-1- LASER | RRADI ATI ON METHOD AND LASER | RRADI ATI ON DEVI CE AND METHOD OF
MANUFACTURI NG SEM CONDUCTOR. DEVI CE BACKGROUND OF THE INVENTION 1. Field of
the Invention The present invention relates to a |laser irradiation nethod
and a laser irradiation apparatus for using the nethod (apparatus
including a laser and an optical systemfor guiding | aser beam enitted
fromthe |aser to an object to be irradiated). In addition, the present

ventton, el b IREN GEnBOULAS LR ZeRaBARROY BhiFelcy. o0,
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which includes the electro-optical device as a part. 2. Description of the
Rel ated Art In recent years, a wde study has been nade on a technique in

whi ch | aser annealing is elI d for a sem conductor film fornmed on an
i nsul ating subst rate mdm PF (THE | INVENTION crystal | ze the film

to inpr Ve rystalli so that a crystalllne sem conductor filmis
obt ai negl S'L(fac}cl’f'@b‘? eﬂb‘ﬁgn’ﬂﬁ)%rl ty element. Note that a crystalline

sem conductor il in this specification indicates a sem conductor filmin
which a cryst %PE%W?E@D&?H%I%} E8éatesdijadiasten hrradéstiosemtdoiuct or

filmwhig Bi rqystal |lized as a whole. A nethod of forming pul se | aser beam
from an ?}gs %EFaantlon apparatus for u91ng the method (apparatus

including a laser and an optical system for guiding laser beam

) _ emi‘tte.d fromthe laser toanobject tobe irradiated) - 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 liguid crystal display device
oralight emitting device and an electronic device which includes

the electro-optical device as a part.
2. Description of the Relafed Art

In recent years, a wide study has been made on a technigue

p—

in which laser annealing is performed for a semiconductor £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 £ilm in which
acrystallizedregionispresent, 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
irradiation 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 "linear2shape" described here neans not a

"line" | : {-1.C n ) angle (Qar nrolate ellipsoid shape)
naving F fentakscky SET0BEREAL S SEAROGh, (o X Be¥ohel 5 Shomeg an
aspect rat,io,ef referably,, 10 to 00). Note that _ the linear
shape issi,hblsteggt%g%%%aalfﬁé"gr?&g ei’b?eagnﬁ’??& rcéfagk B B MeNR it LeRgth
anneal i gg 3”589%38& %8 be jrra jaéﬁg. Fig. 7 shows an exanple of a
confi gurat fon 6Fogn 5PtTeaT 3R te f A0 gicAMLRadhe dasen heam (pwar
shapegog gyrigce éo be irradiated. This configuration is extrenely
general.eiFl V8§¥i8 FEEJOPAR dETafiptdonypPsitionye§clbenlager beam

fi ' h in Fig. .7 . A di toth fi tion,
Sect| onE EhERRFH tohs sPE8APPLLIMAGTRUAIRD HolqaRICT ARDOALAND
si nul tapeousl y _an ener density distribution of |aser beamon . the surface
to be i rPaiRteLs §%’8%§&ﬁ%ﬁ9twﬁl*@%m;t,s exceblenicdin tgchraibgy .

hom)genjﬁéi nﬁ‘,t he energyndensiah distribution of |laser beamis called a
beam hohBfeniiAFar FhaRe " Hassrihed bgrermaans nedea "Alined thihdedtiinch

di rection erpendicular to a traveling direction thereof by a cylindrical
| ens grEEBS$3?UFh%r%%?tﬂ%ﬁbﬁn{ﬁ¥ng Brodéagehedlipsokdrshape) bewingia a
B e opadt Fatls. For example it indioates  shape havi

’ pe 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 6ptical
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.?. According to the configuration, a cross sectional
shape of laser beam is converted into a linear shape, and
simultaneocusly an énergy 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 direction
perpendicular to a traveling direction thereof by a cylindrical

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

in a perpendicular direction_. The direction is called a first




direction in this specification. It is assuned that, when a mrror 1is
inserted in a course of an optical system the first direction is changed
in accordance with a direction of |ight 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 honbgengzing an energy density distribution

of the ldieaded S8R £rA¢ 0. the +on it%g% al_ diregtion. Next, the
configuration shown i n%ta%%éésl# % Jengf gs agsufied that qekep ARErenser
bean1enﬂa§gg_ggggh .+ ser 71 is_divided in a direction perpendicular to a
travel i g di rect oﬁl ﬁaegggf:sea% at“ngpfg'iLFQ{L st dhenyiegt idHdraatdion ens
arrays 7. qﬁ%§P" %here detenninina a length of linear |aser beamin a
wi dt h délgr AL i, 22, NG WEtlap Bdracidennet dl +eltikent by Hike
speci fi %Hgoqf I iﬁvgssune cthat, when a mirror is inserted in a course
of an optical Syé?b G ROt GIEAtioRct FBR rElindnieal lensceomgands with a
directi%@a%fE%Lgh% bent by the mrror. In this configuration, the
cyl i ndr T Gehingp SEen Parhss 7FheBackhe daseatt bednd dre svindlesiazed. The
di vided | aser beans are _tenpqraril¥ synt hesi zed by a cylindrical |ens 74.
After tIPh2 syafageterbe daradiadede?? &t aclindmicabilend ahgd theseby
condensed by a doublet cylindrical lens 78 so that they becone again
single A% H&dMY9 ANt PREEYY fdas X iy I9d sitmidditdtoed oFOthd Hel b lelser
cylindrical lens 78 _is a |ens conposed of two cylindrical |lenses. Thus, a
honogenP£EM dileitdp domgitpddinalr idimeicdriarf. the |inear |aser beamin a
(ﬁbdth direction and a length 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, when a mirror is inserted

in a course of an optical system, the second direction is changed

in accordance with a direction of light bent by the mirror. In

this configuration, the e¢ylindrical lens arrays 72a and 72b each

are divided into four parts. The divided laser beams are

temporarily synthesized by a cylindrical lens 74. After that,

the laser beams are reflected by a mirror 77 and then condensed

by a doublet cylindrical lens 78 so that they become again single

laser beam on the surface to be irradiated 79. The doublet

cylindrical lens 78 is a lens composed of two cylindrical lenses.

Thus, a homogenized energy density distribution of the linear

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




beamin a wdth direction are determ ned. For exanple, an excinmer |laser in
which a size in a laser windowis 10 mmx 30 mm (which each are a 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 mm x 0.4 nmm can be obtg.ned on the surface to be

i rradi abgdm/9n Al whidiks tdﬂ%qt% N eordﬁe%ia?rﬂ)l eH_quartz is used for all

base materials of the optical system mttance is obtained. Note
t hat coating {5,-p ly_gonducted for the tical system such that
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shifted, . i d direction thereof. Thus, when_|aser annealing is
per f or nea l?sga }tgnSeEgﬁt*?%eg Jrk 308 LaseR berm &%B§°§Bﬁ?€&iﬂﬁ&eoﬁptg¢ﬁm t he

anor phoys_sem.conductor film.can be crystalljzed, crystallinity can be
i npr oveﬁy?ge%ﬂf%‘f’rf‘% SPRfiprEatien; EhaunckibFigs|-nYA @nddBi. npThery

el enment ; can bﬁ activated. SUMVARY OF THE | NVENTI ON However, as shown in
Fig. 7, iR°3hdiasar Bgamathich hesraingform enengy Memsiity @bspribatedn There
are problens that It is very difficult to performoptical adjustnent to
such anaﬂ‘gt? G2\t dRS MEnY P ré JBmi eamrbe siht@dnede ohothpr surfheeotes

| arger, the device -5 is enlarged.
: be irradiated 79.

=
\) At this time, when, for example, guartz is used for all
base materials of the optical system, high transmiti:ance is
obtained. Note that coating is preferably conducted for the
optical system such that transmittance of 99% or more is obtained

‘at a frequency of the used excimer laser.
Then, the linear laser beam formed by the above configuration
is irradiated with an overlap state while being gradually shifted
in a width direction thereof. Thus, when laser annealing is

performed for the entire surface of an amorphous semiconductor

Ry

film, the amorphous semiconductor film can be crystallized,
crystallinity can be improved to obtain a crystalline

semiconductor f£ilm, 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 systemn,

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




Furthernore; in the case where a | aser beam whose refl ectance wth 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 beconmes a f actor
having a bad influence on an output of gthe laser and the variation of
f-requencie ek ddig, destruction of the rod or the |ike. Hence, an object of
the present invention is to provide a laser irradiation device in which a

| i near beam i Sy | N tical_systemnore s lified than the
convent i onal ?r?exg:r an% CH%n’i %P]tggﬁ%é%%%@??%é%%%ngﬁ?mﬁbgﬁﬁ Gtangsrar
beam a I ir l,at i.on t hod. ysi such, a laser irradiation

devi ce. ra'ﬁ/bﬁ?’leove&,m”!ano (Hi'lehrae o0 an eq k%@és%ﬁllq%h%t"rw'l Fhep dihwyi de a
net hod f facturing.a sem.conductor_device in which the foregoin
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char act grj i.n at_an .aberration _such as an astigmatismor the like is
gener at Gé;LdJ Iga;\d}' 5 Heéfsg?agea{'matbé‘?n‘@ag%ﬁﬂ FetrErRanm dist genespeed , mdidhe
convex Ireq;%, and tgﬁ Sft}ﬁ%e of the |aser beamon the irradiation surface or
inits TerghooPRobl®i MR iral Inatduwhemgheoheagukaitingident Hato

i nventi %glﬁrel ati ng t§r§ |.aser irradiation device disclosed in the present
speci f i &Afi dhTPELatRe, Red¥ri The FaturAtbeambeceme s vefanfbm haomvax a ens

sl antlyb 'fSﬂEt. i.th respect to the traveling direction of the |aser beam -6-
enitted A oﬂf'&ﬁé‘_ef‘&ee@ﬁ R 1A @u ARt nbikeé ngasere shdpthef valmdéation of

iw) 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 1inear beam is formed using
an optical system more simplified than the conventional ones and
which can effectively anneal using sﬁch a linear beam, and a laser
irradiationmethodusingsuchalﬁserirradiationdevice.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.

Thepresentinventionischaracterizedinthatanaberration
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 conve-x lens slantly

set with respect to the traveling direction of the laser 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 | 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 thg-irradiation surface or inits

ape for egol m or i : .
That Che pears twarh he. TRty 50T ety "o PORYE et EBE, VP
the f L RG I §skhacident, .int.o t Lr.radi ated body .f d
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f or egoi ng. { ASES is incident with respect to the foregoing irradiated
body, at anét?ncflg(gﬁfm angle 0 satisfying the follow ng expression: 0 z

arctan (w/ (2 t he res tive configurations descrjbed above, the
foregoing | a)si\g?e‘%%‘}é(;#l'araascfgr‘:? §§8 ?ﬁ‘?ﬁa‘foﬁjlqlér%tw of thgttryeretony gas
| aser, | laser of .continuqus gscillation or pulse oscillation. It
shoul d g;?eez;‘]%{%ﬁ {1t aass‘?%érFBFéjliilﬁ& devigestid a5 3 48&eT imeadiakion ywvou

| aser, YLE iasg’gde YALXB .| aser, gl ass | aser ruby | aser, alexandrite |aser,
Ti: sappht FE°F 4860 & faseikandop Comyerubers sEiqh 46 shaptlpusetd to
oscill atj.on_are i,st%d, as . the foregoing gas |aser, exciner |aser, Ar

| aser, K'§EEayelipp dirgchiogof hhelaserhieaneni hted§rendihe feregoing pul se

oscillatjon -7- are listed, and as the foregoing netal |aser,
hel i uméé&ﬁﬁlhrﬁrftisl'@],ces 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 6 sétisfying the
following expression:
| 0 = argtan (w/(2 x d))
In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state lasef, a gas
laser, or a metal laser of continuous oscillation or ‘pulse
oscillation. It should be noted that as the foregéing solid state
laser, YAG laser, YVO4 laser, YLF laser, YAl1O; 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



copper vapor laser, gold vapor laser and the |ike are |isted. Mreover, in
the respective configurations described above, it is desirable that the
foregoing | 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 nmas a fundanental wave. The
absorption coefficient of this |aser hgamw th respect to the silicon f

IIm is 3 It ] ifficult fro he technical viewpoint to
crystaH%%é#é%gﬁﬁb%&%éﬁké?%PE&ﬁoﬁPﬂﬂ%ﬁ#i%aﬁérohﬁlé SERARGHEARRT - fi | s
If it repgi | t..1.s. Howev this | aser beam can be converted into a
short er %ﬁéﬁ‘é}éﬂgﬂﬁe% rﬁﬁdr ARG pa%el and drhghilike A%e Lisheher

har nroni ¢ wave,, the second ggg:her harnonic. _wave (532 nm, the third higher

har moni ¢ wave "CISSYEH- 11 hBefresnagt ive gpREigarabiors deseribed ahgvend t he

f if th harno ic,maéi (213 nn) are listed. Since these higher harnonic
waves have i @?\Sl’aﬁ ¢ dithah thscferegeing laser heagebastbeehconueyliels

silicon, film_these can be utilized for crystallization of the anorphous
si |'i con YN REFReY rarnenig waveshs @ pea -ddmeiaguprtioad eltenenbedambove,
t he foregoina convex lens is characterized in that it is an aspherical

lens. F ré&t 4§ knegnihat en¥AGrdaissguentiiéssa lasenrivean | Bnthe

pl ano-convex lens and the like are |isted, however, as the convex lens in

t he predéyelepgdht i¢h 1965y be anyfurstamemtal ofavbesPheepbeoratd drhe

I ncident surface of the | aser beam may be either of the two surfaces of

/E he con#eefifdgdentgof\phisviaser edme widif rgepatitons «ies arihietbraFaue for

K:De is very low, so it is difficult from the technical viewpoint to
crystallize anamorphous silicon filmwhich is one of semiconductor
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 amorphous
silicon £ilm.

Moreover,inthérespectiveconfigurationsdescribedabove,

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.




foregoi ng 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. As the
foregoi ng glass substrate, a substrate consisted of glass such as barium
‘borosilicate glass, alum noborosilicate glass or the like can be |isted.
Moreover, a flexible substrate is refegred to a substrate in a film shape

i sted of . the.lik i f .- duct devi
cont sted of BeTed¥Sa, CENa8tybePhublE bhbCac ke o Mrsen L O ptev!
1 f f t.h f d the back f
15 Rl In B S S5 Qe b oo, 200 Lie ack surface
AN, A1Q.Qr. t K bon fil DLC (di dlik ar b : th
1L P iR Bl (B L0 pond ke catoon) o the

desirabl e _t.hat the_dyrabiljt or the like is enhanced. Mbreover, the
confi gur""%tall 33813 Fﬁéai ’ﬁ'g‘éﬂ’ﬁ%ﬁeré&%eﬁ&‘ﬂ@ sybsizate; anddihe ildkeareanod

di scl os didkﬁfmaé)esent specification is characterized in that through a
convex P&nSShLR ‘%r s8f iPen foregrtag: glers isubsdimats i @ esubstretet he

| aser beam .a linear beamis forned on the irradiation surface or inits
nei ghbofRBSAStefhe oo SJASTy 19%Eur dRanPariumi abesoshlicathe BdRegoi Ng

| i near Rean1is relatively moved with respect to the irradiated body.
" Mor eoveR PR BORPREEiddRALEUEAARENOBT the el ik aran die AdkieidngMoroeowelraser
irradiatign nethod is characterized in that, through a .convex lens slantly
set witf Ftepihleybsieratanis ned efinest tticon s@bstfatéein aséileahnpa | i near
{99an1is forned on the irradiation -

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 film (ALON, AIN, AlOQ 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 irradiation method 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 neijighborhood,

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




surface or in its neighborhood. Supposing that a beamw dth neasured when
the foregoing linear beamis incident into the irradiated body formed on
the substrate is w, and the thickness of the foregoing substrate is d, the
foregoing linear beamis incident into the irradi ated body, at the
incident angle 0 satisfying the follow ng expression: 0 a arctan (w (2 X
d)) and the foregoing |inear beami rradjgaIes whil e the foregoing |inear

beam i s gPviash el sd i sl am t escrléb Wekp % r{}@ﬂ#ea& ek hady. r'é‘aecii‘q?gion

respective configurations or egO| ng

char act efiZ€skd Not hah H:fs' ned ﬁBLﬁ:ﬂo% at e L}g’i’?rﬂ'ﬁ?l at| ta zﬁ‘?‘%ﬂff Jﬂi I{EE ZLI

| aser of continuous oscillati n or pu se

t hat as S YAG_| aser, |.aser, YLF | aser,
YA1C3 Ialltgséegr\s loGTrass ﬁ{&gsﬁ% 90?% fg‘ge?msfigx ﬁ&P‘. '8 Ilél§ enf; .indg, jhe ¢
| aser ory f..cantinuous SCI| atlon or, pul se OSCI||atI0n are
li sted, E%Jhéé%e%})g’éi 98r5|g PRsHEr® SRSTHRAtS dSeW, R4 tRerthigknessr, c
| aser or 4 % %ﬁﬁ of .conti nuqus OSCI||atI0n or pulse oscillation are
listed, &an TR 5| “ﬂ’g'%e‘? e ifnRegedmamhinesst beambgser

vapor Iase al d vago | aser and the I|ke are listed. Moreover, in the
respect |1\Pé’icd(ﬂ%ﬁ giRtPi She dexadindednbedy. i at itheleineidentt kaglehd

foregoin be been converted into a higher harnonic wave by a
non-lin 15%9 @%%é’rﬁ Lowilg &xRFessiPnhe respective configurations

descri bed_above, the fore90|ng convex lens is characterized in that it is
an aspherPcalaraten| ¢wi(2pardhBrmore, as a convex |ens, neniscus |ens,

{BDconvex | ens,
— and the foregoing linearbeamirradiates while the foregoinglinear

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, YA1O; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,
laser or the like of continuous oscillation or pulse oscillation
are listed, andas the foregoingmetal laser, helium-cadmium laser,
copper vapor laser, gold vapor .laser and the like are listed.
Moreover, in the respective configurations described above, it
is desirable that the foregoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element.
Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical




pl ano-convex lens and the like are |isted, however, as the convex lens In
the present invention, it nay be any lens out of these |enses and the

i ncident surface of the | aser beam nay be either of the two surfaces of
the convex |l ens. Mreover, in the configurations described above, for the
foregoi ng substrate, a glass substrate, a quartz substrate, a silicon

substrate, a plastic substrate, a net al_]]%u_bst rate, a stainless clad
i ke can be utilized. Mbreover,

subst r at | ubstrate and t he

t he conflf\egnu%aﬂ]gﬁhg{cﬁ?%g'iqﬁlﬁrﬁqné’r?”r i}?’é?'r mgrdscus IprfobisprparuiaRt uri ng a
sem cong)licénoor_‘goenvi ce.disclo e%{fi n. the t:E)regsent specification is

char act &1 760 TH {HatePHr DR HRe Likeare Ldssed). dhovgver: ag theraapesst to

t he tra\tieel i ng _di glecti on of the |aser beam a |linear beamis forned on the
i rradi atiOIF U FREPTEFeRt ApYeRdigRhodkoBay bacany olew®iont |afhddesram

I rradi ates while_ the foregoing linear beamlIs relatively noved with
respect 1854 aNdkheohacidentisurfanpredidie lelserobham nayfbe)eddtican of
the invention relatin to a method of manufacturing a sem -conductor

devi ce ©OF the ¥ Sutiares, afhdihe (¢pmiem temonvex |ens slantly set with

respect to the traveling direction of the |aser beam a linear beamis
forned on theMPresyesti ar thefeerfbguratiossndéestibboédarboveSummasithg t hat a
beam wi dt h neasured when the foregoing linear beamis incident into the
seni con§@EeIringG sibsdneddon a lod. assh subatteraties &, g tizheublsitelatess =of t he
foregoing substrate Is d, the _11- foregoing |inear beamLs incident with
Iespectsﬂélpﬁ@ sapstaaiductaorplastic 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
orinitsneighborhood,theforegoinglinearbeamirradiateswhile
the foregoing linear beam is relatively moved with respect to
the semiconductor f£ilm.
Moreover,théotherconfigurationoftheinventionxelating
to a method of manufacturing a semiconductor dévice 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

beamis incident into the semiconductor £ilm formedon the substrate

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



f ilmat the incident angle 0 satisfying the follow ng expression: 0 zt -
arctan (w (2 x d)) and the foregoing |inear beamirradiates while the f
oregoing linear beamis noved relatively to the foregoi ng sem conduct or
film In the respective configurations described above, the foregoing

| aser is characterized i n that it is a solid state |aser, a gas ,laser,

or a netal |aser of continuous oscillathﬂp or pulse oscillation. It should

b t . N0, ¥ | YAG | aser, YV04 | ,
VLF | acer o e PhEIR AN R MEnE IR et 16 hm TN dor 11
SoPPI CEaIREE il RBLahE a1 S8 AP he Fo L ey nP R s e | nber

C02 | aser or ,the Ii}ée of z nti nyous oscillation or pulse oscillation are
listed, and a¥ EnBFPbPEBgEY gznétgﬂ)laser, hel i um cadnium | aser, copper

vapor | r | d_vapor _l.aser and the |ike are |isted. Modreover, in the
respect %\?l g tc%%??ﬁﬁ?‘&%’% fdngarhegeirspdiateswhile thaferppeingddness

f or egoi g)% |-ager bea h%i' been _converted into a higher harnmonic wave by a
non- I i n€5A o hti BAVEE) ERdAtivelyr &6y dhe foreweings pendcpadusionyfidm.ons
describgd ﬁgove, the foregoing convex lens is characterized In that it is
an asphéPi taP TERRCLING crafigugations desesibedngbovenithrugolregeingi convex
| ens, Rlano-convex |l ens and the like are |isted, however, as the convex

| ens i n*PRETPLESEMAT2GIRALIFOMA in tthal e isng $ehidstaté Ytdmse, d gases and
the incident surface of the | aser beam may be either of the two surfaces
of the LBfGEX 19hs2 MmebalvBassverofi ponlidénuonsi mudtllatsiateseori pedsabove,

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

laser, YAG laser, YVO, laser, YLF laser, YAl1O; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse osciliation are listed, as
‘the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,
laser or the like of continuous oscillation or pulse oscillation
arelisted ,- and as the foregoingmetal laser, helium-cadmium laser,
copper vapor laser, gold vapor laser and the like are listed.
Moreover, in the respéctive configurations described above, it
igs 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.




