration
of the ifv@htlews retad iswpatgrate | asElekibdei substratehand dilss |lddkedchn t he
present specification is characterized in that through a convex |ens
sl ant | y ket ufithzedesct the tHowegoing | alaslsr eobisiradle ,t e kebetrheam a
linear beamis formed on the irradiation surface or in its nei ghborhood,
t he for efisistethea?t beahessr aduahes ashi Iatien f obeges hDitabear g1Hgam i s
relatively moved with respect to the irradiated body. Moreover, the other
conf i gurdiuminaiiondril hvate i glase|at ity tidkea daasbe Lisadaat eResRbhod is
characterized in that, through a convex lens slantly set with respect to
the travefilegidilecsubohraftet he raserrbaaty & ditearatheam bSFiohBEaee t he
irradiation surface or in its neighborhood. Supposing that a beam w dth

consisted of PET, PES, PEN, acryl or the like, if a semiconductor

device is prepared by utilizing the flexible substrate, the weight

lightening of it is expected. If on the surface or on the surface

and the back surface of the flexible substrate, a barrier layer

made of aluminum f£ilm (ALON, A1N, AlO or the like), carbon film

(DLC (diamond like carbon) or the like), SiN or the like is formed

in a monolayer or multilayer, it is desirable that the durability

or the like is enhanced.

Moreover, the configuration of the invention relating to

a laser irradiationmethod disclosed in the present specification

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,

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



nmeasured-when the foregoing llinear beamis incident into the irradiated
body fornmed on the substrate is w, and the thickness of the foregoing
substrate is d, the foregoing linear beamis incident into the irradiated
body, at the incident angle O satisfying the follow ng expression: 0 2.
arctan (w (2 x d)) and the foregoing linear beamirradi ates while the
foregoing linear beamis noved relativelyy to the foregoing irradiated
body. Ino%h%hreapectixg configurations déscribed above, the foregoing

| aser is°Charact&PrFed t Fatlinears beady 1y fammed |ofsdhe dygadiatiex, or
a nmetal | of continuous oscillation or pulse oscillation. It should be

not ed thﬁ?’igé"f—‘hé’% drbgbifhgretyhposhard. | SUBPOSYAG thatr 2 Peem wistth YLF

| aser, YA1CG3 Iager lass | aser, ruby laser, alexandrite |aser, Ti:
sapphi r e"FASEFeEr WES |thee Fosreqitg apsbpnaisoAngidenitsdndscitiHat i on
are listed, as the forggoing gas |l aser, excinmer laser, Ar laser, Kr |aser,
c2 | astFrafighed) PrEYoforped iqrdie sydistiraticonsow, pand dhes diblilciriess  ar e
|isted, and as the fonegoing metal |aser, helium cadmumlaser, copper
vapor | a®Erthgofaredpdngl asbetandet s Wi kdhar dolriegbdng 1N¥meeaydiean s he
respective configurations described above, it is desirable that the
f or egoi ngneddentbdarhchashdednradihutetetod} coad hheheindiedd®ni anyaxe gy a
non-linear optical elenent. Mreover, in the respective configurations
descri betpbbafpinghthef 6pdoiwnggcenpeesisdrm:i S characterized in that it is
an aspherical -10- lens. Furthernore, as a convex |ens, neniscus |ens,
bi convex lBers arcpisandwydzvex d)gns and the like are listed, however, as the
convex
and the foregoing linearbeamirradiateswhile 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, YVO, laser, YLF laser, YA10; 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, and as 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 respedtive configurations described above, the

- foregoing convex lens is characterized in that it is an aspherical



~lens-in-the present invention, it nmay be any |lens out of these |enses and
the incident surface of the | aser beam my be either of the two surfaces
of the convex lens. Moreover, in-the configurations described above, for
the foregoing substrate, a glass substrate, a quartz substrate, a silicon
substrate, a plastic substrate, a netal substrate, a stainless clad
substrate, a flexible substrate and the like can be utilized. Mreover,
the configuration of the invention rel at"ilﬂq to a nethod of manufacturing a
sem condhnglar RanfRermpie | gsetconverhkens ementisspedidricabioaniex lens,
characterized in that through a convex Ilens slantly set wth respect to
the travBilARE-§rP¥er bensfandhshe| hile dmaiiistel| esrebeamassthoawmaran t he
irradiation surface or in its neighborhood, the foregoing |inear beam

i rradi at £8Dghipethe préseryoinyenthonr, beamay shé ediyt iMaly dIY &F Whdie
respect to the sem conductor film Moreover, the other configuration of
the i nvehensasrandttihey inwmidemethnt afe N thacl 4560 0b@ark QR Yl wa ikl devi ce
is characterized in that, through a convex lens slantly set with respect

to the tefvehéngwdi secfacesobft el aseivdieamnsa | i near beamis forned on
the irradiation surface or in its neighborhood. Supposing that a beam

wi dt h measur ecdMewreovéhe foMagoidih#idesdtiieaBdsediVddeord!t ¢dhen
sem conductor. f ilnfornmedon the substrate is w, and the thickness OF t he

f or egoi rEpsepstnat substraté hea- §laskopapeipathi Ngaguheam gﬁbgﬂﬁagsi‘t g th

respect to the sem conductor filmat the incident angle 8 satistying the

fol | ow ngi Ekgoessubftrate, a plastic substrate, a metal substrate, a
stainless clad substrate, a flexible substrate and the like can
be utilized. “

Moreover, the configuration of the invention relating to
a method of manufacturing a semiconductor device disclosed in
thepresentspecificationischaracterizedinthatthroughaconvex
lens slantly set with respect to the traveling direction of the
laser beam, a linear beam is formed on the irradiation surface
orthlitsneighborhood,thefofegoinglinearbeamirradiatesWhile
the foregoing linear beam is relatively moved with respect to
the semiconductor film.

Moreover,theotherconfigurationoftheinventionrelating
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
beamisincidentintothesemiconductorfilmformedonthesubstrate

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



8 s arctan (w(2-x-d)) and the foregoing |inear beamirradiates while the -
foregoing linear beamis noved relatively to the foregoi ng sem conduct or
film In the respective configurations described above, the foregoing

| aser is characterized in that it is a solid state |aser, a gas |aser, or
a netal |aser of continuous oscillation or pulse oscillation. It should be
noted that as the foregoing solid state _laser, YAG |laser, YVO |aser, YLF

| aser, Y@%gg Igserﬁﬁglaﬁialaserﬂ ruby Tasér, alexandrite laser, Ti:
sapphi r e” PRSEPBY HIAPAT Ream I nsrhdsiiotit th espratt ttnthe spmisendisitdmt i on
are Iistgd1 as . the foregoing gas |aser, exciner |aser, Ar |aser, Kr |aser,
coe | asktiBat kbe %w%n%@miﬂnaﬁﬁt@@wm the forl lnw ey espidesatioon  ar e
|isted, and as the foregoing netal |aser, heliumcadnmi umlaser, copper
vapor |aser, obl% a%pen|Gebt2anddlhe like are listed. Mreover, in the
respective_configurations described above, it is desirable that the
f or egoi NPPE L8& L RegaingGl beear beareirraiiateowhihe diter £ bnegoing liavarby a
non-linear optical elenent. Moreover, in the respective configurations
descri betP@Bole MeYrd Felagbvadyctavbke| Sosepeinpasamievhdadtion Eham.it is
an aspherical lens. Furthernore, as a convex |lens, meniscus |lens, biconvex
| ens, piaddecsagprcténe eoufigurhtikenardesentiond dmnweyertheagotBgogagyex
lens in the present invention, it may be any |l ens out of these |enses and
t he i ncilRERT sift Cheaastterticzddder theamihays be wiltiestatfe Laedo asyakaces
of the convex lens. _12  Mdreover, in the configurations described above,
for the ¥astagoi 0 submital elagegl asfs cobbimades 8s@ialht idubdF ahR1sa

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

laser, YAG laser, YVO, laser, YLF laser, YAL10; lasér, 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

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.



- silicon-substrate, a plastic substrate, a netal substrate, a .stainless .
clad substrate, a flexible substrate and the |like can be utilized.
Moreover, in the respective configurations, it is desirable that the
foregoi ng sem conductor filmis a filmcontaining silicon. Since the
present invention has a very sinplified configuration, optical adjustnent
I s easy, and the device becones conpact in size. Mreover, even in the
case where the_irradiation is performedl2using a plurality of |aser beans,
since the opti ¥Fegysteninsthe|gonfiverationssdpessibed aboeasityr make t he
same shape of the all |aser beans. In order to performthe uniform

anneal i ng°regoing Fupgtrasent angles sneiudstiratsama shepet ofsybamaitid y Hf

| aser beans. If the beamirradiates on a substrate having a |large area
usi ng suEhlacppusabistyade .| @ qlastis, sibstsatapahl meahleshandivage t he

t hroughput. Moreover, 'the beam can be utilized by synthesizing such a

pl uralitgtainlgsergladgutermmte, siflexible pubseiate AMENEhEM i16 YNt | Y
incident with respect to the irradi ated body, the return beam can be
prevent elle wthddzed.isolator is not required to set, the configuration
beconmes nore sinplified. Therefore, the reduction of the cost can be
realized. Moredveeovehe ieffheirespecitifadied £ fusahi &8s Pard L5 dRd 1 Wabi
respect to the sem conductor filmformed on the substrate, and it makes

possi bl ethattheforegring saniobnahietor#alin tah AANMESIYa PhidGEiR5ERAN €D can
be reduced wusing such a sem conductor. Then, the operating property and

-13- rel$hbiéithe present Ganebiot Oon MaeParRshf LAWY od E6d£580r0¢18LS0

enhanced. 7
optical adjustment is easy, and the device becomes compact in
size. Moreover, even in the case where th;é. irradiationis performed
using a plurality of laser beams, since the optical system is
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
thethxoughput.Moreover,thebemncanbeutilizedbysynthesizingA
such a plurality of lasers. Furthermore, since the present
inventionisslantlyincidentwithrespecttotheirradiatedbody,
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



- BRI EF DESCRI PTHON OF THE DRAW NGS - I-n the a acconpanyi ng drawings: Fig. 1
is a diagramfor showing an exanple of an optical system of the present
invention; Fig. 2 is a diagramfor obtaining an incident angle 0 of a

| aser beamw th respect to an object to be irradiated; Fig. 3 is a diagram
showi ng an exanple of a shape of a |laser beamforned on an irradiation
surface according to the present invenibgn; Fig. 4 is a diagram show ng an
exanpl e i.cal -system of the present invention in the case a

plurali t‘gr’%?gl”%g?éﬁ’b%% LeonguGonpyersres Srem Agcina SHRveng be adempl e

of an op&ﬁﬁgkcs&sten1 of the present invention in the case a plurality of

| aser beans TS used: Fig. 6 is a diagram show ng an exanple of an opti cal
system of the present invention in the case a plurality of |aser beans is
used; Figs. 7 is a diagram showi ng an exanple of a conventional optical
system Figs. 8A to 8C are cross sectional views for explaining steps of
manuf acturing a pi xel BHEERPESCRIRTION GFJFHEcPRAWINGSt; Figs. 9A to 9C
are cross sectional views for explaining -14- steps of manufacturing a

pi xel TFT and & T8 fyrageemparying rduavingsg. 10 is a cross sectional view

for explainin%“a step of manufacturing a pixel TFT and a TFT for a driver
circuit; ig. 1 is a diagram for showing an example of an optical

system of the present invention:

Fig. 2 is a diagram for obtaining an incident angle 6 of
a laser beam with respect to an object to be irradiated;

Fig. 3 is a diagram shbwing an example of a shape of a laser
beam formed on an irradiation surface according to the present
invention;

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 ekample of an optical system
of the present invention in the case a Plurality of laser beams
is used;

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

Figs. 8A 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



-Fig--11 is a top vi-ew for -explaining a structure of. a pixel TFT;, Fig.. 12
Is a cross sectional view of an active matrix type liquid crystal display
device; Fig. 13 is a cross sectional structure diagramof a driver «circuit
and pixel portion of a light emtting device; Figs. 14A to 14F are di agrans
showi ng exanples of a sem conductor device; Figs. 15A to 15D are di agrans
showi ng exanples of a sem conductor dewice; Figs. 16A to 16C are di agrans
show ng g3 ré)‘;n"?ﬁ stem' conduct or _devi ce; Fii%. 17 is a diagram show ng
an exanple erTor M G- o Y PsPAFPLZEET aRdot T8 T Eptrcy fdicrest cLrbuiby
using the present I,nventi on and obseryin%_thp sem conductor film by SEM
Fig. 18 is a di adrarm’sHnienGEas%e 8afiliondl petewriengexplaiyingl Ai ghepon of
a sem conductor filmby using the present invention and observing the

seni cond ¢t SPERGIFiag 1 migel 1T (and oy 'BFE fengaads iveowicigomianpl es
of manufacturing TFTs by using the present invention; Figs. 20A to 20B are
di agrams showi Ag9exthpited b9P W s expAgininghy aisingtihe qff espikel

i nventiop_and nmeasuring the electric characteristics; -15- Figs. 21A to
21C are Efggrans show ng exanpl es of manufacturing TFT by using the present

invention; Figs. 22A to 22B are diagranms show ng exanpl es of
Fig. 12 is a cross sectional view of an active matrix type

ligquid crystal display device:

Fig. 13 is a cross sectional structure diagram of a driver
circuit and pixel portion of a light emitting device;

Figs. 14A_£0 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 film by SEM;

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

Figs. 19A to 19H are diagramé 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;



‘manuf acturi-ng TFT by using the present-invention and neasuring. the
electric characteristics; Figs. 23A to 23B are di agrans show ng exanpl es of
manuf acturing TFT by using the present invention and neasuring the
el ectric characteristics; and Fig. 24 is a diagramshow ng an exanple of an
optical system of the present invention. Figs.25A to 25C are graphs
showi ng | D-VG characteristic of a TFT_y®pufactured by conbining | aser beam

irradiation with _th | ,cry lizatiogn using. nickel having catalytic
function in t#e]gsciygif | it ?3? aRgeshohRggepandeheying @amries e h.
Fi gs. 26 : r s, showi.ng | D-VG characteristic of a TFT

manuf ac%%gggggtﬁ{élse‘gg Igggnplyr Pédf"%[ ity iBFasent cnentionati on and shows
dependency on haspnel Ien%;t h. _Fig. 27 is graphs showi ng I D VG
characteristic o1°a TP W h23Bf | fRet riER$Ea%S of Slspwvimg | rexempilest e of

depression type Fig. 28 is graphs show ng |ID-VG characteristic of a TFT
with a f‘i“?‘h‘ﬂﬁ?‘é‘k’ﬁﬁ%@ T 150 Yng the onesendplisvient toppend DEAALLERg
DESCRI PTJ.ON % THE, PREFERRED EMBODI MENTS Enbodi ment Mode In the present
Erbodi netft® Lol GethRtneteradphiing:a | inear beamwill be described bel ow
with reference to Fi % 1 and Fig. -16- 2. A laser beamenmtted froma | aser
101 is inci dedt*9Sht 0282 cbAver3Bemera 03lddgramsn rstmwil(p. elempleas ble

| aser 101, a solid state laser, a gas |laser or a netal |aser of continuous
osci | | affrfacturing TFT by using the present invention and measuring

the electric characteristics; and

Fig. 24 is a diagram showing an example of an optical system
of th'e”present invention.

Figs.25A 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 f.he 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 film thickness of 150 nm in partial depletion type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fmbodiment Mode

In the present Embodiment Mode, amethod of forming a linear

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



or pul se oscillation-is used. It should be noted that as the . foregoing
solid state |laser, YAG |aser, YVO4 |aser, YLF |aser, YA1LQ3 |aser, glass

| aser, ruby laser, alexandrite |laser, Ti: sapphire laser and the |ike are
|isted, as the foregoing gas |aser, excimer |laser, Ar |aser, Kr laser, CO2
| aser and the like of continuous oscillation or pulse oscillation are
listed, and as the foregoi ng netal Iasir, hel i um cadm um | aser, copper
vapor - Iaser, gol d vapor laser and the” Pre are Iisted. Then, a | aser
oscillatéd fromthe |laser 101 may be converted into a higher harnmonic wave
by a non-lineaé ggtical el ement. Moreover, a beam expander between the

| aser 101 and h&2ffFr BPaMosmak tpd fEem ahdasarr 161 182imcildent tobwex | ens
103 is set and ngg be expanded into the desired size in both of |onger

di rect i off°BN§X 161 Fel03 Fiteat mbrror ckiec Hems! .y asThize HemneepandarséFia
particularl¥ effective in the case where the shape of the |aser beam
eni tted SFRSMIIRET agdfas dasnuldr amsriedy aseriut abnt onuoBy outilkasn  Of
a plurality of the mrrors may be set. The |aser beamis made slantly
i nci dent ©f PH1PEs et Ila titane iconweed | el 483uldhbef aotledpasidt A ithe
shifted with aberration such as astigmatism by being incident in such a
way, a |fREagoingasrldd shatbelésenedYAG lasei| BUDAlI ML SUNIAC e N IS
nei ghborhood. It should be noted that if the convex lens 103 is 17 nmade
g . I CRG
of a syn¥hiQi clafiert zgghass laiser,s rigsi redsei NC&18xEhaPi th 2RSRRT €RGY. i S
obt ai ned. Moreover, as for the coating provided on the surface of the
convex |¥ephboe liasersaniddibeabi e bite! 1 DHed ¢ AL E FOlre@PLRGGRY 1428
transparency of 99% or nmore with respect ’
excimer laser, Ar laser, Kr laser, CO; laser and the like of
continuous oscillation or pulse oscillation are listed, and as
the foregoing metal laser, helium-cadmium laser, copper vapor
laser, gold vapor laser and the like are listed. Then, a laser
oscillated from the laser 101 may be converted into 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, respectively. The beam expander 1is particularly
effective in the case where the shape of the laser beam emitted
from the laser is small. Moreover, the mirror may not be sget,
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



to the wavel ength of -the utilized |aser beam-.is 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 also enhanced. Then, while the |inear beam 106
formed thus irradiates, for exanple, ki7can irradiate the desired region
or wholem r.ea épn the irradi ated body 104 by being relatively noved with
r espect S F8 i RS Bodyauba, 91eFsexakpie, desized @iimest iorhigh
indicateg with the reference nuneral 107 or the directions indicated with
the ref efEALEPRGHEC $S19taipod. "Mererver| &3 forytheveerting rouncidid@! v
referred to "to operate the irradiated body di sposed on the stage".
However , “BepRACTHEE3FE 1P the aaiash lensa 103seitbbaniesimablattdidercance may
arise between_the reflection beamon the surface of the irradiated body
104 and FRB2PLL ¥k CbFRipdarg Shettreanspirency fofc 29 8fort heoreulsth ateaspkQb: on
which the irradiated body 104 is forned. In Fig. 2, as the irradi ated body
104, an EQabRt &avelepgih of $de vsidderdr lageirsbéan ned wed sobsiovaie 10 s
shown. [If the reflection beam 14 on the surface of the sem conductor film
11 and t#® ¥oF |dw icomvssamend .ontt s deckrablé ageaviad Bephbi-icsubsmat e 10
are not superinposed, the interference due to these beans does not occur.
In this ¥kege ghbarichlatlepisansbehiation per pontieetled it udd@. i tEagiat ed
surface and which is one of the plane containing

aspherical lens is used, the condensing property is enhanced,

and the aspect ratio and the distribution of the energy density
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 irré.diated body 104 by being relatively moved with respect
to the irradiated body 104, for example, in the direction indiéated
with the reference numeral 107 or the directions indicated with
the reference numerals 108, 109. "To be relatiirely moved” is
concretely referred to “to opefate 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 semiconductof

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



~ short side of-the long side of a rectangle which is assumed. to .be a shape

of the long beamis defined as incident surface, it 1is desired that the
incident angle 0 of the |aser beamsatisfies 0 z arctan (W2d) where Wis
a length of the short side or the 1long side contained in the incident
surface, and the thickness of the substrate having transparency wth

respect to the laser beamis d. This V\é'g W= (W + W)/2 when WL is a
on the irradi ated surface, and W

beam | en%_ﬁ)stﬁ tof 3 | aser beam i nci den [
i s a beam' 1 ength bf Va2FA NIt SERAFABPPEECedthe gin e tiekenee dae toothe e
substrat is to be - noted that when the |l ocus of the |laser beamis .

