-1- LASER | RRADI ATI ON METHOD AND LASER | RRADI ATI ON DEVI CE AND METHOD COF - -
MANUFACTURI NG SEM CONDUCTOR DEVI CE BACKGROUND OF THE I NVENTION 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 |laser beam emtted
fromthe |laser to an object to be irrgdiated) . In addition, the present

i nvention relates to a nmethod of manufacturing a sem conductor device,

whi ch i ncl udBASER| ZRRADDRRIONT MEYHBDI AND SASER NerRApMaiIoh SRIG@Nduct or
devi ce described here includes an electro-optical device such as a liquid
crystal di spl ajaNbewETHODOIOFE MANIEACGIIR NG SEeHEGRDGGE0R DBV EEET ONi ¢ devi ce
which includes the electro-optical device as a part. 2. Description of the
Rel ated Art In recent years, a wide study has been nade on a technique in
which | aser annealing is perforned for a sem conductor film formed on an

i nsul ating substrate nmadegQfxgkdbinCbrt #E! tiifrnireonc! yYstallize the film
to inprove its crystallinrtysotrmat—ea —crystatife—senm conductor filmis

obt ai ned; , oFi&03a6f 1 MAL eTRPenkTBYr ity el ement. Note that a crystalline
sem conductor film in t%ls specification indicates a sem conductor filmin

which a cryst ' ' | S nt, and so _includes .a sem conduct or
filmwhich is Tgir%/ié%ggff‘ggiﬁa%ﬁgl%%%g“&sn‘g? r?giaﬂﬁ?rf’dﬁﬁ tHAseethed peam
froman gx¢Mlsd 2§ agdation apparatus for using the method (apparatus

including a laser and an optical system for guiding iasér beam
. emittedfromthe laser toan object 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 describéd here includes
an electro-optical device such as a liguid crystal display device
or a light emitting device and an electronic device which includes
the electro-optical device as a part.
2. Description of the Related Art
In recent years, a wide study haﬁs been made on a technique
in which laser annealing is performed for a semicondﬁctor film
formed on an insulating substrate made of glass or the like, to
crystallize the film, to improve its crystallinity so that a
crystalline semiconductor film is obtained, or to activate an
impurity element. Note that a crystalline semiconductor film
in this specification indicates a semiconductor film in which
acrystallizedregionispresent, andalsoincludes 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 |l aser beam (or relatively shifting an

i rradiation position of the |aser beam wth respect to the surface to be
irradiated) to conduct annealing is superior in mass productivity and is
excellent in technology. The "linear shape" described here neans not a
“"l'ine"” in the strict sense but a reﬁgﬁngle (or a prolate ellipsoid shape)
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annealing an object to be irradiated. Fig. 7 shows an exanple o
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high aspect ratio. For example, it indicates a shape having an
aspect ratio of 2 or more (preferably, 10 to 10000). Note that
the linear shape is used to obtain an energy density required
for sufficiently annealing an object to be irradiated.
Fig. 7 shows an example of a configuration of an 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. 7. Accordingto the configui:ation, across sectional
shape of laser beam is converted into a linear shape, and
simultaneously an énergy density distribution of laser beam on
the surface to be irradiated is homogenized. In general, an
optiqal 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 is- - .
inserted in a course of an optical system the first direction is changed
in accordance with a direction of light bent by the mrror. In the
configuration, the cylindrical lens array is divided into seven parts.
Then, the | aser beans are synthesized on a surface to be irradiated 79 by
a cylindrical lens 74, thereby honpbgenizing an energy density distribution
of the linear laser beamin the |ongitwdinal direction. Next, the

conf i gur directdeoin thiblspetiida ol ol Hitdis dssiinbh ﬁf‘aﬂjeﬁﬁéﬁ Bgclaser
beamenmitted froma laser 71 is divided in a direction perpendicular to a

travel i ngsdtinsetton irhereoirsat bicopt {841 @fs@;‘éﬂ ORKRYE £¥4 ¢ LAl J,ENS

arrays 72a and 72b, thereby deternmining a Iength ‘of Tinear |aser beamin a

width diseehangeaThr acéeﬁaaﬁaelﬁlﬁﬁlé%feéﬁfaﬂdoﬁ'i @fdf qgeﬁ@ by tiﬁ] e

specification. It is assuned that, when a mrror is ins

of an op;hiﬁgbrsystﬁnthgh@oggg@y}epg r&ptl [ [ cordance. vm th a
direction of light bent by thé rrlor ﬂ{b %(s con |gur§ ﬁ% e

cyl i ndr i g8t1 88814 d 35veh2BaRbe . 7 ; syh‘t Ph8s %gvf%d%g '&nﬁﬁo ﬁ‘éro theRLie The

di vi ded | aser beans are t'enpor ari e5|ze
?I)Lgrengggﬁ ab?/&ggggﬁb et cy ih ri caﬁfiggﬁéegg%&nﬁ %héégﬁgggﬁ%rﬂggépﬁ
vl nar T ZREPRS %“'ﬁ iﬁgf d8hsatuatirtrRBuE PR of i i SaseRus, a
W deh ditra e e e i Sl MRl L acer e o A
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 firét 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 fhat, when a mirror is inserted
in a course of an optical system, the second direction is changed
in accordance with a direction of light bent by the mirror. 1In
this configuration, the cylindrical lens arrays 72a and 72b each
are divided into four parts. The divided laser beams are
temporarily synthesized by a cylindrical lens 74. After that,
the laser beams gre reflected by a mirror 77 and then condensed
by a doublet cylindrical lens 78 so that thejr 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 lehgth of the linear laser



beamin a wdth direction are determ ned. For exanple, an excinmer |aser 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 uniform energy density
distribution and a size of 125 mmx 0.4 mm can be obtai ned on the surface
to be irradiated 79. At this time, wheny4for exanple, quartz is used for
all badeamtiar |aalvm.®lfht¢1£r@@t1@maﬁgsa@ﬁér,hﬁ_gadt ransmttance is obtained.
Note that coating is preferably conducted for the optical system such that-
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be irradiated 79.