foregoi ng 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, in
t he respective configurations, it is desirable that the foregoing

sem conductor filmis a filmcontaining silicon. Since the present

invention has a very sinplified configypation, optical adjustnment is easy,
' nin the case where

and the devic Qags ct in_.size, .Mregver, ev

the irradiati g‘r‘n’q]%(sb perf %?ﬂgﬁe ﬁgPﬁggsrBFaPaﬁi‘%s‘ama FPPER o ithee t he
opti cal | Iplified, it is ssible to easily make the sanme shape
of the f'a%aq%;ﬂsfle‘f sybsitate, o ghads hahe-he @Madzmsahetaatey, at s
very i rtant to ke .t he sane shape of plurality of laser beans. If the
bean1i?%§|%ﬁﬂ§s%ﬂﬁg}EﬂHﬁﬂr%uﬁgﬂ%y%ggsﬁbﬁgF@Eearéameﬁ§#néu§§@ﬁaéeplm%ﬂity
of | aser be?ﬁgﬁ It ia C%Sable of enhancing the throughput. Moreover, the
beam ca BEUESS FA895PRTHFRLR 2 g etidi en spbsitasiteyanf thedridke can

Furt herrgore, ,si.nce the present invention is slantly incident with respect
to the P & &dbody, the return beam can be prevented, since an
isolator is not required to set, the configuration becones nore
sinplified. THEFEP¥RE, in haemaspradtdiveotorfibgevsticns, id isdesicdble
Moreover, the efficient irradiation can be performed with respect to the
seni condb@tdie ¥9¥ege ngisemagondacsonstiiia bs adiidn combkesipgsiihkent hat t he
variatign of the electrical property of TFT prepared can be reduced using
such a SéRFecHRPESSenthinyenhdonjus b very suipgritif iadlcohBiguration,

- optical adjustment is easy, and the device becomes compact in
size. Moreover, even in the case where the irradiation is performed
using a plurality of laser beams, since the optical system is
simplified, it is possible to easlly make the same shape of the
all laser beams. In order to perform the uniform annealing, it
is very important to.make the same shape of plurality of laser
beams. If the beam irradiates on a substrate having a large area
using such a plurality of laser beams, it is capable of enhancing
the throughput. Moreover, the beam can be utilized by synthesizing -
such a plurality of lasers. Furthermore, since the present
inventionis slantly incident with respect to the irradiated body,
the .return beam can be prevented, since an isolator is not required
to set, the configuration becomes more simplified. Therefore,
the reduction of the cost can be realized. Moreover, the efficient
irradiation can be performed with respect to the semiconductor
film formed on the substrate, and it makés possible that the

variation of the electrical property of TFT prepared can be reduced

using such a semiconductor. Then, the operating property and




reliability of sem conductor prepared fromsuch a TFT can be al so enhanced.
BRI EF DESCRI PTION OF THE DRAWNGS 1In the a acconpanying drawings: Fig. 1
is a diagram for showi ng an exanple of an optical system of the present
invention; Fig. 2 is a diagramfor obtaining an incident angle O of a

| aser beamw th respect to an object to be irradiated;, Fig. 3 is a diagram
showi ng an exanpl e of a shape of a |asgs- beam formed on an irradiation
surf ace raaq@ia t 4 | Lon: Flg. 4.is i agr.am showi ng an
exanpl e of an O%Yf:glf ésgjr'gf%em o¥ F%%B\ér%?sag%lt& f%‘%’/’grﬁq%ﬁa ']?Esidﬁggol?e She case
a pluralhhanefkd aser beans Fig. 5 is a diagram show ng an exanple of an
optical system of the present invention in the case a plurality of |aser
beans is used; Fig. 6 is a diagram show ng an exanple of an optical system
of the present invention in the case a plurality of |aser beans is used;

Figs. 7 is a di agramﬁ&g&g@iﬁle of a conventional optical system
Figs. 8Ato 8C are crEﬂ 7 Wﬂﬁﬁg steps of

manuf act uri ng a Ei’éxel TET and a TFT for a driver circuit; Figs. 9A to 9C
are cross sectiondf @i BREOPBRNEIBEaARAHENIEA-

Fig. 1 is a diagram for showing an example of an optical

system of the present invention:;
B Fig. 2 is a diagram for obtaining an incident angie 6 of
x) a laser beam with respect to an object to be irradiated;

Fig. 3 is a diagram showing 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 exampie of an optical system
of the present invention in the case a plurality of laser beams
is used;

Fig. 5 is a diagram shéwing an example of an optical system

of the present invention in the case a plurality of laser beams

M

is used;

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




steps of manufacturing a pixel TFT and a TFT for a driver circuit; Fig. 10
Is a cross sectional view for explaining a step of manufacturing a pixel
TFT and a TFT for a driver circuit; Fig. 11 is a top view 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 circuitl4rd pixel portion of a |ight

tti . o v i _ : . : I ¢
e congusras CEmanfactdfing 28 Txthop L BT ARALRE: Rt P SIS of
sem conduct or E‘F@’.i o8 {g %F'Cf%’%% to.d 6’?"9‘?%%‘2%% r%sﬁé%g?ﬁnp%gn of a
sem conduct or device; Fig. I's a | orm ng
tad j ; ) fil [ th t i ti
and obscii Bl M DERTE A, apd e Bor e fEsled; suram Showi ng

an exanpl e of form n crystallization of a sem conductor film by
g 11 15%1 ?SR %%W EFPAGLOAE ISR i etk e OFf &1 BR¥8A SEM

using the prese i nve
Figs. 1 0 19H are di agrans showi ng exanples of manufacturing TFTs by
usi ng the present invention; Figs. 20A to 20B are di agrans show ng exanpl es

of manufacturj,n IgT,by usin% the present invention and neasuring the
el ectric chargéﬁgr' 13 & Cros: sectional view of an active matrix type

liquid crystal display device:;
) Fig. 13 is a cross sectional structure diagram of a driver
i:) circuit and pixel portion of a light emitting device;

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

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

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

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

Fig. 18 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;

Figs. 1l9A to 19H are diagram§ showing examples of
manufacturing TFTs by using the bPresent invention;

Figs. 20A to 20B are diagrams showing examples of
manufacturing TFT by using the present invention and measuring

the electric characteristics;




Figs. 21A to 21C are di agrans showi ng exanpl es of manufacturing TFT by
using the present invention; Figs. 22A to 22B are di agrans show ng exanpl es
of manufacturing TFT by using the present invention and nmeasuring the
electric characteristics; Figs. 23A to 23B are diagrans show ng exanpl es of
manuf acturing TFT by using the present-invention and neasuring the

el ectric characteristics; and Fig. 24-18-a di agram showi ng an exanple of an

opti cal syst epﬁggf, theapresettid NweRt | §9agFLEs- 294) 5 raph
showi ng I D-VG characteristic of a TFT n%ﬁu?lggtur ed"t\':gn cg'rrb ﬁ’ll%‘gs I 3§er beam

i rradi aine@aractirihgepa aldi i ' i ckel having catalytic
function in therér 9; al | i%ﬁ%‘?dar%%é@eﬂ;gr@eenr&}o& channel length.
Fi gs.26A to 2§ re p S i N D racteristic of a TFT
nmanuf act ur ed bgg?ase%ﬁ%eg'ﬁn) i %% \égdi g’i’: Fon&/?%gij%gs FRETHY | 22888 dEhows
- depende anel 1 9.,..27 1.5 graphs show ng | D-VG )
char actgﬂhsl'? iageg?mgsTTF#@n%t Sgﬁgﬁhrﬁ t ec%{ba#s)s”%’fe"%é%nainﬂ BeAprELBg

depressiga LY i Ei ' raphs show ng I D-VG characteristic of a TFT
with a Fi I'm tE?gfﬁgsghgggfgérﬁ'ﬁl%ilﬁspart i al depletion type. DETAILED

DESCRI PTI ON GF; JHE PREFERRED ODI MENJTS Enbodi nent, Mbde In the present
Enbodi ment I\/ch'?]éa,ya rreyt;Eo&:oof Zggan'—f‘ﬁﬁ 1S ARG | epam@dssr i 88d bel ow

with r%ﬁﬁﬁ@&@tﬁgiﬂ]ng% 1%? dusF:{rpg' t%ie b]i:%sent invention and measuring

the electric characteristics: and

-
—

\.) Fig. 24 is a diagram showing an example of an optical system
of the 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 fhe 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 £ilm thickness of 150 nm in partial depletion type.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiment Mode

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

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




A |l aser beamemtted froma laser 101 is incident into a convex |lens 103
via a mrror 102. Here, as the laser 101, a solid state |aser, a gas |aser
or a netal laser of continuous oscillation or pulse oscillation is used.
It should be noted that as the foregoing solid state |aser, YAG I aser,
YVO4 | aser, YLF laser, YA1Q3 |aser, glass laser, ruby |aser, alexandrite

| aser, Ti: sapphire laser and the like.are |isted, as the foregoi ng gas

| aser, excimer |laser, Ar laser, Kr laSer, CO2 |aser and the |ike of
continuous oscillation or pulse oscillation are listed, and as the

foregoing netg 4 heliun}ggggiun1las r, copper vapor _laser, gold
vapor | aser and]fﬁgs{ﬁfﬁmthlFi 5?°?h@nia§eFagEF igstrrideRrt $rbmahe
| aser 10 ﬂﬂ%{@% co?égrted into a hi&her harnoni c wave by a non-Iinear
optical el enent. Nor&dverd SMAELRE Edpafifsie hesnble karer 48drn acsobid t he
mrror 102 or.between thS— mrror 102 and the convex Iens 103 is set and
my be SXPRHIEASSTnbIEhdages PEA Rebal LASESOf sPnEdnyensdiseikiaticmd
shorter dirgftion, respectively. The beam expander is particularly
ef fect i V& iHP4He WL feten ke usade 5t shouldsbe bodederihateds filen t he
| aser is small. Mreogver, the mrror may not be set, or a plurality of the
mi rror s SREPI R SOk sttader 1gssm.i ¥AGndaseraniV, | FasalentY Mt tlmseaspect to
the conyex |lens 103. The focal position is shifted with aberration such as
ast i gmatiAdiby a5€Fng SleGisdsem sty alamgr . aalereadriheamak@f ,can be
formed on the irradiation surface or in its neighborhood. It should be
not ed t FAPRinenbaserpad thadikeRreslistednmbethe forsyguirs gas Quard, gl ass,
fT@ i s desired since a high
e 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 is particularly
effective in the case where the shape of the laser beam emitted

from the laser is small. Moreover, the mirror may not be set,
or a plurality of the mirrors may be set.

The laser beam is made slantly incident with respect to
the convex lens 103. The focal position is shifted with aberration’
such as astigmatism by being incident in such a way, a linear
beam 106 can be formed on the irradiation surface or in its

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




transparency i s obtained. Mreover, as for the coating provided on the
surface of the convex lens 103, it is desirable that one capable of

obtai ning the transparency of 99% or nore with respect to the wavel ength
of the utilized | aser beamis used. Mreover, as for the convex lens, it
I's desirable that an aspherical |ens whose spherical |ens aberration is
corrected is used. If an aspherical t&hs is used, the condensing property

donsi 1y o O op SHPURSEES! Ghakte AAsb Ta®) The2¥a8R RosFoardasthus
on' the | ra iRy R EByaLneRs MEEESY G A Fomoren CRATEIGEREIdRD he
ot orencel tunerateags oF GRS Triuet AR M0 cobolP BTRLETNES ( SR
oper at ¢ AL 88 on iy T L RR P B RSP A5 S MABREVLFS Ze8PERH ng on
rorl oot 8n BearbnTenEoE ot IR willassd LrsarabeamoLhyioes Hegeover,
reflecti nfggg on_the back surface of -the substrate 105 on which the

i rradi af&d q PPV ¢ 1Y dspdgsipable lvet ian agipleaddeddyenss, an

exanpl e é@ whi&% g sem conductor 11 is fornmed on a substrate 10 i s shown.
If the FEPPECtTR TP fhersatiage st aorresdeidcovitesed. TEl anll and

the reflection beam 13 on the back surface of the -18- substrate 10 are not
superi nﬁS?g‘&F 1CRe iLRREr £8r BFEE . dkBet GonHensing property is enhanced,
i;) - 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 irradiated body 104 by being relatively 'moved with respect
totheirradiatédbody104,forexample,inthedirectionindiéated
with the reference numeral 107 or the directions indicated with
the reference numerals 108, 109. "To be relatively moved" is
concretely referred to "to opefate the irradiated body disposed
on the stage”.

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

If the reflection beam 14 on the surface of the semiconductor

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




beans does not occur. In this case, when a flat plane which is
perpendicular to the irradiated surface and which I's one of the plane
containing short side or the long side of a rectangle which is assuned to
be a shape of the long beamis defined as incident surface, it |Is desired
that the incident angle O of the |aser beamsatisfies 0 z- arctan (W 2d)
where Wis a length of the short side-pg-the 1ong side contained in the

i nci dentsusdcms 10n8ré hot Bupkpessosal ! %&t,%,é%,%v'hu% spar ency
with respect to the | aser be§n1?s§8? ?Higﬁﬁéﬁg§ = + §éq&ﬁ%ﬁavv S
a beam lwngid ades Hota d& _beamincident on the irradiated surface, and
W is a beamlength of a laser beamreflected froma back surface of the

e 0, e B8 B P L e BT 5

not present on the incldent sur ace, I

of 1he \ofellirdahBteleliflhe a Al 3LILENEE 85, Oy Lo L0, a08r Peam 1 s

I nci dent at -the 1 ncidentf ~angle

substra ' it ered w the reflected beam fromthe back surface
RS, A BB Eheot Bheyel doy of 4 HeT RO An St B aBpO 0

of the substrate to ena

conduct ni rther, by setting the incident angle O on the
irradia?%ﬁgbgggﬁggxfth%rgﬂggéPgéWeﬂﬁHQQf%QﬁgrﬁﬁI%ﬂﬂﬁdﬁnﬂysqniﬂﬂeni#ﬁzed to
enabl e the_l aser beamto be used effectively. 1In the above, refractive

i ndex of-5t 1gS<hpdthat the incideptaangle B ofhtheckasex ibeani satissfiesany

substrates is bou{ 1. 5. Wen this value is taken into consideration, a
cal cul alli BrP%arR (B4 4@} where (hakf tohdengfite afalthel shedti sidleecoabthe i s

igbtainegbngoggggréontained in the incident i

surface, and the thickness
of the substrate having transparency with respect to the laser
beam is d. This W is W= (W, + W2)/2 when W, is a beam length
15 of-allaser 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 defined as 0. If the laser beam is incident at the incident

f_—

angle 0, the reflected beam on the surface of the substrate is

not interfered with the reflected beam from the back surface of
the substrate to enable the irradiation of the laser beam to be
conducted uniformly. Further, by setting the incident angle 0
on the irradiated body to the Brewster's angle, the reflectivity
is minimized to enable the laser beam to be used effectively.
Intheabove,refractiveindexofthesubstrateis]“ In practice,
the refractive index of‘many:substrates is about 1.5. When this

value is taken into consideration, a calculation value larger




because energies of both sides of the |engthwi se direction of the |inear
beam are attenuated, interference influence is small in this part and
sufficient interference attenuation effect is obtained with the above
cal cul ated val ue. Moreover, the reflection prevention f Il mnmay be forned
on the surface of the irradi ated body. Wen the annealing of the

sem conductor filmis performed usingisuch a Iaser I rradi ati on device, the

rel evanthaaniaengw tl%r caﬂ‘lddl@&:feb 3 € 1§l %fbaclx}elh {]agiﬂ%r .SE @08%’3{: he

sem conduct or can obt ai ned by “enhanci ng t

ot vt ataibe Lierba i uEhsTenln,Ca8 85T th B o LB e not

t hat the shapes of | aser beans are

the | as b r sers if the Jaser heamis_f orned
by the oo %ﬁ‘ﬁ%ﬁ?ﬁ%‘f Grd 8'&3@9%&‘-8% .bPEef%%ﬁacaagrﬁ G179 denEBALH th ¢ he

Xeo extTnenisinakt ol MR folat, e £ EAO REEECO! 1Pho

XeCd exciner |7aser 1

| aser t £ e soll ate Iaser if the rod shape is in a
cyl.nde?ﬁgﬁ%ﬁgh &?QB Egﬁeé SVEi F Eﬁa§ §So¥alyed if it is in a slab shape,
It becones a ME, ta.% q} %ﬁﬁjhe present invention can be applied to
any shape The lﬁbé‘ ST Preveg tige AT nay e azmedesnr i bed

above escri n detail by Enbodi nents indicated bel ow.

g g further i
-20 Enb ?n%ﬂf acenBbdrhentryadiated body.

) When the annealing of the semiconductor f£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,
itisSusceptibLetoandeasilyinfluencedwiththeoriginalshape.
For example, the shape of the laser beamemitted from a XeCl excimer
laser is in a rectangular shape, as for the shape of the laser
beam emitted from the solid state laser, if the rod shabe is in
@ cylinder shape, it becomes a circular shape, and if iﬁ is in
aslabshape,itbecomesarectangulafshape.Thepresentinvention
can be applied to any shape.

The present invention comprising the configurations
describedabovewillbedescribedfurtherindetailbyEmbodiments

indicated below.




In the present Enbodi ment, an exanple in which a linear beamis forned by
the present invention wll be described below wth reference to Fig. 1 and
Fig. 3. As the laser 101, YAG |laser is used. Supposing that the |aser beam
oscillated fromthe |aser 101 is converted to the second } higher harnonic
wave by a non-linear optical element contained in the laser 101. At this
time, supposing that the | aser beam igokn TEMbo node, and has 2.25 mm of
beam di adsdimditkH. 35 nrad of spreading angle. Subsequently, the beamis
incident™wth respect to the convex |ens 103 having a focal length of 20
mm at t hgnddieingist angle 4) of 20 degrees. Then, in the pr esent

Enbodi nent, the~srnul ation is perforned on the shape of the | aser beam

formed on the {i.raadi ati a di sposed in rallel wth the convex
|ens. The resolt ﬁ%o?)%ﬁ%e%glécsgf"%’o?ﬁﬂﬁ{‘%n & ge.xegﬁ’ajﬁdrﬂ Mhycls a jkinaar

under st t | r..beam having a length of 420m and a W dth of 40m
is forne oﬁgtﬁggﬁ"‘%‘}rjg%? avT%l?r&ftef“d:cg'PvﬁBrt Vilinke fagerberd el the

ener gy § f the |linear beamis a Gaussian distribution. Fromthe
resul tsq'gTrﬁ’f %SF%gierﬁﬁeaﬁ% A9 LAPbFiHniIrmed that a linear beamis
formed on the irr%di ra'ftion urface or in its neighborhood according to the
present i nvenffolileTREFETWIEN - YAG dased ifguseda Seppesiag tthatf ithe i s
performed usi.ng such, ?L | aser irradiation device, the rel evant

sem cond@EES PN AECNLageddyam sheilager 408 risscanventeddr thedecoad fil m

can be gg I ne 21 by enhancing the crystallinity, and the activation of
the inp ,‘J&?rc ATHERLS, V%Y BYjt2 non-linear optical element contained

in the laser 101. At this time, supposing that the laser beam
j.s in TEMoo mode, and has 2.25 mm of beam diameter and 0.35 mrad
of spreading angle.

Subsequently, thebeamis 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 performedon 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
& linear beam having a length of 420um and a width of 40pum is
formed on the irradiation surface. Moreover, the distfibution
of the energy density of the linear beam is aGaussian diétribution.

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 £ilm is performed using such
a laser irradiation device, the relevant semiconductor film can

be crystallized, a crystalline serﬁiconductor film can be obtained




Enbodi nent 2 In the present Enbodi nent, an exanple in which the
irradiation of the |laser beamis perforned using a plurality of |aser

beams will be described below with reference to Fig. 4. 'As lasers
|1la-111c, YAG | asers are used, these are converted into the second higher
har noni ¢ wave by anon -linear optical element. Then, after the respective

| aser beans enmitted fromthe lasers t#}a-111c travel via mirrors
112a- 1126y enhes@inietisd il ainNGndeqt, aib il ré‘é:fﬁﬁ& b pses
113a-113c. By slantly be??g I nci dg:hi}{ ,at he foca pogjf'(ﬁ anirfséogﬁﬁﬁf»lé Yby_ an

aberr ati @nswehcappiagtbgeuti smor the like, a linear beamcan be forned on
the irradiation surface or in its neighborhood. Mdireover, it is desirable

that an aspherical lens is used for the convex lens. It should be noted
t hat abeam expander between the lasers |Illa-illc and the mrrors 112a-112c
or bet weghpddnddhf r#rs 112a-112c and the convex |enses 113a-113c is set
and nmay e expanded-into the desired sizes in both of |onger direction and

shorter directd,pn r Lvel reover, the mrror nay not be set, or a
plurality of ]!t e Therr $§§%¥ lfée{nbsogé)l.mefh%h, APhi ?’éalflﬂgel i’ﬂ%a?“’hﬁgﬁm ¥R% ned in
this way;J | ~e kt-can irradiate the desired region or whol e area on
the irrac |£z:iarf(£%i %gfflefi?eb;aﬁsfnge?ﬂl ot ingmals\ﬁ“%harﬁéﬁéé%rfﬁ e

i rradi at 4 . for_exanple, ip the direction indicatedwth the

ref er enci:aFLE %atﬁrrsgrwé'rl]gdjie o‘fe??ﬁilb?ﬁl&?*%sw%mi%%’ﬁﬁ%ﬁ? htQ Helg ef%r ence

numer al 109.. .Since Jn the present invention, the optical systemfor
islo.l?asers 11§a~clel:ﬂc, EPAG plasers are used, these a?re convgrted

*\) into the secondhigherharmonicwave byanon-linearopticalelement.
Then, after the respective laser beams emitted f£rom the lasers
1lia- lllq travel viamirrors 112a-112c¢, these are slantly incident
with respect to the convex lenses 113a-113c. By slantljr being
incident, the focal position is shifted by an aﬁerration 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 asphei:ical lens is used for the convex lens.
Tt should be noted that a beam expander between the lasers 11ia- 11llc
and the mirrors 1i2a-112c or between the mirrors 112a-112c and
the convex lenses 113a-113c¢ is set and may be expanded into the
desired sizes in both of longer direction and shorter direction,
respectively. Moreover, the mirror may not be set, or a plurality
of the mirrors may be set.