10. |
not presZ’r?ta"@n ‘ic’r?eg iRy Y %Sur f ace, an incident angle of a projected one
of the locus on the incident surface is defined as 0. If the |aser beamis
i nci dent at t hé® hBiferdse arfien @ filsd pdihecwhichebshmrrpdredsoniacet®f t he
substrate is, not interfered wwth the reflected beamfromthe back surface
of the &Bfsirrpeipsednapriacacand midich iienook bfiethagiameadritaiting
conducted uniformy. Further, by setting the incident angle O on the
i rradi at 8ROBEd 106 pRetheelpr@rsanyt ag tedretamfleciit Vis idsstimidriged to
enable the | aser beamto be used effectively. In the above, refractive
i ndex of Peha skdBeref ethe lond bgmmacts cmfinde aefinddent iswdPacl, @y
substrates .is about 1.5. Wen this value is taken into consideration, a

cal cul at isrdesioed |tdrgethel fncident tdegPad 8rCheW A& vdhnt R +aRM4EJ S
obt ai ned. However, because energi-es of both sides of the |engthw se

directi of ofarcten | (Werl) heapane iaf LenedAh JNtelf ehLeRGe oiiil Uenge i s

small in this part and sufficient interference attenuation effect 1S
long side contained in the incident surface, and the thickness
of the substrate having transparency with respect to the laser
beam is d. This W is W = (W, + W,)/2 when W, is a beam length
15 of a laser beam incident on the irradiated surface, and W,
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 defineq 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. PFurther, 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. In'practice,

. the refractive index of many substrates is about 1.. 5. When this

value is taken into consideration, a calculation value larger



obtained with the above cal cul ated val ue. Moreover, the- reflection e
prevention filmmy be formed on the surface of the irradiated body. Wen
t he annealing of the sem conductor filmis performed using such a |aser

i rradi ati on device, the relevant sem conductor filmcan be crystallized,
the crystalline sem conductor can be obtained by enhancing the
crystallinity and the activation of theginpurity elements can be carried
out. It I ge Iqo%e_d t_tﬂat the shapes of the |aser beans are different
dependi ng on the Kivds GRiCHEaEgdedinydhRs abave d6 ohdminade | Howevereven i f
t he Iaseg $ean1is forped by the optical system it is susceptible to and
easily i NTTUCHEE Y TH°F Het oPPERnsldeRapE. theotengthpliee dhveshipn of t he

| aser begmemitted froma XeC excimer laser is in a rectangular shape, as
for the @h%é&“&ﬁrt Reamee atkenvahed: dintenfererce drifd uirae isasealli f t he

rod shape is.in_ a cylinder shape, it beconmes a circular shape, and if it
is in a%IBYSREFE apd guEicieaty dptenferencehaptentibd ipneséiecitnyent i on
can be applied to any shape. The present invention conprising the

conf i guritidiied geiddt ithal abbeve esltubatddsvailbed further in detail by

Enbodi ments indicated bel ow. -20- Enbodi ments Enbodinent 1 In the present

Enbodi nent, aMo&gaisre thewneéheatlionepreveramonsefdn wet, by Ebempaessnt

invention will be described below wth reference to Fig. 1 and Fig. 3.
the surface of the irradiated body. -

When the annealing of the semiconductor £ilm is performed
using such a laser irradiation device, the relevant semiconductor
film can be crystallized, the crystalline semiconductor can be
obtained by enhancing the crystallinity 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 if the laser beam is formed by the optical system,
it is susceptible to and easilyinfluencedwith the original shape.
For example, the shape of the laser beam emitted from a XeCl excimer
laser is in a rectangular shape, as for the shape of the laser
beam emitted from the so0lid state laser, if the rod shape is in
a cylinder shape, it becomes a circular shape, and if it is in
aslab shape, it becomes a rectangularrshape. The present invention
can be applied to any shape.

The present invention comprising the configurations

: des cribed above will be described further in detail by Embodiments

indicated below.



As the laser 101, YAG laser is used. Supposing that the. |aser beam . .
oscillated fromthe laser 101 is converted to the second higher harnonic
wave by a non-linear optical elenment contained in the laser 101. At this
time, supposing that the |l aser beam is in TEMoo node, and has 2.25 nm of
beam di aneter and 0.35 nrad of spreadi ng angle. Subsequently, the beamis
I ncident with respect to the convex le 103 having a focal length of 20

nmat th nci.dent angle $ of 20 degre&s. Then, in the present Embodi nent,
t he si rruggbgéﬂ"—“ﬁ‘lst—sperfor med on the shape of the |aser beam forned on the

I rradiat EOE Surface di sposed in parallel with the convex lens. The results
of these dn Fi g. 3. FromFig. 3, it is understood that a |inear
beam having a |l ength of 420mand a width of 40mis fornmed on the

irradi ati on sufRatBe REPE6REr Embpdiniestr.i but iecrampdie time winiarigya densddy of
the linear beamis a Gaussian distribution. Fromthe results of this
si mul at i BR3M; s Eermed duhtthenpdesendt inventéan bbanbs desaeibed vdkow
irradiation surface or in its neighborhood according to the present
i nvent i ofitirheaferpane theFagnedl ang @figa seni conductor filmis perforned
using such a laser irradiation device, the relevant sem conductor film can
be crystallizetls Bheryasar|l0k, seaéchaduet 98 hsbm, cBaphposabipithed w4k by
enhancing the crystallinity, and the activation of the inpurity can be
carri ed bager Bebodseht 12téd firdem thie Ierle rEIPDdisEtve Ale 84TBLE detoiy Ch
the irradiation of the |aser beamis perfornmed using a plurality of

higher harmonic wave by a non-linear optical element contained

in the laser 101. At this time, supposing that the laser beam

;i.s in TEMoo mode, and has 2.25 mm of beam diameter and 0.35 mrad

of spreading angle.

Subsequently, the beamis incident with respect to the convex

lens 103 having a focal length of 20 mm at the incident angle

¢ of 20 degrees. Then, in the present Embodiment, the simulation

is performed on the shape of the laser beam formed 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 420pym and a width of 40um is

formed on the irradiation surface. Moreover, the distribution

ojf the energy density of the linear beam is aGaussiandistribution.

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

Ia laser irradiation device, the relevant semiconductor £ilm can

be crystallized, acrystalline semiconductor £ilm can be obtained



- | aser- beans-wi-l |- be descri-bed below with reference to Fig. 4.  As |lasers
i1la-111c, YAG | asers are used, these are converted into the second higher
har moni ¢ wave by a non-linear optical element. Then, after the respective
| aser beans emtted fromthe lasers |lla-111c travel via mrrors _
112a- 112c, these are slantly incident wth respect to the convex |enses

113a-113c. By slantly being incident,-2lhe focal position is shifted by an
can_be fornmed on

The 1 rv o St ino 2o B SEPLERTY PR kIE A Fheciet AR oot tHE ubumbey abl o

the irra
t hat an qﬁgpq; IG%%E is used for the convex |ens. It should be noted
t

i cal
that a bean1efb§%ﬁ%r en the lasers i | la- Il Ic and the mrrors
112a- 112c or between the mirrors 112a-112c and the convex |enses 113a-113c
is set and nay be expanded into the desired sizes in both of |onger
directio an .shorter direction, respectively. Mreover, the mrror may
not be s&l2° ality of the mrrors nay be set. Then, while the
|l inear beamforned in this way irradiates, it can irradiate the desired
regi on or whol &Rar'®e oPTERenty r Bmbeddmentodyanoesammbe ng.r ewaichel theroved
with respect to the irradiated body 104, for exanple, in the direction
i ndi cat egrwafiFraFPr@nr ef ctiackasen bepmdsaperdproed heidor aqplwrslitylieat ed
with the reference nunerals 108, 109. Since in the present invention, the
optical $P8EEnPe8MS Vildi hg frscrilbesr bedaw hetin nefereziaplte Fig. 4.
configuration, it is easy to nmake a plurality of |aser beans |inear beans
havi ng th8 138fEsshipe-dhlehe YAGr ddiserisoarsunfsack. tHeaveefaree cosiveaadde

sane intothe secondhigherharmonicwave byanon-linear optical element.
Then, after the respective laser beams emitted from the lasers
llla-lllctravel viamirrors 112a-112c¢, these are slantlyincident
with respect to the convex lenses 113a-1il13c. 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 benoted that a beam expander between the lasers 111la-111lc
and the mirrors 112a-112c or between the mirrors 112a-112¢ and
the convex lenses 113a-11i3c is set and may be expanded into the
desired sizes in both of longer direction and shorter directicn,
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, in thedirection indicated with the reference



~.annealing is carried.out..on any irradiation surface where any |inear beam . .

I rradi ates, the whole surface of the irradi ated body reaches to have a
uni form physi cal property and the throughput is enhanced. It should be
noted that in the present invention, although an exanple in which three
beans of |asers are used is exenplified, the nunber of |asers is not
limted to this, and the sanme kind of-2aser may be not used. For exanpl e,

it is al )S.S | that ~a plurality_of different |asers are enployed, the
desi red RAERERS RPol Be af bt WaTeelod wishkhe Sefraonaoamenaten
havi ng gbgferl% t physical properties are forned and TFTs having different
properti &s areée %r‘epared on the sane substrate. Enbodinent 3 In the present
Enbodi nent, an_exanple in which the irradiation of the |aser beanms are
carried out frBmE6t Alsitd&s Pr&sarte inventiornd boeeyontinglasyisten ifox of

| asers wi.ll be described belowwth reference to Fig. 5. As lasers 121a,
121b, YVERAFYLBHsTHE LLReRRRRAT J3a¥ |3 afemin simpdesonE idvesd: kore, cdnvey t ed
into the second higher harnonic -23- wave by utilizing a non-linear optical
el enent . ®FRENLC MK & RdurpddFycefvbasaschedveaisiredt thechnfs diavtingy tager s
121a,12lb travel via mrrors 122a,122b, these are slantly incident with
respect SRS Pekhe dizrag] 3ol 234 A8y .sThatkfobei, ngihoeitanisanehe
focal position is shifted by an aberration such as astigmatism or the

li ke, a #pRaL1LRGHF caarbbed cputdosnatpeirradilanionnsayfhasewhsie Ankt S

nei ghbor hood. Moreover, it is desirable that an aspherical
linear beam irradiates, the whole surface of the irradiated body

reaches to have a uniform physical property and the throughput
is enhanced. i

It should be noted that in the present invention, although
an example in which three beams of lasers are used is exemplified,
the number of lasers is not limited 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 bodyusinga pluralityof laserswill be described
below with reference to Fig. 5.

As lasers 12l1a, 121b, YVO, lasers of continuous oscillation

are used, these are converted into the second higher harmonic



‘lens is used for the convex |lens. It should be noted that a beam expander . . .

between the |lasers 12l1a, 121b and the mrrors 122a, 122b or between the
mrrors 122a, 122b and the convex | enses 123a, 123b is set and nay be
expanded into the desired sizes in both of |onger direction and shorter
direction, respectively. Mreover, the mrror may not be set, or a

plurality of the mrrors may be set. Thgﬁ@ while the linear beamfornmed in
the desired region or whole area on

this way g{r%atggrate,. jt can irradiate :
the irradrated body-adW 5y e Adneatapptdrainglenent: Hiherperften tite
i rradiat ed bﬁg 104, for exanple, in the direction indicatedwith the
r ef er ence“®Rb ¥¥F Idvehlbeans emiddiEbisomnbhe aspas H 2l k2t e tmavel
nuneral s_. 108, 109. Since in the present invention, the optical systemfor
forning VIRFREES 1#2an 1Rl o these argisdanddni docddenrt, witth sespeytt 0
make a plurality of |aser beans |inear beans having the sane shape on the
i rradi at FONtRErFAUTEE* HRdsSole 35 13k alby wlen tliyn beringe dne i deat beheasi | y
superinposed each other. Even in the case where a |aser having a |ower
out put iPREPUEHEIRN HF GhifHed hwmdinnbberrationbedyh bk agwibfatism
sufficiently applied according to the present Enbodinment. It should be
not ed t 12K t¥lﬁ flq"ée pResEmay heam ¢am beaf ¢ivoedlon e @xamd it i ioMBizeRakbwo
beans of |asers are used is exenplified, the nunber of |asers is not
| i ni t ed A%1RALS negdightidrhadid fMoreoveki ddside$ RELD Be WA theh 4§EHerMREOVET
It is capable of being carried out that the present

lens is used for the convex lens.

It should be noted that a beam expander between the lasers
12la, 121b and the mirrors 122a, i22b or between the mirrors 122a,
122b and the convex lenses 123a, 123b 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, inthe direction indicatedwith the reference
numeral 107 or the directions indicatedwith the reference nﬁmerals
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 irradiat_ion surface. Therefore, aplurality of linear beams
can be easily superimposed each other. Even in the cas.e where

a laser having a 1ower output is used depending on the irradiated



Enbodi-nent- i s .conbi ned wi.th.Enbodi nent 2. Enbodinment 4 In the present.
Enbodi nent, an exanple in which the irradiation of the |aser beans is
carried out by utilizing a plurality of |asers and superinposing these on
the surface of the irradiated body will be described below with reference
to Fig. 6. As |lasers 131a, 131b, YLF lasers of continuous oscillation

are

used, these are converted into the thirgghi gher harnmonic wave by utilizing

a non- | i iRRYy ORtY ¢alh e . Th after.the respective |aser beans
enitted fromthe |asers %1%1 . eap%lr]a%cfl?/c‘i’wg‘?ﬁ%ﬁttw therREpRentt o
the convexy $+133a, 133b. By slantly being incident, the focal

position is shitted by an aberration such as astigmatismor the like, a
ion surface or inits

| i near beam ca d_on the irradiat

nei ghbor hood. Qﬁb@ﬁ%‘%‘? %ee. poted bant A eﬁ't%affeaﬁnas%wé?%apn|- epktheugh ed
for the_co ns. .1t shoul d be noted that beam expanders between the
| asers _Eg;g%§§%#8f§ﬁﬁ E g

expanded hgtoutge desiyed sizes in both of |onger direction and shorter

di rect i oS BEBREF 98| {ASHb5 ebv ot thbmhted oko el hotandethwetdi fifferent

pIuraIit%%of thg gérrors may be set. Then, while the linear beamforned in
t

this way~tPPgdP
the irragdi ated body 104 by being relatively nmoved with respect to the
i rradi ated-eB88y 104t +9rexBABle, of nbehrgdicazatiedn outditbattethsl tphreidem t

ref erenc
Embodiment is combined with Embodiment 2.

Embodiment 4

| 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, 131b, YLF lasers of continuous aoscillation
are used, these are converted into the third higher harmonic wave
by utilizing a non-linear optical element. Then, after the
respective laser beams emitted from the lasers 131la, 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 astigmatiém or the 1ike, 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

Ke RoRvef dittars exg usedpiarexenlfiicday be

Serf maynber uggidate the desired region or whol e area on



~nuneral -107 or the directions indicated w.th .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 make a
plurality of |aser beans |inear beans having the sanme shape on the

i rradiation surface. Therefore, a plurality of |inear beans can be easily
superi nposed each other. Even in the e2%e where a | aser having a | ower

tput i ed endisng,...on the irradi at bod it is capabl e of being
gﬂf Pi Ci e%?ﬁ%'a%%?pegghag%%r ﬁ?ﬂ&ef{oi?ﬁgeﬁr gggﬁt’ éﬁﬁBdPﬁ@n??El #nd oY e

noted thgt e sgnht inventjion, although an exanple_ in which two
beans of a%gggfi‘sgaa#ﬁﬁsgtbeiie% 19¥3%% 10 PRdnafhepnger| dikestien mnd
and the different kinds of |asers may be used. Mbreover,

limted Lﬁogﬁi S . ¢
al t hough°T'35&PThEARECEAAN - s TRERESAVE 10 MOFaqvaKy dihemiTFIndRay afater

bei ng sygthes%zed a hinea[ beam may be fornmed by an optical system

Nor eover 2% PSFs BEs8) BLETRAALY: RE e aHc o dmaere i setfreel y conbi ned

wi th Enbgdi ment. 2 or Enbodi nent 3. -26- Enbodi nent 5 A nethod of

manuf act uPFRg BRiiet Foe dipepk beps: farmeds inethlis may ilrnadistenhoditnent
usi ng Figs. 8 to 11. A substrate on which a CMOS circuit, a driver

circui t, CARdEFgliadie fhe fesirpdvraglieon TRT whiole azrd anhdidingadipaeid y are
formed together is called active matrix substrate for conveni ence. First,
a subst r%‘?%Yd@d W de o Fedridyediycmorsdbe thume sperats itbi et d rghddater

al um num borosilicate glass is used in this
body 104, forexample, in thedirection indicatedwith thereference

numeral 107 or the directionsl 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 havirig the
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 being sufficiently 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 b'e 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.



~enbodi nent.... Not e t hat substrates such as quartz substrates, . silicon. ,
substrates, netallic substrates, and stainless steel substrates having an
insulating filmformed on the substrate surface may al so be used as the
substrate 400. Further, a plastic substrate having heat resisting
properties capable of enduring the processing tenperatures used in this
enbodi nrent may al so be wused. Because this invention can easily forma

| i near beamwith a uniformenergy distribution, it is possible that
annealing the |large area substrate i s-2fonducted effectively by using a

pluralitgmboéilgngag beans. Next, a base film 401 made from an insul ating-
filmsuc con oxide film a silicon nitride film or a silicon
oxynitride fi%n1iiggggn formed on the substrate 400 by the known nethod. A

two | ayer- stritc® ofs i agiaiping an| achdvei matrhks sulisddiatentis but a

single Iggei of the above-nentioned insulating filmmy also be used, and
a structTARIAHNGH th HRte emhadimant| uging Bigs| afi batled. mdy sabsdraseused.

-27- Next, sem conductor |ayers are forned on the base film First of all,
sem condP tHriFh 1 GMOS iR F « R Anivesknessowit, 26hid @ PASetmpopttaioar abl v
30 to 150 nm by a known nethod (such as the sputtering nethod, the LPCVD
net hod, BAHR%& pTEEievD apdt AckpldThencapheisgnacendoehed tob@ther
crystalljzed by a laser crystallization nethod. As the |aser
CryStM|4§EEQ¥ﬁ%¢mﬂ¢ﬁEWe mabrizsenbbéaatier fadi aomsreindene .sen conduct or
filmby applying one of Enbodinents 1 to 4 or by freely conbining any one
of Enbodi nentfsTBh.0 a. stbsitsapeef@tabiaid hirom glbist ShAle dQSBArium
borosilicate glass or aluminum borosilicate glass is used in this
"~ embodiment. Note that substrates such as quartz substrates,
silicon substrates, metallic substrates, and stainless steel
substrates having an insulating film formed on fhe substrate
surface may also be used as the substrate 400. Further, aplastic
substrate 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 distributicn, it is possible that annealing the
| large area substrate is conducted effectively byusing 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 f£film 401 in
this embodiment, but a single layer of the above-mentioned

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

than two layers are laminated may also be used.