At this time, when, for example, quartz is used for all
base materials of the optical system, high transmittance is
obtained. Note that coating is preferably condueted 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 conf iguration
is irradiated with an overlap state while being gradually shifted
in a width direction thereof. Thus, when laser annealing is
performed for the entire surface of an amorphous semiconductor
film, the amorphous semicpnductor film can be crystallized,
crystallinity can be improved to obtain a crystalline

semiconductor film, or an impurity element can be activated.

SUMMARY OF THE INVENTION

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

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



Furthernore, in the case where a | aser beam whose reflectance 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 becones a factor having
a bad influence on an output of the laser and the variation of

frequenci es and the destruction of the ¥@d or the |ike. Hence, an object of
t he presdst endaggedon is to provide a laser irradiation device in which a
linear beamis fornmed using an optical systemnore sinplified than the
conventi onal offesthexmowki,cin the cabbagidrch 1 a2eRad akihdge $ed dbdI8ar
beam and a laser irradiation nethod using such a |aser irradiation
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met hod of manufacturing a sem conductor device in which the foregoing
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fregquencies and the destrﬁction of the rod or the like.
Hence, an object of the present invention is to provide
a laser irradiation device in which a 1iﬁear beam is formed using
an optical system mbre simplified than the conventional ones and
which can effectively anneal using such a linear beam, and a laser
irradiationmethod usingsucha laser irradiation device. Moreover,
another object of the present invention is to provide a method
of manufacturing a semiconductor device in which the foregoing
laser irradiation method is included in its step.
The present invention is characterized in that an aberration
such as an astigmatism or the like is generated by a laser beam
being slantly incident with respect to the convex lens, and the
shape of the laser beam on the irradiation surface or in its
neighborhood is made in a linear.
The configuration of the invention relating to a laser
irradiation device disclosed in the present specification is

characterized in that it has a laser and a convex 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 the irradiation surface or inits

nei ghborhood in a linear shape, it is ch@&racterized as follows: supposing
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body, atnamghberHepf.angle O satisfying the follow ng expression: 0 a
arctan (w (2 x d)) In the respective configurations descri bed above, the
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| aser,
laser and makes the shape of the foregoing laser beam on the

irradiation surface or in its neighborhood in a linear shape,

it is characterized as follows: suppbsing 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 sﬁbstrate is w, and the thickness of the foregoing substrate
is d, the foregoing laser beam is incident with respect to the
foregoing irradiated body, at an incident angle 0 sétisfying the
following expression:

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

In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state lasei, a gas
laser, or a metal laser of continuocus oscillation or pulse
oscillation. It should be noted that as the foregéing solid state
laser,YAGlaser,YVO,laser,YLFlaser,YAloglaser,glasslaser,
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. Mrreover, in
the respective configurations described above, it is desirable that the
foregoi ng | aser beam has been converted into a higher harnonic wave by a
non-linear optical elenent. For exanple, it is known that a YAG | aser
emits a |laser beamin the wavelength of 1065 nm as a fundanental wave. The
absorption coefficient of this |aser beamw th respect to the silicon film
is very low, so it is difficult fromth&-technical viewoint to

crystal Iaxzémgtaamrahmtﬁékbeaao&hb'ﬁé%fi)a &rong19 BEF%'Q FORMEA L films
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Mor eover |n the configurations described above, for the foregoing
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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 f£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.



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 gl ass substrate, a substrate consisted of glass such as barium
borosilicate glass, alumnoborosilicate glass or the |like can be |isted.
Moreover, a flexible substrate is referred to a substrate in a fil mshape
consisted of PET, PES, PEN, acryl or the like, if a sem conductor device

is prepared by utilizing the flexible s8bstrate, the weight [|ightening of
it is expecteporkbver, anetﬁaréaﬁﬁgﬁrambhe aHBEE Be a&ﬂowe Pﬁf (}ﬁrface
of the flexible substrate, a barrier | ayer umnumf|
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beamis %on the i rradl ation surface or in its neighborhood.
Supposi ﬂf{% le RBhstrate is referred to a substrate in a £ilm shape

consisted of PET, PES, PEN, acryl or the like, if a semiconductor
device is preﬁared 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 £ilm (AI1ON, ALN, AlO or the like), carbon film
(DLC (diamond like carbon) or the like), SiN or the like is formed
in a monolayer or multilayer, it is desirable that the durability
or the like is enhanced.

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

convex lens slantly set with respect to the traveling direction



measured when the foregoing linear beamis incident into the irradiated
body fornmed on the substrate is w, and the thickness of the foregoing
substrate is d, the foregoing linear beamis incident into the irradiated
body, at the incident angle O satisfying the follow ng expression: 0 a
arctan (w (2 x d)) and the foregoing linear beamirradi ates while the
foregoing linear beamis noved relatively to the foregoing irradi ated
body. In the respective configurations-®scribed above, the foregoing
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and the foregoing 1inearbeamirradiateswhile the foregoing linear
beam is moved relatively to the foregoing irradiated body.
in the respective configurations described above, the foregoing
laser is characterized in that it is a solid state laser, a gas
laser, or a metal laser of continuous oscillation or pulse
oscillation. It should be noted that as the foregoing solid state
laser, YAG laser, YVO, laser, YLF laser, YA10; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO,
laser or the like of continuous oscillation or pulse oscillation
arelisted, andas the foregoingmetal laser, helium-cadmium laser,
" copper vapor laser, gold vapor laser and the like are listed.
Moreover, in the respective configurations described above, it
is desirable that the foregoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element.
Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical