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

body 104, forexample, inthedirection indicatedwith the reference




formng the Iinear 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 on
any irradiation surface where any linear beamirradi ates, the whole
surface of the irradi ated body reaches to have a uniform physical property
and the throughput is enhanced. It shd&td be noted that in the present

i nventi Qumedd NOOIB - 13 i 0 s\Whis t hree .beans af | asers are used is
exenplified, the nﬁhber&% %ggéglﬁgl%oteﬁ“ﬁi&ﬁh?SE?ﬁngcgquqﬁ?E%ne A
kind ofyggsefggmay be not used. For exanple, it is also possible that a

plurality of different |lasers are enployed, the desired region is
i rradi ated by desir l.aser em:-conductor filns having different
physical'propé%??ﬁ%%gééﬁﬁ%ré§§F%ﬁl ﬁ?ﬁ%nﬁé9?ngtBFfPBFéﬁFl PESHEM £OF ar e

prepare : .substrate. Enbodinment 3 In the present Enbodinent, an
exanpl eqilo(r%:l?n I;fn;eh %hngl%F?‘ aléf'gf“i BAS.R YREY|siwple, HFEralEken edtodts from

bot h si f the irradiated body _using a plurality of lasers will be
describ%%%ybg Oﬂ?&?t?lq e Ao 1gsgr Beams 1imesk beams hevimg sl aser s

of contE%Hpus oscillatiopn are used, these are converted into the second
hi gher B&MFoRRePe £ %v%r’ﬁ?/dﬁ?FFPEiW%ﬁ%ﬂﬂ'ﬁlpﬁ@zipr@pt pénfedthensame Then,

after the respective |aser beans emtted fromthe |lasers 121a, 121b travel
via mr FBP?E%%& 152 Gartriede o¥ite o8y any \irradiigsdonwisulrfagepabieret anyhe

convex lLenses 123a,123b. By slantly being incident, the ,
linear beam irradiates, the whole surface of the irradiated body

) reaches to have a uniform physical property and thé throughput
is enhanced.

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 exampie 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




focal position is shifted by an aberration such as astigmatism or the
like, a linear beam can be fornmed on the irradiation surface or inits
nei ghbor hood. Mreover, it is desirable that an aspherical Ilens is used
for the convex lens. It should be noted that a beam expander between the

| asers 121a, 121b and the mrrors 122a, .122b or between the mrrors 122a,
©122b and the convex | enses 123a, 123b-28-set and may be expanded into the

esi r edwaveebyi @t DDi 910§ 4 %%ﬁrlﬂéﬁ%b%gtc%geegé‘@%ﬁ@gr'rﬁ'éx'i e%}fﬁ%r]i B8 the

respectively. Mreover, the mrror a plura

M rrorsreeyelt i@l 1afBeMhe it let%h%ﬁ%d ' g{ tﬁg?igggfs”an%oiag J.tailg:;t\é'\%%ﬁﬁe

irradiates, it can irradiate esired region or
i aved SR Oto Sy PALOR AELAL AP T R kB
of oronee sunesbod fetbed hEr RO, KGR Ule eterenge
make o grurd P EToREs itafed ey ot TrsShretlan Aycbn 8o anbiRap Mo « he
R i R e L L S RO A MRl
utt1 o SRR ATPERBUEERG: HgBenvene O Leone EnBLa hetan RepBRBLPaL be
peams ofonachrsied’ E88tne ERBkpr repg, o o men e
N It should be noted that a beam expander between the lasers
121a, 121b and the mirrors 122a, 122b or between the mirrors 122a,
122b and the convex lenses 1235, 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,
oi* 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
hody 104 .by being relatively moved with respect to the irradiated
body 104, forexample, inthedirection 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
ontheirradiationsurface.Therefore,a;ﬂuralityoflinearbeams

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

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




the nunber of lasers is not limted to this, and the different kinds of

| asers may be used. Moreover, it is capable of being carried out that the
present Enbodi ment is conbined with Enbodi mrent 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 irradi ated body2vil| be described bel ow with

ref erenasodp, F+ caf- LS H@iﬂ éﬁﬂp Y, e tinuous
osci | | ationja are u?sed?é?sr#ese a?ee [ofs) vae e ?nﬁcéﬁllﬁﬁ% ﬁ?ggt#elpe%eal?%ni C

wave Dbyembdodimé®. @ non-linear optical element. Then, after the

respect [ ve | aser beans enitted fromthe | asers 131a, 131b are sl antl y
et dent , 't he Togapasa e s BhaE, LIS phSstns Pient fnC At bnduglt "
Sur T ace Sl dCh R el BRLRECRE f¥ers Sre el Lh R ey
o pantor i, Silek $e9ab8s 1 05nCRT S L oY bo Limils nernrihs, G dfemertagg
Girect diite B e e A Ged pepect | vely.  Morover, theomirror ma.

not be or a.pluralit f the mrrors may be set. Then, while the
| i near g%?%ofvgrrﬂe&% 5 P?F?ya\ﬁglf iof Afikcarnied out that the present

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 1asers 131a, 131b, YLF lasers of continuous oscillation
are used, these are converted intoc the third higher harmonic wave
by utilizing a non-linear optical element. Then, after the
respective laser beams emitted from the lasers 13la, 131b are
slantly incident with respect to the convex lenses 133a, 133b.
By slantly being incident, the focal position is shifted by an
aberration such as astigmatiSm or the like, a linear beam can
be formed on the irradiation surface or in its neighborhood.
Moreover, it is desirable that an aspherical lens is used for

the convex lens.

It should be noted that beam expanders between the lasers




can irradiate the desired region or whole area on the irradiated body 104
by being relatively noved with respect to the irradiated body 104, for
exanple, in the direction indicatedwith the reference nuneral 107 or the
directions indicatedwith the reference nunerals 108, 109. Since in the
present invention, the optical systemfor formng the |inear beam has a
very sinple configuration, it is easy2Po make a plurality of |aser beans

i near heam, NaubnenthenesaBRyaRaPEngls! 1S3h! rAGhAILOD SU fAGE palhglel Or e,

a plurality of linear beams can be easily superinposed each o SEven in
{he Caseaphpic shesCtnb Y da | WEL QY B! S5 P dEREALIG poR e
e, pr st 0o uRAlcn! AU O SR Ble lsaR et o,

he nuTher o, | 3365 sl dy W S Ll el U Ferent | Kindo of

| asers may be used. reover, houg

i rradi at surface f bei synt hesized, _a |inear beam may be forned
by an o%?%@é|%§§§%eﬁ93w%§é89€rggl TOTREEs iRy Ehigaaynhdrppddateseniddi ment

is fre | .t h .Enhodi_ment .2 or Enpbodi nent 3. -26 Enbodi nent 5 A
net hod %1%‘}(‘ i g?%c%ﬁ?ﬂr?ge GRSACPA EeREPR| & Minder areajan theigraddatadt hi s

o oes BB e R ek ROV s 2homas he e asecrosien

/capaci t¥08£;‘iof49ré‘c?rd e:t:éﬁﬁgig ?rin thedirectionindicatedwiththe reference .

EL) numeral 107 or the directions‘ 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 1éser beams linear beams having the
same shape on the irradiation surfacle. 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 sufficientlyapplied

R—

according to the present Embodiment.

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




is called active matrix substrate for convenience. First, a substrate 400
made from gl ass such as barium borosilicate glass or alum num borosilicate
glass is used in this enbodinment. Note that 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 capabl e of egguri ng the processing tenperatures
used in this enbodi nrent may al so be TUS®d. Because this invention can
easily fmpadinddeay beamwth a uniformenergy distribution, it is

possi bl e That anneating the |large area substrate is conducted effectively

b ' I | | | e, Next, b fi.lm401 made f,
hsurating [if Mg 8F hbffchRPTRo B8 bindvE Rt shesAE e e or

insulating filmsuc

silicon D ddd Mimis.then formed on_the substrate 400 by the known
net hod. e,&&'?t(vxo r{egiyg? gt'?]rll?cf%rbg |1§"e&3:e35&§’gt ﬁégﬁasg Fe1 M 202 isybstmate
enbodi e Al .l ayer of the above-nentioned insulating film my
al so be usggfﬁtg‘n% g“@%r ﬁ%f?ﬁ?aéti' n2wWhFtRehorETCehin #8% 3 Biaresl HETHOH nat ed
may al s doe? 2.Next , sem conductor | ayers are forned on the base

(i B e §'|FF,2 DX Sfc GO L01G icaDRsiYY e KoFmes doseshest 25
to 200 referably 30 tg 150 nm by a known nmethod (such as the
sputter {}'n@g(c%eﬁﬁ%d,acttﬁé’q_%%twt% ther (FesrrRpierTe net hod) . Then, the
sem conductor f i Itm is crystallized by a |aser «crystallization nmethod. As
the laser crygf"ﬁF’I v 7 B | HeXHeR) 400 made from glass such as barium

;

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 the substrate
surface may also be used as the substrate 400. Further, a plastic
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 distribution, it is possible that annealing the
| large area substrate is conducted effectively by using a plurality
of linear beams. |
Next, a base f£ilm 401 made from an insulating £ilm such
as a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film is then formed on the substrate 400 by the known
method. A two layer structure is used as the base film 401 in
this embodiment, but a single layer of the above-mentioned
insulating film may also be used, and a structl.;:re in which more

than two layers are laminated may also be used.




the | aser beamirradiates to the sem conductor film by applying one of
Enbodinents 1 to 4 or by freely conbining any one of Enbodinents 1 to 4.

It is preferable that a solid-state |aser of continuous oscillation or
pul se oscillation, a gas laser, or netallic laser is used. Note that, as
the solid-state laser, there nmay be given a YAG |laser, a YV04 |aser, a YLF
| aser, a YA103 |laser, a glass |laser, ?%ruby | aser, an alexandrite |laser, a

Tl : sapphire laser, and the like. As a the gas |aser, there may be given a

exci ner | aseMN&Ht comminandnoser | layéos arepibsmedosai lthat base Ailmaser, Kr
| aser, C02 |laser, or the like. And as the netallic |aser, there may be

gi ven aMdastuwicaddi uaehisenducaocofpam vapborhadesitiora atgaikhasmpeE | aser.
O course, not only the laser crystallization nethod but al so any ot her
known @5y dicall0zani (pretehadl¢RIA, t&hes0 hen by o Yatcwd imeiiod (Ridwod
using a furnace annealing, the thernmal crystallization method using

net al | i @selteeenputubirithgpnetnbd, Ctiet BPCVE ahé A Man@ B fiasaivied. The
sem conductor f ilmmay be an anorphous sem conductor film a mcrocrystal

sen condiedthod )f.i | Then , ahes¥miabhianetsent LonducsPysfdl M 244 bR Hakisws! v, the
sem conductor filmmy be a conpound sem conductor film having _2g an

anor phous ysttalatieae isiC hedhiod) 2AB' BRBUIaSklk 6298882 ok Btnoy thi s
enbodi ment, plasnma CVD nethod is used to forman anorphous silicon film

with a thieCkases wéa®Q riaaiaidd ft%”thgeseﬂlﬂé&gﬁxcfﬁifsfﬁirh itﬁg*a:pgsﬂggﬁ%tghod

using metallic elenents, which pronmote cryst | zation, a
cryst al bnealdfOEnBINMLIAL 1 to 4 or 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 iaser,
there may be given a YAG laser, 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 léser, there may
be given a excimer laser of continuous oscillation or pulse
oscillation, Ar laser, Kr laser, CO, laser, or the like. And as
thermetallic laser, there may be given a helium cadmium laser,'
a& copper vapor laser, or a gold vapor laser. Of course, not only
the laser cryétallization method but also any other known
crystallization method (RTA, the thermal cryétallization 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 £ilm or a

crystalline semiconductor £ilm, Alternatively, the

semiconductor film may be a compound semiconductor £ilm having




used for the anorphous silicon film N ckel is used as a netal elenent,
and is introduced onto the anorphous silicon filmby a solution coating
nmet hod. Then heat treatnment is conducted at 500 C for five hour, whereby
obtaining a first crystalline silicon film Subsequently, the | aser beam
shot froma continuous oscillation YYO4 |aser with output 10 Wis
converted into the second higher har gi c wave by a nonlinear optical
elenent and then a linear |aser beam formed and irradi ated by one of
the opt3AMERRAIE sHFHWCFRr Engrach nestan lanoxploonsh stilicdyy demmanptinal
system conbi ned these enbodi ments, whereby obtaining a second crystalline
silicon §3®a |rradiating the Iaser beamto the first <crystalline silicon
film and changing the first.crystalline silicon filmto the second
crystalline sil ddvisf iembodiprenite tplasmer C¥Damkithioly i8f usbe &CcEdh an
crystalline silicon film At this nonent, about 0.01 to 100 MNcn?

(pr ef er @mormhous cil0ddw il wiith rechiskiheskobrt Be LNEr4Yd dgnsi tohe The
stage is relatively noved to the | aser beamat a speed of -about 0.5 to
2000 crithermaid drys trarlddi 2dteton anstHd®rud ey Gistsimlid REL el t&ON WHildA | S
formed. When the exciner |aser of pulse oscillation is used, it is

pref er aljmontdtat 3Gtz Iafz 1 BsHIe A alrgkeko%ﬂ}%tlél%ﬂaticﬁ{%éttﬁﬁa Gald ¥,
-29- 200 to 800m/cnR) of |aser energy density are used. At thisnmonent,

| aser bemadrdprbehevanbapRedsbyi BOcR HB1Re Fidkur &% uéé&hé%@n% £H1l can

be fornmed by using the first «crystalline silicon f| |t 'S preferable
that theleeend ey ielidtiddidds ntd 1hd S IR £1Th gyrce the
sjcond crystalline silicon filmhas an | nprove ryst |n|ty and

. a solution coating method. Then heat treatment is conducted at

500 °C for £five hour, whereby obtaining afirst crystalline silicon
film., Subsequently, the laser beam shot from a continuous
oscillation ¥YVQ, laser with output 10 W is converted into the
second higher harmonic wave by a nonlinear optical element and
then a linear laser beam is formed and irradiated by one of the
optical system shown in Erhbodiments 1 thorough 4 or by the optical
system combined these embodiments, whereby obtaining a second
crystaliine silicon film. Irradiating the laserbeamto the first
crystalline silicon film, and changing the first c.rystalline
silicon film to the second crystalline silicon film improve the
- crystallinity of the second crystailine silicon film. 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 abdut 0.5 to 2000 cm/s,
and it irradiates, and then the crystalline silicon £ilmis formed.
When the excimer laser of puise oscillation is used, it is

preferable that 300 Hz of frequency and 100 to 1000 m3j/cm? ( typically,




el ectric characteristics of TFT are inproved. For instance, although, when
TFT is formed by using the first crystalline silicon film a nobility is
al nost 300 cn®/Vs, when TFT is forned by using the second crystalline
silicon film the nobility is extrenely inproved Wth about 500 to 600
cn2/Vs. The sem conductor |ayers 402 to 406 are formed by performng
patterning processing on thus obtained,gem conductor filmby using the

phot ol ithog;rcgghg met hgd. Doping of a very small anmpbunt of an inpurity

el ement 200KH00 B /pHos phdransy) eneygbdepsityramsuséder Xothisgoteat,

sem conductor layers 402 to 406 in order to control a TFT threshold val ue.
A gat e 1ASEFabeas maymbeo Pviesagpesd brye &0, twods isng the seni conduct or
“layers 402 to 406. The gate insulating film407 1is formed by an insulating
fil m cont ai nOfgcebrseonadihbughtdiThesn bef £dOméad Bphgimgisheg fpkkagna CVD
or sputtering. In this enbodinent, a silicon oxynitride filmhaving a film
t hi cknessystall@nemsislidor nédihy dltasie f¥Braehbid. tHa gehe kasvhati ng
filmis of course not limted to a silicon oxynitride film and ot her

i nsul at cogstaillisecohl heon FY 1% [soofedy BOrkSak TRTasEhE@ thd 8¥ebnar i N a
| am nati on structure. -30- Further, if a silicon oxide filmis used, it can

be fornedybyaplanan QR g6 hedimi s ﬁﬁﬁﬁb&o@%ﬂ%ﬁp&ﬁﬁiﬁﬁ | ana
Othosili-cate) and 02, at a reaction pressure of 40 Pa, with the

subst r atketefper ehuiracteirikta®s3QRE erH 0L impFobyadi SPHAr $hBganak @ high
frequency (13.56 MHz) electric power density of 0.5 to 0. 8 WCW Good
Shar act 8LtRbuGH, aheh Mot @ sl FtMd bPRsfind MERTrst crystalline silicon

_) film, a mobility is almost 300 cm®/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 processing on thus obtained semiconductor £ilm by using
the photolithography method.

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

A gate insulating film 407 is formed next, covering the
semiconductor layers 402 to 406. The gate insulating film 407
is formed by an insulating film containing siliconwith a thickness
0f 40 to 150 nmusing plasma CVD or sputtering. Inthisembodiment,
a silicon oxynitride film having a film thickness of 110 nm is
formed by plasma CVD method. The gate insulating £ilm is of course
not limited to a silicon oxynitride f£ilm, and other insulating
films containing silicon may be used in a single layer or in a

lamination structure.




be obtai ned by subsequently perform ng thermal annealing, at between 400
and 5009C, of the silicon oxide f ilmthus manufactured. A first conductive
film408 having a filmthickness of 20tol OOnm and a second conductive
film409 having a filmthickness of. 100 to 400 nmare then f ornmed and

| am nated on the gate:insulating f ilm407. The f irst conductive f ilm
408, made froma TaNf ilm having a filmthickness of 30 nm and the
second conductjive film 409, nmade fronia Wfilmhaving a filmthickness of
370 nm are FoRWLndL arihbicen oxide §idmbbsivest, itheadadde fhormeds
formed by s utteriq&, and sputtering of a Ta target is perforned in a

ni t r ogerPYat Rb&plar CVIFymertdrod t wath/ fai Imintisife opRedPEYS S [{(TetterEetty1Usi Ng a
Wtarget. In addition, the Wf ilmcan also be forned by thermal CVD ‘
met hod @@ siddgate) rodaPh uat derédEBlon \Wradwwss ofS40SPd, with $he
necessary to be able to make the film becone |ow resistance in order to
use it sYbstyate sewperatere aatl fromS3qW elenabhe, thwd Byhaikesiasgivigy of
the Wfilmbe made |ess than 20pQcm Note that although the first

conduct iate af hiight @ ekmieTiadyt (arsd Si6h MEREC @1 AP Hoee den@i499 oieS Vi N t hi s
enbodi ment, there are no particular limtations placed on the conductive

films. £810.8M dni’r stCooadInitaetdridtLd8 aand dte $R6Q1E ERAGAUCEE ¥anf i | M
409 may al so be forned froman el enent selected fromthe group consisting

of Ta, We bbtainedAby @ubddquarth NipePEofh PRy aPhaLheY =ARbSLIAL, hayi ng one
of these elenents as its main constituent, or froma chem cal Conpound of

these ebetwsen.4001ahASD0ST, 6 FhSYIICISH ok b8 iHPLGA h¥nAsRALYELYSt al | i ne
_?_ejyst alline |
A first conductive film 408 having a film thickness of
20to0100nm, and a second conductive £ilm 409 havinga filmthickness
of 100 to0 400 nm are then formed and laminated on the gate insulating
film 407. The first conductive £ilm 408, made from a TaN film
having a £film thickness of 30 nm, and the second conductive film
409, made from a W film having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN film is formed
by sputtering, and sputtering of a Ta target is performed in ar
nitrogen atmosphere. Further, the W £ilm is formed bylsputtering‘
using a W target. In addition, the W film can also be formed
by thermal CVD method using tungsten hexafluoride (WFg).
Whichever is used, it is necessary to be able to make the £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 20pQcm.

Note that although the first conductive film 408 is TaN

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

are no particular limitations placed on the conductive films.




silicon film into which an inpurity el enent such as phosphorous is doped"
may al so be used, as nmay an AgPdCu al |l oy. Masks 410 to 415 are forned next
fromresist using a photolithography nmethod, and a first etching process"
is performed in order to formelectrodes and wirings. The first etching
processing is perfornmed in accordance with first and second etching
conditions (Fig. 8B). An ICP (Inductivgy Coupled Plasma) etching nethod
is used as a first etching condition in this enbodinment. A gas m xture of
CF4, c1Xheyjfdrgs ¢enduehive HiHmueBi andgike sesondgaenfiiohivetttlmrddSet to
25 : 25 : 10 (sccm, respectively, a plasma is generated by supplying a
500 W RMaY1 258 \Pe) fermedr ifrompoarr eflemgndoidelsivissl efeanr tte afromp
pressure of 1 Pa, and etching is perforned. A 150 WRF (13.56 MHz) electric
pover i soRssstdme pédrat .t Fd,sMbstalht €wi O, (3adNdE srafedm dheridoy
applying a substantially negative self-bias voltage. The Wfilmis etched
under t matenisl beyhinggonendftthase ebheméhts ey el o mtaion coh sttt uehit, st
conductive layer is nade into a tapered shape. The etching conditions are
changed oro freecandhemdikialy cawpulind oofwithiesw &y, t heupreaks, 430 to
415 made of resist. A gas mxture of CF4 and Cl2 is used as an etching
gas, theegasondctilrowr ik estepicadliyt & 30olySPyé64tMner esRSEHIMaNE a
plasma is generated by applying a 500 WRF (13.56 M1z) electric power to

a coil sHhapeoal £L1mpdmiad whiRhess Ui tly Blemend SHERIAW phdspilokemged for
approximately 30 seconds. A 20 WRF (13.56 MHz) electric power is also

suppl i edst dopk@ m4RSEIE0LE LS dRcESaAMY tadt AL )AgHAR] SDM.oAPP! Ying a
1,.3bst antially negative self-bias voltage. The %Nf‘l | m
Iy 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 inaccordancewithfirst and secondetching
conditions (Fig. 8B). AnICP {InductivelyCoupledPlasma )' etching
method is used as a first etching condition in this embodiment.
‘A gas mixture of CF4, Cl;, and O, is used as an etching gas, the
gas flow rates are set to 25 : 25 : 10 {sccm), respectively, a
plasma is generated by supplying a 500 WRF (13.56 MHz) electric
power to a coil shape electrode at a pressure of 1 Pa, and etching '
isperformed. A150WRF (13.56MHz) electric power is also‘ appilied
to the substrate side (sample stage), thereby applying a
substantially negative self-bias voltage. The W film is etched
under the fifst 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




and the TaN filmare both etched by on the sane order by the second
etching conditions using the gas m xture of CF4 and Cl2. Note that the
etching tine 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 |ayer and the second conductive

| ayer are nmade into a tapered shape ibpzgaccordance with the effect of a

bi as voltage, applied to the substrate side, by nmaking the shapes of the
resi st e TaliesaBre aethtehd0 alBevdswen)i,onedpectivredychanylasmaliid on.
The angle of the tapered portions is from15 to 454. First shape

conduct i9fReTREad byl Applyiap a K00sW BBN(LBt 56 eMiiay e Be diBe o2 a0 and
second conductive |ayers 417b to 422b) are thus fornmed fromthe first
conduct ia@oil ghape edied tiriraiesat apdesauducet ¥ @a, ayel styih§e sfddrormed

et chi ngprocess. Reference nuneral 416 denotes a gate insulating film and

regi ons fotappavwsrigthtpl it 80 fddcdnddapa CONGUEF a3 . aenidl et t423% becone
t hi nner by approximately 20 to 50 nmthrough etching. A second etching

pr ocess poserEsiapao buppdd od tdiené suBERYaRS s {die( S@ws e BRAG), tifttety (Fi 0.
8C) . Here, Wfilmis selectively etched by using CF4, CI2, and 027for the

et chi ng apadlyidly &hivbs Bt 1d 1By nkle t39e0861 £0P88E Wi d v er §nad@lE i, 433b
are formed by the second et{:%rng process. On the ot hergaélhang', thelflth rst

conduct iané ty ar=N 417a 41 HI28 ¥ Ehd@ MrAq}flfé‘EQméWrdé}?b 04 e B3P

conductive |ayers 428 to 433 are forned. I rst doping prfocess 1s then
per f or meat chihlg0 ¢onteFIUnEd ustifly K YR AR FureL S erdNdnk e $emygqaduct or
Aayer is added

ﬁ 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 £ilm.