~of. continuous oscillation or.pulse oscillation, a gas laser, or netallic
| aser is used. Note that, as the solid-state |laser, there may be given a
YAG | aser, a YYVO4 |aser, a YLF laser, a YAL3 |aser, a glass |laser, a ruby
| aser, an alexandrite |aser, a Ti:sapphire |laser, and the |ike. As a the
gas laser, there may be given a exciner |aser of continuous oscillation or
pul se oscillation, Ar laser, Kr |aser,2£2 |laser, or the like. And as the
metallic Iase_éIi t here n%%ggﬁl i ven, a helium cadm um | aser, a copper vapor

laser, or a gdFFtvaf&™ T clANeES ABE SAryedt pe [thseibase film.
crystalltzation neirod but al so any other known crystallization nethod
, r ys ! st 04 he
RTA, t hETERE ffll 2ty sTemPongrehoref hdl i8sformediwitace Hrnideessy, of h
thermal c¢rystallization nethod using netallic el enents which pronote
crystal | #2afPoff0 8% GPERfermblvndf nkel. 1 Thamb By onduwvor methadelsdsh an
anmor phous sem conductor film a mcrocrystal sem conductor filmor a
crysta e , y ' gua may
t al | fPRetRBenfRObERELIRY Metod Al the MRCVRIMe thed, aveditdonieswa fAYIM
be a conpound sem conductor film having -28- an anorphous structure such as
an anor pA®tERCS) | i (Biegethersemiconfneton Fibins oo teht i zed dyna 1@43 et hod
is used to forman anorphous silicon filmwth a thickness of 50 nm and
t hen t hecTYfbabhlzatyepranethadi orAsethedlasengerptakilic zaldmmn e thald ch
ronote crystallization, an aser. crystallization nmethod are use or e
p t ystal t d | ystal t t hod d f th
anor phoushgldgn beigmirkadielt eiss tosthle asemi omidbct et eniEnii byagplying
I ntroduced onto the anorphous silicon filmby a solution coating nethod.
Then heaneredit Bwhodisentrdlctted 4tor by freely combining any one of
Embodiments 1 to 4. It is preferable that a solid-state laser
of continuous oscillation or pulse oscillation, a gas laser, or
metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG laser, 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, |
a4 copper vapor laser, or a gold vapor laser. OFf course, not only
the laser crystallization method but also any other known
crystallization method (RTA, the thermal crys-tallization 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 film, a microcrystal semiconductor film or a

crystalline semiconductor  film. Alternatively, the

semiconductor film may be a compound semiconductor £ilm having



500 C.-for five hour,.whereby obtaining a first crystalline silicon_ film
Subsequently, the | aser beam shot froma continuous oscillation YVO4 | aser
with output 10 Wis converted into the second higher harnonic wave by a
nonl inear optical elenent and then a linear |aser beamis fornmed and
irradi ated by one of the optical system shown in Enbodinents 1 thorough 4
or by the optical system conmbined thesggenbodi ments, whereby obtaining a
second crystalline silicon-film Irradiating the |aser beamto the first
crystall i eaéfﬁoll:ipélé’hlsf STRUCHF e Rih mE (3 FN9ERhewsy s3kli¢ore gesithanomnfi | m
to the s&g nd crystalline silicon filminprove the crystallinity of the
second c |line silicon film At this nonent, about 0.01 to 100 MNcnR

(preferably 0.1 to 10 MW cnR) is necessary for the energy density. The
stage i s rel at fPeEPisnpPbadinents piesmabEim methodpisduséd aboulorin Sar 0
2000 cm’s, and it irradiates, and then the crystalline silicon filmis
formed. 2WRERDPME ekdigen Eider wifthpal thicknekbbabfoR0immusatd tHed She
preferable that 300 Hz of frequency and 100 to01000nj/cnZ (typically, -29-
200 to SbHbRFMekRFIrEstpdddraddengmeddnsi tysiange metad. 1 A lfbmeRyENwhidRser
beam may be overl apped by 50 to 98 % O course, although a TFT can be
formed bRpTre®phg ehestalifzatdpst,alanidnd asielr eatysftidlmi Fat iioh etk t hat
the second crystalline silicon filmis used to formthe TFT since the

second es9dtEeY ithe siMdmpdrouds s hasomE{ilr ONedkeny $kahsedidy ARdtal
el ectric characteristics of TFT are inproved. For instance, although, when

TFT i s felemenby amdnystimttbbatedr yatal khaeabibkbsons Eilfcod Pl Wiy i

al nrost 300 cn®/Vs, when TFT is forned by using
a solution coating method. Then heat treatment is conducted at
500 °C for £ive hour, whereby obtaining a first crystalline silicon
film. Subsequently, the laser beam shot from a continuous
oscillation ¥YVO, 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 Erhbodiments 1 thorough 4 or by the optical
system combined these embc_:diments,,whereby obtaining a second
crystalline silicon £ilm. Irradiating the laser beamto the first
crystalline silicon film, and changing the first cfystalline
silicon film to the second crystalline silicon £ilm improve the
crystallinity of the second crystailine 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 filmis formed.

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

preferable that 300 Hz of £requency and 100 £0 1000mj/cm? (typically,



t-he second crystalline silicon film .the nobility is extrenely. ..inproved
wi th about 500 to 600 cnR/Vs. The sem conductor |ayers 402 to 406 are
formed by performng patterning processing on thus obtai ned sem conduct or
filmby using the photolithography nethod. Doping of a very small anount
of an inmpurity element (boron or phosphorous) nmay be performed after
form ng the sem conductor |ayers 402 t@9406 in order to control a TFT

t hr eshol- | - e insulating film407.is forned next, covering the
seM(meggygp zﬂéﬁggﬁobogﬁéﬁﬁfeﬁ#ﬁgﬁngSFﬁ&ﬁQﬁVﬁ@dﬂIAﬁﬁb?st?qQﬁmed by
an insulféggg i££1%ontsinin% iilicon with a thickness IE of 40 to 150 nm
usi ng plasna or "8PuPtePVRGLaPReh DY Pd® P83~ a silicon oxynitride
filmhaving a.filmthickness of 110 nmis fornmed by plasm CVD nethod. The
gate insul ati ‘Hé FYENTT s BFLRPWR @ TiG cppnbectiormed by [ysiorg dshyeniftimisde
film and otpeillnsulathg filnms containing silicon may be used in a

singl e 1G58 H11C a SidmomatF bR st Adictif ePTeBerablet Hbat | tha sieciondn
oxide filmis used, it can be forned by plasma CVD nethod with a m xture of
TECS ( Tetr¥ERtatinersiddsan @&tlﬁl)l%mtﬁet)%,toafom rtdvec FFBNs pnes silvee sebos@ Pa,
wth the substrate tenperature set from 300 to 4004C, and by dischargi ng
at a hi JF¥seytbtrg sidisenvEdine| basrian pomprovedsidysifall fnity and
WcnR. Good characteristics as a gate insulating filmcan be obtained by
subsequétSE et feharagtenbs habs anfe M @reatimpeiwedn 406r andsbAAEE, of
the silicon oxide filmthus manufactured. A first conductive film 408

havi ng &¥thangthi vhesdEois formed by using the first crystalline silicon

film, a mobility J.S almost 300 cmz/Vs, when TFT is formed by using
the second crystalline silicon film, the mobility is extremely
improved with about 500 to 600 cm?/Vs.

The semiconductor layers 402 to 406 are formed by performing
patterning processingon thus obtained semiconductor filmbyusing
the photolithography methdd.

Doping of a very small amount of an impufity element (boron
or phosphorous) may be perfdrmed 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 film containingsiliconwitha thickness
of 40 to 150 nmusing plasma CVD or sputtering. In thisembodiment,
a silicon oxynitride film having a £ilm thickness of 110 nm is
formed by plasma CVDmethod. The gate insulating £film is of course
not limited to a silicon oxynitride film, and other insulating
films containing silicon may be used in a single-lay_er or in a

lamination structure.



--20- t0-100 nm and a-second conductive film 409.having.a filmthickness. of -
100 to 400 nmare then fornmed and | am nated on the gate insulating film
407. The first conductive film 408, made froma TaN film having a film

t hi ckness of 30 nm and the second conductive film 409, nade froma Wfilm
having a filmthickness of 370 nm are fornmed and |lamnated in this '
enbodi ment. The TaN filmis fornmed by_gguttering, and sputtering of a Ta

target is perf in a_ nitrogen atnmosphere. Further, the Wfilmis
fornmed by sput éﬁ%&r udF Yy SR §3de £1dBuieiwveds Hd vani benformed so be
VWi chever

f or med g¥, thﬂlrml %@Fmet hod usi r_lg t ungst en hexafl uori de (WF6).
i s used, rt Ps*ftles medhed aBLED: & nEkEtuURe f ofm THRS orfd'd tee ey Bt ance
! . y e |
in order to use |,ta&sﬁa ate electrode, and it is preferable that the
resi sti vPEYPEFLILAEAREY| R nBlied FRaAGtienPDOpERTe afore Paatwith Hough t he
first conﬁgc%i ve film408 is TaN and the second conductive film409 is W
in this BHBEEFALAt tePReFetubpeseb fron 3O fo HDARCat anddypldicet oy itte
conductive filns. -31- The first conductive film 408 and the second
conducti ¥k #irigR0EreguenEYs61BeS56oMHBd lemtar celpowent deelsddived Qs t he
group consisting of Ta, W Ti, M, A, Cu, C, and Nd, or froman all oy
mat er i al *R& it/ 6Me- ofcaakshashehentistdss as agiateconstiatent, £i Dk cahom a
chem cal conpound of these elenents. Further, a sem conductor film
typi cal | §e 2opbriredsbil subseguestdlyt iperfaimingnthétnal i ahnewhish, aat
i mpurity el enment such as phosphorous is doped may al so be used, as nmay an
AgPdCu 2P¢ENeendIRANIB00BCH1EF the sfidrired dkde FHLOM tHaAS ShndShBBuRed.
A first conductive film 408 having a film thickness of
20 t0100nm, and a second conductive film409 havinga filmthickness
0of 100 t0 400 nm are then formed and laminated on the gate insulating
film 407. The first conductive Ffilm 408, made from a TaN film
having a £ilm thickness of 30 nm, and the second conductive film
409, made from a W f£ilm having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN £ilm is formed
by sputtering, and sputtering of a Ta target is performed in a
nitrogen atmosphere. Further, the W film is formed by sputtering
using a W targ.et. 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 tco 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 20uQcm.
Note that although the first conductive film 408 is TalN

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

are no particular limitations placed on the conductive films.



-phot ol i t hography net-hod, and a first etching process..is perforned in.order
to formelectrodes and wirings. The first etching processing is perforned
in accordance with first and second etching conditions (Fig. 8B). An ICP
(I'nductively Coupled Plasm) etching nethod is used as a first etching
condition in this enbodinent. A gas mxture of CF4, Cl12, and 02 is used as
an etching gas, the gas flowrates are3set to 25 : 25 : 10 (sccm,

respecti F |S., rat by _s | yi n 500 WRF (13.56 MHz)
Cloorri o RoreLPet BARA S ORI ETH, At <Peihe cipguge yerst tarko
etchin | rfored. A 150 WRE (13.56 MHz) electric_power is also applied
to t hegsﬂggt %gtsé’ s‘?%ef?é'ﬁﬁ% gré’f"ag(j%‘} e?ﬁﬁ'@é‘)ﬁy %ﬂpﬁ‘iﬁ%pﬁro'ﬁlﬁﬁ@drﬁﬁwnps
negat i vecgggg_-gi.as Vv Ic,]ltag . The Wfilmis etched _under the first etching
condi ti ofis, - an 1f'ﬁe°€ Jer gorT?'or{"‘?)f Ao Cj £Tr 20ANE PEefFayern iad Iate

into a tgggred ihﬁge. The etching conditions are changed to a second
et chi ng KA oW PR r¥mdHeRe thkemerks am 0t il eedstdftueadist. A
gas mxture_of CF4 and Cl2_ is used as an etching gas, the gas -32- flow
rates ar®F s&FOMy Bochempcal ccoppouasheefi khepe £iimantsi s Fgehbeat ed by
applying a 500 WRF (13.56 MHz) electric power to a coil shape el ectrode
at a preSEHteoRfugtey L4dm. eteiRienl LY pér feehycry$tal hibpe oxnysttelly 3@
seconds. A 20 WRF (13.56 MHz) electric power is also supplied to the
subst r at¥L-5HeRP Edadipl dndpadieich e dmppridypelengnd suds teenphalsbporegat | ve
self-bias voltage. The Wfilm and the TaN filmare both etched by on the
same or de§ dRPedhdnaBcahic ke chsed. caadinaiyons agPdgut kdlgys n xture of CF4
and Cl2. Note that the etching tine may be increased on the order of 10 to
20% Masks 410 to 415 are formed next from resist using a

photolithography method, and a first etching process is performed
in order to form electrodes and wirings. The first etching
processing is performed inaccordancewith first and secondet ching
conditions (Fig. 8B). AnICP {InductivelyCoupledPlasma) etching
method is used as a first etching condition in this embodiment.
A gas mixture of CF,, Cl,, and O, is used as an etching gas, the
gas flow rates are set to 25 : 25 : 10 (scem), respectively, a
plasma is generated by supplying a 500 W RF (13.56 MHz) electric
power to a coil shape electrode at a pressure of 1 Pa, and etching
is performed. A 150WRF (13.56 MHz) electric power is alsoapplied
to the substrate side (sample stage); thereby applying a
substantially negative self-bias voltage. The W £ilm is etched
under the first etching conditions, and the edge portion of the
first conductive layer is made into a tapered shape.

The etching conditions are changed to a second etching
condition without removing the masks 410 to 415 made of resist.

A gas mixture of CF; and Cl, is used as an etching gas, the gas



i-n-order to performetching such-that no residue remains.on the . gate
insulating film Edge portions of the first conductive |ayer and the second
conductive layer are nade into a tapered shape in accordance with the
effect of a bias voltage, applied to the substrate side, by naking the
shapes of the resist masks suitable with the above-nentioned first etching

condition. The angle of. the tapered peBf+ons is from15 to 454. First
422 (first conductive layers 417a to 422a,

shape co ' | ayers 417, t
and secogﬁgﬁékéﬁgfiége fséng iﬁ?b:¥b(éﬁﬁﬁp'angPﬁG§iWGﬂ§bdafPbﬁﬁmheiéirst
ond conductive layers by the first etching

conduct i lLayers.and t he .sec
%%ﬁgF%%S cEYNERRIYINH & §O90WeBFa{ 43 86] MEa) s legtricnposed tegi ons

process.
not coveg%%%ﬁ% the first shape conductive |ayers 417 to 422 becone thinner
by appr oXi FU2BR elgChEroga 3 hr prgs sameeh i Pan arntehdhiénghismepfooess i s
t hen per%orned wi t hout removing the nmasks nmade of resist (Fig. 8C). Here,
Wil mi5%SePERELHIMAtedic B Scandsg GFL0 BLRF did .65 Mz ) helatinhidg
gas. At this -33- tine, the second conductive |ayers 428b to 433b are
f or med b?owﬁﬁé%ﬂ%ﬁﬁﬂugPéhPﬂ¢qﬁh@§§bst@ﬁtemidn(Eﬁmmhﬂdtagbe,Hhéﬁeby
conductive layers 417a to 422a are hardly etched and the second shape
conduct i 9BPL¥YBES substgniizldenegrtite felfrbtasopiltgigy OCahs WEitlhen
performed without renoving the masks made of resist and the sem conductor
| ayer i s2B@dde Tal fihkn ameubotl etanehbywin dihe Spas torded BRELid st dond
concentration. The doping process may be performed by ion doping nmethod or
ion i njetthbnd neenditiona depnggthe pesf mimedrei bl process eondi WoeRs
that the etching time may be increased on the order of 10 to 20%
in order to perform etching such that no residue remains on the
gate insulating film.
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. Theangle of the tapered
portions is from 15 to 459. 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 firstetching process.
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 £film is selectively

etched by using CF,, Cl,, and 0, for the etching gas. At this



~in-which the dosage-i-s -set-from1l x 1073 to 5 x-1014 /cnk, and the .
acceleration voltage is set between 40 to 80 keV. Doping is performed in
this enbodiment with the dosage set to 1.5 x 1013 /cnR, and the

accel eration voltage set to 60 keV. An element belonging to the group 15,
typically phosphorous (P) or arsenic (As) is used as an inpurity el enment
whi ch inparts n-type. Phosphorous (P)-83-used here. In this case the

conduct i Eﬁméa‘Yﬂ@, Séggnhocéﬁﬁu%%t_i_g%i tl]rrasflse% ‘Qfgfgg: {tﬁi%%%hfq%@; %%gbly%B to

el ement whic I mparts n-type con

427 are¢hQr ' -aligni ng manngr.- The inpurity el enent which

i mpart s n-ty%qﬁdghagﬁgghigat ecicr%lﬁ'i tySPedaIt?nsc’ng%rt dargl, gtheg first
concentrati | o] 10 to 1 x 1020 /cnB. Next, after renoving
t he msk@#rgggtgyérgﬁg’% n]e&?#é’slé%%é&f& hardiy e telued nd ddisssegoad

f or med, h d. dopin praocess is _performed in higher acceleration
vol t age tﬁggai%étﬁ%ﬁglﬁggf‘v‘edgﬁygﬁspf‘@@eé"?. 436 agspitegmes-per formed with
process condiii%%s @ whi ch the dosage is set from1l x 1013 to | x 1015
Jcn2, and the*-BESHAW NIRRT degdhien perfpemadenicbous tedokélg The

dopi ng rocess is rformed by using the second conductive layers 428b to
432b as esll‘éasj?ﬁj '?Eﬁ‘ie i TontRk 1 3rd | ther semieondnetoapbapdr por aiddadof the
first conductive |layer is added to the inpurity elenent. Continuously the
accel er gtﬂ e JBPUESL Yis amptel waieh imparis isckxmriatiegiowcenoenssatibe. t hird
dopi ng ocess .is done, and the state of Fig. 9A is obtained. |on doping
nmet hod i*S*pEPPIF BT OfLER PAYces Pepfeilned by iiondoph nighmedhsageri soset
from1l x 101s to 1 x 1017 /cnR, and the acceleration voltage is set

bet ween Jg@ectlon method. Iondopingis performedwith process conditions

in which the dosage is set from 1 x 10" to 5 x 10 /cm®, and thé“
acceleration voltage is set between 40 to 80 keV. Doping is
performed in this embodiment with the dosage set to 1.5 x 10.°

/cm?

, and the acceleration voltage set to 60 keV. An element
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. 1In 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 1620 /em®.

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 = 10* to 1 x 10 /cm?, and the




~to 100-keV. Low concentrati-on.-inpurity regions 436, 442 .and 448 . . . .

overlapping with the first conductive |ayer are added to the inpurity

el ement, which inmparts n-type within the range of the density of 1 x 1018

to 5 x 1019 /cn2 by the second doping process and the third doping process
and high concentration inpurity regions 435, 441, 444 and 447 are added to
the inpurity el ement, which inparts n=8¢pe within the range of the density

f 1 x 1Q& D 4% ST h dopj _ . and the
hi 1 dopi g, proenes ea R A 2S5y o8 BE0teBsRRY  nRh RN o

third doping process can be one-ti

Concentr By o Emeart o s aar aron A, ek, AeERrPacPbane ke greregian

concentration inpurity regro

Next, af{grg kNG ks, made of resist, new masks 450a to 450c nade
from resist g?e_’gvé(%pg rr%%iﬁgn%%? ht:h? ST T HCUBPTGEPT pl ek Lnden dife hamered
| mpuri t Y6895 8ASo#9Phe 2pfr o #29 a0d 460, to which an inpurity elenment which

i nparting a conduct Ity typeCoBBUChiBE1a¥er ol taddesd tdtheh dupuaridy
conducti ¥k Ly.Lype d dded, ~are forned in accordance with the fourth

dopi ng p(\fﬁd%%‘esa{sMF n ‘F‘i‘é&%‘é‘?ﬁ’%ﬁo‘ief& Geaelaka tdnre NoBsegreiackowarddybian of

t he p-chgﬂg%%xx£%?%dTETs. The second conductive layers 429b to 432b are
used as NMBSKS W P RE LGS Enet hapihi%§ depdmenprogadsabs idyne i tpd

el enent ' i,mparts. pe conductivity is added to formthe inpurity
regi ons '}‘[K'né %qée‘irgfoi’gﬂis’gi r?é tEfRY2ined- | tian depinggnetisod 458pe#54rméa9 and

-t

i
460 are formed by ion doping nmethod using diborane (B2H6) in this
erbodi metit T} Iﬂré’.(y‘iﬁﬁ .coﬁﬁi&ts‘é}ﬂftéﬁdwéﬂé’h theedesage is set from 1 x 105

to 1 x 10" /cm?, and the acceleration voltage is set between 50
to 100 keV. Low concentration impurity regions 436, ';142 and 448
overlapping with the first conductive layer 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? by the second doping process
and the third doping bProcess and high concentration impurity
regions 435, 441, 444 and 447 are added to the impurity element,
which imparts n-type within the rangé of the density of 1 x 10'°
to 5 x 10** /cm?.