lens in the present invention, it may be any |lens out of these |enses and
the incident surface of the | aser beam nmay be either of the two surfaces
of the convex |ens. Moreover, in the configurations described above, for
the foregoing substrate, a glass substrate, a quartz substrate, a silicon
substrate, a plastic substrate, a netal substrate, a stainless clad
substrate, a flexible substrate and the Iike can be utilized. Mreover,
the configuration of the invention relatldg to a nethod of manufacturing a
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fol l} owd 19 15% orrlessslzitbosq::rate, a plastic substrate, a metal substrate, a
stainless clad substrate, a flexible substrate and the like can
- be utilized.
Moreover, the configuration of the invention relating to
& 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
arinitsneighborhood,thefotegoing1inearbeamirradiateswhile
the foregoing linear beam is relatively moved with respect to
the semiconductor f£ilm.
'Moreover,theotherconfigurationoftheinventionrelating
to a method of manufacturing a semiconductor device is
characterized in that, through a convex lens slantly set with
respect to the traveling direction of the laser beam, a linear
beam is formed on the irradiation surface or in its neighborhood.
Supposing that a beam width measured when the foregoing linear

beamis incident into the semiconductor £ilm formedon the substrate

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



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

| aser is characterized in that it is a solid state |aser, a gas |aser, or
a netal |aser of continuous oscillation or pulse oscillation. It should be
noted that as the foregoing solid state |aser, YAG |aser, YVOX |aser, YLF
| aser, YALQ3 | aser, glass laser, ruby lLager, alexandrite laser, Ti:

sapphi r efozegoimy livedr keamdk ofidenows tBITdpedit B9tk duMismifddd.at i on
are listed, as the foregoing gas |aser, exciner |laser, Ar |aser, Kr |aser,

CO2 | aseiimrat htd ikei®éne %1@9%%*&?& BB %dlfb%fﬁ?%%gnﬁr'és@:ﬂo%n: are

|isted, and as the foregoingnetal -1aser, "hellum cadm umlaser, —copper

vapor |aser, 00ls yaeean! pgg[22Rdg)he like are listed. Mreover, in the
respective configurations described above, it is desirable that the

f or egoi ngnbases £deego 1RABBrHAWEL y -Ri all ve by a

non- | i nealr1 opti cal el:gr?gnt. l]\:/breoveir.?g?%lh?%gwf%ggec |‘\€/§§%§§ﬂlél}\r¥g‘ﬁa&s

descri begeahoy g, mbb8d | copv I L.s.characterized,in that it is

an aspheri cal Igns. F%?%ﬁg?kggg,egsﬁgecgﬁggggﬁéﬁs?%%éﬁpgéﬁgtpghggiﬂPconvex
t he gonvex

lens. e Lic Li.sted
cre| PRSI SUpedans 8BckBorbhitnd Sabl o BRI nto RGBT

lens in the present invention, e any _

of the comves, Toraridirdnhed STl e ach Tl tate dest beudasove.
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oscillation. It should be noted that as the foregoing solid state
laser, YAG laser, ¥YVO, laser, YLF laser, YAlO; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of 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
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
is desirable thatrthe 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
‘1ens.Furthermore,asacmnvexlens,meniscuslens,biconvexlens,
plano-convex lens and the like are listed, however, as the convex
lens in the present invention, it may be any lens out of these

lenses and the incident surface of the laser beam may be either

of the two surfaces of the convex lens.



silicon substrate, a plastic substrate, a netal substrate, a stainless
clad substrate, a flexible substrate and the |like can be utilized.
Moreover, in the respective configurations, it is desirable that the
foregoi ng sem conductor filmis a filmcontaining silicon. Since the
present invention has a very sinplified configuration, optical adjustnent
i s easy, and the device becones conpact in size. Mreover, even in the
case where the irradiation is perfornmegausing a plurality of |aser beans,

since the optinetesyst £Mr Thes icpifilguatidnd %e%%i&?)@de abBveaSkLY. PRke the
sane shape of the all laser beans. I n order to performthe uni Por m

anneal i NEprédoing ¥@bYtFADOT LA 406 n@ﬁﬁswsgéans gﬂﬁg zoéuﬂlsfz'fsékét,y of

| aser beans. |f the beamirradiates on a subsfrat ving a large’area

Ui od st ek sabbivapl, | 8°B1aRRIER uds i R0I0 Oy SIBOCLOR, 1 B

t hroughput. Mbreover, the beamcan be utilized by synthesiz

pluralitg£finl SSE'S e, ,Sj . esent. _invention.|s slantly
i nci dent” Wi th respe&d:tggbt[sﬁggﬁar'aai %{_‘% l%ggygb§%aif%ta(ﬂ(ﬁt aﬂf‘%ﬁnc'ﬁ'é
prevent g, i {1CE; i solator is not required to set, the configuration

beconmes nore sinplified. Therefore, the reduction of the cost can be
real i zed. Mor VA= lcient jrradiation can be perforned with

. ef . . .
respect to t hg{%se%vgoﬁgﬁrgf‘:gl? r‘ﬁ??‘ﬁ#ﬂ“ﬁé’&mﬂ'gﬂlﬁémw’& ds dgRivablRkes

possi bl variation of the electrical property of TFT prepared can
be reduce(%‘}{a%%% %érgﬁgﬁngsfgﬁi Yr E1mdF a fhim geRtadndg g Q. and

13 Iii abiHlty of sem_ _conduct or grepar ed fromsuch a TFT can be al so
enhancedl™ce thepresent invention has a very simplified configuration,

optical adjustment is easy, and the device becomes compact in
size. Moreover, even in the case where the irradiationis performed
using a plurélity of laser beams, since the optical system is
simplified, it is possible to easily make the same shape of the
all laser beams. In order to perform the uniform annealing, it
is very important to make the same shape of plurality of laser
beams. If the beam irradiates on a substrate having a large area
using such a plurality of laser beams, it is capable of enhancing
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 maké-s possibie that the
variation of the electricql property of TFT prepared can be reduced

using such a semiconductor. Then, the operating property and



BRI EF DESCRI PTI ON OF THE DRAW NGS In 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 beamwith respect to an object to be irradiated; Fig. 3 is a diagram
showi ng an exanple of a shape of a |laser beamforned on an irradiation
surface according to the present invention; Fig. 4 is a diagramshow ng an
exanpl e of an optical system of the prlsent invention in the case a