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-mentionedfirstetchingcondition. The angle of the tapered
portions is from 15 to 452. First shape conductive layers 417
to 422 (first conductive layers 417a to 422a, and second conductive
layers 417b to 422b) are thus formed from the first conductive
layers and the second conductive layersbythe firstetchingprocess.
Reference numeral 416 denotes a gate insulating £ilm, 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




to the inpurity elenent which:inparts n-type at a | ow concentration. The
dopi ng process may be performed by ion doping nmethod or ion injection

nmet hod. lon doping is performed with process conditions in which the
dosage is set froml x 1013 to.5 X 1014 /CVM , and the acceleration
voltage is set between 40 to 80 keV. Doping is perforned in this

enbodi ment with the dosage set to 1.5_X31013 /CM2 , and the acceleration
voltage ,set tq_60-keV. An el enment. belonging to the group 15, typically
phosphotdd€ «( By Sesiandhiconduadyivies hns@rsadt 28 itopI3by aslec fiommeshibyh

i nparts n-type. Phosphorous (P) is used here. In this case the conductive
| ayers 496 1320 jetchdngagreoansh. r eOpecthe ootheri mand t ythéefbntstwhi ch

i nparts n-type conductivity, and the inpurity regions 423 to 427 are f
ormed i ﬁ’°5'd§3éﬁtﬂ‘fﬁaﬂﬁg‘ﬁrﬁg4hannm .420ve sinepbairty yet eonall ad cthd measond N-t ype
I's added to theinpurity regions 423 to 427 at a concentration in a range
of 1 X Ebapet gondictiye AQyRrsNab2s taf t433 raare\ficvenddhe masks nmade of

resi st, new masks 434a to 434c nmade of resist are forned, and the second
dopi ng proc@s§irstpéopingneroceassi P erhear qrirdoried withbade rehdrringe f

i rst doping process. lon doping is perforned with process conditions in

whi ch t tbedneale madeedbff resiktXah@l3heosémXcbBEbotoMR 1ayaRd ikhaaads-
acceleration voltage is set between 60 to 120 keV. The doping process is

- per f or méd ting Ampungi thelement rhd @hdukddMes h avepe a428how L8nddRbras iBRSks and
t he sem conductor |ayer under the tapered portion of the first conductive

layer i|Shaddeping piheces®uldy be pbeForineaCopt iOW AN Ind e tdfdelo? #bhon

“~Qltage is lowered than ,

S injectionmethod. Iondopingisperformedwith process conditions
in which the dosage is set from 1 x 10* to 5 x 10 /cm®, and the
acceleration voltage is set between 40 to 80 keV. boping is
performed in this embodiment with the dosage set to 1.5 x 10%3

/ 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 th:';s 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
@ concentration in a range of 1 x 10 to 1 x 10%° /cmd.

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

in which the dosage is set from 1 x 10* to 1 x 10*° /cm2, and the




"the second doping process, the third doping process is done, and the state
of Fig. 9A is obtained. lon doping nethod is performed wth process
conditions in which the dosage is set from1l x 1015 to 1 x 1017 /cn2, and
the acceleration voltage is set between 50 to 100 keV. Low concentration
I mpurity regions 436, 442 and 448 overlapping with the first conductive
| ayer are added to the inpurity el ened#d- which inparts n-type within the
range of Si t f 1 x 1018 to 5 x 1019 /cnR2 by the second dopi ng
process aéanglefﬁag&t?ﬂ %’d’%%g"%%@?%fh i6hteohéBnke¥t i Phe rfnmding
regions 435, 441, 444 and 447 are added to the inpurity element, which
i npar t s FEISARE di% REATPRBeAPYdising Hdbeisesongd epndugtiveclayers 4281021
lcn2. O course, the second doping process and the third doping process
can be J:r?e-#ﬁzi’e agoprAlSpRBdethessepiaariingtor layer wundeb|the dugelmdt i on
voltage and it is also possible to formthe |ow concentration inpurity
regi on B HiYh ookbenfizstonondpetive laggrobs added tf tidre renmsing t he
masks made of resist, new masks 450a to 450c nade fromresist are forned
and t he Sl&Hant -dopPR§iNpPYSAYsthe Frrd bemadion woltiage 1edionerd®Ihadbd, 459
and 460, to which an inpurity elenent which inparting a conductivity type
-35- oppt§i Fecedidrping pveestsay éhenthioddloging byocepe is @stdedangar e f
ormed in accordance with the fourth doping process in the sem conductor
films wihehsbetems Biyi.\RA limyebtadhetihe Dok lGwpisly mé¥ped T pertoemagcond
conductive layers 429b to 432b are used as masks with respect to the
i mpur i t y¥idhepracesandoadithpusily which the dosage is set from 1 x 10°

iw) to 1 x 107 /cm?, and the acceleration voltage is set between 50
to 100 keV. Low concentration impurity regions 436, 442 and 448
overlapping with the first conductive Jayer 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 process and high concentration impurity
regions 435, 441, 444 and 447 are added to the impurity element,

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

to 5 x 10% /cm?.

R

Of course, the second doping process and the third doping
processcanbeone—timedopingprocessesbynmkingit1x>asuitable
acceleration voltage and it is also possible to form the low
concentration impurity region and high concentration impurity
region.

Next, after remdving 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




el ement which inparts p-type conductivity is added to formthe inpurity
regions in a self -aligning manner. The inpurity regions 453, 454, 459 and
460 are f ormed by ion doping nethod using diborane (B2H6) in this

enbodi mrent (Fig. 9B). The sem conductor layers for form ng the n-channel
type TFT are covered with the masks 450a to 450c nade of resist when the
fourth doping process is perforned. nggphorous is added at dif f erent
concentrations into the inpurity regidons 439 and 447 by the first to third
dopi ng °RRTEER et Hhakvef thy ahoveromacoopietivith type iheadded,
concentration of the inpurity element which inparts p-type conductivity
beconesi¥e rigwmed iy pgaordance] oAk hattives £0GvBhi dophag pespesti ¥ tlagi ons,
no probl ens develop In making the regions function as source regions and
drai n regmbrendtcter fidommwhdlch bgpeméFdctive liayeird bf tRgiprchaimel hus
formed in the respective sem conductor |layers by the steps up through this
poi nt. ¥ypeé rBRTS nt Fhleageconds chatiueg ifiel Magetsi 260" 6804 PEH tawd iifed
renovi ng the nmasks 450a to 450c made of resist. This first interlayer

i nsul atamonefskd midhb reispeloar ed theoMmpari@gutdéh8st] Ahd ark oM RY '
silicon, having a thickness of 100 to 200 nm by using plasnma CVD net hod

or sputdlesmerg: mtivod impatids pRRyPEY Bohbinde ivady hikl AhBad Pg oidigkhess of
150 nmis forned by plasna CVD nethod in this enbodinent. The first

i nt er | ayerurasprayiogsiil etk - 419 GfingPHESRe POl PR LBArE Rydetdddon
oxynitride film and other insulating filnms containing SI-FICOH may al so
be used53S484 51458l £nd LBYITOE0PMEEBY'BA ABpI WU i &d using diborane
E;) {B.Hs) in this embodiment (Fig. 9B). The semiconductor layers
for forming the n-channel type TFT are covered with the masks
450a to 450c méde of resist when the fourth dbping process is
performed. Phosphorous is addedat different concentrations into
the impurity regions 439 and 447 by the first to third doping
processes, However, by performing dJdoping 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 fegions are thus formed in the respectiwve
semiconductor layers by the steps up through this point.

A first interlayer insulating £ilm 461 is fo;_:med next after
removing the maské 450a to 450c made of resist. This first
interlayer insulating film 461 is formed from an insulating £ilm

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

plasma CVD method or sputtering method. A silicon oxynitride




Subsequently, a recovery of the crystallinity of the sem conductor |ayer
and an activation of the inpurity elenents added to the respective

sem conductor |ayers are performed by irradiating the |aser beam as shown
in Fig. 9C. As the laser activation, the |aser beamirradiates to the

sem -conductor film by applying one of Enbodinments | to 4 or by freely
conbining with these enbodinents. It dxgpreferable that a solid-state

| aser gg gg ontinuous_oscillation or a pulse oscillation, a gas |aser, or
metal | i ¢t} Ying e-FhiREResERE 154 nima sskprmed toyt @lpgsar CVDimetodmy be
given a YAG |aser of a continuous oscillation or a pulse oscillation, a
YV04 | as} RS gmbodipenty. vRhes fixet intemlager |insslabingbfilmses] an

al exandrjte |aser, a Tl: sapphire |laser, and the |like. As a the gas |aser,
there nmey® BE GPRERCIObXdiMHEed 49ep oiliomn ioryniswists flidm,oandrothdse
oscillation, Ar laser, Kr |laser, 002 |aser, or the |like. And as the

net al | i dn§Eking fddaspegn baigingrs bl fwedn maycaliso e baed; asacahpgte vapor
| aser, or a gold vapor laser. At this nmonent, if a continuous oscillation
| aser i staasd, OB utanpiigit ion 1DOrwN Ehe. (preferably 0.1 to 10 MV CWMR) i s
necessary for the energy density of |laser beam The substrate is

rel ativel y niwdbsemeanicly aser beecovaty afspehd @fry®t@ll thitty 0020Gthe T S.
And, if a pulse oscillation -37- laser is used, it is preferable that 300
Hz of frequsnderids(layer 0d0al abCiRativpi 68l e HibuLiEPE MM of

| aser energy density are used. At this nonent, |aser beam may be

over | appeiiady 50 thieo re3fectBasi dasniaariudcivieald a0 he d kB by

_‘asneal i ng mat_hod_ or rapid thermal annealing nethod (RTA nethod) and’the

Li’/ke cadrradiating the laser beam, as shown in Fig. 9C. As the laser
activation, the laser beam irradiates to the semiconductor film
by applying one of Emquiments 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 YAl10; 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 necessary for the energy density of laser

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

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




be applied. Further, the activation may al so be perforned before the
formation of a first interlayer insulating film However, if the wiring
material used is weak with respect to heat, then it is preferable to
performthe activation processing after formng an interlayer insulating f
ilm(an insulating f ilmhaving silicon as its main constituent, for
exanple a silicon nitride film in orger to protect the wirings and the
li-ke, as,in this enbodi,nent. Then, a heat treatnment can al so be perforned
(at 300 1B°8EC S Usest: it dsipragarsblanthat 30 Jus oifhFeegvenopdand %0
hydrogenatiﬁn. This process is one of termnating dangling bonds in the
sem condtR £8P 0y /e bten 58dm 50 Aed Adnt’hiaf Lasef enstrgyiduresd oy er
insulating film461. The sem conductor |ayers can be hydrogenated whet her
or not tHe f§$e4. i Aiferihdhremamenit atiagpr fhdam euawtise Rrashappudinsgeat i on
(using hydrogen excited by a plasma) , and a heat treatnent for | to 12
hour s att@98enpeBasifes lsfsegnannealsfg@ethod, thenaphanaeadihginkitibg
hydrogen of from3 to 100-Wmay al so be perfornmed as ot her neans of

hydr ogerfit m@pidStbssnadnahpeadingooathodt (RTRYRItHIE)Ubhad tHe e 462, made
froman inorganic Insulating filmmaterial or froman organic insulating
mat eri albg |afpldredbd on the f irst interlayer insulating -38- film461. An
acrylic resin filmhaving a filmthickness of 1.6 pmis formed in this

enbodi nent, &k ttheer neithey isadt isegh oRNAAVEL s B edSidomdd Yasd 000 cp,

preferably between 40 to 200 cp. A material in which unevenness is forned

on g t Si )s(ﬁéxl:tﬁrmm'.drs afs el filustordefed e vadu B ¢ 484 # £ eCHARvde s5Ur face
\ﬁf) g the wiring material used is weak with res.pect to heat, then it
is preferable to perform the ;":Lctivation processing after forming
an interlayer insulating £ilm (an insulating £ilm having silicon
as its main constituent, for exXample a silicon nitride £ilm) in
order to protect the wirings and the like, as in this embodiment.
Then, a heat treatment can also be performed (at 300 to 550eC
for 1 to 12 hours) and it is possible to conduct a hydrogenation.
This process is one of terminating dangling bonds in the
- semiconductor layers by hydrogen contained within the first
interlayer insulating film 461. The semiconductor layers ‘can
be hydrogenated whether or not the first interlayer insulating
film exists. Plasma hydrogenation (using hydrogen excited by
‘a plasma), and a heat treatment for 1 to 12 hours at a temperature
of 300 to 450¢2C in an atmosphere containing hydrogen of from 3
to 100% may also be performed as other means of hydrogenation.
Subsequently, a second interlayer insulating film 462 made

from an inorganic insulating film material or from an organic

insulating materia_l is'forme.d on the £first interlayer insulating




el ectrode is made uneven by formng a second interlayer insulating film

whi ch forns an uneven surface in this enbodinent. Further, the pixel

el ectrode surface can be nade to be uneven and have |ight scattering
characteristics, and therefore a convex portion may also be fornmed in a
region bel ow the pixel electrode. The formation of the convex portion can
be perforned by the same photomask asqghat for forming the TFTs, and
therefo&g_l'h{ g:im b forrf_d wi t hout i ncreasing the nunber of process steps.

f&%eo

Not e tha PP I F el fide baving: acki bppilvieknesslof dn 6t he
substrate .of _the gixel portion region except the wirings and TFTs. In this
way, unBPetiieterTedif fbds mbediswnitac andf thaanptaoiabiusrd ode haveng t he
y g

unevenness_forned in the surface of the insulating film which covers the
convex Poft7oRSLIEYHIoR HO/tRgle00 sl Puaffenadlmpeiiveenh¢0 used 0is cphe
second _interlayer insulating film462. In this case, it is preferable
that th® Bte5tal i whdehuueevanhesaniadisungst onetssamhtacse d.s keea
sandbl asti ng_process or etching process to prevent mrror reflection, and
t her eby i ncr éBInpRbPIRIRE SN hpisTartmf et i@l ) eheeshtfahs of\W piiges 463 to
467 for electrically connecting respective inpurity regions are then
forned fhegtapfods nade unevedthy Kotmingda kbebnd e rRdiyemihshMneing Ti
filmhaving a thickness of 50 nm and an alloy film (an alloy of A "and Ti)
havi ng &1imivwdkieds forins. $0Wnuvers spattaeened Ml Oefboditeher.m fhetnbei ngs. O
course, it is not limted to the two-layer structure, the single-Ilayer
struct ukke apixel e¢decheodensstfacéucannbeembBantbhpeeuhay8hSaiBYhave
j 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 process steps. Note that
the convexportionmayalsobe formed appropriatelyon the substrate
of the pixel portion region except the wirings and TFTs. In this
way, unevenness is formed in the surface of the pixel electrode
along the unevenness formed in the surface of the insulating £ilm
which covers the convex portion.

A film having a level surface may also be used as the second
interlayer insulating £ilm 462. In this case, it is preferable
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 increasing whiteness by scattering

reflected light.

Wirings 463 to 467 for electrically connecting respective

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



al so be acceptable. Further, Al and Ti are not limted to the wring
material. For exanple, Al and Cu are fornmed on TaN film and the

|am nation filmformng the Ti filmis forned by the patterning and form
wiring (Fig. 10). Further, a pixel electrode 470, a gate wiring 469, and a
connection el ectrode 468 are forned in a pixel portion 507. An electrical
connection is-formed with the pixel TEF9and the source wring by the
connect i | ectrode 468. .Fyrther, the gate wiring 469 forns an el ectrical
connect i%lnkﬁvi F;Laf"ﬂ'ga&é‘f)é’ gf"tetg't Pgd‘@ bt £k hawidg frehickpegexef &0 awmrode
470 forns an el ectri a!L onnection with the drain region 444 of the pixel
TFT, andt anaﬂgﬁ'f’yoﬁ?' ’i"of?r’é ahley Rf Al and.Bidchevingve tihickness of

sem con Lbctor | ayer 459 which functions as one el ectrode formng a storage
capaci t of°0 [ 1S RakteThad in erden werform| theWwhgingper iQff course,

reflectivity, such as a_f ilnmhavingAl orAgas its main constituent, or a

| ami nat iidn 3 PREoLiBEERAS tPnkhe stwe hbayex ot t rueiuredd ey Ging l@MIByer cui t
conposed of a n-channel TFT 501 and a p-channel TFT 502, a driver circuit
506 haviStFusturecatinihe Ipmimsgdomstrucherpi mete poran thrbe7lapatagay pi xel
TFT 504 and a storage capacitor 505 can thus be forned on the sane

subst r aPdSoThe accep&apderi xFustbets ahd asdthilisawo mptetlcthi tedD-tol e
n-channel TFT 501 of the driver circuit 506 has : a channel formng region
437; th¥irgRgcoateniaiti onoX mptamingle r &di andid6 areCEbDmeagsw MaNEidh,
overlaps with the first conductive |ayer 428a that structures a portion of
t he gat &ng| &ber déwvinard orhef Hinghfoxrmbwegnthiat TONFi IRULEL FobmBROBy4BReWhi ch
_{’rﬁnctions as a source '

iy 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. 2n
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 501 and a pP-channel
TFT 502, a driver circuit 506 having an n-channel TFT 503, and
lthe 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.




region or a drain region. The p-channel TFT 502, which forns the CMOS
circuit with the n-channel TFT 501 and the el ectrode 466 by an electrical
connection has: a channel formng region 455; the | ow concentration
impurity region 454; and the inpurity region 453 in which the inpurity

el enents inparting n-type and p-type are introduced. Further, the
n-channel TFT 503 has: a channel forn#flg region 443; the | ow concentration

i mpurity region 442 eqgi.on) which overlaps with the first conductive
ayer 4a0a ERA™ SHARATE BETSHOPE I GFLPAE Gaiceidh 0% Poge.2 shanbRd. hi gh
concentratiqn i%gurity regi on 441 which functions as a _source region or a

drai n r EQFBRITREI PR A3TETEEE418Y FRECEREERLIOR: ABRUKASY ZegReANEBSf or mi ng

regi on 146' the | ow concentration inpurity region 445(LDD region) formed
on the AGPLPFe%ton hwhighoverlapswithahbe tHest grnduekisatkaxwed 28mpurity
regi on 458 which functions as a source region or a drain region. Further,
an i nputhe} SEEREKETRE ahporpant 9fnthepeaimdedncitrpdeit pndl shenhiwhi ch
inparts p-type are added to the sem conductor |ayer which functions as one
el ect r of@RCcERtrRELIONiBGUTriZyacegdrn5852 Fhicht Snagéionsaest er sbQfce
conprises an el ectrode (lamnation of 432a and 432b) and the sem conduct or
| ayer, Weghopheri asdraihnygediibm.41Bhé upethannal) BETa5dRel wbichcforké- Edge
portions of the pixel electrodes are disposed so as to overlap with source
wi ri ngstbectMPBacigapitbeinbebhhehn-phanhelelBTt 60lleandhihedelBetkrbght ,

W thout using a black matrix, with the pixel structure of this enbodi nent.
An uppefb68ub¥ase dlegtmival tbenpckebnphatioa chahhela€bimMeéng region

) 455; the low concentration impurity region 454; and the impurity
region 453 in which the impurity 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 portion has: a channel forming
region 446; the low concentration impurity region 445 (LDD region})
formed on the outside of the gate electrode: and the high
concentration impurify region 458 which functions as a source
region or a drain region. Further, an impurity element which
imparts n-type and an impurity element which imparts p-type are
added to the semiconductor layer which functions as one electrode
of the storage capacitor 505. The storage capacitor 505 comprises

an electrode (lamination of 432a and 432b) and the semiconductor

layer, with the insulating film 416 functioning as a dielectric.




matri x substrate manufactured-in this enbodinent is shown in Fig. 11. Note
that the sane reference synbols are used for portions corresponding to
those in Figs. 8 to 11. Achainline A-A" in Fig. 10 corresponds to a
cross sectional diagramcut along a chain line A-A" within Fig. 11.
Further, a chain line B-B' in Fig. 10 corresponds to a cross sectional

di agram cut along a chain ‘line B-B whin Fig. 11. Enbodiment 6 A process

of manuf act ury flectio e liquid crystal display device fromthe
active matri xé‘iél%%gqgr]%:éo%n%?a%%%r%"?% ek?\%%ﬁ‘?&%%ta%e i L1 EpQFed il @l ow i n
this eangkpent. Fig..12 is wused. in the explanation, An active mat ri x
substrate i N THERFALY SPUEFG WiBingsisuch thij geRsdPphwaeRotariied t h
Enbodi nent 5, a -ori%ptation film 567 is then formed on at |east the pixel
el ect r o HFFHIPS FR1edG the hdghty wibhevhusigio B hlack makeiz, mudi ng
process is performed. Note that, before formng the orientation film 567
in this Bfb&RFRN SRR pileks erbodimentned In desired positions by
patterning an organic resin film such as an acrylic resin f ilmand the
li ke, in orddt® UPPRE susface ¢bgopen afethepixel psirtsicas of Fune lartive
spherical spacers may also be distributed over the entire surface of the
subst r aff sl s8hsErpt amanwfacered dnubings estbaddren tAhs Ghwosi g Fihst r at e
569 is prepared next. Coloring layers 570 and 571, and a leveling film573
are t hert¥-or Negeohhahethp pnie ge fautestaensymbods ane ueeld ciio ot doayer 570

and a bl ue col oring
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 Fijig. 11.