Of course, the second doping process and the third doping
pbrocess 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




for formi ng-the n-channel type TFT are covered with the nasks . 450a to 450c .. .
made of resist when the fourth doping process is performed. Phosphorous is
added at different concentrations into the inpurity regions 439 and 447 by
the first to third doping processes. However, by perform ng dopi ng such
that the concentration of the inpurity el enent which inparts p-type
conductivity becones from1l x 1019 to 53%-1021 atons/cnB in the respective

regi ons, ot £ QD! E5BLEleY %Pptljgc% & 5%%“gﬁaglec&§§%§@§ﬁ{#%$”@gfaﬁggéggi ons

regi ons and drain regions of

are thu EERGdd ctive eni conductor | ayers by the steps up
through%t e?s p0|ér?{] .1312%10{4?)%{%%1“&%?‘4153’9%’1% 8F§F?‘n8°?¥f‘ﬁ1 Brecesst drnblenext
after rgnvi s 450a to 450c made of resist. This first
interlayer Idrés}gj[ﬁa{\i%@”ﬁ ¥ icbsb‘?"o'?’i‘}%da‘ﬂfbﬁ‘? diviersupEt thg Prehannel
contain% ésth%pn, Bavin a_thickness of 100 to 200 nm by using plasma
CVD net hod Sor "ai5ut t 8PPngeHBRACEORAUSEAVELA2FRYFi £2PHeto 3632b| ane hasedg a

thi cknegg of 130 nnbius forned by ﬁl asma CVD nethod in this enbodiment. The
first i ACelPayEr VhBUFSFPRGYf FPntRe 1impardty colemenhotand mn ctipwriatyi | i con

oxynitriie fil n}” aircl:?lac_)ther insulating films containing silicon may also be
used, a§ §™SRty yEPagELSaPI APRacPBAUSEiVEtYr &5 Sldedquentdym the
recovery of the crystallinity of the sem conductor |ayer and an activation
of the MEBYFHLY ZFEHRAT i 288dd8-rdiond nogsarrer ve Heninpudityarediates s are
PerTOT g8 a5 488 d 180 422 2mda By on doping method scing diborans !
g diborane
(B:Hs) in this embodiment {Fig. 9B). The semiconductor layers
for forming the n-channel type TFT are c'o-x;'ered with the masks
450a to 450c méde of resist when the fourth doping process is
performed. Phosphorous isaddedat different concentrations into
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
conductivityrbecomes 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 £ilm 461 is formed next after
removing the masks 450a to 450c made of resist. This first
interlayer insulating f£ilm 461 is formed from an insulating film

containing silicon, having a thickness of 100 to 200 nm, by using

plasma CVD method or sputtering method. A silicon oxynitride



~activation, the-laser beam.irradiates to the sem conductor film. by

appl ying one of Enbodinents 1 to 4 or by freely conbining wiwth these
enbodi ments. It is preferable that a solid-state |aser of a continuous
oscillation or a pulse oscillation, a gas |aser, or netallic laser is
used. Note that, as the solid-state |aser, there may be given a YAG | aser

of a 'continuous oscillation or a pulse3$scillation, a YYX |aser, a YLF
rite laser, a

| aser, a AARIA MOk I r ruby.laser, an _al exa
Ti: sapphire | assen(;{aa%dlt hlgé ‘T;k(gfel@o glmt fig %%Igrs'?ésbéf pPlaana mgEhgiyen a
exci mer l@semal &Hd osgl | latian or | se oscillation, Ar laser, Kr
| aser, OC2 |aser, of %Ee ||'ke.§%/?n L hléltréf 9% 1psutatipgefilnngehe
given a hel | ) I opper. vapor |aser, or a gold vapor |aser.
% 'thi o ranarorf f2HBE A3ksch CRERIERGH qulirtnide S aM aBad: oner o
100 MW ¢ ref. 0,1 .to 10 MV, cn?) is necessary for the energy
density (IE)[El ﬁ(ug'sag'jrlq{gsgg%msﬁ1°é1ts%l?%ﬁé‘]11§c¥’b1“§¥i#eﬂ/br?o\)ﬁﬂdt- 24 Resirgke beam
at a sp baut, 0..5 tq 2000 cms. And, if a pulse oscillation -37-

| aser isﬁ'ﬁég’gg{ O%t 3 tslaﬂ?lé@m SHRALERD Hz of frequency and 50 to 1000 nj
[cn2 (typicall 50 to 500 m /cnR) of laser energy density are used. At
this nonent, Séfsb&eqﬁé’%iﬁfﬂyn%er&%‘{%be&fbyt@ crysdRhiddsy de$ |tser
anneal i ng_net hod hergal anneal i ng nethod or rapid thermal annealing

met hod ( RTRIFEPRBGFOENIRYRE #1¢ AR ACt beabibem i afl .t rimiparr i the Xemténdad | on

may al so erforped before the formation of a first interlayer
agSefr e HhS

i nsul at | feVefPertivengemiconduetoer lalyersedries peezionmdd byespect

to heat, then it
irradiating the laser beam, as shown in Fig. 9C. As the laser
activation, the laser beam irrédiates to the semiconductor film
by applying one of Embo_diments 1 to 4 or by freely combining with |
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 YA10; 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/cm? (preferably
0.1 to 10 MW/ cm?) is hecessary 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



~ts-preferable to perform-the activation processing after. .formng..an. ..
interlayer insulating film(an insulating filmhaving silicon as its main
constituent, for exanple a silicon nitride film in order to protect the
wirings and the like, as in this enbodiment. Then, a heat treatnment can

al so be perforned (at 300 to 5504C for 1 to 12 hours) and it is possible
to conduct a hydrogenation. This procegg-is one of term nating dangling

bonds i n 1td¥er 38M dugtof .| Jhygdr o tained within the first
interlayer i rf:su%g}l?%gf ?,Ii:miﬁﬁgfr%é &R %%ﬁgﬁgqtgﬁpﬁ éﬂf‘;%§eggﬁn°ﬁ'eand 50
hydr ogenaise : 2Q1 t fLpst Lpterlayer insulating filmexists.
Pl asma hydrg(g}g(\(ja\éj]ngl ?%&1‘ ?&ﬁﬁ'&’%}f}g’rogé}c’eig{w@f%li of fif‘ﬁ%ﬁ@“,ez%ﬂi’ddﬁn%‘ér
treat nen or, fo rs at a.tenperature of 300 to 4504C in an

at msphe:agfecgﬁ%g’ni%g Eggrsobngﬁ‘e&t'f oF hepm MY he VeBlaePedbyried as

ot her ne h nation. Subsequently, a second interlayer insulating
film 462%%;%@" f ?,%én%"o%ﬁe? nS‘Faﬁrﬁ“}P‘?%qH‘%{"ieﬁ&Oﬂi:wﬁm@% RERegl ihgare tirod
organi c . in %bfiit rmatfri al is formed on the first interlayer insulating

-38- film 4615 An acrytT AR HRY M6 R iRTA method)i ekdetbeotike Gampm i s

f or med ig tgislen‘godi ment, and the material used may have a viscosity from
10 to 1006 ch f)? ferably between 40 to 200 cp. A material in which

unevenness is fogHEd on its surface is used. In order to prevent mrror
reflection, tRB ERPFactl8f agtivationemest adde ibe mpedEamedbafprforttiag a
second iﬁterlg er insulati nllg. filmwhich forns an uneven surface in this
enbodi nehPTELHPRePT @t harpitxépterdayesdd nsnlfatdas file nidsetvede igmeven
and have_ | ivght_ scattering characteristics, and therefore a convex portion

the wiring material used is weak with respect to heat, then it

is preferable to perform the activation processing after forming

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 550¢C

for 1l to 12 hours) and it is possible to conduct a hydrogenaticn.

This process is one of terminating dangling bonds in the

semiconductor layers by hydrogen contained within the first

interlayer insulating film 461. The semiconductor layers can

be hydrogenated whether or not the first interlayer insulating

film exists. Plasma hjrdrogenation (using hydrogen excited by

a plasma}, and a heat treatment for 1 to 12 hours at a temperature

of 300 to 4509C 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

insulat?ing material is formed on the first interlayer insulating




~may al so be formed in a regi.on.bel ow the. pixel electrode.. The formation of
the convex portion can be perforned by the sane photonmask as that for -
formng the TFTs, and therefore it can be fornmed w thout increasing the
nunber of process steps. Note that the convex portion nay al so be forned

appropriately on the substrate of the pixel portion region except the
wirings and TFTs. In this way, unevennggs is forned in the surface of the

pi xel elggigogde;  al .upevenness .forned in the surface of the
i nsul ating fi'?fnl BTN vel;g;rfaﬁ&“c%ﬂrx}g&ﬁﬁwtiﬁoﬂf%@lfli#%ﬁﬁww of llevel
interlayer .insulating film462. In

f . al th d
hi o cadut i R 13°TRTS SPRaRTFREa rRaChns haieRl oh ctend pyisaihaaded

this case, I'S pre

process . known, sandb] asting process or etching process to prevent
mrror érg'fcj]hsecgqssllor{ %ﬁ’&" Eﬁe AP T Ghea BTRE eRRblan betwepns 40t terd0iycp.
reflected | it%r]\:tia V\'r’.ri{;ﬁs 463 to 467 for electrically connecting respective

i mpurity: regioneat8 Yhich ievenness in fpamed paults 50cfamt ds 88edt.hat a

| am nati on fi];ﬂmof a Ti filmhaving a thickness of 50 nm and an alloy film
(an all oy of A °ZAGTTHS PREYERE BiTFeE Kieddeadfions0thamurtars beranpdxien or der
to formthe wirings. O course, it is not [imted to the two-I|ayer

st ruct urfd SFHke ﬁ§M§Q%N%$Ve§ﬂﬁh€@nméngﬁi$ﬂeonadmmmMMayeﬁ1usﬁuaeiﬁ§re

t han thrt_flig I aéers may al so be acceptable. Further, Al and Ti are not

li mi t ed o™ WBLCRi ¥9%8S P uppyen Forfasanil ¢hifl eabddfmente fourEgesn TaN
film % d the Llam nation filmformng the Ti filmis fornmed by the

pat t erni E& Bigedoehedtmoss smnface)can be made to be uneven and have

light scattering characteristics . and therefore a convex portion
may also be formed in a region below the pixel electrode. The
formation of the convex portion can be performed by the same
photomask as that for forming the TFTS, and therefore it can be
formed without increasing the number of brocess steps. Note that
the convexportionmayalsobe formed appropriatelyon the substrate
of the pixel portion region except the wirings and TFTs. 1In this
way. unevenness is formed in the surface of the pixel electrode
along the unevenness formgd in the surface of the insulating film
which covers the convex pbrtion.

A film having a level surface maﬁr also be used as the second
interlayer insulating £ilm 462. In this case, it is preferable
that the surface be made uneven by an added process such as a
known sandblasting process or etching process to prevent mirror
reflection, and thereby ihcreasing whiteness by scattering
reflected light.

Wirings 463 to 467 for electrically connecting respective

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



- Furt her;..a pixel electrode 470, -a gate wiring.469, and a..connection.. ...
el ectrode 468 are fornmed in a pixel portion 507. An electrical connection
is formed with the pixel TFT and the source wiring by the connection

el ectrode 468. Further, the gate wiring 469 forns an el ectrical connection
with the gate electrode of  the pixel TFT. The pixel electrode 470 forns an
electrical connection with the drain r38ion 444 of the pixel TFT, and in

addi tion r : [ copneGt. with t.he senj copductor | ayer 459
whi ch fuﬁ?%?oﬁglgglgéngﬂe’f’eﬁr%‘d‘g f%ﬁﬁ %3“:5“ i’taafr’lélé’ea thP?ﬁﬁ. of5¢.cnm |
referab t [ havi ng s rior, reflectivity, such as af

P rhavi né%ii %?/L%ﬁaéyi sﬁﬁnaﬁa%]n Ay afoRl 2ng, T3T| havingi aithiPkRess @ h

films, a he, pi.xe trade 470.. A CMOS circuit conposed of a n-channel
TFT 501 g%g g‘“p%héﬁ%geﬁ%n‘?&%ﬁr%’ﬂrﬁ%eﬁ°w rAE Y ERRSRvi R SPUEhannel

TFT 503, ; an he pixel portiqn 507 having a pixel TFT 504 and a storage
capaci toJr'e gﬁég%gnﬂtr?iﬁée(getcf oﬁ?%&“@n‘%%’gﬁﬁ‘p‘ﬁMQ-at@e TaHe-\avemt ri x
substrate,_is thus co Ieied., -40- The n-channel TFT 501 of the driver
circuit BUBYR gFeao%-%g‘ﬁh PMiBRALLRY FEEPehugs Mo dhasthsrecheyers omy
inpurit§%£ggion_436 _égCLD rggion) whi ch overlaps with the first conductive
| ayer 4785°Ct1RaraCTIREIRIRs FPorhenn B A Bhiare redt dddu:teshdo fhehi gh
concentration inpurity region 452 which functions as a source region or a
drain réfr .gfi%epﬁltﬂﬂﬂaﬂnéorrﬁ‘a@@@?tmm-c%ﬂﬁﬁwret fer@rw i TadUiftilvi,t h t he

n-channel TFT 501 and the el ectrode 466 by an electrical connection has: a
channel Y} nthgy +aBivatiensEidme Hogwisenddm Bt i Hhlm npsir Foymedgbyn ths4: and

the inmpurity
patterning and form wiring (Fig. 10).

Further, a pixel electrode 470, a gate wiring 469, and a
connection electrode 468 are formed in a pixel portion 507. An
electrical connection is formed with the pixel TFT and the source
wiring by the connection electrode 468. Further, the gate wiring
469 forms an electrical connection with the gate electrode of
the pixel TFT. The pixel electrode 470 forms an electrical
connection with the drain region 444 of the pixel TFT, and in
addition, forms an electrical connection with the semiconductor
layer 459 which functions as one electrode forming a storage
capacitor. It is preferable to use a material having superior
reflectivity, suchasafilmhavingAlor Agas itsmainconstituent,
or a lamination film of such films, as the pixel electrode 470.

A CMOS circuit composed of an-channel TFT 5(;1 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.



regi-on 453.in which the inmpurity elements . inparting n-type and p-type are
I ntroduced. Further, the n-channel TFT 503 has: a channel form ng region
443; the |low concentration inpurity region 442 (GOLD region) which
overlaps with the first conductive |layer 430a that structures a portion of
the gate el ectrode; and the high concentration inpurity region 441 which
functions as a source region or a drarﬁoregion. The pixel TFT 504 of the

ol port] onehgs A Sr 1L LG0T gl YT RRL AL

i mpurity region 445 (L regio he™o

| ect . t Lgh, trati | ' ' 458 which f ti
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capaci t ofy 505, . The gtorQ%e capaci tor 505 congrises an el ectrode
(1 ani nat 7oA of “A525U%Y 2P LR PhetBenfRbRdBLPEETOARy eARG)\itDE hAgh

i nsul ati n%efi Ig] 416 functioning as a dielectric. -41- Edge portions of the
AT TUE G ot EEY shediorodagehaphnEBRCEdARE aR A FGETSECh

pi xel el@&
t hat gaps between th IFé;ii_xel el ectrodes shield the light, w thout using a
bl ack metF9™ 7t i ReP1_0 r uctt® P ofhannel cHBBdP A2 nt whAghyfpoms

surfacetﬂiaggan1of_the_pixpl portion of the active matrix substrate
manuf act e MW (FHCEHh Itk e nkhe snsloapneh TFE. S011andothet pdecthedeane

reference synbols are used for portions corresponding to those.in Figs. 8
to 11. A&hAh a1 mlectriqal mupeqbienrhaspoadeharnal cfoswingereghah

di agram cut al ong a chain
455; the Iow concentration impurity region 454: and the impurity

region 453 in which the impur‘ii:y elements imparting n-type and
p-type are introduced. Further, the n-channel TFT 503 has: a
channel forming region .443 ; the low concentration impurity region
442 (GOLD region) which overlaps 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 éortion 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 impuri;ty 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 £film 416 functioning as a dielectric.



line A-A-.wthin Fig. 11. Further,.a chain line B-B..in Fig.. 10
corresponds to a cross sectional diagramcut along a chain line B-B
within Fig. 11. Enbodi nent 6 A process of manufacturing a reflection type
liquid crystal display device fromthe active matrix substrate

manuf actured in "Enbodinent 5 is explained belowin this enbodi nent. Fig.
12 is wused in the explanation.- An actiyg_matrix substrate in the state of

Fig. 10 is fi iinpd | j { i ment | 5 i ent at i
i P se7 15 Ehge Porvadion o TERHFE ddh el Pl dbnlid 48 dct  ve
hat . befor & Torabnt Ehe B rediarToidy Ml B Fop ue Bibog fBRinteet umar

that, before formng the orientatio !
P suhestraleRet B8 Phe g P didtiu bl & RS Ce i ine n o
drstrs burad PEe PhEbERNER, o2l SR bst Tate as a substi tute for
| ayer o 570 ol BHe LA (Bl PRt By Piiral pRERi0D ek atdve |

opposi n ubstrate 569. The red coloring |ayer 570 and a bl ue col oring
| ayer 5%&11?1:1}: ) g’rﬁetﬁpteedmﬁé‘uﬁ@%"’é:qq YRithls embrAdmesttis shownyin Fdawr e,

are o
the |ight, shigl.di ortion may al so be formed by overlapping a portion of
the red %{)r oM GhP &2&7& t%?net fagegFeERTepERoFYNPOL ayR¥e used for portions |

corresponding to those in Figs. 8 to 11. A chain line A-A' in

Fig. 10 corresponds to a cross sectional diagram cut along a chain
line A-A' within Fig. 11. Further, a chain line B-B‘ in Fig.
10 corresponds to a cross sectional diagram cut along a chain

line B-B' within Fig. 11.

Embodiment §

A process of manufacturing a reflection type liquid crystal
display device from the active matrix substrate manufactured in
Embodiment 5 is explained below in this embodiment. Fig. 12 is
used in the explanation.