pl ural i tnebiabakity bEasemitondtedorpiepirdd ot SGERA SRPVEL HaNa £X81P! €
of an optical system -of the present invention in the case a plurality of

| aser bemMancedused; Fig. 6 is a diagram show ng an exanple of an optica
system of the present invention in the case a plurality of |aser beans is
used; Figs. 7 is a diagram showi ng an exanple of a conventional optical
system Figs. 8A to 8C are cross sectional views for explaining steps of

manuf acturing a pi xel BRTEFRMESERTPTION GF iy BrAGIFGEEt: Figs. 9A to oC

are cross sectional vFémE‘fUT—Eprafnfng—rtﬁr*srepslgggnanufacturing a

pi xel TFT andig tkE %phcéﬁﬁyaﬁﬁiﬂéf&EH&in dg. 10 is a cross sectional view
n t

for explaining a step of ufacturing a Ppixel TFT and a TFT for a driver
circuit; Fig. 1 is a diagram for showing an example of an optical
system of the present invention;

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

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

Fig. 5 is a diagram showing an example of an optical system
of the p:ﬁ'esent invention in the case a plurality of laser beams
is used;

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

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

Figs. 8A to 8C are cross sectional views for explaining
steps of manufacturing a pixel TFT and a TFT for a driver circuit;

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



Fig. 11 is a top 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 «circuit
and pixel portion of a light emtting device; Figs. 14A to 14F are di agrans
showi ng exanples of a sem conductor device; Figs. 15A to 15D are di agrans
showi ng exanples of a sem conductor devjce; Figs. 16A to 16C are di agrans
showi ng exanpl es of a semn conductor device; Fig. 17 is a diagram show ng
an exanpb&ept pemponfachuaring § pidddl TR &Y of TPT FF § N P e afduDdly
using the present invention and observing the sem conductor film by SEM
Fig. 18 i's a dFigraho shovkngress e¥espienal PeekOEFNgxp1aGhY SR 'b%%:?i on of
a sem conductor filmby using the present invention and obserfving the

seni condoftwantfhotyiSEMa pigsl PR hagl@H Lagy i.Ng mpl es
of manufacturing TFTsﬁgy uging t he pregé%tT?Esgﬁgﬁghﬁg%iign%ﬁé%fgféoB are
di agranms show £3xams es tofp vi tdddod TET by Usj t.he present

i nvention and Fr;?iasuri ng t hfg ‘erlirg?ﬁ‘?ﬁ ég{l‘dalrr%cqtlen-r% %tlsgghegT%Q %?gas.glff}& to
21C ar e mppgrans showi ng exanpl es of manufacturing TFT by using the present
I nvention; Figs. 22A to 22B are di agranms show ng exanpl es of

Fig. 12 is a cross sectional view of an active matrix type

liquid crystal display device;

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

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

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

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

Fig. 17 is a diagram showing an example of performing a
crystallization of a semiconductor film by using the present
invention and observing the semiconductor £ilm 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. 19A to 19H are diagrams showing examples of
manufacturing TFTs by using the present invention:

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

the electric characteristics:



manuf acturing TFT by using the present invention and neasuring the

el ectric characteristics; Figs. 23A to 23B are di agrans show ng exanpl es of
manuf acturing TFT by using the present invention and neasuring the

el ectric characteristics; and Fig. 24 is a diagramshow ng an exanple of an
optical system of the present invention. Figs.25A to 25C are graphs _
showi ng | D-VG characteristic of a TFT manufactured by conbi ning | aser beam
irradiation with thermal crystallizatil®dmr using nickel having catalytic :

function in thigcrystal | tgatspo and SkAWRRENBRGY ng" éﬁaﬂaﬁ%s' eggth.
Fi gs. 26A to 26C are graphs showi ng | D-VG characteristi ¢ of

manuf actmaradedted r t zatlon and shows
dependency on cha nne| Iengt*l ‘E%%é %gglgfeg%gﬁﬁsiéﬁ%&n@%gh VG

characteristigigfs.a 354 whthhagfidm t K¢ ?}%?%_ tglgﬁ, cterls L.gteo

depression type. Fig. 28 I's graphs shovm I C~of 5 TFT

wth a fjd f_té{atgﬂ kgou I\#'t Elq p ﬁ% DETAI LED

DESCRI PTI ON oF THE EFER D E%é}ﬁé 8 ng ‘t’é‘%{gl 2GRS ent

Enbodi nghts Made.t ﬂlgrrght&%% 1119. @% a linear - beamw ||l be described bel ow

W th referencet '6 2. Alaser beamemtted froma | aser

101 is inci dept gnto conveﬁ%ﬂ ensr a via am rfl 102. Here, as the

|aser 101, a soPrd 4Tate ? as 5182 OAGEANS, SNAKLRE |SXIPPLES c M i nuous

oscilla
I‘na ufacturing TFT by using the present invention and measuring

the electric characteristics: and

Fig. 24 is a diagram showing an example of an optical system
of 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 the crystallization and shows dependency on channel length.

Figs.26A to 26C are graphs showing ID-VG characteristic
of a TFT manufactured by laser beam irradiation in the
crystallization and shows dependency on channel length.

Fig. 27 is graphs showing ID-VG characteristic of a TFT
with a film thickness of 66 nm in complete depression type.