Embodiment 6

A process of manufacturing a reflection type liguid 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 film
567 is then formed on at least the pixel electrode 470 on the
active matrix substrate of Fig. 10, and a rubbing process is
pei‘formed. 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




| ayer 571 are overlapped to forma |light shielding portion. Furthernore,

the light shielding portion may al so be fornmed by overlapping a portion of

the red coloring layer with a green coloring |layer. The substrate shown in

Enbodinment 5 is used in this enbodinent. Therefore, with the top view of

t he pixel portion of Enbodinment 5 shown in Fig. 11, it is necessary that,

at |l east, the gap between the gate w-s2ng 469 and the pixel electrode 470,
nd t he connection el ectrqode 468, and

t he gap he T 469

Lhe gas BEaaes oF A0NHEty| SRURTLCRT GRAGHES TY EhEO %Ol seFatitsde 470
be shi el jght. Each of the coloring |layers are _arranged such that
the i gr?S’% g:n]l;:é?‘g%’ ‘Iﬁ{ﬁ; %rﬁt‘r%%sc?rﬁﬁet??d?ﬁ??}?g?% $hat pFebsbitake &hieng

| ayers are fornmed in positions that nust be shielded fromlight, and then
are joiﬁgiqm§aﬁh53ﬁﬁﬁfﬁ'ng substrate. It is thus made possible to reduce

t he nunber of process steps by performng |ight shielding of the
respective gAFCPRIIERY Subsrsitecte? by RESIRFehBeKktght Caltelny Agypast i ons,
~conposed_ of . the lanm nations of the coloring layers, without formng a
light SHOARA AL ARt askpsreldn B bladd hask they foomed bo. thel@ppAsiogposi ng
el ectrode_ 576 nmade froma transparent conductive filmis formed on the

| evel i n§UPEtFASP3569er Bhe|redicalnriixelaygoriibmnda bluenteloohnti | m 574
is formed over the entire surface of the opposing substrate, and a rubbing
process1@¥ege7dr itk dverbapped hat foxmswbslighe shiehdihgt perpineal.
portion and the driver circuit are fornmed, and the opposing substrate are

Furthermore, the light shielding portion may also be formed 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 poftion 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 opﬁosing
substrate.

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

shielding layer such as a black mask and the like.




then joined by a sealing material 568. Afiller is mxed into the sealing
material 568, and the two substrates are joined while nmaintaining a
uniformgap in accordance with the filler and the columar spacers. A
liquid crystal material 575 is then injected ' between both substrates, and
the substrates are conpletely sealed by using a sealant (not shown in the
figure). A known |liquid crystal materi4a- may be used for the liquid

Chown i n' 7 g 93PS g RS 0 gl o B S on'sr S Cop BB el e
i og T1BV'RE) E0HEe0Con b Thva TRy b SV e TR R b laar & thachb oL o onl y
t.h ' . An .FPC,_ | cattached ' k t echni :
Liqut 0 By ReardP ELEns 808 Thin S5 LR o mea Y o S mHtie SHECTRT

manuf act ur b I.ng the sem conductor filmthoroughly anneal ed because
t he |asé’?‘l ggﬁmgﬁﬁéﬁl gv%‘?'E}S’E’i%’é?re?RdLﬁnl?‘Hrbﬁrt@ Processe isnpegfioamedr i but i on

is irradiat éq, eIt Ls ossible tq becone the one with enough operation
charact eri st I @SaRGET R MATFHE Puhsthale MovBifhnthemika] gpord ionysnd
displaytgevice. Such a liquid crystal display can be used as a display
porti on PR GAFVERsCRFRULt. 8Feoformed: r 8 theuppreaingNsubsthatei ares
possi blng to freely conmbine this enbodiment with Enbodinents 1 to 5.
Embodi nERER7I9Inef RY e ling materei@hpies of Ardadflect dsi mgxeleintght
emtti ng devi ce by using a nmanufacturing nmethod of TFT that is

he sealindg material 568, and the two substrates are joined while
?L\) 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 liquid
crystal material‘rlnay be used for the liquid crystal material 575.
The reflection type liquid crystal display device shown in Fig.
12 is thus completed. The active matrix substrate or the opposing
substrate is then cut into a desired shape if necessary. 1In
addition, a polarizing plate (not shown in the figure) is attached
to only the opposing substrate. An FPC is then attached using
a known technique.

Liquid crystal display device made by above-mentionedmethod
has TFT manufactured by using the semiconductor £ilm thoroughly
annealed because the laser beam with a very excellent uniformity
of the energydistributionis irradiated. It is possible to become
the one with enough operation characteristic and reliability of

the above-mentioned liquid crystal display device. Sucha liquid

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




used for formng an active matrix substrate. In this specification, the
light emtting device is the general termfor the display panel enclosed a
light emtting elenent forned on the substrate between the aforesaid
substrate and the covernenber, and to the aforesaid display nodul e

equi pped TFT with the aforesaid display panel. Incidentally, the |ight
emitting el ement has a |ayer includind4a conpound in which an

el ect robg%&gggggﬁgcc%%g.g%e%t%t ai ned by applying an electric field (a |ight
an anode,

emtting | ayer), n and a cat hode. Meanwhile, the.

el ectrol um ne ce. ln..organi c £o und i ncludes the |ight em _ssion

(fl uorescenceﬁgg%oﬁl&f tut i%%sﬁf%ﬂg%?e%§ﬁﬁ&we?9@%ﬂ?é@1§ gm@oddmeRg gr ound
state apd,.the.li.ght em ssion_(phosphorescence) upon returning fromthe
triplet9 tgiEEBOQgQFE%FOitWQ ground state, including any or both of Iight

em ssion. In this specification, all |layers forned between the anode and
the cathode in the light emtting elenent are defined as the organic |ight

emttin ayer. The light emtting |ayer, the hole injection |ayer, the
el ect r of® 7Iayer, the hole transportation |ayer, and the el ectron
transportation |ayer, etc. -45- are concretely included in the organic
light enittinh? It emprdineniht apnexarpde cd £ memtufsedivozing thes 1ight
structure that the anode layer, the light emtting |ayer, and the cathode
| ayer afBLitEiRgePeYHFe oY difing el manufsidivnioy e thuds oft PET thet fike |ight
emtting elenent may al so has a structure that the anode |layer, the hole
i nj ect i BRefayEpr tFrmingt ami tadtigre aymtriand sutstostowde L[ayethase
gsﬁquentially | am nated or a structure that the anode
. specification, the light emitting device is the general term for
the display panel enclosed a light emitting element formed on
the substrate between the aforesaid substrate and the cover member .
andtotheaforesaiddisplaymoduleequippedTFTwiththeaforesaid
display panel. Incidentally, the- light emitting element has a
layer including a compound in which an electroluminescence can
be obtained by applying an electric fieid {(alight 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 light emission.

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

injeqtion layer, the electron injection layer, the hole

transportation layer, and the electron transportation layer, etc.




| ayer, the hole injection layer, the light emtting |ayer, the hole
transportation | ayer, and the cathode |ayer etc. are sequentially

| am nated. Fig. 13 is a sectional view of a light emtting device of 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 strasture, S satlsfactory to refer .

the exply F InC| e though this

exanpl e ?%ﬁ%,?a dou ékﬁﬂﬁp?ﬁugtu§£g$8% qtg&ﬁmgx el T e s,it
I's possi t O I e.s forned with n hannel_ regi on
or a tri g'lbﬁt %ggé?g&%elﬁ%gﬁfggﬁa évh’ﬁ" 8 tﬁ{-b"%?,é}ﬁ %T&& a[no&eow ded
on the rat 70 for usin the o] :
C‘onsequé%?%E J%ﬁ%eghgﬁs ng%&?ﬁy 2A¥9on BRd¢ S qqﬁh?ﬁ%ei?Ye sare

sati sfactaor Eo i i he explanation on the n-channel TFT 601 and

p- chann&F% 'I%’I‘ §2: Yﬁ%%h?‘it | y-1 %’F&hf)ﬁ@ﬂ tonthig shaMctyre i thefighdi ngl e
gate stru yre, i S.possible to use a double gate structure or a -46
triple % %Pﬁu%#ﬁ?%nt%%ﬁﬁ% hashe ftrpRgerecihatly e saode davesur ce

W rings_of CMOS circuit while the wiring 702 as a drain wring.

Meanwhi Fge hcﬁl%‘i‘ﬂ RGT¥0R LagieFesthR L ohitramif 1’{’6"9&1@5@% @xd the gathedebet ween
the source wiring 708 and the source region of the switching TFT while the

wiring }9BeeRfessegueniialhy tantretedienla stamaiame thetndle eredér ain

W ring 709 and the drain region of the sw tching
layer, the hole injection layer, the light emlttlng layer, the

{:) hole transportation layer, and the cathode laver 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 the n-channel TFT 503 of

_Fig.llﬂ. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on the
n-channel TFT 503.

Incidentally, although this example is of a double gate
structure formed with two channel regions, it is possible to use
a sing]_.e gate structuré 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;lalthough this embodiment is of a single gate

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




TFT. Incidentally, a current control TFT 604 is formed by using the

p- channel TFT.502 of Fig. 10. Consequently, concerning the explanation of
the structure, it is satisfactory to refer to the explanation on the

p- channel TFT 502. Incidentally, although this enbodinment is of a single
gate structure, it is possible to use a double gate structure or a triple
gate structure. Meanwhile, the wiring-4@86 is a source wring of the current

control {15776 Seﬂﬂ_q!i 0 a current supply line) while the wring 707
t 1
1} %dgrat% el ec IEel'cal |y connected to the

is an electr to be pi xel electrode 711.
Meanwhi l e, r nugeral . 711 i pi el ectrode (anode _.of a )
i ont e t¢1 SsanRR e RRE N fdgek S 1 D HEL, sB L AR it e WIS RE ¢ he

t ransparent ducti i.Lm.can be, us a cormpoynd . of indjum oxi.de and tin
oxi de, 5% SAPO (ﬁﬁrg?xfﬁ%‘il&ﬁltg}ﬁ‘ﬁﬁréﬂge’%%arﬁ:a Pd8 WiEIRE ‘oxP‘&é‘f‘W?‘ilSreoxi de or
i ndi um oxi de, or 8 herwi se may be used a transparent conductive film as
above aBdB84THREN’ %)ﬁeflf‘[ﬁﬁ afh @ Fikinget @ @l teel 1% codnest BRtyesnanar
interl ﬁéﬁ% -insulating film 710 gri or to formng the wiri n‘q_{s. In this -47-
enbodi ,SPETEE WG 9 erdt the SAWRRR Tegiomeostidie S W ik TFET by
using a resin planarizing film710. Alight-emtting |ayer to be forned

| ater, KBddGsERBSrHLRGt1TUSFvesps arivining feselecizisadily sansestpoor

i ght em ssion due to the presence of a step. Accordingly, it is desired
to provPBEVBRENERS dxeisWhring 0§ ardithendraipivedian eftthriswischiag a
Iight-e‘rrn;f_!trti ng |l ayer can be forned as planar as possible.

/) Incidentally, a current contxrol TFT 604 is formed by using
the p-channel TFT 502 of Fig. 10. 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 a double gate structure or a triple gate structure.

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

Meanwhile, reference numeral 711 is a pixel electrode (anode
of a light-emitting element) formed by a transparent conductive
film. As the transparent conductive f£ilm 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




After formng the wirings 701 to 707, a bank 712 is formed as shown in
Fig. 13. The bank 712 may be formed by patterning an insulating filmor
organic resin filmcontaining silicon having 100 to 400 nm Incidentally,
because the bank 712 is an insulating film caution nust be paid to

el ement el ectrostatic breakdown during deposition. In this enbodi nent
added is a carbon particle or netal pamticle to an insulating filmas a

mat eri al rys a 71 t hereby reduci ng .resistivity and s ressing
occur r er?(r:nfg%gfl%g‘téa)ﬁ :]'léc esegrte iYciW‘:&li:r?Igﬁjgtt? g)lt?é’saé",lzt%é: ﬁncﬁpo t of

car bon r article may be adjusted tqQ provide a _resistivity of 1 x
106 to 13 TERPehRinncraily Pl s 1L 310" o T1SR et thedt ¢ 1 ng
| ayer 7EIL3 ) 1;015] d_on the pixel electrode 711. Incidentally, although
Fig. 13-&886%sD ‘??%ﬁ‘sddi%r,-’??ﬁ%‘ls%%&aﬁﬁéﬁr%%ﬂ%}yma kngss,

Iight-enittLﬁg | ayer correspondingly to the resgective colors of R (red),
G (gr eeRPSSINIYECTBPER POOLAORT (ol SsilamPsedimsapmrrsencsd ofnegten-ow
nmol ecul ar_wei ght organic light enmtting material by the deposition
pr ocessACSHEAIROLYI | it dif desired ke nbrevhdet plenarazahiPhgprd®r Zocopper
pht hal ocyani ne (CuPc) film provided in a thickness of 20 nmas a hole
i nj ecti AGTMAPEr apirel 9liectragle sgyhadgl Rnblgitt cend tbingmayonuiaex beAl g3)
filmprovided thereon in a thickness of 70 nmas a light-emtting |ayer.
The col §PrBedeAssPllanari gt pegsibde.control | ed by adding a fluorescent
pi gment, such as quinacridone, perylene or DCML, to Al ga. However, the
f oregoi ng exafpterBorminxdhs wisingsgifilcto 707, a bank 712 is formed
‘) | as shown in Fig. 13. The bank 712 may be formed by patterning

an insulating £filmor organic resin film containing silicon having

100 to 400 nm.

Incidentally, because the bank 712 is an insulating £ilm,
caution must be paid to element electrostatic breakdown during
deposition. In this embodiment added is a carbon particle or
metal particle to an insulating £ilm as a material for the bank
712, thereby reducing resistivity and suppressing occurrence of
static electricity. 1In such acase, the addition amount of carbon

= or metal particle may be adjusted to provide a resistivity of
1 x 10°to 1 x 10** 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 cne pixel, this
embodiment  separately forms the light-emitting layer
correspondingly to the respective colors of R (red), G (green)
and B (blue). Meanwhile, in this embodiment is formed a low

molecularweight organic light emittingmaterial by the deposition

process. Specifically, this is a lamination structure having




light emtting material to be used for a light-emtting |layer and not
necessarily limted to this. It is satisfactory to form a light-emtting
| ayer (layer for light emi ssion and carrier novenent therefore) by freely
conbining a light-emtting |ayer, a charge transporting |ayer and an
electron injecting |layer. For exanple, although in this enbodi ment was
shown the exanple in which a | ow nol ed8ar wei ght organic |ight emitting

t . . . - _ . t . l . . . |- t
ot or mod SPRPSE R ERR BeypiTho FIhb o TOr P Seardacd iy B Gibar okl gn:
or gani C,hi i tting. material . Furthernpre, an organic, light-emtting:
ma'?er: aﬁblrﬁg%/slﬁgb%%lls ‘%T‘?‘r?éﬁ@W%?%Bgﬁ?b%tﬂ-wwglml&tﬁ’g%ﬂ{ﬂﬁnme' °

nmb . .chai ned ecul havi a l th of 10 _
leos. i SompleRyhTdD Fyli Briucae thaoeceutar 2 oRbiekRoTs Gif TonPe ARg.
material. .For an e | e of sing the high nolecular weight organic |ight
em tt: ng %&F@Fi'&ﬂlﬁg‘pﬁ%ﬁﬂmgﬁéﬂy(%ﬁ) Offj miﬂ%ism@na Jltil%hﬂ(r@g% Ibe 269nm
is formed_, b Ehg sypi n_coati ng met hod as a hole injection |ayer and the .
| ani nat FOREEPHIER Rbadalng £ YOBar apRE MR thy ek asPrPinatridonet 100 nm

onit as a %ight emtting Iﬁxer may be good. The -49- | um nescence wave
| engt h B&hYHeReePECPEYLt EBnPLEe- t o bl ue by using the x -conjugated type
pol ymer of PPV. Meanwhile, it is possible to use an inorganic materi al
such as sili dRVEERHi dehe Epregotngcexampler ansporexanplayef argahicge
injecting | ayer. These organic light emtting materials or inorganic
- mat eri at¥9RGremEtbinrgopmteniali b . balensedafont &olibgHident t Bingntagéive film
fij provided on the light-emtting layer 713. In this enbodi nent, as the
{ 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,
achargetransportinglayeranden1electroninjectinglayer. For
example, although in this embodiment was shown the example in
which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is possible to use an
intermediateorganiclightemittingnmterialandatﬁghnmlecular
weight organic light emitting material. Furthermore, an organic
light-emitting material, having no sublimation property but
having molecules in the number of 20 or less or chained molecules
having a length of 10 pm or less, is provided as a intermediate
molecular organic light emitting material. For an example of
using the high molecular weight organic light emitting material,
a polythiophene (PEDOT) film with a thickness of 20 nm is formed
by the spin coating method as a hole injection layer and the

lamination structure installing pParaphenylenvinylene (PPV) of

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




conductive filmis used an alloy filmof alumnumand lithium O course,
a known MgAg film (alloy filmof magnesium and silver) my be used. As the
cathode material may be used a conductive filmof an el enment belonging to
the periodic-table group 1 or 2, or a conductive filmadded with such an
element. Alight-emtting elenent 715 is conpleted at a tinme having forned
up to the cat hode 714. Incidentally, the_ Iight emtting elenment 715 herein

Irleghterer;[l?ftll ng ayerwg%ﬁn%géﬁlggf’ %%le'}ff ?gmé‘rgefad;gf’%éjléyd’rsb\ﬂ%e a

passwatlon filmz16 i % uch a_ manner to corrpl etely cover the |ight

-em ttin efter%?‘ﬂjuﬂ%tedl' gpep%%%m%’?l% PV mMaznyRile ddoispassitisl ating
fil mincé udéngn.a car bon fIL silicon nitride filmor a silicon

oxyni trigeo~t P ROLERPRYA ?gl%}' sHER AR FLhgCPRidaRidef or AgIed aahkan or a
combi ne Iam% In such a case, it is_preferred to use a film

f avor abl %Oaﬁé@%%ﬁcﬂwﬂawrl s Breseprganie Lighty

carbon fil rticularly DLC (dianond- |ike carbon) film The DLC film
capabl eeﬂ'flb%rf?g“‘ﬂ ‘E)B%‘?%%d’rl irer 9ande materd algmern heta peenmadrerisi. 100C
fromroomte erature can be easily deposited over the light-emtting
| ayer 713 | owNEfthe&t créodieaddd. ofan@enductive o fis praviédesy e hi gh
bl ocking_effect to ox%/ can suppress the light-emtting |layer 713 from
oxi di zi %ﬁ‘ chhghfuemt glnﬁ hdaygrobl &% of Ioxi thisoembwdirendr.evaat ddhe n t he
light-emtting layer 713 during the follow ng sealing process.
Fur t her f9REUCE i¥en fildm Asnpeed7an 43leyofitedHrelvmwinum and lithium.
Id
\) Of course, a known MgAg film (alloy £ilm of magnesium and silver)

may be used. As the cathode material may be used a conductive

film of an element belonging to the periodic-table group 1 ox

2, or a conductive film added with such an element.

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

It is effective to provide a passivation film 716 in such

: ) a manner £o completely cover the light-emitting element 715. The
passivation film 716 is formed by an insulating film including
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 iseffective touse a carbon

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

capable of being deposited in a temperature range not more than




passivation film 716 so as to bond a cover nenber 718. For the sealing
menber 717 used may be an ultraviolet curable resin. It is effective to
provi de therein a substance having a hygroscopic effect or an anti oxi dant
effect. Meanwhile, in this enbodinment, for the covernenber 718 used is a
gl ass substrate, quartz substrate or plastic substrate (including a
plastic film having carbon filns (prgberably dianond-1ike carbon fil ns)
f or med gﬁ g$e both surfaces thereof. In addition to the carbon film the
al um nuiPOrs | HF 98 EROH s COPREABYRE - afidn Abe) easi AV aflePpadtedkevaretheed.
Thus, cgmghgted.ii.a Iiggt Sﬂ&#ting,device havi ng a structure_as shown in
Fig. 13- PRETEBALLERY 13YeT J 15 fevdin Bepd komt iRt y Megamhilout thei t hout
rel ease Lgbéhﬁnair, the process to forma_ passivation film 716 after

f or mi ngPHCEEHKR 7 ARG & Rd9h Bepekipmorffeghdin Xy Is™ aCRll FRDPRTaABer
schenme (or in-line schene). In addition, with further developnent it is
possi bl ERecL 1 7 $ubticiBo lawes 743t frem qristiingyp Conseamently .cther
menber 718, without release to the air. In this manner, n-channel TFTs 601
and 602PT@bigiiafhPKEdation gar henpeevaried docthe d ighhrendritt idenl aper TFT
(p-channel TFT) _51- 604 are fornmed on the substrate 700. Furthernore, as
‘was expVapnédriBgnghei §ollgwibyg geelildgngprosessnpurity regi on overl apped
with the gate electrode through an insulating film It is possible to form
an n-channel METthemmoxei ve tzealinglememberatilon i®sprbivhdefl rcom the
hot-carrler effect. Consequently, a light emtting device with high

rel i abi pasgivahiohefibmlTifedio as to bond a cover member 718. For the

_ Q sealing member 717 usred may be an ultraviolet cural_ble 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 aglass substrate, quartz substrate
or plastic substrate (including a plastic film) having carbon
£ilms (preferably diamond-like carbon films) formed on the both
surfaces thereof. In addition to fhe carbon £ilm, the aluminum
film (such as AlON, AlIN, and Al0), SiN and the like are used.

Thus, completedisalight emittingdevice havinga structure

) asshowninFig. 13. Incidentally, it iseffective to continuously
carry out, without release to the air, —the process to form a
passivation £ilm 716 after forming a bank 712 by using a deposition
apparatus of a multi-chamber scheme (or in-line scheme) . In
addition, with further development it is possible to continuously
carry out the process up to bonding a cover member 718, without
release to the air.