An active matrix substrate in the state of Fig. 10 is first
obtained in accordance with Embodiment 5, an orientation f£ilm
567 is 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 £ilm, such as an acrylic

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



The substrate shown.in Enbodi-nent.5 is used.in.this enbodi.nent. Therefore,.
with the top view of the pixel portion of Enbodinent 5 shown in Fig. 11,

it is necessary that, at |least, the gap between the gate wiring 469 and
the pi xel electrode 470, the gap between the gate wiring 469 and the
connection el ectrode 468, and the gap between the connection el ectrode 468
and the pixel electrode 470 be shielde#2fromlight. Each of the coloring

| ayers ap@bseihdeged pysknbpat sﬁﬂ&iégi;tgﬁﬁﬁh%&g?%ingq]ia’%f‘c‘i%rp{}gﬁ)ergotehe

| am nation of the coloring | ayers are I ons

shi el dedofe@Mmhé HH 4180 ¥ LR NG, 08l .Ssubstrate.. It is
t hus nade possible tlo reduce tﬁé%ntﬁ%er o%@%%geggsosgg %‘t‘ﬁg‘élﬁvgﬁ%f‘m% '
light shighdihRdrokphResespective gaps between the pixels by using the

li ght shielding portions, conposed of the |amnations of the coloring

| yer s, 0 ok IR0, BubbBlL o SE LS RS paush o5, fBlack ol and
an ori ent 20 e §7t o0 & 18Vl ne? PUR BTt senFSined 08 Cis ComsZamsos no
on whi crevRetinfel 490t (Pl HRF SoPdRa datas At aiceor binedoieainme
m xed | HETOE hTLeation g ik iaMead c6n, Yafin end A0S cohbbeIaies RPEtiommed
while rmin ainiqg a unifor ap in accordance with the filler and the
col ummar lé]f)élb%‘?go. A I%l@@‘gsﬁﬁe%"& PAT GEon ima Y [9disd Heefrated by

overlapping a portion of the red coloring layer with a green

coloring layer.

The substrate shown in Embodiment 5 isusedin this embodiment.

Therefore, with the top view of the pixel portion of Embodiment

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 light, and then are joined to the opposing

substrate.

It is thus made possible to reduce the number of process

stepsbyperforminglightshieldingofthe:espectivegapsbetween

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.



~between both substrates, and the substrates are conpletely sealed by using
a sealant (not shown in the figure). A known liquid crystal material may
be used for the liquid crystal material 575. The reflection type liquid
crystal display device shown in Fig. 12 is thus conpleted. The active
matri x substrate or the opposing substrate is then cut into a desired
shape if necessary. In addition, a polasizing plate (not shown in the

fi - y i An FPC is then
9Ure) ) S FuARCihe i B3k LR PRORER SR Bt o,

attached using a known technique. Liqu

sbove, repines! esigd oo e L IBONG P! dhody Deal i e e condutor
fil mthoroughly anneal ed becalse™tl aser am Wt . o

become RPECEr’ o FRESRES LA Shirelnl 7R A FaEhEl e thpen it apiEtageor
t he aboy, [ J 1 guj rystal display.device. Such a liquid crysta
di spl ay f%n@g%cﬁ%g%lé‘ asug’lsgtﬁlajf’p&”t‘fén RS BHOCRPRALS- RerTgymed.

el ectronic e %%%%iv Nowéﬁ:trt.hat bt is possible to freely conbine this
embodi nent \?\#Jf i 4% spBsirage, g Wateh Ahe, piged eppddiomennd an

exanpl e nufacturing. the light emtting device by using a
manuf acttlcﬁ? n@&lﬁ‘é‘?ﬁocdl%(f ‘Ia"fehago"’i"’%edus%’adf e fRPRFHIAnS et Evatanerex

substratt An this _specification, the light emtting device is the general
term f or""$he iRl Q}Pﬁaﬁglalé‘kgl patgrdal %ﬁ@ -enft £1hdes| taenixedr kmtioon

t he substthr ate between the aforesaid substrate and the cover nenber,
e sealing material 568, and the two substrates are joined while

maintaining a uniform gap in accordance with the filler and the
columnar spacers. A liquid crystal material 575 is then injected
between both substrates, and the substrates are completely sealed
by using a sealant (not shown in the figure). A known ligquid
crystal material may be used for the ligquid crystal material 575.
The reflection type liquid crystal display device shown in Fig.
12 is thus completed. The active matrix substrate or the opposing
subétrate 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 éttached using
a known technique.

Liquidcrys tal 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 distributionis irradiated. It ispossible tobecome
the one with enough operation characteristic and reliability of
the above-mentioned liquid crystal display device. Sucha liquid

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



and .to . the. aforesaid . display nodul e equi.pped TFT with the aforesaid . .. .
di splay panel. Incidentally, the light emtting elenment has a |ayer

i ncl uding a conpound in which an el ectrol um nescence can be obtained by
applying an electric field (a light emtting |ayer), an anode, and a

cat hode. Meanwhile, the el ectrolum nescence in organic conpound includes
the light em ssion (fluorescence) upon™ #éturning fromthe singlet-excited

state toofhglegcerefist a4Riphdntt he |ight em ssion (phosphorescence) upon
returning fromthe triplet-excited state to the ground state, including

any or both Qqfotd 1. S5 :R 4t i LE | on |l |ayers formed
bet ween t he ano%éeé letr?(}e ﬁeﬂc tr%sl e% J"|‘:’hnltt% h‘(sépggg%t&%}r#ﬂ? nguéﬁ geat
defined @seh hemb Qi HADL €| 1 9P, gmitting layer. The light emtting layer, the
hole injection layer, the eleciron injection layer, the hole

transportation |layer, and the electron transportation |ayer, etc. -45- are

concretely included in the organic light emtting |layer. The 1|ight
em ttinggl nipa;i cally has the structure that the anode |ayer, the
| i ght em—t-rﬁ-r%gﬁy-ef, and the cathode | ayer are sequentially lamnated. In

addition to this ructur the light emtting element may also has a
structure t ha'p:nt ﬁgkgn%‘a%"ﬁ?%%??' ﬁ"ﬁ@’?ﬂﬂ%l‘? e Panyf actigiing fae Lyght
emtti n%nl.%ﬁ%{ﬂ nd .t he cat hqde |ayer are sequentially |am.nated or a
structurg thard REVATSIRY PgJBH o RBnKRERS turiag: meibrgy of, TFFethaghis
emtting |ayer, :the hqle transportation |ayer, and the cathode |ayer etc.
are se%féa i &Py (iggﬁf“f’r&?edf’mFi g‘?t?c’gei sMatzdes | shkistriadm .of alhi ghhis

f

emtti n%p%%\iif%.%a%ion the light emittin i i
. g device is the general term for
the display panel"enclqsed a light emitting element formed on
the substrate between the aforesaid substrate and the cover member,
and to the aforesaid displaymodule equipped TFT with the aforesaid
display panel. Incidentally, the light emitting element has a
layer including a compound in which an electroluminescence can
be obtained by applying an electric field {(a light emitting layer),
an anode, and a cathode. Meanwhile, the electroluminescence in
organic compound includes the light 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 lighf emission.
In j:his specification, all layers formed between the anode
and theAcathode in the light emitting element are defined as the
organic light emitting layer. The light emitting layer, the hole

injection layer, the electron injection layer, the hole

transpori_:ation layer, and the electron transportation layer, etc,



this enbodinment. In Fig. 13, the switching TFT 603 provided on the

substrate 700 is formed by using the n-channel TFT 503 of Fig. 10.
Consequently, concerning the explanation of the 'structure, it is
satisfactory to refer the explanation on the n-channel TFT 503.

I ncidentally, although this exanple is of a double gate structure forned
with two channel regions, it is possiblF45t0 use a single gate structure

formed Vats RHOIERANPInEEELA O thd bEALE1 O ELRYTEING {MLRC Wil ng

three. The driver circuit provided on t

the OVOS gyhe hditdfing 81chlnt BESLOULRY NG s EROCAHN M d BB PRENAIILN O

the structure, it is satistactory to ne expla Ion on .
o chamnelegd. Stheond dnenangets £ S0 | IRhITNS Lenald MR s
gate oUrbeauGSha By iy e S adl LSh e BRI St bl 7O,
connect Bhauts WHert ey His Bados SFENGTRRS That Pl msiods Tomer.
connect sPade et Sarpr? e ShE it et Ay Plg e Bhe CREVERR, chi ng
T!:T. Inﬁa%%@ﬁ%%urtr%l%TFT 6r04 is formed b ausi ng the ,
p- channe g T4 \PT GofdEstira fdatetBeadneden of
the str Licéyuére,’ tihte | %lséag.hsjfe%%ti%rny lta%rerre,f ?:rh_et C]).itg?ﬁz emittihg layer, the
hole transportation layer, and the cathode layer etc. are
sequentially laminated. |

Fig. 13 is a sectional view of a light emitting device of
this embodiment. In Fig. 13, the switching TFT 603 provided on
the substrate 700 is formed by using fhe n-channel TFT 503 of
Fig. 1o0. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on the
n-channel TFT 503.

Inciden.tally, although this example is of a double gate
structure formed with two channel regions, it is possible fo use
a single gate struct.uré 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



expl anation.on the p-channel. TET. 502. Incidentally, although  this .
enbodiment is of a single gate structure, it is possible to use a doubl e
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 Iine) while the wring 707 is an electrode to be electrically
connected to the pixel electrode 711. ~#anwhile, reference nuneral 711 is

a pi xel etepléogatéapedactarea |ight-emtting el ement) fornmed by a
transparent conductive film As the transparent conductive filmcan be

used a conpoumdan®hiiBdi HHLOKH HEngoddi D 7% %%rv@ SO DA Qi'fﬂgéé;e”&f“i_de

and zinc oxide, zinc OXIde tin Oxide or i um oxi

be used alét:ﬁograq&%ﬁl@mwggéh\é%{fi %zaé%;oaﬁr Qﬂ%‘lﬂr} 91%',:-&1 elhe

pi xel electrode 711 is formed on a planar |nter ayer ulatln Sh 710

prior tog kil 7ighe sWh k08 ¢ é%i% £ elee%cnﬁ'l cotnnect *8egﬁortant

to planarize the step due to using a reS|n planari

710, A il Lagal2YEE L8ated UL %tegf;wgn? s eing £ GIE! Y

small in i ckness y causes “poor
presenc 1 hdi 0 it 1S de5|re vi.de anarlzatlon
pri or t§ﬂ9#6$§§h %1ri% gleg £§C)tWﬁﬁ199 }ggﬁF §Yi898P38§n be
f ormed i_hl e. rf n he wirings_7 to_ 707, a bank
79T Ptk %Eas ng"? .erﬁ'bq”’&g aﬁéﬁémsa%@ﬁfwnb%f ftojargtighing

patt erni an |nsulat|ng filmor organic resin filmcontaining silicon
havi ng to 400 nm

Incidentally, a current control TFT 604 is formed by using
the p-channel TFT 502 of Fig. i0. Consequently, concerning 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 é 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



I nci dental-ly, because the bank 712 is an .insulating film caution nust be
paid to elenent el ectrostatic breakdown during deposition. In this

enbodi ment added is a carbon particle or mnetal particle to an insul ating
filmas a material for the bank 712, thereby reducing resistivity and
suppressi ng occurrence of- static electricity. In such a case, the addition
amount of carbon or netal particle my4Be adjusted to provide a

resistivém¥o@imedtX 106i150ydry J:Qérgﬁe@ghﬁ:prt%f ?rl%?lla*i:lz X tl’l[%? Osh:%plffilfl%jéo Qn

. Alight emtting layer 713 is on the prxelelec
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ecti h I . bl ye). nwhil.e, in this
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mat eri al I 1] rQcess. .. Speciticall this is a |l am nation
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t hi ck : .hol.e i.njecting |ayer ands tris -8-gyuinolinolato
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a light-emtiing layer,. The col.or of enjssion _|light can be .controlled b
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Al ga. ver., the foregoi ng exa le is an exanple of organic |[|ight

em tting Halet i3 R aTﬁaL%%gp?%?fg fight-enitting | ayer and not

necessarily I%%ited to this, It js_satisfactohﬁ to form a light-emtting
| ayer (layer oSy §RETEATsERBIRRYS TG kto FBTenahanhdle dsefopyedr eel y

conbi ni qu.; %Illoivglhgi.}lerfr‘iitgt.i rigl a¥lei\cra’ba'nk 712 may be formed b i
7 Yy patterning
an insulating filmor organic resin film containing silicon having
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 ;i_nsulating film as a material for the bank
712, thereby reducing resistivity and suppressing occurrence of
staticelectricity. 1Insuch acase, the addition amount of carbon
or metal particle may be adjusted to provide a resistivity of
1 x 10° to 1 x 10" Om (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). Meanwhil_e, in this embodiment is formed a low

molecularweight organic light emittingmaterial by the depositioh

process. Specifically, this is a lamination structure having



a -charge . transporting |layer and an.el.ectron injecting |ayer. For . exanple, _
al though in this enbodi nent was shown the exanple in which a | ow nol ecul ar
wei ght organic light emtting material is wused for a light-emtting |ayer,
it is possible to use an internediate organic light emtting material and
a high nol ecular weight organic light emtting material. Furthernore, an
organic light-emtting material, havi Ag®no sublimation property but '

angth of 10 mm ar T eee e e LT LB R R 0 RIS S €

| ength of 10 pmor less, 1s provided as a Interne ani c
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ar aphenyl ' f o abqut. 100,nmon it .as.a light emtting |ayer
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may be good.” The -49- cence wave

blue b | Lt g ' ed type pol.yner of PPV. Meanwhile, it is
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possi bl e

el ectro ansha ilﬂﬂt ayer charge injecting |layer. These organic |ight
) . I . )
emtti ng)erlr:é{ eril aIJsIt or |in'or€% Yiraterial s can be a known material. Next, a

cathode 714 o nductive film.is provided on the light-emtting |ayer -
713. In this Eér?t%’& i%%n&?‘eagﬁrﬁ@owmw 1§ AT exARlearrf| eBganie¢m of

al um nu i t.hium O course, a known MAg film (alloy film of
nmagnesi l?r:ll"l%gl%d e&ﬁr}\fé"ﬂg MRRP ey dey Peadigel %d’é—%'{#’ﬂ%ﬁtm bavemsed a

conduct i ve fjcl m of an eiem_a_nt_ bel onging to the periodic-table group 1 or
and not necessarily limited to this. It is satisfactory to form

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 in jecting layer. F:or
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 nlolecules in the number of 20 or less or chained molecules
having a iength of 10 um or less, is provided as a intermédiate
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
lamiration strugture installing paraphenylenvinylene (PPV) of |

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



2, or a.conductive filmadded wi th such an elenent. Alight-emtting .
element 715 is conpleted at a tine having formed up to the cathode 714.
Incidentally, the light-emtting elenent 715 herein refers to a di ode
formed with a pixel electrode (anode) 711, a light-emtting |layer 713 and
a cathode 714. It is effective to provide a passivation film716 in such a
manner to conpletely cover the light-emM2+ing elenent 715. The passivation

film 7161imihebeedclyware il@?l:é!ifl‘it £86 dd _Eg‘liaﬂﬁleﬁ?f::?&u R g:.glglg isakraf\%nsf‘ng

silicon nitride filmor a silicon oxynitride II'mand u
|oul L ! Bl i, baotpol Bl BeCOBPl Nl LAC A st e
carbon) 17Tt HRenRf Beplp Rt Al B A L B e B S SR e
Gepos t oo suerot Fehomader e con AT BB SIEERELY, T miie PEgPBi it
suppr ess2 FEEps Heteeritalls A8 nad o e PERE S e h 2 el AL 1 he
AT T i T QR L R ST
Phe seaiitg THERGBPIIEF I0goa AP bl ul ERaviltheet CERPARReNtosl B (R |5
ot Yot Su Bt B o BB 4100 B LT R L ST o
Of course, a known MgAg film (alloy film of magnésium 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 cqnductive film addéd 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 1ight—emitting layer 713 and a cathode 714.
It is effective to provide a passivation film 716 in such
a manner to completely cover the lig_ht—emitting element 715. The
passivation £ilm 716 is formed by an insulating £ilm inc_luding
a carbon film, a silicon nitride film or a silicon oxynitride
film, and used is an insulating filmina 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 is effective to use a carbon

film, particularly DLC (diamond-like carbon) £ilm. The DLC £ilm,

capable of being deposited in a temperature range not more than



-for the cover member 718 used is a glass substrate, quartz substrate or

plastic substrate (including a plastic film having carbon fllcms

(preferably dianmond-1ike carbon filns) fornmed on the both sur aﬁes AN

thereof. In addition to the carbon film the alum num fll_m(su?:_ ﬁs \

AIN, and A1Q, SiN and the |like are used. Thus, conpleted is a |g||t .

emtting device having a struct ure as _§Whl n&Fl gl écs),'e LSC| ﬂgn;;’ir y'E hle

is effecii t OpSth o] _ . o L
process %gy%r%(;a,gr%%é}g} vat%‘%ﬁfﬁ#ﬁ' ;E%nawfs {.61;8% oi';ﬁ gjﬂ%ﬁé’fﬁ‘&?ﬁ ff?rfg))fhﬁlsk ng a
deposi t i Digh8pemi 8t ¥agiafe 1l 1 GRFPRLAC A !

adgi tion, gm' th furt he%I daél\?(;%l opnent it |s:§oss€§:€;e {\:\?t ﬁgﬂ%%ﬁ?é?ﬁiﬁ?sle %?[Ke
out the u a A r _

T T T w%@éﬁ%ta?l ”ﬁeﬁgf Lol spppress
n- chan = ) :@,ﬂ._q I optro I (- -21-

gormed gﬁh?}g%hutfbs% ate r%gféyrﬁg?%ér%ﬁ?%,‘”ﬁsdw’gés‘t hl%ﬁg?‘&a”}?ﬂte % ec?rg,o'gz&fhrlghgh
by providj ' eqgi.on overl apped . ] ite el ectr
A A S il o P
the deteyjpration r | rom hot - t. _ , a
e 11 o VLT 5, et ) ey e el e eamil ! (hi o
enbodi ment- s n e confiqgura _ ) |

circuit. However ,tq%? ng?t &€ SrefeBet urfildy b oPESYided 9 the

[ ' It is possible to formon the sane insul ating
re;enbngg:’ neg%ﬁgi[l%rga;ﬁigoens ftiq_?nsel’16 S0 as to bond a cover member 718. For the

sealing member 717 used may 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 covermember 718 used is a glass substrate . quartz substrate
or plastic subst:&ate (including a plastic film) having carbon
films (preferably diamond-like carbon films) formed on the both
surfaces thereof. In addition to the carbon film, the aluminum
film (such as AlQN, AlN, and Al0Q), SiN and the like are used.
| Thus, completedisalight emittingdevice havinga structure
as showninFig. 13, Incidentally, itis ei;‘fective 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). 1In
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)



-ci reui-t-s-as a signal division circuit, .a.Df A converter, an operat.ion
anplifier, a y-correction circuit or the like. Furthernore, a nenory or

m croprocessor can be formed. The light emtting device fornmed by the
above-nentioned nethod has TFT formed by using the sem conductor film

t horoughly anneal ed, because it is irradiated the |aser beamthat has a
very excellent uniformenergy distribablon. Therefore, the

above- ne6iOidomee lHogrede i tiH) HAavéecats PhPhai ned enough operation
characteristic and reliability. Such a light emtting device can be used
as di splay por Fugnheafoval,i 84Sygk ast P&Ei&ed%%{id{ﬂ%‘]t - 1hngy ed g&“ this
enbodi nent can be freely conbi ned V\A'I%h Enbodi ne ts%s' %ggﬂ)g - Jéi%?ﬂii ment
8 In thi aneihpdiieRt reghodX 3 Ly QT tall ion,.of a

sem conductor filmby using an ogﬁpca éysteﬂr%lgaw a?/tseb}lc?e%%ﬁ‘%eecfhwqgrp

ref erencant Ankdatind&EiHw, 4¢. sLD i [nept. a_silicon oxynitride f
I 1 m (conpositional n?gt lo: Si = 3'5 %to@gi?‘%gogé nﬁPEm?a% %ci’af%e)iwpqﬁ? a

t hi cknesges@kt408 ths gy ; ubstrate as a base filmb

pl asma CVD net hod. Subseq&enﬁ%klgor{ggﬁgﬁ}ﬁﬁ%ﬁggs’?‘f“i‘%Sﬁ'FPFﬁiLﬁF fz?Cty-

t hi cknes@offedaln i, S; f1Or base .film a_sem conductor film by
pl asma CVD me%horé. ydr 03' h con é:lténlg‘(? ?%thﬁé’ W%gﬁ\ RESR ke a3 iky gan

rel easedbgyrggiig%gi. ng heat treatment at 500 QC for three hour. Then
crystallization of the sem conductor filmis perforned by a | aser

nneal i n : ;
anneal | ng net q@anﬁﬁe, this embodiment shows only the configuration

of the pixel portion and driver circuit. However, according to
the manufacturing process in this embodiment, besides these, it
is possible to form on the same insulating member such logic
circuitsas a signaldivisioncircuit, aD/Aconverter . @anoperation
amplifier, a y-correction circuit or the like. Furthermore, a
memory or microprocessor cah be formed.
The light emitting device formed by the above-mentioned
‘method has TFT formed by using the semiconductor film thoroughly
annealed, because it is irradiated the laser beam that has a very
- excellent uniform energy distribution. Therefore, the
above-mentioned 1light emitting device is 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.