Fig. 28 is graphs showing ID-VG characteristic of a TFT

with a £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.



or pulse oscillation is used. It should be noted that as the foregoing
solid state | aser, YAG |aser, YVO |laser, YLF laser, YALQ3 |aser, glass

| aser, ruby laser, alexandrite |laser, Ti: sapphire laser and the |ike are
|isted, as the foregoing gas |aser, excimer |laser, Ar |aser, Kr laser, CO2
| aser and the like of continuous oscillation or pulse oscillation are
listed, and as the foregoing netal |aser, heliumcadm um | aser, copper
vapor |laser, gold vapor |aser and the-léke are listed. Then, a |aser
oscillat@ fromthe | aser 101 may be converted into a higher harnonic wave
by a non-linear optical elenent. Moreover, a beam expander between the

| aser 101 and AhgaserrbeahO2mottbat FE£6m ahgas@}rigq ggn;ﬁﬁgh%] | ens
103 is set and nmay be expanded into the desired size in of nger

di rect i opoanexshens €103 @iiealmOProF AVPEC HeY-Rl, Y Té}feq%%r% xpander
partlcularly effective in the case where the %ﬁape asgg rﬂ

emtted staemlided 28%5ad $as8Rldr a MRHRAVELs i’%% ffﬁug@g % %ﬂﬂ or

a plurality of the mrrors my be set. The aser beam1s

i nci dent o pR1EESBREL 1M LilURE 1CONRY | efs o’f% 1d"ge T 258 gpgg;r#' o
|

shifted with aberration such as astlgnatls y belng

way, a |lfoe ) e Lrr at,i on surfac inits
nei ghbor hooggo?'tggﬁ%%?g ﬁg&!%%tleéé’%ﬁ:?y&? .'{.%'%e cbng‘gé(‘ FEFE€r0 11%' iaff’r made

of a syngﬁg@iqlégggtzgg 8SSyakky i s E% |re%v§%ggﬁi%#£$ﬁﬁlg iﬁﬁ %gencyels

obt ai ned. Nbreover or the cba
convex l e é.g%e'rsargc?%h'eaﬂ{.lﬁe tahat O d ngatt}lee fgl;'e%%g?llgnsllarl]s? ltaggr

transparency of Yo Oor nore "w

excimer laser, Ar laser, Xr 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



to the wavel ength of the utilized | aser beamis used. Mreover, as for -the
convex lens, it is desirable that an aspherical |ens whose spherical |ens
aberration is corrected is used. If an aspherical lens is used, the _
condensi ng property is enhanced, and the aspect ratio and the distribution
of the energy density are also enhanced. Then, while the |inear beam 106
formed thus irradiates, for exanple, it can irradiate the desired region
or whole area on the irradiated body'iﬁﬁ'by being relatively noved with

respect madeth€ ar sgdithietd defiarkdd gliadis expePie, gbBikba diheet bORign
indicated with the reference nuneral 107 or the directions |nd|cat§8 W th

the ref eteanspanercgl 5s Yikaibln. MbRRRe! Akl YL e D Wbt 'in§ g?gggtb%%el y

referred to "to operate the irradi ated body di sposed on t

However , ol efien i ik 101 thRY 8bRYe8LN 18521 H8Se ¢ E%ar&e%]i'}:eab:ﬂé‘fjt%r tepgace may
ari se between the reflection beam on the surface ~ of the irradiated Sody

104 and l#Chb8R1 - f trate 10
ahi ch the T T BaI 8t o Boy 0 12 PoRae i OF ¥ o BB AN BhBpae2 boay
104, ' ' ' s, forned bstrate 10 i

hown. 11 e rarr el oF SERGPETH AR Ldie L oo TR BORROYRE: 111 m

11 and t t] a on,.the back face .of the -18- substrate 10
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are not superinpose e rnterrerence _ _ \
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aspherical lens is used, the condensing property is enhanced,
and the aspect ratio and the distribution of the energy density
are also enhanced.

Then, while the linear beam 106 forméd thus irradiates,
for example, it can irradiate the desired region or whole area
on the irradiated body 104 by being relatively 'move.c'i with respect
totheirradiatédbody104,forexample,inthedirectionindicated
with the reference numeral 107 or the directions indicéted&with
the reference numerals 108, 1069. “To be relatively moved” is
concretely referred to "to opefate the irradiated body disposed
on the stage”.

However, depending on the wavelength of a laser beam, the
interference may arise between the reflection beam on the surface
of the irradiated body 104 and the reflection beam 6n 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 0of the semiconductor

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



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 1is desired that the
incident angle 0 of the | aser beamsatisfies 0 a arctan (W2d) where Wis
a length of the short side or the 1long side contained in the incident
surface, and the thickness of the substrate having transparency wth
respect to the laser beamis d. This Wis W= (W + W) /2 when W is a
beam |l ength 15 of a | aser beami nci ded-on the irradiated surface, and W
i s a beagwbehyaheol0 arleaset hgsemingidssd pdher Ofitarbasknser dagao ehelke
substrate 10. It is to be noted that when the | ocus of the |aser beamis

not preskeamsndobe nati deotirsurface, an incident angle of a projected one
of the locus on the incident surface is defined as 0. If the | aser beamis

inci dent at tHen ititiglesise ,angba &, flde pRidEGHAEDEApRRpERGISWIHCRL0f the
substrate is not interfered with-the reflected beamtromthe back surface

of the ehbsirmd dte@rafadd and wAdEAL i8N ciﬁgh'eaﬁ%nt%eégh’tgiﬂg
I on ﬁg

conducted uniformy. Further, by setting the incident angle

|11 adi al@hodidd dherd Q6P siacaBE 6 rbBEahBlbophith! {s LSsTahnged o
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enabl e the | aser beamto be used effectively. e above, r Pve
| ndex ofbd e sl 02! @nkS 1hnql BeRRAEL! GE¢1nbBCaLCLRACkEYE LOARXET fRNY
tﬁls val ue 8F5f|6., a

substrates is about 1.5. \Wen a I's taken Tnto consi
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obt ai neciL ~because energl _ \ )
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long side contained in the incident surface, and the thickness
of the substrate having transparency with respect to the laser
beam is d. This W is W = (W1 + W;)/2 when W, is a beam length
15 of a laser beam incident on the irradiated surface, and W,
is a beam length of a laser beam reflected from a back surface
of the substrate 10. It is to be noted that when the locus of
the laser beam is not present on the incident surface, an incident
angle of a projected one of the locus on the incident surface
is defined as 0. If the laser beam is incident at the incident
angle 0, the reflected beam on the surface of the substrate is