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

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




Meanwhi | e, this enbodi mrent shows only the configuration of the pixel
portion and driver circuit. However, according to the manufacturing
process in this enbodi nent, besides these, it |Is possible to formon the
sanme insul ating nmenber such logic circuits as a signal division circuit, a
D) A converter, an operation anplifier, a y-correction circuit or the |ike.
Furthernore, a nenory or mcroprocessdi-can be forned. The |ight emtting

devi ce feudretrdyedhfedElY er rgﬁpggga ge @gd has TFT f ormed by using the

sem conductor f ilmthoroughly annea ecause it Is Irradiated the

| aser beam t hat; ia% @i yase%éslé:g;ﬁaﬂi‘é QIdn en?ﬁ%e%?%‘b?ﬁ%‘%@%ugh

Therefore, the above-nentione
operati gy ¢f it | abi h a li em t deV| ce can
be used as Eﬁﬁﬁ%‘? ll%élgs%qro a&’ e‘% WJetf% e'()r§51‘5ct‘3 through
InC|dent I ment .can bhe: fr conbined with Enbodlnents l1to
e e, %Psn‘%irﬁ“?’s‘%?b‘%?% 5 &ibddi R e&%nﬁ?ﬁmoﬁnp@r—f:wﬁ&
cryst al | t sem conduct or £il usi ng an optical system WI 1 be
descri bél(?giéﬁ’ g? Eﬁ&n H e ERtian aﬁGU#F@nglfFom Rot hPér‘éthS(ﬁﬁﬁﬁﬂt .
S|I|con nitri ositional ratio: Si =32 % O 59 % N:7
% 5%;&‘3 WY qﬁtym k;ﬂ}eél%t Lfgeng devd ol bhol @Jd's%b%lﬂo*s?lcﬁne as a
base f| lbm gy&?ﬁrl .as CVD net hod. Subsequently, an anorphous silicon f ilm
with a ¢€8%f 150 nmis formed on the base filmas a sem conduct or

Meanwhile, 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
circuitsasgsignaldivisioncircuit,aD/Aconverter,anoperation
amplifier, a y-correction circuit or the like. Furthermore, a
memory or microprocessor can be formed.
The light emitting device formed by the above-mentioned
‘method has TFT formed by using the semiconductor f£ilm thoroughly
annealed, because it is irradiated the laser beam that has a very
H) - excellent wuniform energy distribution. Therefore, the
above-ﬁentioned light emitting device is obtained enough
op_eration 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.




filmby plasma CVD net hod. Hydrogen contained in the sem conductor f ilm
Is rel eased by performng heat treatnent at 500 QC for three hour. Then
crystallization of the sem conductor filmis perforned by a | aser

anneal i ng method. The «crystallization of the sem conductor filmis
performed under the condition of the | aser annealing nmethod that a second
harnmonic wave Of YVO4 |aser is used a82a |aser beam an incident angles +
of the EagbRaikea® rgel ative to a convex lens 103 of an optical system shown
in Fig. T is set to 18 9 to forma rectangul ar shape beam whereby

' di ati t ' fi ' t bst t d of
50 omi . Aseen CaLA e TRkt PRAAR oDl S iy B kBT st Bror
filmth : sult of_ ob ' th f f th

crystal P ea antnbBs e ial & U BlarcRFt dal v Rgmartuolbeasarrbadcopy)

by one S L i own .in Fiq,. 17. Note that, the seco solution in
t he secg’?g%icglggg&‘ieg%?hét%oﬂgﬁm}eadvi%s’igng 1%ocr207 for HE : H20 = 2 : 1 as
an additive. Ejgd, .17 was .obta%ned .~53- by relatively scanning the |aser
beam in the diF&CtrSGHINER by Sty 1008 b ifie £ 4Lm fcompasEL§onat shows
t he app nce that __crystal grains of large grain size is forned in a
perpend?%ﬁ?gr Si Fedgi %n bel”a Pv&t 8 £hd &ecaHnrng®di wé&hi anthingknessre,
since th stal, grains_of large grain size are fornmed in the

sem conﬂgcﬁ)@l ¥t ed PR rayggéF‘F‘i sakFbrate aganbeee dbllw bysphasmae

pr esent {é vent_t'bo , Wwhen TFT is fabricated by using the sem conductor film
the nunb&P BF t alSUhSEISTEY . 4t apayphevsostidiget ifiilam ohtiimes

{F9r m ng regi on can_be reduced.
A thickness of 150 nm is formed on the base film as a semiconductor

film by plasma CVD method. Hydrogen contained in the
semiconductor film is released by performing heat treatment at
500 eC for three hour. | Then crystaliizatién 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 YVO,; laser is used as a laser beam, an incident angles
| ¢ of the laser beam relative to a convex lens 103 of an optical
system shown in Fig. 1 is set to 18 2 to form a rectangular shape
bgarn, where‘by irradiating the semiconductor film as moving the
substrate at a speed of 50 cm/s.
Aseco-etchingisperformedtothe 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-etching is- the one made by using

K2Cr;0; for HF : H,0 = 2 : 1 as an additive. Fig. 17 was obtained




Further, since an individual crystal grain has the crystallinity such that
It can be regarded substantially single crystal, the high nobility (field
effect nobility) equal to or nore than that of a transistor using a single
crystal 'sem conductor can be obtained. In addition, since the forned
crystal grains becone conplete in one direction, the nunber of crossing
across the crystal grain boundary by-a3earrier can be remarkably reduced.

Ther ef ong, rienat&%eﬁ.%ééﬁlﬁﬁil}g Vé}ﬁégjﬁﬁ%e‘faﬁé%izﬁp%h%f gi‘gec?‘gﬁﬂr{neﬁc%/qaécte (a

value of a drain current f I'n an-on statée o an o urrent
val ue (gyywalhee Hf =1 aqﬂzr e lowt ng, 4 n off state of a TET) , a

t hr eshol c?vvol tagé:,cﬁvaﬁ'rgfl\} uee,r' arHr?d{ ffﬁg'dgle.;:‘ %élc W odte iﬁ%Pea%{bc%FJﬁ#i C
char act el isdd G | r ' oved. Enbaqdi pent Present enbodi nent wil |
be descﬁ@f%n%?g%l §E§ Xr%%pré]ﬂ%:'fﬂl AORE &Fyg?’ﬁfnﬁ 3P dPIPEE duct or
filmin 4 +24- different ethod from Enbodjnent 8 with - -reference to Figs.
1 and 1&1%9 gbrnngl%lgq{%eea r%h%lﬁc%rfrﬁ'% 7¢GT4eR a seni conductor f ilm
i n accordance Enbodi_rent Further, by applying a method recorded in
Japanese Pat er?ye%gffg-rgpeﬁlﬂ&e %@e ??f%@&o,&%ﬁl%qlfeg&r% AL ez e

sol ution ight .converting_ concentration 5 ppm volune 10 m) is applied
to the s?l}(ref 82"'81‘1 13 ﬁ%%@ﬁﬁ‘&&ﬁ&'@é‘l"&oz’f fFWbW%E?h“&%Xﬁ‘F@U&F%%%Wbﬂm heat
treatnent Jn.the nitrogen atnosphere at 500QC f or one hour and in the

ni t_rogeﬁonéit“r‘?&?ghBYé:‘%i‘t $EHePTFFeRhelieesion . ShenedEEN S Fabaidatsdvenent

by using the semiconductor £ilm, the number of crystal boundaries

:1 ) 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 cryétal, the

high mobility (field effect mobility) equal to or more than that

of a transistor using a single crystal sem’iconduqtor can be
obtained.

Inaddition, since the formed crystal grains become complete

in one direction, the number of crossing across the crystal grain

boundary by a carrier can be remarkably reduced. Therefore, it

N

is possible to reduce variations of an on current value (a value
of a drain current flowing in an on state of a TFT), an off current
value (a value of a drain current flowing in an off state of a
TFT), a threshold voltage, an S value, and field effect mobility.

And electric characteristic is extremely improved.

Embodiment 9

Present embodiment will be described an example of

conducting a crystallization of a semiconductor film in the




of crystallinity of the sem conductor filmis perfornmed by |aser annealing
nmet hod. The i nprovenent of crystallinity of the sem conductor filmis
performed under the condition of the |laser annealing nethod that a second
har moni ¢ wave of YV04 |aser is wused as a | aser beam an incident angles ~
of the | aser beamrelative to a convex |lens 103 of an optical system shown
in Fig. 1 is set to 18 9 to forma resgangul ar shape beam whereby

i rradi algitgerdede 568H68NEHGh ¥mbdd ' trate. at speed of
50 cnis. A seco- et cﬁlang 'S f)négrdl‘doj?mrf%} t@g‘,‘.{%ﬁg rtcerr}ses egﬁsel ﬁ% éﬁ?ﬁ Cglnﬁg or

fil mthyg obtained, and the surface of the crystalline sem conductor f ilm
IS observed with the SEM by one thousand tinmes. An observation result is.

shown in Fig. 18 ervation.result_.in F 18 was obtained b
relatively gcé%nf%%}pgh%)ﬁ: o AMGLRROYSSEhEC Pr’Leg}‘P(ﬂF ianaf"@éf’EBdB?tP%e arrow

in figu a Fig. 18 sho t he .appearance that crystal grains of |arge
grain s?g'g'mi gﬂ §§EOF§PF}§8 i"’ﬁﬁ’ %&’&bﬁ%%@]e“dﬁ Bect FoRtheFat PYeaPBl¥ABISBanni ng
directign Eurt her. it.is_characteristics that crystal grains shown in
Fig. 18°hB8%EREPTGPdi i blrrrRsse L3 e daidareyiNoec HRdn7nhBaR40
intersects to relative scanning direction of |aser beamthan that shown in
Fig. 172PTh&EGRE JHdeet neatriatal godiutdosr | Grefolt ai moBvestinge
formed in the sem conductor filmwherein crystallization is conducted by

usi ng t ABPEPBEEATIPRVR RE®N VeiiEse HOTMLY iairprhied taythessugtage of

sem conductor fil the nunber of crystal boundaries that may be.contained
in a chERficteHGMMFEtegiEdd ey Poin &@addag to perform heat treatment
’\) in the nitrogen atmosphere at 5002C for one hour and in the nitrogen

atmosphere at 5502C for twelve hour. Subsequently, an improvement
of crystallinity of the semiconductor film is performed by laser
annealing method. The limprovément of crystallinity of the
semiconductor £ilm is performed under the condition of the laser
annealing method that a second harmonic wave of YVO; laser is
used as a laser beam, an incident angles ¢ of the laser beamrelative
to a convex lens 103 of an dptical system shown in Fig. 1 is set
to 18 2 to form a rectahgular shape beam, whereby irradiating

) the semiconductor £ilm as moving the substrate at a speed of 50
cm/s.

Aseco-etchingisperformedto the crystalliné semiconductor
film thus obtained, and the surfacé of the c¢rystalline
semiconductor £ilm is observed with the SEM by one thousand times.
An observatioh result is shown in Fig. 18. The observation result
in Fig. 18 was obtained by relatively scanning the laser beam
in the direction indicated by the arrow in figure, and Fig. 18

shows the appearance that crystal grains of large grain size is




Further, since an individual crystal grain has the crystallinity such that
It can be regarded substantially single crystal, the. high nobility (field
effect nobility) equal to or nore than that of a transistor using a single
crystal sem conductor can be obtained. In addition, since the forned
crystal grains becone conplete in one direction, the nunber of crossing
across the crystal grain boundary by=&3carrier can be remarkably reduced.

Ther ef orgdrnidd ih & ROSSI : L.at )f cur.rent val ue, an
off current value a t%%g%gﬁs%ggﬁ%%%éﬁlé gg\%g%u%%ﬁgnﬁﬁgff&%ﬁp@ct
mobi I'i t ey ARG Ll @EL14d r ri,stic.i5;:€ y__inproved. Enpbodi nent 10
Pr esent élnbodi]:erﬁa%f‘E iv& %P%b%cgzgsrgﬁ%g§ giﬁggxar%$€501gracl&?dﬁﬁﬂ"ﬂgln Fig.

crystal k4 ' L CO ctaor filmhb i N n tical system of the
pr esent 1i8ﬁ\?{edn5?%%%ﬁd§?r§%§f ggg ﬂ?ifaﬁé'e’?F?Q%@légy“gs%‘é ggﬁegEﬁPEoWB&ﬂt’or film
w th ref.en ' 1..Fig. 19.and Fig. 20. In this enbodi nent, a gl ass
fim o inesdesed & Ferkraydsgants AShuadktsin o iasen heam thAn that
(corrposishi0 al; rat.io: §i =32 % 0=27 % N=249% H=17% wth a

t hi cknes§s o1 50 n%ﬁ'a& ‘a silicon oxyni-tride f Il m(conmpositional ratio:
Si =32 -% 0,59 % N=7 % H= Z%t with a thickness of 100 nmare

| ami nat ed on Fﬁﬁreﬁfﬁégs §ﬁB§’Fr%{‘§ GFYRtBlagkainyDofelasge guBiBgEéAel y, an
anor phous_silicon filmw th a thickness of 150 nmis forned on the base
film 21248 J5°§'8 Jdohdbet SPMECPRAVSTRY Hilm whenws mernsdalll zatdosgds

cont ai ned_i_n gchctei sem conductor filmis rel eased by
conducted by using the present invention, when TFT is 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, since the formed crystal grains-become complete
in one direction, the number of crossing across the crystal grain

j ) boundary by a carrier can be remarkably reduced. Therefore, it
is pgssible 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 system of the present invention and manufacturing TFT




perform ng heat treatnment at 50 0 QC for three hour. Then, a second

har noni c wave O YV04 | aser is used as a | aser beam an incident angles ~
of the laser beamrelative to a convex |lens 103 of an optical system shown
in Fig. | is set to 18 Qto forma rectangular shape beam whereby

scanni ng the sem conductor filmas noving the substrate at a speed of 50
cnm's (Fig. 19B). Subsequently, a first35®epi ng processing is conducted. The

first dapi ; Si | channel, .dopi.ng that controls_a threshold

val ve. e Y LS B BB Ta a0 BT, e S Fgr B el a6

mat eri al fti the gas flowrate to 30 sccm the current density to
0. 05 A,lfﬁ%l%?gé'e;%T on voltage to 60kV, and the dose to ix 10" /cm

(Fig. 19c). Subsequently, patterning is perforned to etch a sem conductor
film24 in a g‘rl;'eg:g’tl@r rﬁ“ﬁ’é’d’alé'}?d‘dfe aar%llqsr@rifﬂa{“ sh§ iwghf A M tFURREFake mwith
a thickngss of 115 nm-is f orned -57- as a gate insulating film 27

coveri n& hBN 8% AEdicen Comititife Flilm{ sgmpasipienad s arebhoi32 3,
Subsequently, a TaN film28 wth a thickness of 30 nmand a Wfilm29 with

a thi ckf%ess %% 370 Tt .cdhdudihBle Witthe dhi ckndsmtaf) Sh the apud &
insulating film27 (Fig. 19D). A mask made of resist (not shown) is forned
by phot*diitAyPAaBRY trédetithin Heompoisifioned Takie: |Sh amP #hed gad® &,
insulating film Subsequently, the nask nade of a resist is renoved, a new
mask 33N & fof ndll <83 véthoaduticknessaxbriddop ageptanissted on the

glass substrate with plasma CVD method. Subsequently, an
k) amorphous silicon £ilm with a thickness of 150 nm is formed on
the base film 21 as a semiconductor £ilm 22 by plasma CVD method.
A hydrogen contained in the semiconductor f£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).

p—

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:H¢ 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).

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

a silicon oxynitride filmwith a thickness of 115 nm is formed




thereby introducing inpurity elenments which inpart n-type to the

sem conductor film In this case, conductive |layers 30 and 31 are becone
masks with respect to the inpurity elenments inparting n-type respectively
and an inpurity region 34 is forned in a self-aligning manner. In this
enbodi nent, the second doping processing is divided into two conditions to
be perforned since the filmthickness5@f the sem conductor filmis very

br ocese i g5ts HsThl 1S SIRE Taber g thS e dite RRR Kt Rt ) ac
el d | d 2 013 / dth I '
%Fgég&‘%%%ﬂ:%%ﬁ?% @%Eaﬁ%-dgéu#gsew%ﬁ&%ﬂng}sém ﬁa;gbﬁ@né o
iti ' ' 5 x 1014 nP
accel er R R EGRRES S 0% ¢ iy andom W Relm 28hwiidsie Fhiakecss a
resist isr ved, a new 35 nmade of resist is fornmed, and the third

k
dopi ng Proct&si R &S -gan Sﬁ%ﬁ%ﬂ@ilﬁft#@etHﬁﬂiQﬁﬁﬁﬁgoﬁrddh%SGﬁgp an

i mpurity el . for inparting an conductivity type opposite to the one
conduct i §€i§%§ﬂ@ %&J&Bdga {Bign iXR}ity region 36. The inpurity region
36 is formed in the sem conductor filmwhich becone an active |ayer of
t he p-channel ATPraskhemagdgduefi vEepapsr s (80tanghgwnir eigsefiormeda imysk to

the inpurity elenment and the inpurity element for inparting a p-type is
added sBhe¥oldthegraphyuitpt gtebgtbe B6efilm, atlye|Tathlfigmi egdmkieegatin this
enbodi ment, the third doping processing is also divided into two

condi t | 3RSuL8LBRIpELAB-ned since the fil mthickness of the sem conductor

{fhln1is very thick
-\_ 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 elem_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 £ilm thickness of the semiconductor film is very thick with
) 150 nm. Inthisembodiment, at first, the sécond doping processing
of the first condition is performed by using phosphine (PH,) as
a material gas, and setting a dose to 2 x 10 /om? 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 to 10 kV (Fig.

19E).

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

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




with 150 nm In this enbodinment, the third doping processing of the first
condition is performed by using di borane (B2H6) as a material gas and
setting the dose to 2 X 1013 /CM2, and the acceleration voltage to 90 W
And then, the third doping processing of the second condition is perforned
by setting the dose to |l x 10 15 /CWv , and the acceleration voltage to 10
kV (Fig. 19F). By the steps until nowb8the inpurity regions 34 and 36 are

formed i pegti ve m_conductor |ayers. Next, the mask 35 nade of
resi st Psré %ﬁ%’)‘@?ﬁi aﬁg g‘%?ﬁ%’ﬁﬂ?%"&‘% PrPEESFLP . WRR HMPULH; ok Sdedeat 50 nm
(conposioionaJ régio: Si =32.8% 0=63.7% H=35%) is formed as a
first inCerTRer- 3 rraRg thvikvir s oBPasihe borhrere gonRust ivi tyecover y
of crystallinit f ,the sem conductor |ayers and an activation of the

i mpur i t%ygﬁeﬁﬁn%d‘g%&i’ B8 APUTidypsediea 36ri CHirel Uity ales imne 36
conduct ed E the heat -59- treatnent. In this enbodi nent, the heat

treat meff FSrPet g b semicandugen filmsitiatebacomBlat dadrivieodaykaur by a
t hermal anneal | ngh met hod using an annealing furnace (Fig. 19G. Next, a
second Pht Ehe Berhanpgl #AFTg Thencesduedd vef loygaai 30 amd W lakinegubielm
materials or inorganic insulator materials are forned on a first

i nt er | af&r i A3EK 9 rghe iimpB7tY releniant embdibeedmpuaitiyl eGemenitt fode film
with a thickness of 50 nmis formed by CVD nethod and then a silicon oxide
filmw LRParthngkacsstynd 40@ddnd sof asntd. £ddax timpuiitdr a@eyizin 38 in
processing can be carried out after

a self-aligning manner. In this embodiment, the third doping
) processing is also divided into two conditions to be performed

since the film 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 (B,H¢) as

a material gas and setting the dose to 2 x 10*° /cm®, and the

acceleration voltage to 90 kV. And then, the third doping

processing of the second condition is rerformed by setting the

1
dose to 1 x 10"° fcm?, and the acceleration voltage to 10 kV (Fig.

19F).

p—

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

Next, the mask 35 made of resist is removed and a silicon
oxynitride film with a thickness of 50 nm (compositional ratio:
51=232.8%,0=63.7%, H= 3.5 %) is formed as a first interlayer
insulating £ilm 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




the heat treatnent. In this enbodi ment, the heat treatnent is perfornmed in
a nitrogen atnosphere at 410 C for one hour by wusing the annealing
furnace. Subsequently, a wiring 39 electrically connecting to the
respective inpurity regions is forned. In this enbodinent, a |am nation
filmof a Ti filmwth a thickness of 50nm an Al -Si filmwth a thickness
of 500 nm and a Ti filmwith a thickrB®s of 50 nmis patterned to form
O cour ]S not. | pyited to. . a two-layer structure, but also may be a
si ngl e- ﬁ%fear&"sétlﬁubt Ern ej‘:mé?‘5 ?%W%HP?%%PSFQ%WJB?&#H?BE As\perLozmesr e,
Further,. materials for wirings are not Jimted to Al and Ti. For exanple,
wi ri ngs hhy? B TSGR BPIRIRTR) 3§ 20 CF dier Hourahout piyamd theamad ni ng
t he | am_natiqgn fiImt n ich aT filmjs formed (Fig.. 1%§Qé As descri bed
above, fﬁmﬁagﬁé’r%é'fe SR 3P RUEMAhERY TRITTRCY &'Jfg)f 3) - 60- An
electric chargg%&ristic of the n-channel TFT 51 is shown in Fig. 20A and an
el ectric char ri S EPEOBA iNeeplayenABsutptingf 51 38 sade of pmgani@s by
neasurigg%&ag el ectric characteristics. - As the neasurenent condition of
the el edfiPdatiic £idm Batesialgeasutremaanpoi insuka tos nadenia e ano
points, the gate voltage (Vg) is set to in the range of -16 to 16 V, and
the drafRTF6% R 2(VArst daterdayey gimswlatingshadni Bgl.y. Mor dduer, in
Figs. 20A and 20B, drain current (ID) and gate current (ID) are shown in
a sol i demMPReigsdti.he sdbieprynitrte &Sikhourth a dhiokbheds| o0fe50 Fingdis 20A
and 20B show that the electric characteristics

formed by CVD method and then a silicon oxide filmwith a thickness

) of 400 nm is formed.

Next, a hydrogenation processing can be carried out after
the heat treatment. In this embodiment, the heat treatment is
performed in a nitrogen atmosphere at 410 °C for one hour by
using the annealing furnace.

Subsequently, a wiring 39 electrically connecting to the
respective impurity regions is formed. In this embodiment, a
lamination film of a Ti £ilm with a thickness of 50nm, an Al-Si
'film with a thickness of 500 nm, and a Ti film with a thickness
of 50 nm is patterned to form. Of course, it is not 1imited‘ to
a two—;ayer 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 film on which i':'l Ti £ilm is formed (Fig.
19H).