crystallization of the sem conductor.filmis performed .under the. .condition
of the laser annealing nethod that a second harnonic wave of YVO4 | aser is
used as a |l aser beam an incident angles f, of the |laser beamrelative to
a convex lens 103 of an optical systemshown in Fig. 1 is set to 18 Qto
forma rectangul ar shape beam whereby irradiating the sem conductor film
as noving the substrate at a speed of _"f?@‘cm S. Aseco-etchingis perforned

to t he cEmbbdlihlen& seni conductor filmthus obtained, and the result of
observing the surface of the crystalline sem conductor filmwith a SEM
scanni ng el ectn@hisEnEGREY HoTeT-W ' i in,Fig 17.
g\lote tha’?, t he seco sol ution Q}'nH%’ihe se‘%:l?%@ﬁ?ﬁéhﬁgﬁ?ﬁzfy%%%%&étﬂf%si ng
K2Cr 207f 0f aHfemi d@8Am ‘ \ i 41 ; El 17 was, ai.ned -53- hy
rel atively scanni ng ﬁgofgitel?‘%blggrsngﬁg‘]ét*‘\'e‘ﬁﬁ%géegfygﬁefnﬁ&%%gesw arr ow

in figurgitRNgefFbBendd $BO¥S LD anc hat crystal grains of |arge
grain sizeis forned in a pe?beﬁ'd%gﬁgilad]'dﬁr%ction relative to the scanning

direction. Th ' .al _grains of large grain size are
formed in the ooisenansramerly & AT Bor ilaiiutiae bl f5 Bpapoesiaosedd by

using thespisseat Lnyseniion, wagn,TFT is_fabrjcat by using the
sem conductor film t%g %U er\,\gﬁ %rystél "banHaFi gg’ W%EP Aafhdekesfsai ned
Furt her, since an individual

i hagalyof AR ' duced.
R b2 i W A A R

crystal grain

subst antda] | I ngl e stal., e high nobility (field effect nobility)
equal ttgvgir %?%8 hang{“lﬁgfa quSPttQYt'r | SNRFPRRRFgSALliray £idmsrith a
Sem Con‘{lﬁ(i:[cq{necs%n o%elso nm is formed on the base film as a semiconductor

film by plasma CVD  method. Hydrogen contained in the
semiconductor £ilm is released by performing heat treatment at
500 oC for three hour. Then crystallizatién of the semiconductor
film is performed by a laser annealing method. The
crystallization of the semiconductor film is performed under the
condition of the laser annealing method that a second harmonic
wave of YVQ, Jlaser is used as a laser beam, an incident angles
o of the lasér 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 film as moving the
substrate at a speed of 50 cm/s.

Aseco-etchingisperformedto the crystalline 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—etch‘ing is the one made by using

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



~--obtained.--In-addition, since-the formed crystal .grains becone .conplete in
one direction, the nunber of crossing across the crystal grain boundary by
a carrier can be remarkably reduced. Therefore, it 1is possible to reduce
variations of an on current value (a value - of a drain current flowing in
an on state of a TFT) , an of f current__value (a value of a drain current
flowwng in an off state of a TFT) , a~?Preshol d vol tage, an S value, and

field ef bycrebabively.scanding atid asehapash i thieCal SeXibA ved.
Enbodi nent 9 Present enbodi nent will be described an e?anp efgﬁ&&%%ﬁ%%ctlng

a crystablyi thel arrofr dns€figReRJUGENN Fild.MiM dfys i?horgdsﬂé céméﬁ‘aOd from

Enbodinent 8 with reference to Figs. 1 and 18. It e am)rp ous

silicon tiryetad graefkcOndUGted gid1iNdik«2A$S0EdRREE #AE% r@]{bo cr}leln X,

Further, by applying a method recorded in Japanese

Hei 7-183548ctiol 2QUARUEeNIEKYnACRIALE dg& 5}[ Jei ght converting
concentration 5 ppm volune 10 n) is app he'surface of the

semi conduct of fhéFbbyrepl 816031 LG L B%thghﬁﬁat o ﬁa{r%gé; a1 tﬁhfﬁﬂ

nitrogen atnosphere at 5009C for one our a St ere

2t S500Casereduba acob oSHPSBMERELY ¢ 2l MRLOUETENL  of, crystall bl ty of

the sem conductor filmis per or ne aser

the. conar o oebepa iy, Srand e Bed e SRR Hraph nstﬁ%'rﬁs %%L%S%%%%%Cﬁeéf
YV04 | asgf dsling the semiconductor film, the number of crystal boundaries |
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 tramsistor using a single crystal semiconductor can be
cbtained.
Inaddition, since the formed crystal grains become complete
in one direction, the number of cressing 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 currentrflowing in an on state of a TFT), an off cerrent
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 ¢

Present embodiment will be described an example of

conducting a crystallization of a semiconductor film in the




used as-a | aser beam -an. incident angles 4 of the laser beamrelative to a
convex lens 103 of an optical systemshown in Fig. 1 is set to 18 Qto
forma rectangul ar shape beam whereby irradiating the sem conductor film
as noving the substrate at a speed of 50 cm's. A seco- etching is
performed to the crystalline sem conductor filmthus obtained, and the
surface of the crystalline sem conduct®#-filmis observed with the SEM by

one t houdafifier&neSne tHOd HR ERboALe@tUB v $h $R2Wr dibd g F%ﬁs e
observation result in Fig. 18 was obtained by relatively scanning tnﬁle
| aser beagn in the direction indicated by the arrowin figure, and Fig. 18

shows the appearance that crystal grains of large grain size is -55- forned
in a paral |l el 1 rreadis0for ehat hMSrbRolBE L ng: di T i . Further, it is
characteristics that cr;%tal graf%sogﬁoﬁﬁfgﬁgtggyﬂﬁfﬁgﬁbggyéﬁgPdBFgPﬁ
boundar i £61h o{eseddrdbscd [ Iy i gt er o [elatiye.scanning
of et ﬁﬂb?ﬁ%&%ut 8 ﬁ&%ﬁe}f’heg’gf 8PB¥Y§PHCQ t he

direction of |aser beamthan that i'n Fig.

I ' ] ' f ' h ' d fil
et onn " e T SR L YRR A G TG PRem et oot AuLfbSan; vnen

wherein crystallization 1s

Teier 22 SR A, oGRS OBk T 5 LR 4°
 educed.corbiiintos i B gpf \ASLULIUR! o YPL Al B R, he cpyetal Ll
o 1 BERLSSRLEBRSOPL M) U885 Pl hUZk o afhent
in the nitrogen atmosphere at 5009C for one hour and in the nitrogen
atmosphere at 5509C for twelvehour. Subsequently, animprovement
of crystallinity of the semiconductor f£ilm is pexrformed by laser
annealing method. The Aimprovement of crystallinity of the
semiconductor £ilm is performed under the condition of the laser
annealing method that a second harmonic wave of ¥VO, laser is
qsed as a laser beam, an incident angles ¢ of the laser beamrelative
to a convex lens 103 of an dptical system shown in Fig. 1 is set
to Z_LB € to form a rectahgular shape beam, whereby irradiating
the semiconductor film as moving the substrate at a speed of 50
cm/s.
Aseco-etchingisperformedto the crystalline semiconductor
film thus obtained, and the surface of the crystalline
semiconductor film is observed with the SEM by one thousand times.
An observatioh result is shown in Fig. 18. The observation .r-:esult
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



obtained: -I'n addition, since-the forned crystal . grains beconme conplete in
one direction, the nunber of crossing across the crystal grain boundary by
a carrier can be remarkably reduced. Therefore, it 1is possible to reduce
variations of an on current value, an off current value, a threshold

vol tage, an S value, and field effect bility. And electric

characteristic is extrenely inproved. bodi ment 10 Present enbodi nent

will be &esmedvodagmmndaepl diobctionductd i< ey bbaahifng Gfrdbtion .
sem conductor filmby using an optical systemof the presént invention and

manuf act EpirtheThTit 56 chprasitegilsha csethsenskied P41 fdddind tholaf SR ece to
Fig. 1, Fig. 19 and Fig. 20. In this enbodinent, a glass filmis used as a

substrat @8 DAs dfever SytaLONbLOUMHBAEE kEe Fordkdd caimeskt 192k +58H YhiSl, = 32
% 0 =27 o N= o4 % Ha 708 witha thieinens oresh n%&téﬁh Ynidy T 8
oxyni tri flatérkactemesibitaral séahhPag Jirecdd il of T ¢ ar thadl =
299 with a thickness of 100 nmare Ia?n' r?at ed oon ?Eel—a%?%sgogms“%%??gﬁea%th

pl asma G¥howht hadri§ubsequently, an anorphous silicon filmwth a
t hi ckness of 150 nmis forned on the base film21 as a sem conductor film

22 b | asnma Gl reE . d e [ Ny e m conductor, filmis
rel egsgd by perforngs]ﬁg' h%ﬁ?é%r%ggngﬁfgg%iﬁgg&gf %? tlﬁlr% g H&ar™ $&f a

ShorRe SRR Ol L8 SER0 A COE T A

system shonudfed ib@z u%ihﬁ Si5L ﬂ::%éeethih%e;x rirgna} W ggaﬁqf”iasr fabricated
by using the semiconductor £ilm, the number of crystal boundaries
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 :egarded 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,sincetheformedcrystalgrainsbecomecomplete

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, 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 film by using an

optical systc—:_m of the present invention and manufacturing TFT



}

-shape beam--whereby scanning-the sem conductor. filmas noving the.

substrate at a speed of 50 cmis (Fig. 19B). Subsequently, a first doplng
processing is conducted. The first doping processing is a channel doping
that controls a threshold value. The first doping processing is conducted
by using B2H6 as a nmaterial gas, settlng the gas flowrate to 30 sccm the
current density to 0.05 A the accelera? on voltage to 60kV, and the dose
to | x 10b4 hedhg( Ehs. saa&on&ue%gugmmym@ﬁt fsfes_—ggcﬁstaefigr mpd tp etch a
sem conductor film24 in a predetermn ned shape, I Con

oxyni tri de &nlammigt.h 2@ t hi ckness of 115 nmis forned -57- as a gate

i nsulating film 27 covering the etched sem conductor filmby the plasna

CVD et hod. - S t fily it * S
met ho ubsedHes! bibodihaNef | 3 con(ftlhf"? Shl s B %%ﬁ%ﬁe

film29 with a thickness of 370° nm Ve 111 ns ik ]

th t ‘ t wn
s 1 g?mié°b%ﬁ£€%‘%ﬂ%ﬁﬁﬁl§*@£??ﬂ (T oD~ S Phadd The
gate inguLaping %ql m, uQseguenl_;Ll#)'duct ﬁ?@é&gw&osf&o%%?oft i's rem)ved

a new mask 33 1§ forned sb6us to

Sem condtitseop A Rt %*éﬁ"sﬁggméﬁa“@#%ai%ﬁ%”%yﬁ‘?# %fgin 89 fecorre

masks Wllt,h_r.,e%peﬁt té)%}g‘%' %b&éﬂf?ﬁl %r;ent:épgpgﬁ%ﬁg n-type resrgectl\slely

and an inpurity region
enbodi rregia8£ h%u%%ct %q; do i@ﬂ pPlasma CVD method. Subsequently, an

amorphous silicon f£ilm with a thickness of 150 nm is foi‘med on
the base £ilm 21 as a semiconductor £ilm 22 by plasma CVD method.
A hydrogen contained in the semiconductor film is released by
performing heat treatment at 500 2C 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 ¢ 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
B:Hg 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).

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

@ silicon oxynitride filmwith a thickness of 115 nm is formed



processing is divided. into .two.conditions to be performed since. the film._
t hi ckness of the sem conductor filmis very thick with 150 nm In this
enbodi ment, at first, the second doping processing of the first condition
is perfornmed by using phosphine (PH3) as a material gas, and setting a
dose to 2 x 1013 /cnR and the acceleration voltage to 90 W And then, the
second dopi ng processing of the second580nd!tion is perforned by setting
Lhe, dosast@ofe AIA1LEaRd s GHLELRY UGS SRR dk 1o
third dosine broShesPag i GVIS iePhBe, O SrBRdieh sy g o, Baditias T vi 1y
type opp§irke a4t : copduet i vi t t .s added t.q.an inpurjty region
b tho ey 1t o HaBEE BRI i g AT F T eSh it R A be
becone agt ayer he .p-channel TFT. The .conductive |ayers 30 and
31 are %gd%jgs/elghnégk %@?‘%‘égﬁﬁ'ﬁuf’r@% HERt Qﬂ'd'ncarféeﬁinﬁﬁ?r i‘f@gegéﬁ?@nt for
i mparting.: -Lype. is.add sp.as tQq forminpurity region 36 in a ,
self-aligﬂgﬁgaﬁéﬁﬁ%rfliﬁ ?&is Hodi : the third doping processing is
al so divided upto tw@ conditions to be perforned since the filmthickness

of the senicondulti™fifMG s Yeryrehiek rek 15bowRm) | Ast hifetawSodibyent ,
the third dopjn %OC Ssi n of the first condition is perforned by using
b} thearapiRg

di bor ané® ter iskeRyddedl Lk, ida Faidddm grgl theoyateCn?,
and the ; accel erati voltage to 90 W And then, the third doping
pr ocessi P Hratig d condition is performed by setting the

Subsequently, the mask made of a resist is removed, a new
mask 33 is formed so as to conduct the second doping processing |
thereby introducing impurity eletﬁ_ents which impart n-type to the
semiconduqtor film. 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 film is very thick with
150 nm. Inthisembodiment, at first, the second dopingprocessing
of the first condition is performed by using phosphine (PH3) as
a material gas, and setting a dose to 2 x 10*® /cm? and the
acceleration voltage to 90 kV. And then, the second doping
processing of the second condition is performed by setting the
dose to 5 x 10 /cm? and the‘acceleration voltage t;) 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



dose to.1l .x 1015 /Cn2, and the acceleration voltage to 10 kV (Fig. 19F).
By the steps until now, the inpurity regions 34 and 36 are formed in the
respective sem conductor |ayers. Next, the mask 35 made of resist is
removed and a silicon oxynitride filmwth a thickness of 50 nm
(conpositional ratio: S =32.8 % 0 =63.7 %9 H=3.5% is forned as a
first interlayer insulating film 37 byd8tasma CVD net hod. Next, a recovery

of cryst len of € l,conductor layers and an activation of the
rpur ¢y PeFEaEhbaZ , hY R LR dhing pRbEEmsdRa, SrotmPUpLES Shenent
conduct efqog. r‘]ﬁ_t %at -59- . treatnent. In this enbodi nent, the heat

t r eat nen |>sim%)e frormet CPRARGHIVITYYRE ABERRAtE ta thegne qasrduygiividgr by

a thermal__anpeal | t hod .usi ng an annealing furnace (Fig. 19G. Next, a
second i k?’Bﬁ %@e?é‘f%% [ﬁe%ﬁ%@"mq%té’s IegdenoB bor gBhe cimpasityt veaion |36

material g O‘ﬁ[ ino(iig?hnic insulator materials are forned on a first
i nt er | ayt? FHIRANEREI FRBeonducEarst 1 bnivdui ohe ecomes ahi awbive thaysa: fi | m
with a thjj:_cilﬁgless of 50 nmis fornmed by CVD nethod and then a silicon oxide
filmwitf aHhiRGharebiTED Fhe sondugddveNdeyers Bgdangedhtdmm used
processi ng can he carried out after the heat treatnment. In this
enbodi meRt, 2 MFFhdQ theedmpunity elnmdrgr madl ithen imipuigan edtemestheoa: at
410 C for one hour by wusing the annealing furnace. Subsequently, a wring
39 el ect VRN NG chiedivibgy itso added sospecto vEormplupuyi tegierion 36 anMed.
In this enbodiment, a
a self-aligning manner. In this embodiment, the third doping
processing is also divided into two conditions to be performed
since the £ilm thickness of the semiconductor film is very thick
with 150 nm. In this embodiment, the third doping processing
of the first condition is performed by using diborane (BHy) as
a material gas and setting the dose to 2 x 10%° /em?, 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'° /ecm®, 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
oxXynitride film with a thickness of 50 nm (compositional ratio:
S1=32.8%,0=63.7%, H=3.5 %) is 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



~lam.nation filmof a Ti filmwth a thickness of 50nm an Al-Si filmwth
a thickness of 500 nm and a Ti filmwth a thickness of 50 nmis
patterned to form O course, it is not linmted to a two-layer structure,
but also may be a single-layer structure ~or lamnation structure of three

| ayers or nmore. Further, materials for wirings are not limted to Al and
Ti. For exanple, wrings may be formed®8y forming Al or Cu on the TaN film

[ h ' [ ' ' Ti fi is forned. (Fig.
Tory "he BRECPPLI" BRSPS AR LRGP, WS hehg bbb (SRR,
- 60= At [ teri,stic aof. the n-channe |
Fo 20atiig AReEpEE atnEIMARCHS 260 O waF Hoitia b Hvr & ghammanom

condi {1 o mp e haCrechER, Waln®) B AR fhtiedamign 106 < assuma 1o
V. and the dr ool aes Ryt 1550t iRe G A Sp ekt peiopndic
are: shour s L8, £40 FREe R Tt g T clmn o it o e
manuf act R By olei hg "8 tpr BAER LERS A A 1ot kbl 71 P Eliavhen
ot ai - bOMRP TS £ bl B oSy LU, v onanbel Skenprf yinon 1aan b
;g%@gggﬁ%‘% P?I (ﬁga}tﬁ%%‘l‘?%r aalil(li] thcgn Eli 6}.sri %.cgornatio}rgi(silazfeillms Wfiglr;e?:hligkilzess

of 400 nm is formed.

Next, a hydrogenation processing can t;'-e 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 Al1-Si
rfilm with a thickness of 500 nm, and a Ti film with a thickness
of 50 nm is patterned to form. OFf 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 é. Ti £film is formed (Fig.
19H}.

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

TFT 52 are formed.