not interfered with the reflected beam f£rom the back surface of
the substrate to enable the irradiation of the laser beam to be
conducted uniformly. Further, by setting the incident angle 6
on the irradiated body to the Brewster's angle, the reflectivity
is minimized to enable the laser beam to be used effectively.
In the above, refractive index of the substrate is1. . In practice,
the refractive index of manf substrates is about 1.5. When this

value is taken into consideration, a calculation value larger



obt ained with the above cal cul ated val ue. Moreover, the reflection
prevention filmmay be formed on the surface of the irradi ated body. Wen
t he annealing of the sem conductor filmis performed using such a |aser

i rradi ati on device, the relevant sem conductor filmcan be crystallized,
the crystalline sem conductor can be obtained by enhancing the
crystallinity and the activation of the inpurity elenents can be carried
out. It should be noted that the shapesl®f the | aser beans are different
dependi rham the aigls cdlchkatedeinbenssabovet 86 bpeHinbAe |BSHESereven if
the | aser beamis forned by the optical system it is susceptible to and

easi |y ibdtarr athesigied hef wogh neldehane. thd e Syl So d{@eéf‘f&ﬁ f the
| aser beamemitted froma XeC exciner |laser is 1n a rectangular shape, as

for e tdtmpdnent heahanes abeAmArld ! W ieE:idiRe dhirdushpbesLagetyy | f the
rod shape is in a cylinder shape, it becones a circul ar shape, rf it

5 in, dmissbape ahd besosssedt! ot eBbkehoshBEConles B SSFH L Enygnt i on
can be applied to any shape. The present invention conprising

confi guicitadmed A ithRd AWRVE WMidy n%&dé@s‘péi‘p d fu_rt her in detail by

Enbodi ments i ndicated bel ow. -20- ments Enbodinent 1 In the present
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the surface of the irradiated body.

When the annealing of the semiconductor film is performed
using such a laser irradiation device, the relevant semiconductor
£ilm can be crysfallized, 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,
itis5usceptibletoandeasilyinfluencedwiththeoriginalshape.
Forexample,theshapeofthe1aserbeamemittedfrmnaXeClexcimer
laser is in a rectangular shape, as for the shape of the laser
beam emitted from the solid state laser, if the rod shape is in
a cylinder shape, it becomes a circular shape, and if it is in
aslabshape,itbecomesa:ectangulafshape.Thepresentinvention
can be applied to any shape.

The present invéntion comprising the configurations
described above will be described further in detail by Embodiments

indicated below.



As the laser 101, YAG laser is used. Supposing that the |aser beam
oscillated fromthe laser 101 is converted to the second higher harnonic
wave by a non-linear optical elenment contained in the laser 101. At this
time, supposing that the laser beam is in TEMbo node, and has 2.25 nm of
beam di aneter and 0.35 nrad of spreadi ng angle. Subsequently, the beamis
incident with respect to the convex |ens 103 having a focal |ength of 20
mm at the incident angle 4) of 20 degr¥¥s. Then, in the present
Enbodi meBmbodiimestsul ation is perfornmed on the shape of the | aser beam
formed on the irradiation surface disposed in parallel wth the convex
| ens. Thembedimést ©f these are shown in Fig. 3. FromFig. 3, it is
understood that a Tinear beam having a | ength of 420pm and a w dth of
40Bun is formedl fe fwedddadimio@inent | 288 ohbrsPUCEn FhECH! 8! hhhublon  of
the energy density of the linear beamis a Gaussi an |str|gut|on. romthe
resul ts wdarh i FHrMel@byOPne | dré&ddn £ HAH LB L1 1t h%qehﬂel LG AL PEAMLLS
formed on the irradiation surface or In 1Its nelgjbor 064 according Yo the
present ¢iMeNtdfdreddENeo WEY. {08 &n?ggligg of a sem conductor filmis
perfornmed using such a.?ase i Tradiation évice, the rel evant
sem conduct or afd | st ized, a. crystalline sem copductor film
2 RS o ddh (0 G | B8 RYTef, S EneSTha ERRF Bhe

can be obtai ned -21- by enhanci ng % on of
the inmpyry GAlT, t ...Enbodi t. 2 In the present Enbodi nent,
an exanp degélinbéﬁl?ccﬁﬁj}cile aﬁe%xfggﬁlgﬁh&ﬁ%?e{: 3 %\%é’P“lY@d’rﬁ‘*l%%Béﬁhfeo?ﬁ%ﬂnﬂsi ng a

| urali f .
P t.‘n55.g(f'1er harmonic wave by a non-linear optical element contained

in the laser 10l1. At this time, supposing that the laser beam
is 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 performed on the shape of the laser beam formed on the irradiation
surface disposed in parallel with the convex lens. The results
of these are shown in Fig. 3. From Fig. 3, it is understood that
a linear beam having a length of 420pum and a width of 40pm is
formed on the irradiation surface. Moreover, the distribution
of the energy density of the linear beam is aGaussiandistribution.

From the results of this simulation, it can be confirmed
that a linear beam i_s formed on the irradiation surface or in
its neighborhood according to the present invention. Then, when
the annealing of a semiconductor film is performed using such
a laser irradiation device, the relevant semiconductor £ilm can

be crystallized, a crystalline semiconductor £ilm can be obtained



| aser beans will be described belowwith reference to Fig. 4. As |asers
Lila-111c, YAG | asers are used, these are converted into the second higher
har moni ¢ wave by a non-linear optical element. Then, after the respective
| aser beans emtted fromthe lasers |lla-111c travel via mrrors 112a-
112c, these are slantly incident wth respect to the convex |enses
113a-113c. By slantly being incident, ,the focal position is shifted by