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

TFT 52 are formed.




of TFT manufactured by using the present invention is remarkably inproved.
When TFT is 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 large grain size is forned in the
sem conductor film which is crystallized by using the present invention.
Furthernore, since the crystal grainsggye forned in the sanme direction, it

is possible tq,r f ,CIossi across the_grain, boundary by
carrier renmar %&?ﬁggﬁﬂ%‘?%ho%r%q{%ﬁw P%t ¢ ?"S‘%‘Ennﬁﬁ‘ﬁ& >dt 18 fhoyoe hannel
TFT and ;the.nobiL Lty s 205 cnR/.Vs at the p-channel TFT. \Wen a

sem con&&c?gqu%é%c%m# & ﬁﬁfg%ﬁfr é’gaﬁyﬂc AFdSueh e Prghanaml (THE,

char act g,’rzi]sE_;;i gl %nd. t Q,% re#l?%i I i%%% of the sem conductor device can be

i npr oved.” B0 Heht F18 -1 Ydneadeoing e aheekhipicbagrcterdddiony
crystal lization -61- of a semconductor f ilmby a different nethod fromin
Enbodi ndft “BfoMeRFETRESHa CORGALE OPF P hes iedg Gtid os ehisgssdeatist s, m wi | |
be described with reference to Figs. 1, 21Ato 21C, 22A to 22B, and 23A to
23B. |t "CEEHEMERNPeABE phD RS Simed dip Mg fwasPaisbai cirmelgaty vollitage n
accordance wi th Enmbodi nent 10. Further, by applying a nethod recorded in
Japanesd VBdt 271594t dpckharangs of $36540,16 ah agdeths driakelodtaigat e

sol ution giwei_ght converting concentration 5 ppm volunme 10 m) is applied
to the §¥FRadé &t £Re ls¥npadndudt.oresndahimvelypi nMovabivey,t her &gsf. or ni ng

a nmetal containing |layer 41. Then heat treatnent is performed in the
20A and 20B, drain current (ID) and gate current (ID) are shown

\‘) in a solid line and the mobility (MFE) 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 i_s 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 semiconductor £ilm, which
is crystallized by using the present invention. Furthermore, -

since the crystal grains are formed in the same direction, it

} is possible to reduce the number of crossing across the grain
boundary by carrier remarkably. Therefore, the mobility is 524
cm®/Vs at the n-channel TFT and the mobility is 205 cm?/Vs at the
p-channel TFT. When a semiconductdr device is manufactured by

using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment il

Inthisembodiment, anexample of conductingerystallization




ni trogen atnosphere at 500 OC for one hour and in the nitrogen atnosphere
at 550 CC for twelve hour (Fig. 21B). Subsequently, an inprovenent of
crystallinity of the sem conductor filmis perforned by |aser annealing
met hod. The inprovenment of «crystallinity of the sem conductor filmis
perfornmed by the |laser annealing nethod under the conditions that a second
har noni ¢ wave OF YV04 | aser is used a%®h~laser beam an incident angl es ~

f th ' Ve, | 1 ti.cgl syst
Shown | 1 g e ShaBLRbE St vl Y PEeLERE methel £70mh Epihadiiertner cby
' di atqi ; ' - S ' t he, substr at at a d of
20 ot o "o 65 nRESERRS, vere BY, D318 HAR somisonRecEer: ehtmaelh 11 i m
Fig. 2 el d i.th the Enmbodi t 10, -ch | TFT 51 d
b channdl® fereaItE WATh cHEREpRR, EP FA. of oct 0 2RGr aE2Bria i of T he
n- channegl %Egmg%tig;p»channel TFT are -62- neasured, and then an electric
0

T
charactéyv%t n- channel TFT 51 manufactured by noving the substrate
at a speed of 20 _cmis _k is shown in Fig. 22A, _an electric characteristic
of the p-chanf&l TOFRF §9 AR ANaEPhrEE HTLieon nfilmas whaemiconductomeed of
20 cm's _.i.s shown in Fig. 22B, an electric characteristic of the n-channel
TFT 51 ekl A8t BEETEnREy FAGh: Bebedbsenst 0at Eunthew, diy SORIHING iss shown
in Fig. 23A .an electric characteristic of the p-channelr TFT 52

manuf acGt@@dFerevFisg iReIanpaerat Babeny kabddopsn 3 cHesl 7-4.835dn i n
Fig. 23B, respectively, in the | aser annealing step. As the neasurenent

condi t i 8 ofaqYROWS echifkethapget@tiest isxlution (weight converting

i“) concentrationls ppm, volume 10 ml) is applied to the surface of
the semiconductor f£ilm by spin coating 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 ﬁour (Fig. 21B). Subsequently,
an improvement of crystallinity of the semiconductor film is
performed by laser annéaling' method. The improvement of
crystallinity of the semiconductor film is pexrformed 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_r beam relative to a convex lens 103 of an opticaiwé';;sii:ﬂérrﬁm
‘shown in Fig. 1 is set to 18 2 to form a rectangular shape beam,
wherebyirradiatingthesemiconductorfihnasmovingthesubstrate
at a speed of 20 cm/s or 50 cm/s to improve the crystallinity
-0f 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



t he neasurenent point is assuned to be two points, the gate voltage (Vg)
Is set to in the range of -16 to 16 V, and the drain voltage (Vd) is set
to 1.5 V. Moreover, in Figs. 22A to 22B and Figs. 23A to 23B, drain
current (ID) and gate current (ID) is shown in solid line and the nobility
(uFE) is shown in dotted line. Figs. 22A to 22B and Figs. 23A to 23B show
that the electric characteristics of_g¥Fl manufactured by using the present

i nventi %agu&erden%hhalghgn r&VE, crys%h%!;gc{ér oun%ﬁé l{rheéd b¥: %%#%3. the

sem conductor film the nunmper o grarn aries

orai ;' ?lf% 7L Bl Es?é%’é @f’?ﬁgé ﬁi’b%;%érn%j%ﬁﬁﬁﬁfs' Besaof ?%‘&ﬁ?‘*&ﬁ s
crystal lii.z se ven ur t her sin e or me
crgst al gr%?%@{bggg%g corrp‘l ?‘e ??104:16 élarr&cﬁe&f.% gﬁe&ée &€& ain

boundar rectLon rossed.to.the relative scannin

directi IIor%i‘o%gl asqlfacf m?gllﬂgs % FEhSETAts /L & ﬁé’eﬁl‘}nﬁg Q)F“'t',(lgsosm ng

across - t he carri rerrarkabl . Therefore, it is

under st oodS Showg J‘t%hf:1 ﬂb%lg]'t yé%“f?)r:{:‘ﬁf aft %W%ﬂgrﬁ@ nTERanpgd t he
-channel TFT in Fig 22A to 22B, and the

mobi | it £l i n"Hr'%;Vs at

nobi | | tiﬁ Pi’e"' vingha spbetyade %’ﬁ@ FB5Ed 05 5% C1dS cnp/ Vs
at the ﬁ-c annel_‘ TET in Figs. 23A to 23B, and these nobility is very

excel | edf.S LWf‘é‘h 1ot QGRrepsledlevic sharaatearisdds of the gschgnsedh TFT,

t he rmb char acteristic and the reliability of the sem conductor
devi ce _qupgdmw e substrate at a speed of 50 cm/s
k) is shown in Fig. 23B, respectively, in the laser annealing step.

As the fneasurement condition of the electric characteristics,
the measurement point is assumed to be two points, the gate voltage
(Vg)} is set to in the range of -16 to 16 V, and the drain voltage
(vd) is set to 1.5 V. Moreover, in Figs. 22A to 22B and Figs.
23A to 23B, drain current (ID) and gate current (ID) is shown
in solid line and the mobility (4FE) is shown in dotted line.

Figs, 22A to 22B and Figs. 23A to 23B show that the ele_.ctric
characteristics of TFTmanufactured by using fhe 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
acrystal grain of large grain size is formed in the semiconductor
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




I n Enbodi nents 10 and 11, an exanple in which a TFT is manufactured by
crystallization nethods different fromeach other is shown. In the present
Enbodi ment 12, difference between the «crystallinities is considered from
the TFT characteristics. TFT (referred to as PG5 hereinafter) is

manuf actured according to Enbodi nent 11 by conbi nati on of |aser beam and
thermal crystallization using nickel haging catalytic function in the

crystal Lhzat | H.Q.. h ependency of, drain.cyrrent - gate .[voltage
-char act é:lrhlégtéf%]j(l? Di-)e)a‘a%f@t ﬁgﬁf%fpr(ﬁ%)r RTINS I@iﬂ%’fﬁ%or& f"ﬁelﬁt her
hand, T r ef t L. her ei naft s ,..manufactureq b nly | aser
boam i 1 PRSEREHIEIre? Bhe b EER GRS 1O /R At R b ARt Ty of

| D- VG char eristic., of t TFT,(1.G6). on chanpel |ength. The channel

| ength P0G Eh&"hEh1 R 48 Jog che kS An Sheomnepepnet TFY 16 Hi@arosed ¢ hat
an n-chan gh TET iE used in any case in,the present enbodinment. -64- In
Figs. 25%AR45262nfhEhe divRbhtts 395 mf Venat s i ghangee h FFTapR t hi s

t hi ckneii, Pt _gossi ble to pperate in conplete de';[?l etion type. As
_apparen mBBPrE:} nySpb?h ¥md Vsriaguitbe, prahanaed JBRT e Bl ghe 2Haitnel
length is as snall as 2 gm conspicuous difference is found in an off

regi on. 2PRatand thesge {“HBlgF‘FYL?% Veire sEeeddenthat Waen asgndcondpetor
extraordinarily_ junps up is observed. It is confirmed that this phenonenon
depends de¥iceheiehamaBNfaeteragouny. veingy sucle, TRT .t uthe ompbtiRatyas the
channel |ength becones short, PG5 becones superior to LGS with respect to
wi t hst afBlaFartegd stdonaed the meliakibhtytée theaisemicendue toangertice

,,-dﬁpl etion t%pe having a smal | thickness
can be improved.

Embddiment 12

In Embodiments 10 and 11, an example in which a TFT is
manufactured by crystallizationmethods different from each other
is shown. 1In the present Embodiment 12, difference between the
crystallinities is considered from the TFT characteristics.

TFT (referred to as PG6 hereinafter) is manufactured
according toEmbodiment 11 by combination of laser beam and thermal
crystallization using nickel having cataiytic function in the
crysfallizétion. 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 L.G6 hereinafter) is
manufactured by only laser beam irradiation according to
Embodiment 10. Fig. 26 shows dependency of ID-VG characteristic
of the TFT (LG6) on channel length. The channel length is 1.5
um (A) and 2.0um (B) and 3.0um (C). It is to be noted that an

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




of the sem conductor film a significant difference is found in the source
and drain withstand voltage. Measurenent is conducted to know whether
simlar tendency is observed in a partial depletion type having 150 nm as
thi ckness of the semiconductor film In Figs. 27 and 28, 1D VG
characteristic is shown. The extraordlnary junp up of the drain current in
the off region is influenced by drain®toltage. As the drain voltage is

increased, then PX§saossli fddy2é Unthe! e ddifadli@i G &H thy SaRpRiECUOUS.
However, even if the influence Iis included in the consideration, "It turns

out thatgt e RO 'ﬁlEHp‘Eﬁh.Qrt%hﬁn@%%pecittﬂs}["fﬁ59§iﬁﬂg tzs%gggstgemee“ the

source and the drain. Also, it is judged epar Ial depletion type

that PGBoinp1Bit@h dep1wtildst é/oltggeagg Ie .ne???@glcﬁ‘@ fhecgrain.

The above result sliggests that PG I's C5s& Whefe eFenent

di nensi ?Egﬁfrey:-rlhstﬂé”éé‘éé”"v %act%g c J(anlcé e&iﬂ eive s%%l&"?g ment 13

Vari ous séniconduct or devi ces typ | qU| cryst a spl ay
d t t ht d i t EC
i spl af e oee Pt AP p e AR T A SRy 1R RE RF Rt Ry crtprimis P
cqui predt 8 ea%’}‘%é’épiiﬁﬂh ”Ve”ttla e R oP5ss S APPSR 1y

at e ch el ect t d
caner o, 0GR gaf oBaREYEY. Poth rg enbiiney FRak hudnikr enragersats §°type

di spl a car nav tion syste a car stereo, ersonal conputer,
m)bipl eyz)h @he chann iggose am untm In any case, it t%rns out that as

—
ot

/) the channel length becomes short, PG6 becomes superior to LG6

withrespect towithstandvoltage 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. In

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 conspicuous.

However, even if the influence is included in the consideration,

it turns out that the PG6 is superior with respect to withstand

voltage between the source and the drain. Also, it is judged

in the partial depletion type that PG6 is high in withstand voltage
between the source and the drain.

The above result suggests that PG6 is suitable in the case

where element dimension of TFT is miniaturized into a submicron




Inf ormation term nal (such as anobile conputer, a nobile tel ephone or an
el ectronic book etc. ) or the like. Figs. 14A to 14F, 15A to 15D, and 16A
to 16C show one of its exanples. Fig. 14A shows a personal conputer which
i ncludes a main body 3001, an inmage input portion 3002, a display portion
3003, a keyboard 3004 and the like. The personal conputer of the present
I nvention can be conpl eted by applying?gpe sem conduct or device
manuf act gHsh by the present invention t0 the display portion 3003. Fig. 14B
shows a video canera which includes a main body 3101, a display portion
3102, a sound input portion 3103, operating sw tches 3104, a battery 3105,
an i mage receiving portion 3106 and the |like. The video canera of the

presentlﬁmygﬂgﬁgﬁ can be conpleted by applying the sem conductor device
- 66-

manuf act present invention to the display portion 3102.

Fig. 14C sho a.mbile co er_ which includes _a mai n body 3201, a canera
portion 3202%55%%?933%?'\#%%Pﬁvdﬁe@ZégPtléfﬁ BREFAK| FEP_ W EHLB204, a
di spl ay ortiqg 3205 and the like. The nobile conputer of the present
Cnvent] SRR EERAT . WLCHy aFHiYR RGLERE tepe ddmiiceBitidppdevice

manuf actured by the present _invention_ to the display portion 3205. Fig.
14D sho/# ac*g'aéavm tEPe i QP immlay dericesan ilé{;)mlﬂﬁjyyml,yjalgji spl ay
portion 3302, arm portions 3303 and the |ike. The goggle type display of
the pre PrRFERTi baverkier - cotppetEicably affleypRgsend sevierbhou ctan

devi ce nmanufactured by the present invention to the display portion 3302.
Fig. 14PSKIRS S dyeeleatnpnia @mridinentmafl anortywe cin which such

P

iw) an electro-optical device is incorporated in a display portion.
Such electronic equipment is avideo camera, adigital camera,
a projector, a head-mounted display (goggle type display), a car
navigation systeﬁ, a car stereé. a persconal 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 portion 3003,
) a keybo_ard 3004 and the like. The personal computer of the present
invention can be completed by applying the semiconductor device
manufactured by the present invention to the display portion 3003.
Fig. 14B shows a video camera which includes a main body
3101,adisplayportionBloz,asoundinputportion3103,operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The fideo camera of the present invention can be
completed by applying the semiconductor device manufactured by

the present invention to the display portion 3102.




a programis recorded (hereinafter referred to as the recording nedium,
and the player includes anmain body 3401, a display portion 3402, speaker
portions 3403, a recording nedium 3404, operating sw tches 3405 and the
i ke. This player uses a DVD (Digital Versatile Disc), a CD and the like
as the recording nedium and enables a user to enjoy.nusic, novies, ganes
and the Internet. The recording nedi weésf the present invention can be

mventi on 10 Cha thiant Sy nert Fen A zosoRbnEsY 1l AT SHERaHbG rasiepa "

invention to the display portion 34( _ ! a
i s adesecolitt 9hdsof 9538 UnPoRALETSS0RRD, Yol seeappLl i on
appl yi ngt e g BB B e riedetleeatigh REOp, sagnthegris. - )
e R R ol ol 4 e e 1o
crysi al B S5PAy inglbie BRGNP SRuteP AR SR FoBIOE RBepros RN On
or 0] oot EVEREAPY K7 (R SRtAY BEBYIan03208. proj ectton dovi ce 3702, a
mrror 3703, gz,_scr_ en 37045 and the i ke.d]’he rear type projector can be
conpl eted by ap-yilAG sheEs |3 Geggle fypel dispbinyhisl doc3gdeswaimgin
cireui 1 gy 38350 ahondag o ekbapiB0a. £re porticna 6308 st bhofl B
:) The goggle type display of the present invention can be completed

by applying the sexﬁiconductor device manufactured by fhe present

invention to the display portion 3302.

Fig. 14E shows a Player using a recording medium on which

4 program is recorded (hereinafter referred to as the recording

medium), and the player includes amain body 3401, adisplayportion

3402, speaker portions 3403, a recording medium 3404, operating

switches 3405 and the iike. 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 compieted
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 presenf invention canbe completed

by applying the semiconductor device manufactured by the present




proj ection devices 3601 and 3702 which are respectively showmn in Figs. 15A
and 15B. Each of the projection devices 3601 and 3702 is nade of a |ight
source optical system 3801, mirrors 3802 and 3804 to 3806, a dichroic
mrror 3803, a prism3807, a liquid crystal display device 3808, a phase
difference plate 3809 and a projection optical system 3810. The projection
optical system 3810 is nmade of an optd6Fal systemincluding a projection

| ens. armfafﬁicﬁnmuiiﬂwtdjlsspfﬂy EnOsgathree-plate type, but It s
not limited to this exanple and rmay also be of a single-plate type. In

opti cal SySt ombuch e ke B o TBYo ) BBREEPLhILR SRR o

optical system such as an opti avi ng
functi ordjdetildh Heic@dizgst N LibeLenc JRf |Imor the |ike
in the prbatcﬁh hdi cat eegrll?% fglsr%r%olv(/sgl ?%@%ﬁa %éé 5$§8Eh%ia£+kﬁ5D e £rond,y
showi.ngt%,% re, of the.light, source optical system
3801 shown in Fi g.1?°1 %:aﬁp% (’sc% Fﬁ sé#eeﬁgg FRB@F}“P%‘JW%‘%C%EEE&%M
system i J.S e f.a reflecgtqr 3811, | i source 3812, lens arrays
3813 angl%gé'gﬁ,ﬁ?%pgpgrclhzicﬁélsg S (?npé"lrg:rré’iﬁ Prod¢t oo dendise | ens
1 3816. | ncinde | 1 he l.ight source optical systemshown in Fig. 15D is
one exa%%!og, %?a@do%{:ﬁgtri ﬁ\?&ﬁ%ror?ﬁlicws particularly linited to the shown
constructi on For géarigl e, those whose enbody the invention may

B o

appropri at el y ‘di'sp W iREAT LYDPeRTodRERORsWRKCh it ekirde @ maans i | m
'R 11 nosR SO F T B engeh ) oRatevioa 7 1 A AAROT BORoL0n Esmaen B7oHhe t ype
{Eﬁing and the like. Thereartypeprojectorcanbecompletedbyapplying
the liguid crystal display device 3808 which constitutes a part
of the projection device 3702 and other driver circuits.
Fig. 15C shows Qne exXample of the structure of each of the
‘projection devices 3601 and 3762 which-are respectively shown
in 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 prisﬁ 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 oi_at:i.cal léns,
a £film having a polarization function, a £film for adjusting phase
difference, an IR £ilm or the like in the path indicated by arrows

in Fig. 15C.



,a transparent type of electro-optical device, but there is not shown an
exanple in which the invention is applied to a reflection type of

el ectro-optical device and a light emtting device. Fig. 16A shows a nobile
t el ephone which includes a main body 3901, a sound output portion 3902, a
sound input portion 3903, a display portion 3904, operating sw tches 3905,
an antenna 3906 and the |ike. The nobi68e t el ephone of the present

invention capibe a8BPhis! ad AkARAWIRY LAS %ngﬁgﬁd%%tQBP?§§¥§§GHreFig

manuf actured by the present invention~to the ay “por

16B shows anheobhikLe+b I : QN C Lch includes,. a maip body 4001,
di splay porti ons546058{3%5@4%%%?8?'5?grggépé' %@%fu%%“’%o’zf’ SJ';'olp‘%'r gt,a#(?rg 3\'}61' t ches
4005, a t an he.like. The nobhi.le_book, of present
inventigﬁiga%ﬁggdé@%gfétgggbélggglfPHﬁcetﬁg §8ﬁ%c8§§58ﬁb>g§évF§emade
manuf act,gr ed r t Lnyentjon -69- to the display portions 4002 and
4003. FF’S. glﬁgéﬁgﬁgga%%m%Sfﬁﬁ%{érﬁ‘?%‘ﬁ%d&l% NPT YEF16§,13 8nduppor t
base 41Q3, 4a glt}?ﬂ&yl ortion 4103 and _the like. The_  display of the present
I nventi on can- e conpl et eFBYSHish femend SEhP A Condgdseselens
manuf ac d h esent [nvention to the display portion 4103. The

i nventi ?)g&?é B%?%%%?ﬁé?fg ‘ atﬁﬁn Lghbusorscy PrEdeadcreaher shewy, iand is
advant a us . a displa ving a di agonal size of 10 inches or nore
(parti cg(@ﬂ %ﬁ‘B k10 ?%%rfé&é%iiﬁa%@é}@ the avemtdoanist pei Pasticndading

descri p_ii.on e .of applications of the invention is extrenely w de,

h
and the 1ﬁ"ﬁ53ht IEBL%E'%n SHOWI, FONRE KUr Hkan catkogoreranpls octhese cwaper at us.

\D 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
& 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 1like. The mobile telephone of the present invention
can be completed by applying the semiconductor device manufactured
by the present invention to the display portion 3904,
Fig.1GBshowsamobilebook(electronicbook)whichincludes
| amain body 4001, display portions 4002 and 4003 . & 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




El ectroni c apparatus according to the invention can be realized by using a
construction nade of a conbination of arbitrary ones of Enbodinents | to 6
and 8 to 11 or Enbodinments 1 to 5 and 7 to 11. Enbodinent 14 In the
present Enbodi nent, an exanple in which a linear beamis formed using a
diffractive optics (diffraction grating) instead of the convex |ens used
in Enbodiment | will be described bel-®##-with reference to Fig. 24. In Fig.

24, a | asert)dispIay ripdrdens 4 dds faagt iygsoptics 403, a linear beam
406, a non-irradi ated body 104 and a glass substrate 105 are depi cted.

reotr, LT el ey, il R it 0

whi ch the substrate . i s noved. eam em t t he

| aser 4Gd suppiotad g U100, bLha:dhhbLABKEYSCAPYLGS 4 ésgg?aic:ee " 0%

the |inear beam 406 can be irra

nei ghbordiegd.ay Wﬁ@%a@e@?ﬁx}%\?}br onbec%m ﬁ%ﬁnﬁclreﬁ:ggf Oﬁﬁz} :Er?: §

designing the diffractive opti eover,

i denterieank b ke A0k 2k gemca%gﬁsggglcugegn{)eggﬁ egnﬁcFeﬁq{gtagng,géfg%gn;gg

It should be noted that a beam expan
and may e s SQeRTER: FOHt “Sﬁemé%r s THYPTGAIP of o1 RETHSRYORIN ect | on
and the ok helliethl M orfes ﬁgé'e%gég%ﬁivm PURd'1s ‘Bavantageous to
adisplayhavinga diagonal size of 10 inches ormore (particularly,
f) 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)l
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.