--i-s crystallized by using the present invention. Furthernore, since the
crystal grains are fornmed in the sanme direction, it 1is possible to reduce
t he nunber of crossing across the grain boundary by carrier renmarkably.
Therefore, the nobility is 524 cnR2/Vs at the n-channel TFT and the
mobility is 205 cn2/Vs at the p-channel TFT. Wen a sem conductor device
I s manufactured by wusing such TFT, theéfebility characteristic and the

refiability ohntdesesls endutictordeotathbt IamaK e Fibodinsnt 11 11

this enbodi nent, an exanple of conducting crystal

sem conduat Pigf idon nd N Eigke Q'Ei.cn@flgggcftggq' :t:lcEgP O?llngEbp@re]-t %%Ig[??:g %TM th

manuf acturing TFT by using the sem conduct or m w |

ref er enceatsy Bhdhn ih r24A ddh B3 ARf 110y 38 01800 P3ALO 238 L forms o

an anorphous silicon fil'mas a”semcon tor | (
Erbod renl, AR Busbliebnelit B8RRI G 0, RHICL LeRaI A, Jananss Fatent
he. sem HeasEEPEERr FoLE0 & MYBun X bhokin oo Spfif hgHie mitta vedamas ni ng
L ayer, SLvdfin I (bERRIL g PRLTOT BT, L L, 0l frogen ot osphiere at
e sondulibrF i ToE B0 Bo¥ 1 8Peh By FaSBroRivellnguREeRylE - ThE Figeoverent
of - crysi Al Qhef! akASnSEALEAREUEES] JhAAS, PeLloreq by Lhe | aser
in & solid line and the mobility (X4 FE) 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 film, which
is crystallized by using the present invention. Furthermore,
since the crystal grains are formed in the same direction, it
it.s 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
pP-channel TFT. When a semiconductdr device is manufactured by

using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment 11

Inthisembodiment, an example of conductingcrystallization



anneal ing nethod under. the conditions. that a second harnonic wave of YVO4
| aser is used as a | aser beam an incident angles ~ of the |aser beam
relative to a convex |ens 103 of an optical system shown in Fig. 1 is set
to 18 4 to forma rectangul ar shape beam whereby irradiating the

sem conductor filmas noving the substrate at a speed of 20 cnis or 50
cn's to inprove the crystallinity of 1%k seni conductor film (Fig. 210. In

d £h | TET -ch | TFT
52 are forned T Jﬁ@m‘%ﬂw 8 RLEEIAC heFREa Reof o Balodimnie, T
andthe ch ur ed a then .an ectric
char act er | ét?‘g&grk %‘Eile-a%hg eT}qF‘all?ﬁ' BSing “di)‘ I FRE gt tmarill
substrat at? fg% t20 is shown in Flg 22A, an electric
characterys RSP en%‘f‘:%f%uﬂac dRetC 3 ovd Ay Eh@2B.
substrate (g ?%A geeﬂggf 20 cms is shown in Fig. 22B, an electric

t

char act ef} n-channel TFT 51 nmanufactured by movi ng the

substrate at aI teed of 50 cms is shown in Fig. 23A an electric
char act eri sti ctbfF s d:%ﬁéhﬁ&OrPﬂf’P%?mﬁﬁnaétll}ﬂ’eésb? RETHLAgnONStor

substraaﬁJe a se&eed of 50 cms_is shown in Fig. 238, respectively, in the
| aser iHY dange e hEFmhpdifeent cbhdi Fraher .t by eppdying a

characteristics, the measurenent point is assunmed to be two points, the
gate voltgkfed (Jif‘gﬂ}orr%e%étn renaraste Hedrget daidropea N .vHednd- 4B85dbai n
voltage (Vd) is set to 1.5 V. Mireover, in Figs. 22A to 22B and Figs. 23A
to 23B, ¥ ai RIBBPPENt nepbﬁlanc?%’ti@t@urﬁeﬁutébb) i(westgivin  Congekkdnki ne
and the nmobility (UFE) is shown in dotted line. Figs. 22A to 22B and Figs.
23A t 0 ey Rian heral.evplige 10 ml) is applied to the surface of

the semiconductor film by spin éoating thereby 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 f£ilm is
performed by laser annéaling method. The improvement of
crystallinity of the semiconductor £ilm 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 lase;: beam relative to a convex lens 103 of an opticalrréiﬁ;éfér;
‘shown in Fig. 1 is set to 18 2 to form a rectangular shape beam,
whereby irradiating the semiconductor filmas moving the substrate
at a speed of 20 cm/s or 50 cm/s to improve the crystallinity
of the semiconductor film (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



-characteristics. of TET manufactured by using the present invention 1is

remar kably inproved. When TFT i s manufactured by using the sem conductor
film the nunber of crystal grain boundaries that may be contained in a
channel form ng region can be reduced, since a crystal grain of |arge
grain size is fornmed in the sem conductor filmwhich is crystallized by
using the.present invention. Furthernog®,. since the fornmed crystal grains

beconme cmenrkaied|,Nan@neheh' & td AP s Ladt & £ 87 S Noyndald &s. § or med
aser

in the direction crossed to the relative scanning direction of

rant e pRsse U Syohol oIS GAT Y ARIISBE ST en I

bt Y5l S6BAG, ol DenR0RKoe) CHELo ANLLNG IR ALY 13,200 o2 Vo

" Figs oo g seniTactited BRRLYY (the BubSTaa e dE f rante Brcdo e/ |

char act et StiognE Rt 22 b AR ¢ ot el el Rk £ e e Chamnade

o manuraec s SaREERetSred PR ENY e ouE trRte Shie FPORFCAEIPOERUS 1o |

crystal 1T erRe P % 8. A PP RUTHE TRAaREeaLetiTapf ddie PRPbERERYr r o

to as PQﬁﬂp%aqhnaf%er% | S nuf actured according to Enbodi nent 11 by

combi nat i on 28f T.lgg ?c gﬁﬁfj‘a qqyel%p’:he substraté at a speed of 50 cm/s
is shown in Fig. 23B, respectively, in the laser annealing step.
As the measurement condition of the electric characteristics,
the measurement point is assumed to be two points, the gate voltage
{Vg) is sét to in the range of -16 to 16 V, and the drain voltage
(vd) is set to 1.5 V. Moréover, in Figs. 22A to 22B and Figs.
234 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

characteristicsofTFTnmnufacturedbyusingthepresentinvention
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 semiconductof
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



crystallization using nickel having catalytic function in the ,
crystallization. Fig. 25 shows dependency of drain current - gate voltage
characteristic (ID-VG of the TFT (PG) on channel length. On the other
hand, TFT (referred to as LG5 hereinafter) is manufactured by only | aser
beamirradi ati on according to Enbodinent 10. Fig. 26 shows dependency of
| D-VG characteristic of the TFT (L&) -6A-channel |ength. The channel
length i ghd Jyrdif (BRuRd - BUmLR) . It. 1S to be nated that
an n-channel% TET i s ?Jse%r%n gny C%Jég%dng?%r%%i{e’g%ht r@ﬁﬁ&#ﬁgﬁt’. 18:64355I n
Figs. 25,8R8r¢%0od&nsgM film t he e s 66 hm Wth this
uRBSretood RO MAELEL i 1 Ao i V8 BE RS Brofgpecl gk

thickness, it is possible to opera
apparent _Q i hg. bot Fkgyres, .in the case where the channel
length is }aisggmai :ﬂ)g‘glgy %mtzrb?oﬁg‘p?gﬁo‘ﬁg e Perbronss TFFUAR FHISn 3%
regi on. LS, Lkn the TET 1.G5,. phenonenon that the drain current
ext raord%-ﬁ:%%%y a?%rﬁ:o%e up’ ]shjc-)%e’r%esc?S G/ ¥scaht Fredy-eaRnehi B D assbnenon
depends . channel e _aghount. |In any case, it turns out that as the
channel Ffe}%g'ﬁgﬁg%gﬁe Ssﬂgoo??t“',m B&cShesPsaperpel TBTLES Figsh 2¥sdect to
withstang:,’%‘ol ta(ﬂi\%bet weegﬁ;he source and the drain. In the conplete
depl eti ofi”Y y FE*haAST§ BORMAHFY tHF VieTak exceillend -sefhesl semdicondugtor
significant . difference is found in the source and drain w thstand voltage.
Measur enBRYHPE cbhdUldREEac i Redw Rihettekngi much (TFHlendihe s mobddrted in a
parti al dlcla%etion_ t{pe having 150 nm as thi ckness of the sem conductor
film |n°Rerystenysing anl Yhe weldmhbki by of ithe sesticamduftmredevacedi nary
junp up of the drain current in the off region is influenced by

can be improved.

Embddiment 12

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

TFT (referred to as PG6 hereinafter) is manufactured
according to Embodiment 11 by combination of laser beam and thermal
crystallization using nickel having cataiytic 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
tm (A) and 2.0u4m (B) and 3.0um (C}. It is to be noted that an

n-channel TFT is used in any case in the present embodiment.
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drai-n-veoltage. As the drain voltage is.increased, the extraordinary junp.. . . ..

up of the drain current is conspicuous. However, even if the influence is
included in the consideration, it turns out that the PG5 is superior with
respect to withstand voltage between the source and the drain. Also, it is
judged in the partial depletion type that PG is high in wthstand voltage
bet ween the source and the drain. The aBéve result suggests that P& is

suitabl e in the coiggs. WEEE| ERhG igRadHER t IF i35 mﬂ“'ﬁeu%'aﬁ?fié nto a
subm cron -65- | evel. Enbodi nent 13 Vari ous seni conductor devices ctive

matri x typesé i mui d wihy stds dtBPERUE8YI CE¢ 6t hYEsIBLE! Xol Y:%% ghtin
emtting device or active matrix type EC di splay device) E orned by

appl yi ngzo f[&st% egeplet MUANtyL . SPeSi hppakbye HRE ﬁ{ﬁ‘&ﬁﬁnﬁ “MSE'&' Recan

be enbodie n el ectronic equipment of any type I'n

el ectro-mihirsd, daY iR ichddGRIAY alfd dtfh < t&%l@‘tl‘p%@ N smg'i(i as, 2.

el ectronic equl prrent Is a video canera, a caner a, a project

head moughod g4 Spl ok Ul Lo L R Sl o GRce BRI 0N St el @ car

stereo, a per sonal nput er, OI‘ITH I on
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3001, o TR PR %g%“%o%ﬁd:‘%ﬁ%g?ﬁﬁﬁﬁ s¥endh iBpgra s00s

and theoI | If:?le Eﬂ%n‘ﬁ% S%B%le am ulfltte.r ];'1 %pl% Bé‘fésee”lt turns out that as

the 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 film, 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 £ilm. 1In
Figs. 27 and 28, ID-VG characteristic is shown. The extraordinary
jump up of the drain current in the off region is influenced by
drain voltage. As the drain voltaje _is increased, the
extraordinary jump up of the drain current is donspicuous.
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 highinwithstand 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



~invention can be conpl eted by applying the .sem conductor device L R
manuf actured by the present invention to the display portion 3003. Fig. 14B
shows a video canera which includes a nain body 3101, a display portion
3102, a sound input portion 3103, operating sw tches 3104, a battery 3105,
an image receiving portion 3106 and the |like. The video canera of the
present invention can be conpleted by_ggpl ying the sem conductor device
manuf act ureeekby the present invention to the display portion 3102. -66-
Fig. 14C shows a nobil e conputer which includes a main body 3201, a canera
portion 3202, an inage receiving portion 3203, an operating switch 3204, a
di splay portion 3205 and the |like. The nobile conputer of the present

i nvent i oEnfEfMeceml eted by applying the sem conductor device
manuf act ured by The& present invention to the display portion 3205. Fig.

14D shows a goggi§ Judd 1:Sp) | i.ncludes a . main_.baody 3301, a display

portion 3302, ar %%porti%gﬂ{g'%%é%dgry&ct eé’ﬁqel?e?ac%ﬁé’eggl(j‘ﬁf"'&’%/§§83d{'-§§}la9 of

the pres IHMeRt | onpl.et ed .appl ying the sem conductor.

dovi e mend B e P e IR ety Tt eBRaS 96 Spbhces02.

. Fig. 14E ; I 1.n r.ecqrdi medi um on which _a programis
recor dedo?rgé\g}ﬂ% t%ﬁ’%?gp ‘ragﬁ:cffl ggs atYh‘ggY?e‘E‘SP Faybefnes by applyheg

pl ayer i i dy. 3401, a djsplay portion 3402, speaker portions

3403, a ?ggoﬁﬁéﬁ%ﬁﬁeﬁ?‘gﬁ‘ - SRS H f@ai/%m ife Br8568 tahBvVensipnkean Thi s

pl ayer Uﬁgse@nggegu.gitﬁl Versatile Disc), a CD and the like as the

recor di ng_medrum-cand™ EngMtES™ q equinnait Af ARy Eyrmviresvhigivesuaind t he

| nt er net

an.electro-optical.device is incorporated:u1a.display'portion.

Suchelectronicequipmentisavideocamera,adigitalcamera,
a projector, a head-mounted display (goggle type display), a car
navigation system, a car stereo, a personal computer, a mobile
informationterminal(suchasanmbilecomputer,amobiletelephone
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 poxrtion 3003,
a keyboard 3004 and the like. The personal computer of the present
invention can be completed by applying the semiconductor device
manufacturedbythepresentinventiontothedisplayportion3003.

Fig. 14B shows a video camera which includes a main body
3101,adisplayportion3102,asoundinputportion3103,operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The ﬁideo camera of the present invention can be
completed by applying the semiconductor devicé manufactured by

the present invention to the display portion 3102.



The recording Aedi um of the present .invention can. be conpleted by applying
the sem conduct or device manufactured by the present invention to the

di splay portion 3402. Fig. 14F shows a digital canera which includes a body
3501, a display portion 3502, an eyepi ece portion 3503, operating

swi tches 3504, an imge receiving portion (not shown) and the |ike. The
digital canera of the present inventior66an be conpleted by applying t he

sem conduct or de\y .Ces0BNERS 6 ention.to t
di spl ay portion 3502 Fig. 1?,&&?%3\% % ﬁ%?’@'%ghprzgfgg‘\fﬁﬁ MR PR Yudes

| K The t
Eggzggig?;ccgﬂ (b%\%ag%pl%gt ef%&g; pti Vi hgéplg ﬁl[']agﬂﬁ ar%l?%‘?%l’llggﬁ;%?f‘ond Ei%égce
| Gl GRSt e .pr.oj ection. devi and ot her
dri ver CF%CUItS t&%§ﬁ§¥%§%%hgﬁg g ?éag P@Sg B?BF%8PO$SQE|Eﬂdiﬁk?uh%%ea mai n

ody 370%mcAmRAhRC Lttt 6 102 o I AL 003 8 Screen ST0% ang the

| i ke. The rear type pr Jector can
crystal [ 8 whi.ch con tltutes a of the projection
devi ce 3 35 Qgﬁ%y etﬁheedrgfgg'lf’°&dl“&ﬁ°rrs SELge %@fg%fb%r%@maﬁm@aﬁnt he
structur f rQj ectlon deV|ces 3601 and 3702 which are
respectlgeﬁ%ng Q to, EE& 6@' AF R /53 of the proj ection devices

3601 and 3702 %3 qﬁﬁf@%& a gna iource o] tlcal system 3801, mirrors 3802
and 3804 to 38D K% anfraglesbore o4 spliashiv 1acitqusda st al
di spl ay ggé c:%@g dlﬁgpase di fference plate 3809 and a projection
opti cal f 18. SPEH B3 3P2r g BEEéANS 3303 and the like.
The goggle type display of the present invention can be completed -
by applying the semiconductor device manufactured by the present
invention to the display portion 3302,
Fig. 14E shows a player using a recording medium on which
a program is recorded (hereinafter referred to as the recording
medium), and the player includes amain body 3401, adisplay portion
3402, speaker portions 3403, a recording medium 3404, operating
switches 3405 and the like. This player uses a DVD {(Digital
Versatile Disc), a CD and the like as the recording medium, and
enables a user to enjoy music, movies, games and the Internet.
The recording medium of the present invention can be completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3402.
Fig. 14F shows a digital camera which includes a body 3501,
a display portion 3502, an eyepiece portion 3503, operating
switches 3504, an image receiving portion (not shown) and the
like. Thedigital cameraof the present invention canbe complete.d

by applying the semiconductor device manufactured by the present



3810-i-s- made of an optical system.including a projecti.on |lens. Present. .
enbodi nent is an exanple of a three-plate type, but it is not limted to
this exanple and may al so be of a single-plate type. In addition, those
who enbody the invention may appropriately dispose an optical system such
as an optical lens, a filmhaving a polarization function, a filmfor

adj usting phase difference, an IRfilm6dr the like in the path indicated

by arrowdnventkiog. tbS€he @isfiidr pbxltich B8¥dEW showi ng one exanpl e of the
structure of the light source optical system 3801 shown in Fig. 15C 1In ‘

this enbodi neFtig.t NSA i Hdws0Hr 20801 it5R)e sgﬁéf&gg%éwgzgﬂa%f&gdg% a

reflector 3811, a |ight source 3812, |éns arrays

pol ari zi pgodecteoni aBvekenesh13845saPdeR 596§e£ﬁ8rtﬁgnfi$$§1Qq§be?qghe

I ncidental ly, the Iight source optical system shown In

exanpl e, tepd pibgelctveiid ' | . limted to {he _shown
construct?gn,p Fgre exarrplrg!?eF%glgjgte\}%g{s@gg#rg%%iégﬁ%lT“rt'f'\“/cgﬁﬂ’ﬁ%aﬁgﬂ‘sf’lay
appropri a&ei ye di opt i aak e h as.an optical lens, a film

Vi g ool el ot o fen BOhERLBYBLPT pRUE o (AR SRS 1o fevace, | an

IR filmegoit hgn&ig@he;hgrg{,g%egltlgrc ité%wn in Figs. 15A to 15D is of the type
using .a transparent type of electro-optical device, but there is not
type of

el L T R T e SER RCAL AN
sound i et saot o PEAe B ReylZ 3103 o hu3TRT 30saca mgren SHOS 3005,
an ant enfi the 1ike. The rear type projector can be completed by applying '
the liquid crystél display device 3808 which constitutes a part
of the projection device 3702 and other driver circuits.
Fig. 15C shows one example of the structure of each of the
projection devices 3601 and 3702 which -are respectively shown
i.n Figs. 15A and 15B. Each of the projection devices 3601 and
3702 is made of a light source optical system 3801, mirrors 3802
and 3804 to 3806, a dichroic mirror 3803, a prisrﬁ 3807, a liquid
crystal display device 3808, a phase difference plate 3809 and
a projection optical system 3810. The projection optical system
3810 is made of an optical system including a projection lens.
Present embodiment is an.example of a three-plate type, but it
is not limited to this example and may also be of a single-plate
type. In addition, those who embody the invention may
appropriately dispose an optical system such as an oétical lens .
a £ilm having a polarization function, a £film for adjusting phase
differen_ce, an IR f_ilm or the like in the path indicated by arrows

in Fig. 15C.