an. aberration such as astigmatism or ghe |'i ke, a |linear beam can be fornmed
on the P¥remMia3nciow thefarwsimllinity, asidgtimahbtdatibnast ehe didpurS ty
desirabl e that an aspherical lens is used for the convex lens. It should
be not edC®RabeacBExiedxpatider between the lasers Illa-lilc and the mrrors
112a- 112c or between the mirrors 112a-112c and the convex |enses 113a-113c
is set and nmay be expanded into the desired sizes in both of |onger
direction and shorter direction, respectively. Mreover, the mrror may
not be skmbodimenplBrality of the mirrors may be set. Then, while the

| inear beamfornmed in this way irradiates, it can irradiate the desired
region or wholEnarda oprébenit! rRdbedefen®dVar 04 xRl NYn' ‘%Jr]l?:i%l’{at groved
wWith respect to the irradiated body 104 , for exanple, in the direction

i ndi cat etirwadbat bén ref aneNQe se2? beXe Lo theq g r£64 80s {4 i gat ed
with the reference nunerals 108?8109.%S?ﬁﬁngﬂé?ﬁggﬁgggiﬁﬁ'|nvéh igﬁé t he

opti cal rysdempéans wLI1THE d88chipear PQQ@F}‘_ t}iﬁhar}é%rey:e IPLL 1
configuration, it is easy to make a plurality of [aser Deans !Héar *beans
havi ng e 1508®s SieRe- Pl Nevagr adbalkolrauiEage +hRgLeLoLe Lol AsE 4Ne

sane

intothe secondhigher harmonicwave by anon-linearoptical element.
Then, after the respective laser beams emitted from the lasers
llla-illctravel viamirrors 112a-112c » these are slantly incident
with respect to the convex lenses 113a-113c. By slantlj 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 a beam expander between the lasers 1l1la-11llc
apd the mirrors 1l2a-112c or between the mirrors 112a-112c and
the convex lens'es- 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,
itcanirradiatethedesiredregionorwmoleareaontheirradiated
body 104 by being relatively moved with respect to the irradiated

body 104, forexample, inthedirectionindicatedwith the reference



annealing is carried out on any irradiation surface where any |inear beam -
I rradi ates, the whole surface of the irradi ated body reaches to have a

uni form physi cal property and the throughput is enhanced. It should be
noted that in the present invention, although an exanple in which three
beans of |asers are used is exenplified, the nunber of |asers is not
limted to this, and the sanme kind of_Laser may be not used. For exanple,
it is also possible that a plurality of different |asers are enployed, the
desi red P&giegRl1Q7 prithe dinecbionséndésated widtethe refeeendieaivhiedd 1 45
having different physical properties are formed and TFTs having different -
properti é88ar d0%-epared on the sane substrate. Enbodiment 3 In the present
Enbodi nent, an exanple ,in which the irradiation of the |aser beans are
carried out fr8inbet Ansithes prafsdrite invaditsed bREYopeiBa1a Y ifdh Of

| asers will be described belowwth reference to Fig. 5. As'lasers 121a,
121b, Yvéarmdpgstbe tbneanubeismasss|d afdi0p siaffLdISRhr iNESE 5L, CONVESt ed
into the second higher harnonic -23- wave by utilizing a non-11nhear “optical

el ement . edhgnto afdles o mum&WbﬁVEaké§%eQﬁ§@'ﬁé@ftﬁ%rﬁ l@gers
121a,121b travel via mrrors 122a, 122b, these aJFe sl ant yéiqggc‘%%gt&vﬁth

respect same tdteamo pvexh SNSRI 1280 23 B S ll'ﬂ@:!eio%!,ngi. ag! H?Qts’atn{?he
c

focal position is shifted by an aberration such as asti'gnatrsm of the
li ke, a anmealihgaik Céﬂr?fet_flOéﬁﬁdoﬂn%fyge%ﬁféagh@&bﬁnsﬁ!ﬂ‘g % whare ralmlyt S

nei ghbor hood. Mreover, it is desira at an aspheri
linear beam irradiates, the whole surface of the irradiated body
reaches to have a uniform physical property and the 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 TFTshaving different

properties are prepared on the same substrate.

Embodiment 3

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

As lasers 121a, 121b, YVO, lasers of continuous oscillation

are used, these are converted into the second higher harmonic



lens is used for the convex lens. It should be noted that a beam expander
between the |l asers 12l1a, 121b and the mrrors 122a, 122b or between the
mrrors 122a, 122b and the convex | enses 123a, 123b is set and nay be
expanded into the desired sizes in both of |onger direction and shorter
direction, respectively. Mreover, the mrror may not be set, or a
plurality of the mrrors may be set. Then, while the linear beamforned in
this way irradiates, it can irradiate4¥e desired region or whole area on
the irraties & ultddyzi®4 dyndrei Npnéat adp vyl Mlearknt .t Fhegspactetrothle
irradi ated body 104 , for exanple, in the direction indicatedwmth the

ref er encesprmierad 1Hd2robehhs éhieeéionsom ndicahedryi 1B1bhe218f e£806¢
numerals 108, 109. Since in the present invention, the optical systemfor

for m ng vitsheilrimeasy 12eanukas,atnekk SréPkEafenyi SNEAELAR. withi SeSFS¥e! O
make a plurality of |aser beans |inear beans having the sanme shape on the

i rradi aticonheuchasex 1BAEBEOL83a21BkY, Akt ¥19£tiir“€?_{n89 1d6R8, bthaSi ly
superi nposed each other. Even in the casé where “a [aser having a ['ower

S0 %) SR boanash a9 onschsel Synghetdes s ohien o Hy Mt
oans of | Beore ey et ARgar D el e Tt b TXERH Ao B S iradd
ek et Bt o 43l 58 R B LB
lens is used for the convex lens.
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 123&, 123b is set and may be expanded
into the desired sizes in both of longer direction and shorter
direction, respectively. Moreover, the mirror may not be set,
or a plurality of the mirrors may be set.
Then, while the linear beam formed in this way irradiates,
it can irradiate the desired region or whole area on the irradiated
body 104 by being relatively moved with respect to the irradiated
body 104, forexample, 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
ontheirradiationsurface.Therefore,apluralityof]inearbeams