Then, while the linear beamfornmed in this way irradiates, it can

irradi ate the desired region or whole area on the irradiated body 104 by
being relatively noved with respect to the irradiated body 104, for
exanple, in the direction indicatedwith the reference nuneral 107 or the
directions indicatedwith the reference nunerals 108, 109. Since in the
present invention, the optical systemsfi®~ form ng the |inear beam has a

very sirfien a0 1@dea! belm bhitfed®PSymhdBisdt Bodr 8L { N Pheh fSHLL DERT
| i near beans having the sanme shape on the irradiation sUrface - THerf ore,

since ! Nhe alEeRAERd Uht oL Yo HLthe Radyel g6hONMDT S A ddfear

beam irradiates, the whole surface of the Irradiaté y reac

i f [ ' ' h d...71- It should
be.not ot L hat Ph ot oh he e LR o B RS R ao

L AR DB B L,

noted that the optical systemof e pr

conbi ne st i rough,.7. The fundanental signjficances

i ndi cat éﬁg\gétsg?lfl Eﬁ) g\i/\&/s(,a ﬁgg_%—% g’cgtg't‘ftealgﬁ%&cﬁy APPEYPRg 4F CHRE igtReRT Q3% the
present i L0 lLnce ii,is_a very sinplif ied configuration, the
opti cal 1%%#%%8??85551%%%@1? Hér&é’\%%é%g}é&%@%oﬁbaépﬁﬁfgrﬂce

Simlarl [ case ere a plurality of |lasers of the sanme kind or a
plurali tcénofbrél ?%%rvs?no%faéginffer ent kinds are used, the optical adjustnment is

easy, and the.devi ce cones conpact in size.
y Ig shoulg e noted that a beam expander is set between the

\3 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 irradiates,
it can irradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated
body 104, forexample, inthedirectionindicatedwith the reference

) numeral 107 or thedirections indicatedwith the reference numerals

. 108, 109.

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

have a uniform physical property and the throughput is enhanced.




(b) Since being slantly incident with respect to a plurality of |asers,
the return beam can be prevented, and it becones a sinpler configuration.
(c) Even in the case where the irradiation of laser is carried out using a
plurality of |aser beans, since the optical system is sinplified, it is
capabl e of easily making the same shapes of the all |aser beans. Theref
ore, unif ormannealing can be carriedyiout to the irradi ated body. This is
parti cul l¥h§$$§ tive {€§ the case where a substrate has a |large area. (d)
-1

It greatTy SrnprSiTeiReteynthatiin fmbodinentsi-4f aastr thrapmesent
Thereforﬁ bSYEN 1f it is alaser having a lower output. it is sufficiently
appl i cabFEPPSABIRT o\filtfy S tfirachivie, optickegeuld (g uRed dnstegpof e
capabl e of beigg enhanced. -72- (f) Wile satisfying these advant ages
descri bed 2PtV e®R%i || nore, the enhancenent of the operating property and
reliability aof a_sem conductor device can be realized in a sem conductor
device represdnti@UEy Be netedethak ribe topid caly syalteni ofl tye dervdsamt
Furthernore,_the reduction of the manufacturing cost of the sem conductor
devi ce CHFPIEiRen icnudd be frealyethudinkdnehthaEniiedige st S e3itaRaLg of
device conprising: formng a sem conductor filmover a substrate;
crystal I1zing said semiconductor filmby irradiating a first |aser beam
while said sem conductor filmand said first |aser beamare relatively
noved; addi ng T&e Fupdaineptellesbomifbcandds cinysiciidzad 561 6@t ¢e il M
and activating said inpurity element by irradiating a second | aser beamto
sai d obtained by employing a configuration of the pPresent invention:
g;) (a)Sinceitjsaaverysimplifiedconfiguration,theoptical
adjustmentiseasyandthedevicebecomescompactinsize.Similarly
in the case where a plurality of lasers of the same kind or a
plurality of lasers of different kinds are used, the optical
adjustment is easy, and the device becomes compact in size.
(b)Sincebeingslantlyincidentwithxespecttoaaplurality
of lasers, the return beam can be prevented, and it becomes a
simpler configuration.
(c) Even in_the casewhere 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
ofthealllaserbeams.Therefore,uniformannealingcanbecmrried

cut 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.




sem conductor filmwhile said inpurity added sem conductor filmand said
second | aser beamare relatively noved, wherein a shape of each of said
first | aser beam and said second | aser beam traveled via a convex lens is
defornmed so that said shape of each of said first |aser beam and said
second | aser beamis in a linear shape on said sem conductor film 2. A

met hod of manufacturing a sem conduct argadevi ce conprising: formng a .
sem conduct or fi oyer _a.sybstrate; crystallizing said sem conductor film
by irradiati ng{%i @u‘%i‘? Sla%slé%’&é‘ﬁ%ﬁ? %Xgapaag% RPEERdbefsP i nfhtl sai d
first Iqﬁer bq%%%arﬁ.relativel nmoved; adding an inpurité el ement to said
crystal 11760 seit EBRATCETen Pﬁl the, PRERaiNg REoPSTEY Apdrreliahbhivy by

irradiati a second | aser beamto said sem conductor filmwhile said
i mpurit fﬂ%&e‘?ﬁ‘"&’rﬂ teViee cande reald zeddona seadsondysdordevice
relatively noved, wherein a shape of each of said first |aser beam and said
secondI%ﬁ%ﬁe?ﬁﬁﬁﬁdtPﬁv@PeéCVFHeamééﬁﬁéxﬂmn&;dﬂysﬁalnﬁﬁﬂpkﬁytdﬁﬂi@aid
shape of_ each of said first |aser beam and said second | aser beamis in a
linear SHHP'MQER d tbai eefugtion fof nthenwanhtaetursagdcbiststofl astes beam
and sai d second_|aser beamtraveled via said convex l|ens are slantly

i nci dentSeRkIPnAIper device ccarnbeoneatinedfi lm 3. A nethod of

manuf acturi ng a sem conduct or device conprising: formng a sem conduct or
filmover a substrate; crystallizing said sem conductor filmby irradiating
a first |laser beamwhile said sem conductor filmand said first |aser beam
are relatively noved; adding an inpurity elenent to said crystallized

-sem conductor film and activating said inpurity element by irradiating a
‘sécond | aser beamto said sem conductor filmwhile said inpurity added

sem conductor filmand said second | aser beamare relatively noved, 74




wherein a shape of each of said first |aser beam and said second | aser beam
travel ed via a convex lens is deforned so that said shape of each of said
first | aser beam and said second | aser beamis in a |linear shape on said
sem conductor film wherein said first |aser beam and said second | aser
beamtravel ed via said convex lens are slantly incident with respect to
said sem conductor film and wherein a beamlength w of each of said first

| aser beam and said second | aser beamincident into said sem conductor
film thickness d of said substrate, and an incident angle 0O at which each
of said first |aser beam and said second | aser beamis incident with
respect to said sem conductor filmsatisfy the follow ng expression: 0 ?
arctan (w (2 x1dahw&@doﬁnmnmhaﬂﬁm@@&mdbmgmM©rmhakmbﬁmnmhgrein as said

convex | ens, r@%’%{}esrehlﬁc%lnduc?&%ihﬂ &eyggﬁsraFeA met hod according to claim 2,

wherein as sai an aspherica is used. 6. A nmethod
according to CPIHFtﬁ]lh?slﬂgv%@rF@mC%@u@% fine brireadidtion 9, firshlasergieem while saishs i s

]ysed_ 7. éeﬂ%éﬂtﬁdtg@ﬁlrﬂaﬁwf §a§£ﬁﬁf]a§@b@arﬁ%f@r§@ﬂﬁ€¥§iﬁ@f/e(ﬂew ce conpri 3| ng:
ormng a sem¢ uct.or oV a.Su 1 ZI n sai
oot o R by il o id iR Gem i S i Ly 3

sem conduct or #dtivatiegh daid aimgufity stenicas by iedintieg @ sebmat ilaset )]oeamvtedsaiChddi ng

an i npuri Tséhu%ﬁlﬁ@ﬂ%} filR vﬁﬁie@aﬁrlﬁhﬁ J ddaed séﬁ%&ﬂ@t@i"@irﬁ El's:!uﬁ‘sec%ﬁ 1/t | vating
said i rrpug irradiating a second | aser beamto said

seni conduCt a‘iel ‘ie WVII%)V% idinpurity added seni conductor filmand said
second | aser Phewrinas ahapel ait eachl of il Gkt 1xdeebeim add Sarpsscofd &Rerdbdant St

| aser b ea%ﬂﬁ&i %@'a%oﬁx?&olggs h%%ﬁﬁm?f gtmhé{ %Yda l:l}%g? 8% Qacﬁ of gélﬁff{r%%s'ey ﬁe P! | Cs

are defor so th sal sal d Second
| aser beafihgad sagond ]Iaﬁ%é’aﬁmwaﬂéméﬁ' shaecPnsBis S@@Mﬂé‘ﬂ%@r flim m

2. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;

crystallizing said semiconductor film by irradiating a first laser beam while said
semiconductor film and said first laser beam are relatively moved;

adding an impurity element to said crystallized semiconductor film; and

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

wherein a shape of each of said first laser beam and said second laser beam
traveled via a convex lens is deformed so that said shape of each of said first laser beam
and said second laser beam is in a linear shape on said semiconductor film; and

wherein said first laser beam and said second laser beam traveled via said convex
lens are slantly incident with respect to said semiconductor film,

3. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;

crystallizing said semiconductor film by irradiating a first laser beam while said
semiconductor film and said first laser beam are relatively moved;

adding an impurity element to said crystallized semiconductor film; and

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




8. A nethod of manufacturing a sem conductor device conprising: formng a
sem conductor filmover a substrate; 75 crystallizing said sem conductor
filmby irradiating a first | aser beamwhile said sem conductor film and
said first |laser beamare relatively noved; adding an inpurity elenent to
said crystallized sem conductor film and activating said inpurity el enment
by irradiating a second | aser beamto said sem conductor filmwhile said
i mpurity added sem conductor filmand said second | aser beam are

rel atively noved, wherein a shape of said first |aser beam and said second
| aser beamtraveled via a diffractivegoptics are deforned so that said
shape of said first |aser beam and said second |aser beamare in a |inear
shape on sai d whecmondhapteost éachmf saiidfivihesset beaaiadd fshidstecoralb biserbizam and

said s eCOHQvéléHSﬁE aQ‘Sﬁ‘vertlél?s"E g@ﬁnﬁé@sost%htds[mcpéhtaﬁ S‘Péa'g}{ %£9£& ﬁs”‘t éﬁ%%{‘be%ﬁ”t 'y

incident wth
nmanuf act uP’iidnijﬂ%S%@Fﬂ %%Bﬁﬂiﬂﬁrméé‘w@é FEArsais segicondusiartigl a seni conduct or

filmover a subghdrahesaid fyatlaéelrlbzaaﬂﬁgalﬁiagafd $€¢6n@ 0Bskd CHe@in frhvoBdoyiai dafdrdi at i ng
m con nd..said,first | aser beam

a first | uct
are rel at ?€ ey RS Toved: ang Ecﬁ%eng‘ﬁlstﬁ ﬁ%ﬁ?ctg Cfséef:f’é?ﬂng]?c Ol 489 yst al 1 i zed
seni conduct or fthrYFma@rhﬁaét]@nﬂhtW nfezhiod shidgustilager bbamend s seqonddiset i ng a

second | aggfm hRakht 1ﬁtoss'aicﬁserr§<§<‘ﬁﬁﬁéi&dﬁlﬁ£ %cﬁﬂeésna mat@su%é&ﬂe 2R YF iidcvdepdded
sem conduc r fil cond | aser ngm are rel ati veI nove

wher ei n a®3Hafeét mﬁg?ﬂl i Spisk P8ty DEERARLTHA AP Bo SRAT IS CH A

travel ed waspecato mda‘en‘ammdmﬂoxofﬁim otisfyrie BEbwmgedpissiddiat sai d shape of said
first laser beagm.ap '@;g)iond | aser beamare in a |inear shape on said
sem conductor fi T"m in’said first |aser beam and sai d second | aser
beamtraveled via said diffractive optics are slantly incident with
respect to said semtiodndeatiag b tlaih | ARBerein as said convex lens, an aspherical lens

is used.

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

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

7. A method of manufacturing a semiconductor device comprising:

forming a semiconductor film over a substrate;

crystallizing said semiconductor film by irradiating a first laser beam while said
semiconductor film and said first laser beam are relatively moved;

adding an impurity element to said crystallized semiconductor film; and

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

wherein a shape of said first laser beam and said second laser beam traveled via a
diffractive o.ptics are deformed so that said shape of said first laser beam and said second
laser beam are in a linear shape on said semiconductor film,

8. A method of manufacturing a semiconductor device comprising:
forming a semiconductor film over a substrate;




wherein a beamlength w of each of said first |aser beam and said second

| aser beamincident into said sem conductor film thickness d of said
substrate, and an incident angle 0 at which each of said first |aser beam
and said second | aser beamis incident with respect to said sem conductor
filmsatisfy the follow ng expression: 0 ? arctan (w (2 x d)). 10. A method
according to claiml1l, wherein said | aser beamis oscillated froma solid
state | aser, a gas laser or a netal |aser of continuous oscillation or

pul se oscillation. 76 11. A nethod according to claim2, wherein said |aser
beamis oscillated froma solid stateysl aser, a gas Iaser or a netal |aser
of continuous oscillation or pulse oscillation. 12. A nmethod according to
claim 3, wher etrystsbizihg| saslesenb@mudtsr fisic bl liddeadingraofinsalasadcanh whiki @2id aser, a

9as | aser «Gioldtlebinh 3Rkl GO0H QUALS. AIGHLAAIARR. OF pul'se oscillation.

13. A net h accordi ng €t beamis oscillated
froma solid afdipgan 1g§3@pty cherpens 19 sacderygallizgedaemigonflugierfilay asbnt | nuous

oscillation or ammeg emdi 1|ni1ﬁ1hty0lélen‘ﬂeﬁt b RERAeL ACERbAH Neket Besih aboMadi
wher ei n S@énqlc e l.aser

aser or - SofisRtlos BER VR SR CmpyBbSyed Adondiflon Fip P g e RFEn. 15,

A net hod thMHthﬂtﬁtbymb‘a@dn 9, V\/nerel n said | aser beamis oscillated froma
3?I I dI ste ate | a5fkrcich G ebfassdﬁ:r iRt la@erp@mgﬁlﬁlanﬁn @ﬁﬁ@&g %wswggﬁ%dad gt: o
pul s [ [ [ [ I n sal S

beam i s ogﬁf‘f‘?“é(fﬂga’ﬂ?sr% %ﬁ‘?@m%é’l t@%&ﬁé@ Sﬁ? Fond firgldaser be{%&ﬂff spidbpecond
| aser, YALGS Heamews ingl lassr dhapeon saididynit@sactor filal;exdéndrite | aser and T|
sapphi re | aser wabrf0 Rl Wﬁs&%@aﬁranﬁ%ﬁﬁ sQ364 '1L5%E b%Plfﬂ &Zvcfleﬁ 05t hod

according to claim2, erei n sal amis Osc om one

sel ect ed p%gﬁﬂWﬁﬂpnﬁﬁ%ﬁﬂw@”@ﬂmﬂﬁgéwﬂﬂﬁﬁFﬁﬁa§@¢Sﬂﬂw&@BwWﬁﬁéﬂ gl ass | aser,

ruby | aser, alexandrlte | aser and Ti: sapphlre | aser of continuous wave or
wherein said | aser

pul e, 9501 | At 00y o BB Sk P B APl 5 12
| aser, YALCB | &sewng &gﬂeas@nﬂa@@rﬁlmmya bastate; al exandrite |aser and Ti:
sapphire | aser cQbtaliefiel OIS WRMBCtBY fiRY b$ GrrRB &g ALi#sP rser beam while said
: semiconductor film and said first laser beam are relatively moved;
" adding an impurity element to said crystallized semiconductor film; and
activating said impurity element by irradiating a second laser beam to said
semiconductor film while said impurity added semiconductor film and said second laser
beam are relatively moved, -
wherein a shape of said first laser beam and said second laser beam traveled via a
diffractive optics are deformed so that said shape of said first laser beam and said second
laser beam are in a linear shape on said semiconductor film;
wherein said first laser beam and said second laser beam traveled via said
diffractive optics are slantly incident with respect to said semiconductor film; and
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 O 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)).

10. 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.




19. A nmethod according to claim7, wherein said |aser beamis oscillated
fromone selected from YAG |aser, YVO |aser, YLF |laser, YALO3 |aser,

gl ass laser, ruby laser, alexandrite |aser and Ti: sapphire |aser of
conti nuous wave or pulse oscillation. 20. A method according to claimS8,
wherein said | aser beamis oscillated fromone selected from YAG | aser,
YV | aser, YLF laser, YALQ3 |aser, glass laser, ruby laser, alexandrite
| aser and Ti: sapphire |laser of continuous wave or pul se oscillation. 77
21. A nethod according to claim9, wherein said | aser beamis oscill ated
fromone selected fromYAG |aser, YVO% | aser, YLF |laser, YALQ3 | aser,

gl ass laser, ruby laser, alexandrite |laser and Ti: sapphire |aser of
conti nuous wavéi.oh nmtiisleacosrding tatclamm. 2, éherefn sad hoet Eanois dseifated fromad m 1,

wherei n saheh dias Hselb Qgﬁg Thsdr 9155;11'}6 af‘fan% %{qnﬂf}@s os§ BGHES: ﬁl‘ﬁje%%lﬁﬁjuofnr om

exci mer | aser, Ar aser a ser o conti'nuous oscillation
or pul se osci I | at i on 23. A nmet hod according to claim2, wherein said | aser
beam i s oscil | a2 el nstiond Roerdipnocias % eleeiechid [R60 w4 IRkcillase fromAr | aser,

Kr | aser f S scillation..0 tion. 24.
A et hod SORLTE 188 EEaftisch SE4 hHESer 2GRl BPuBha s 28R T o
one species selected fromexcinmer |aser, Ar laser, Kr laser and CQ2 |aser

o:‘ cont7 i nuous 1gs&|nlldt1@dd @Boﬁfngﬂﬂl&&n@wﬂe@ 'szﬁdi'las&%eaﬁi Hﬁis&lﬁﬁite@@&ﬁleﬂl ntg Ej 0
clalm |n sal ser | at ed one ecl.esS.sel ecte
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oscillation or pulse oscillation. 26. A nmet hod according to claim8,

wherein sai d | agex nbe%’d@éc%oﬂ bl Bi ? E&%gﬁd la'%geﬁéaﬁ‘ﬁzs%%&ﬁﬁtteg%ohf

excinmer laser, Ar laser, Kr ser _an ont1 nyous _ OScCl fl ation
or pulse § ?Ptﬁllqsﬁrmag@?‘“%"ﬁ%?ﬁ%laé%rd’t’;rc@?tﬁ’g“"ﬂscpsﬂﬂﬁpﬁﬂQVPLU\?r?é%S%‘ﬂ Al d | aser
beamis oscillated fromone species selected fromexciner |aser, Ar |aser,

Kr laser and Ce3. A%eeflﬁocf)gcc&%ﬂ'}g AYPAR 9, wherein said laser beam is oscillated from a

solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

16. A method according to claim 1, wherein said laser beam is oscillated from one
sclected 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.

17. A method according to claim 2, 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.

18. A method according to claim 3, 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.

19. A method according to claim 7, wherein said laser beam is oscillated from one
selected from YAG laser, YVO, laser, YLF laser, YAIOQ; laser, glass laser, ruby laser,
alexandrite laser and Ti: sapphire laser of continuous wave or pulse oscillation.

20. A method according to claim 8, wherein said laser beam is oscillated from one
selected from YAG laser, YVO, laser, YLF laser, YALO; laser, glass laser, ruby laser,
alexandrite laser and Ti: sapphire laser of continuous wave or pulse oscillation.




oscillation or pulse oscillation. 28. A nmethod according to claim1,
wherein said | aser .beamis oscillated fromone species selected from

hel i um cadm um | aser, copper vapor |aser and gold vapor |aser of
continuous oscillation or pulse oscillation. 78 29. A nmethod according to
claim2, wherein said | aser beamis oscillated fromone species selected
fromheliumcadm um | aser, copper vapor |aser and gold vapor |aser of
continuous oscillation or pulse oscillation. 30. A nmethod according to
claim3, wherein said | aser beamis oscillated fromone species selected
fromheliumcadm um | aser, copper vapor/ | aser and gol d vapor | aser of
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24. A method according to claim 3, 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.

25. A method according to claim 7, 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.

26. A method according to claim 8, 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.

27. A method according to claim 9, 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.

28. 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.




hi gher harnoni ¢ wave through a non-linear optical elenent. 38. A nethod
according to claim8, wherein said | aser beamis converted into a higher
har moni ¢ wave through a non-linear optical elenent. 79 39. A nethod
according to claim9, wherein said | aser beamis converted into a higher
har noni ¢ wave through a non-linear optical elenent. 40. A nethod according
to claim1, 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 canera, a video canmera, a nobile
conputer, a goggle type display, a pl®yer using a recording nedium a
projector such as a front type and a rear type, a nobile tel ephone and an
el ectroni ¢ booR9. Mihethad medondidg acdaifd?, vehetdin edidlamerbeamtieseilmicalatain one
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consistin a navj gation sy nmera such as a
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species selected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

33. A method according to claim 9, wherein said laser beam is oscilflated from one
species selected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

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

35. A method according to claim 2, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

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

37. A method according to claim 7, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

38. A method according to claim 8, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.




I ncorporated into one selected fromthe group consisting of a navigation
system a personal conputer, a canera such as a digital canera, a video
canmera, a nobile conputer, a goggle type display, a player using a
recording nmedium a projector such as a front type and a rear type, a
nmobi | e tel ephone and an el ectronic book. 80 45. A nmethod according to claim
9, 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 canera, a video canera, a nobile conputer, a
goggl e type display, a player using amecording nedium a projector such as
a front type and a rear type, a nobile tel ephone and an el ectroni ¢ book.

39. A method according to claim 9, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

40. A method according to claim 1, 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.

41. 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.

42. A method according to claim 3, 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.

43. A method according to claim 7, wherein said semiconductor device is
incorporated into one selected from the group comsisting 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.

44. A method according to claim 8, 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.
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45. A method according to claim 9, 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.