3906 and-the |ike. The nobile tel ephone of the present .invention can be. .
conpl eted by applying the sem conductor device manufactured by the present
i nvention to the display portion 3904. Fig. 16B shows a nobil e book

(el ectronic book) which includes a main body 4001, display portions 4002
and 4003, a storage medium 4004, operating sw tches 4005, an antenna 4006
and the like. The nobile book of the p@ésent invention can be conpl eted by

appl yi ng the Begi copdugton ¢@uiCanbBRaY ash r h e yention
-69- to the display portions 4002 and 4 %Fggag¥%é %ﬁg%éiaQ;ﬂ A Sahi ch

i ncl udesof tieé NLDGRY Sd€ice @pgygggrgygeé,ﬁ 4402 S‘?"‘g‘%zﬂﬁ;?’nﬁ ]ééoebyﬁlo?) and

the like. The display of the present” I nvention can

2PP!y1 Ngent eemONSREHC! BhodTHGRE BAMERCLHESHLA oLl ff SBBY. et on

to the display portion 4103 i nvention rs parti us to

I dis h di |
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size of 10 inches ornore (parti
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el ectronjg p tr a ratus according to the invention can
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be realized by using a 'St T UcCt
o SR RS N RN M M T RN AL
limited to the shown construction. For example, those whose
embody the invention may appropriately dispose an optical system
such as an optical lens, a film having a polarization function,
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
.2 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 1ike. The mobile telephone of the present invention
canbecompletedbyapplyingthesemiconductordevicemanufactured
by the present invention to the display portion 3904.
Fig.1GBshowsanmbilebook(electronicbook)whichincludes
a main body 4001, display portions 4002 and 4003, a storage medium
4004, operating switches 4005, an antenna 4006 and the like. The
mobile book of the present invention can be completed by applying

the semiconductor device manufactured by the present invention



-beam is.-formed.using a diffractive optics (diffraction grating) instead. of
the convex | ens used in Enbodinment 1 will be described belowwth
reference to Fig. 24. In Fig. 24, a laser 401, a mrror 402, a diffractive
optics 403, a linear beam 406, a non-irradi ated body 104 and a gl ass
substrate 105 are depicted. Mreover, the reference nunerals 107, 108 and
109 denote the directions in which the—#8bstrate is nmoved. -70- Wen the

| aser be&im &het Hddpllagnpblie ioasea ot drig iswasient into the diffractive
optics 403 via the mrror 402, the |linear beam 406 can be forned on the

irradiati on suFigcel&t showd & Bek keqdn ihke p : ' beam
may be fornmed by appropriately dggggiing thg diP??%c?]@élégg?%ggﬁﬂ%¥bover,

i f the |aneappbeabaié slew! |y df@@ﬂ&ptﬁ)é&fﬁ%ﬁh&g’,g{%,géa%ﬁ%nlﬂgfa o 1€

interference can be prevented. It" shou not ed eanm exp ris

t bet - 2 h ' )r 402
set betveesplap ofackée ¢hds@Rf 1HGeRLibA cAB2bellk %%&Ye\zﬁ:[%%i Etﬁ’: a{?pg;]{y?]ré;@ oi zes

and the diffractive optics 403, and nmay be expan

| both ke twnd angsic thy Sf-a% Qb SAEA Sy UNEGULAN . espeativel v

Moreover, the mirror may not set, or a plur

i adi a6 the aeorrady, Bott G TaLo JhE WRbent' B 2l apent 6tdpriea by

irradiate the desired region or whol e aréa ( .
e ST o W MBS d ) 58 S 05 50 1 e
directi ongispiheabSdnY d &iéggn_éffseirzeengg 1%u{r§ér?elzs? or]ﬁ10081"e % Sgi:ticularly,
30 inches or more).
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.



- Since in-the present invention, the optical systemfor formng the linear
beam has a very sinple configuration, it is easy to make a plurality of

| aser beans |inear beans having the sanme shape on the irradiation surface.
Therefore, since the sane annealing is carried out in any regi on where any
| i near beam irradi ates, the whole surface of the irradi ated body reaches
to have a uniform physical property amdOhe throughput is enhanced. -71-

It shoul Whem tbeellasbatbéam RO 88E Sord-the A2 ddt 4bg E§e§x‘?&' 19:?{
the diffractive optics could be used instead of the convex ens should

be not ed thieatiifi®aeptiveabpiielse Mol vike tRkeasborENR9di PR . reely
conbi ned with Enbodi nents 5 through 17 The funggngﬁt?é @?g]hlﬁ?%%gn}%:

i ndi cat ed0gscdbé FoSmeAoR €he A e Din E{IPE%F%% Jgraiegfr#&.&h%t noé’ t he

present invention: (a) Since it is a very sinpli con t he

optical gHpUshaRR! dis €ReYaRfekipe b%%\frl ov,?eﬁ%”%én%%p %Xd agnlpr%pzxﬂg]ﬂﬁ%r?f ![ ;tr L%’

In the case where a plurality of |asers e sane ki

| asers Oﬁeghﬁf&hﬁn{:hg'@ﬂ§f§$8t5§8dopﬁ:g§ Ophbgé‘%geadl qls‘fa g yll}l}sﬁa?%yﬁ’al%n?h

t he devi ce becones conpact 1 n size Si'nce

respect I yurn can revented, and it
becones %Q Sgla%pﬂg?i l%:%n?l gurlzglt% %g%ﬁe f‘;:?gg\:’igﬁfloﬁst ac%f%‘etgﬁ& efference

irradi at90 B carried out using a plurality of |aser beans,
since the opt%ca?égég%§ﬁ1 is sinplified, it is capable of easily making the

same shapes 1t ghould be noted that a beam expander is set between the
laser 401 and the mirror 402, or between the mirroi:' 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 1rrad1ates
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, inthedirection indicatedwiththe reference
numeral 107 or the directions indicatedwith the reference numerals
ios8, 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.



..of .the all laser beans. Therefore, uni.formannealing 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 sinplifies synthesis of a
plurality of |laser beans. Therefore, even if it is a |aser having a | ower

output, it is sufficiently applicable by enploying a plurality of these.
(e) The throughput is capable of being-gmhanced. -72- (7) Wile satisfying

t hese advghtages crjhed. ahove, still nore, the enhancenent of the
operating pr opert%qiend{(’%eerq Ztg'feﬁ 3P %?b%dw%nﬁ&t oS dbi e carepent
realizedg l,conductor device represented by an active matrix type
cryst al gﬂlnls%ﬁ%é@n% et\/ri ng.e EI‘—‘EFFFPEF&BPe?P hesrermtd ish usled hasikeadf aftithe ng
cost of veg{erf' conductor device can be realized. 73 1. A nethod of

manuf act uri’ng a §&Wiconduct or devi ce conprising: formng a sem conductor

filmover a su?%t%ﬁt ei maki ng a_shape of a first |aser beamlinear on said
seni conduct or il FPBYLd PeaREsd It pdiengpstigndl gystempf thegpecterdito sai d

first | aé%‘i’ Beam so as _to generate an aberration; crystallizing said
seni condBPEFERh GQULAr BEi BFeadyseerbined vl ts Emteiimentsa dhrough
sem condL}ctor film adding an inpurity elenment to said crystallized _
sem conductor film and activating said inpurity elenent by irradiating a
second | aser beamto said sem conductor film 2. A method of manufacturing
a seni conduct of AR ER]. stignif ¥ormiew iaddenitedndycE 61 1 birk B0V Bk a
Substrate; .
obtained by employing a configuration of the present invention:
(a) Since it is avery simplified configuration, the optical
adjustment iseasyand the devicebecomes compactinsize. Similariif
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 if 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.



maki ng. a shape.of a first . laser beam/linear on said sem conductor filmby a
convex lens being slantly set with respect to said first |aser beam so as
to generate an aberration; crystallizing said sem conductor film by
irradiating said first |aser beamto said sem conductor filn adding an
inpurity elenment to said crystallized sem conductor film and activating
said inpurity elenent by irradiating a-gecond | aser beamto said

sem conduct or fidypn gge&n g beaq#%fngt w of each of said first |aser
beam and sai d second TaSerSb&aRT; vantageadgsseibesdintteor stili

t hi cknes c»ePftﬁ%ig ﬁgbstrat%, g an incident angle 0 at which each of
said first ldseér beanaHa"&q L gPexadinseRirPeritycrBdmeldabhilitgpect
to said sgmcaonductar filmsatisfy the followi ng expression: 0 ? arctan
(W (2 x é’%g‘ S?!“R"Fr‘@t“ﬁ&a’r Lotk FEns Eealired inve Femicandygitercdenise| ens,
an aspherical lens  is used. 4. A nmethod according to claim2, wherein as
sai d convEPTEEFETet b ARr2ekive cRatTis gype. crystal Aimpley ddvice.
manuf act yri ng a sem conduct or device conprising: form ng a sem conduct or
film ovef 3% tO§E8OES-e thRkreguat spapefofthe fnanuficikeribgacokitned e sai d
sem conductor filmby a diffractive optics being slantly set with respect
to sai d FPPCOPLYSTtOR: devdgeasany hgemaadiizedin aberration; crystallizing
said sem conductor filmby irradiating said first |aser beamto said

sem conductor film adding an inpurity element to said crystallized

sem conductor film and activating said inpurity elenment by irradiating a
second | aser beamto said



sem conductor film 6. A nethod of manufacturing a sem conductor device
conprising: formng a sem conductor filmover a substrate; nmaking a shape
of a first |aser beamlinear on said sem conductor filmby a diffractive
optics being slantly set with respect to said first |aser beamso as to
generate an aberration; crystallizing said sem conductor film by
irradiating said first |aser beamto said sem conductor film adding an
inmpurity elenment to said crystallized sem conductor film and activating
said inpurity elenment by irradiating a second | aser beamto said

sem conductor film wherein a beam end’t3h w of each of said first |aser
beam and sai d second | aser beam_.incident into said sem conductor film

thi ckness d of 54} oredindst mapfactyring & semigendyeter d C%WO@WS% whi ch each of
said first | asefonbm@rmsamtoam@tbrmmrhaaﬁfratbeam | s incident with respect

t d th i he f t
2 S S T o LY G i
osci | | at edVemles bewgistpndy eﬁptewlthg@qpectato@pagl fiess b‘ﬁel‘d?eﬂ@ speasalo geaswte af

cont i nuousateggiiéd;ati on or pul se oscillation. 8. A net hod according to

gas 1 aser o a TRETAIPESTR P OON O b LR B B JOTSRBSE: FAt | on.
75 9. A nrheudageotilgiing to claim5, wherein said | aser beam i s oscillated
froma solid stggg |aﬂ§ﬁbunt? efAfent %%%fd @stﬁl&%tsg%nléoﬁﬁﬂ orof{l mCQRY | nuous

oscillation or pulse os¢ at i_on. accor to claim®6
wherein sai d | #5885 émB'é‘EtWI‘FﬁWE%P by dﬁf‘%latl%ﬁlﬁc%‘{daﬂaéeq e 1o sahs

| aser or asemetcabudtastéim. of conti nuous oscillation or pulse oscillation. 11.
A nmet hod according to claiml1l, wherein said |aser beamis oscillated from

one selected from YAG | aser, YVO4 .laser, YLF |laser, YALQ3 |aser, gl ass
| aser, ruby 2. A method of manufacturing a semiconductor device compnsmg

forming a semiconductor film over a substrate;
making a shape of a first laser beam linear on said semiconductor film by a
convex lens being slantly set with respect to said first laser beam so as to generate an
aberration;
crystallizing said semiconductor film by irradiating said first laser beam to said
semiconductor film;
adding an impurity element to said crystallized semiconductor film; and
activating said impurity element by irradiating a second laser beam to said
semiconductor film,
wherein a beam length w of each of said first laser beam and said second laser
beam incident into said semiconductor film, thickness d of said substrate, and an incident
angle 0 at which 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)).

3. A method according to claim 1, wherein as said convex lens, an aspherical lens
is used.

4. A method according to claim 2, wherein as said convex lens, an aspherical lens
is used. '



-l-aser, alexandrite laser and Ti: sapphire laser of continuous wave. or pulse.
oscillation. 12. A nethod according to claim2, wherein said | aser beamis
oscillated fromone selected from YAG | aser, YVO4 |aser, YLF |aser, YA1LQ3

| aser, glass |aser, ruby laser, alexandrite laser and Ti: sapphire |aser

of continuous wave or pulse oscillation. 13. A nethod according to claimb5,
wherein said | aser beamis oscillated fromone selected from YAG | aser
YVO4 | aser, YLF laser, YALO3 |aser, glass laser, ruby |laser, alexandrite

| aser and Ti: sapphire |laser of continuous wave or pulse oscillation. 14. A
met hod according to claim®6, wherein sgud | aser beamis oscillated from one
sel ected from YAG | aser, YVO4 |aser, YLF |aser, YAIO3 |aser, glass |aser,
ruby laser, alexandrite laser and Ti: sapphire | aser of continuous wave or

pul se osci | atlg%m%&UdAf%ng QEéHu 89?@‘;159 c’lmncﬂ/(\gﬁlrtgel n said | aser

beamis oscillated from one ecl es se rom ex | aser, Ar | aser,
Kr |aser and C@W%@rse@fcoéé?ﬂt?rrﬂmﬁ6%‘315!@%| on or pul se oscillation. 16.

A met hod accor dmmgng @ $Hapd Y 2, fih edsed Bezﬁﬁuﬂeéra@e@axb&aﬂmmﬁdm@ﬂ ﬁln&iﬂa@daf rom
| aser aser

one speci ected from aser r
o “cont 1 nugUEREE BhR A TS o b 388+t brg TS s hesr 3R 6a BB ng 1 0
claim5, whetheimatigni d | aser bean1|s oscillated from one species selected

from excimer | a&'?é’talhﬁhg |sﬁ§%m1d$hdﬁc’%§xeﬁln@69| 1[%at{1%53%id fifst GRBE baMPHSsaid
oscillation onﬁgu se_oscillation. 76 18." A method according to claim§6,

wher ei n saPgrULEOREI, | s oscillated from one species sel ected from
exci mer | aser, aWdingsmempuiliy oot teagadl @@ﬁalha@esemcfondwoﬁ filogusd oscil |l ation

or pul se oscil | Rl 24 ifip HREpy‘;Qfém@ﬁtCB § dirhdlafift & QLB 1asth Bk Nosghid! | aser

beamis oscill ated m one cies selecte on1h I um cadm um [ aser,
copper vapSirisduFtosiilil. ool d vapor | aser of continuous oscillation or pulse
oscillation. 20. A nethod according to claim2, wherein said | aser beamis

oscillated fr O Nfethod of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate;
making a shape of a first laser beam linear on said semiconductor film by a
diffractive optics being slantly set with respect to said first laser beam so as to generate
an aberration;
crystallizing said semiconductor film by irradiating said first laser beam to said
semiconductor film;
adding an impurity element to said crystallized semiconductor film; and
activating said impurity element by irradiating a second laser beam to said
semiconductor film,
wherein a beam length w of each of said first laser beam and said second laser
beam incident into said semiconductor film, thickness d of said substrate, and an incident
angle 0 at which 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)).

7. A method according to claim 1, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

8. A method according to claim 2, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.



- species selected fromheliumcadm um | aser, copper.vapor |laser and gold
vapor |aser of continuous oscillation or pulse oscillation. 21. A nethod
according to claim5, wherein said | aser beamis oscillated from one
speci es selected fromheliumcadm um | aser, copper vapor |aser and gold
vapor | aser of continuous oscillation or pulse oscillation. 22. A method
according to claim®6, wherein said |aser beamis oscillated from one
speci es sel ected from heliumcadm um | aser, copper vapor |aser and gold
vapor | aser of continuous oscillation or pulse oscillation. 23. A nmethod
according to claim1l1, wherein said |ases beamis converted into a higher
har noni ¢ wave through a non-linear optical elenent. 24. A nethod according
to claim2, whe?.ehmahdladcasiarg toedam §, whawiarsagldlabartbeam is losghated Framnoni ¢

wave thr Ouﬂﬁld%taﬂé)ﬁsér' a{‘%ﬁrlas‘ep&i apﬁkmﬁa%?lﬁkontglﬁouﬁs?gl%gg{g% L ALinGido claim

5, wherein said | aser Deamis convert into a noni c wave
through a non-linear optical elenent. 26. A nethod according to claim®,
wher ei n sai d | abker Abeahod sccemingetiotebdmi 6)twthegein Biigeer RanBRiscillNaY Gothy ough a

non- Ilnearsoqﬂt @iasc?lféﬁﬁsergrampta dé}l% (?tﬁ%?lo‘gs' &?ﬂia or%r ulse]b's Yi"}er ein said

i0
sem conduct or devi ce’ |l I ncorporate o one sée ea i om lpoup
consi st ng of a navigation system a 77 personal conputer, a carrera such

as a digital canera, méhyd deRrdiddes daind 1”B/lﬂh1|eﬁ1 GRRdECHoam B cﬁ@ﬂl%@ flowe

di splay, a_pla & in cor r su s a front
type and A8 tetdyﬁ% ggg%gf% %t'et? %e%hmn%sf‘gﬂ%]@ﬁét?ﬁs%lgiﬁﬁiﬁﬁr’ A
met hod ac cb&ﬁm aiqianéﬂfcll%sﬁm Tinsspphirnlasaiof codiniowrdacto pulde viatidatios.

i ncorporated into one selected fromthe group consisting of a navigation

system a persgnal c ut er nera such as digital c msr a video
camera, a nobi I@‘ ?brﬁﬁtﬁg‘g?ccordén%@ y%erema&%ﬂ bgamm is,gssillaied; fhpm ane
recordi ng svigtednfrora YAG|leset, oYV@ugmcas}(IaF tasanty Alpp daseq ithsa laseq rubiyyResr, a
mobi | e t el §phaRGea4d 4 Al &%Eﬁi?@fagcr%?g&tinuous wave or pulse oscillation.

13. A method according to claim 5, wherein said laser beam is oscillated from one
selected from YAG laser, YVOy laser, YLF laser, YAIO; laser, glass laser, ruby laser,
alexandrite laser and Ti: sapphire laser of continuous wave or pulse oscillation.

[4. A method according to claim 6, wherein said laser beam is oscillated from one
selected from YAG laser, YVO, laser, YLF laser, YAIO; laser, glass laser, ruby laser,
alexandrite laser and Ti: sapphire laser of continuous wave or pulse oscillation.

15. A method according to claim 1, wherein said laser beam is oscillated from one
species selected from excimer laser, Ar laser, Kr laser and CO, laser of continuous
osctilation or pulse oscillation.

16. A method according to claim 2, wherein said laser beam is oscillated from one
species selected from excimer laser, Ar laser, Kr laser and CO, laser of continuous
oscillation or pulse oscillation.

17. A method according to claim 5, wherein said laser beam is oscillated from
one species selected from excimer laser, Ar laser, Kr laser and CO, laser of continuous
oscillation or pulse oscillation.



-29. A nmet hod -according to claim5, wherein said sem conductor device.is
‘incorporated into one selected fromthe group consisting of a navigation
system a personal conputer, a canera such as a digital canmera, a video
canera, a nobile conputer, a goggle type display, a player using a
recording medium a projector such as a front type and a rear type, a
nobi | e tel ephone and an el ectronic book. 30. A nethod according to claim®6,
wherei n said sem conductor device is incorporated into one selected from
the group consisting of a navigation system a personal conputer, a camera
such as a digital canera, a video caner7g, a nobile conputer, a goggle type

di splay, a player using a recording medium a projector such as a front
type and a realS tyipethodagretdingtorcddieph oherciinshidlasa|bean niorscilated dtom one

species selected from excimer laser, Ar laser, Kr laser and CO, laser of continuous
oscillation or pulse oscillation.

19. A method according to claim 1, 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.

20. A method according to claim 2, 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. ‘

21. A method according to claim 5, 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.

22. A method according to claim 6, 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.

23. A method according to claim 1, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

24. A method according to claim 2, wherein said laser beam is converted into a

higher harmonic wave through 2 non-linear optical element.

25. A method according to claim 3, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

26. A method according to claim 6, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

27. A method according to claim 1, wherein said semiconductor device is
incorporated into one selected from the group consisting of a navigation system, a



77

personal computer, a camera such as a digital camera, a video camera, a mobile computer,
a goggle type display, a player using a recording medium, a projector such as a front type
and a rear type, a mobile telephone and an electronic book.

28. A method according to claim 2, wherein said semiconductor device is
incorporated into one selected from the group consisting of a navigation system, a
personal computer, a camera such as a digital camera, a video camera, a mobile computer,
a goggle type display, a player using a recording medium, a projector such as a front type
and a rear type, a mobile telephone and an electronic book,

29. A method according to claim 5, wherein said semiconductor device is
incorporated into one selected from the group conmsisting of a navigation system, a
personal computer, a camera such as a digital camera, a video camera, a mobile computer,
a goggle type display, a player using a recording medium, a projector such as a front type
and a rear type, a mobile telephone and an electronic book.

30. A method according to claim 6, wherein said semiconductor device is
incorporated into one selected from the group consisting of a navigation system, a
personal computer, a camera such as a digital camera, a video camera, a mobile computer,
a goggle type display, a player using a recording medium, a projector such as a front type
and a rear type, a mobile telephone and an electronic book.