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

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



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

Enbodi nent, an exanple in which the irradiation of the |aser beans is
carried out by utilizing a plurality of |asers and superinposing these on
the surface of the irradiated body will be described below with reference
to Fig. 6. As |lasers 131a, 131b, YLF lasers of continuous oscillation are
used, these are converted into the third higher harnmonic wave by utili zing
a non-linear optical element. Then, aft#}-the respective |aser beans
enitted PPM-t B& Kapebe s8fficisdhilyr eppdliadt laycorditentonithe pReResit t o
the convex | enses 133a, 133b. By slantly being incident, the focal

posi t i onEmbogdhinen&d by an aberration such as astigmatismor the like, a

| i near beam can be forned on the irradiation surface or inits

nei ghbor hood. Ittslemial bei hoteddasdt all ehkhpibesdn 8 IRRAIN1GRIN | @N%nbhighs €d
for the convex lens. It should be noted that beam expanders between the

| asers -ab-eddtiple Hilihaol the wineod 2B8eys13Ba uddBh LbgePh 139dgmaY be
expanded into the desired sizes in both of |onger direction and shorter

di recti othereeppet | | Vasd¥hly 8OV ot Ihniidd Yo FaK OLndPeneelid £2F
plurality of the mrrors may be set. Then, mﬁ?le tHe%Pinear b%anﬁf%?ﬁed I n

this waykind@doat esseis m&pNbelhadyat e the desired region or whole area on
the irradiated body 104 by being relatively noved with respect to the

|1 radi atesiebedy, 104,14 UaguBIB! 62 bB1h°cHbEEh She PHLEALRL"PLASLY
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 1ésers i3l1la, 131b, YLF lasers of continuous oscillation
are used, fhese are converted into the third higher harmonic wave
by utilizing a non-linear optical element. Then, after the
respective laser beams emitted.from the lasers 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 astigmatiém 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



numeral 107 or the directions indicatedwth the reference nunerals 108,
109. Since in the present invention, the optical systemfor formng the

| i near beam has a very sinple configuration, it is easy to nake a
plurality of |aser beans |inear beans having the sanme shape on the

i rradiation surface. Therefore, a plurality of |inear beans can be easily
superi nposed each other. Even in the e where a laser having a | ower
output is used depending on the irradiated body, it is capable of being
suf fi ci eh31g, abPplh ethd ddeordinvegst A ey prasat 1B3BodireERbt hhdsﬂﬁﬁ| Hebe
noted that in the present invention, although an exanple in which two

beans ofexpamded dncdaithe Gesexedpsitesdin Bdth BEhehqgal H2SBEEibh ARE
limted to this, and the different kinds of |asers may be used. Mbreover,

al t hougtsH@stesr hbarectidn, %&ﬁw&ilwlgﬂ MbeebvéRdi Bihd ORi SHEL RSy AbLEr
bei ng synthesized, a linear beam may be fornmed by an optical system

Moreoveme idett s quossiglherd Nedy (4 PRESRIE-EPROFLPERL Lat freely combined
wi th Enbodi nent 2 or Enbodi nent 3. -26- Enbodi nent 5 A nmethod of

nmanuf ac ey Wi 1as e 1Bldd X b%&étfm%%n %Lﬁ‘f ui;:f&:&gi%tggboﬂ ment

using Figs. 8 to 11. A substrate on _ a drrver™’

Formed tomet raropee B dhady et SEomBbie ol of BBRUUARERRASY YT

o LR, 08 PSSO R Y RGO A Sl ARE S
body104,forexample,inthedirectionindicatedwiththereference
numeral107orthedirectionéindicatedwiththereferencenumerals
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 havihg the
same shape on the irradiation surface. Therefore, a plurality
of linear beams can be easily superimposed each other. Even in

- the case where a laser having a lower output is used depending
ontheirradiatedbody,itiscapableofbeingsufficientlyapplied
accoxrding to the present Embodiment.

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

Moreover, it is possible that the present Embodiment is

freely combined with Embodiment 2 or Embodiment 3.



enbodi ment. 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 capable of enduring the processing tenperatures used in this
enbodi nent may al so be wused. Because this invention can easily forma
| i near beamwith a uniformenergy distribution, it is possible that
annealing the large area substrate isjyganducted effectively by using a
plurality of linear beans. Next, a base film 401 made from an insul ating
fil msuckmbadimest|fcon oxide film a silicon nitride film or a silicon
oxynitride filmis then forned on the substrate 400 by the known et hod.
two | ayer straéichetkodsofismanaFacheriase di ld810ie imatihk Ssepbedhpgng o but
single layer of the above-nentioned insulating filmmay also be useg, and
a structexplatnedi Dh 1L eribRlinai: lByRIG Bids | aMigeahad NRYs@hsPrhesused.
-27- Next, sem conductor |ayers are formed on the base film First or all,
seni condsietwtiidh lanoMod ermReiiw t B a4k t rably
30 to 150 nm by a known net hod (s§§%Qb§§e§§§“§%ut§§Fiﬁgﬁgg?ﬂg%§Pfﬁéngcvo
nmet hod, mRgiddes Prds vy D t T . ) | | S
crystallized %y a l ars%r}@icrailrgt?a%l(}i@z%ﬁﬁ%n%é%ﬁﬁf‘?g%%%r&&g{her
crystal lsigz 44 101 S Lr [ he sem conduct or
e T bod e acaats 535, BhiPehishye

filmby applying one of Enbodinents to _ ? ¢onmbi ni ng any one
of  Embodi mentg rkl 0 f glbstSaPl ehBbad N ol gSqucl—.-xlsg- Fudhe alsa Sarium

borosilicate glass or aluminum borosilicate glass is used in this

A
a

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 ef fectively by using a plurality
of linear bea:ﬁs. |

Next, a base film 401 made from an insulating film such
as a silicon oxide film, a silicon nitrlide £film, or a silicon
oxynitride £ilm 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 £ilm may also be used, and a structﬁre in which more

than two layers are laminated may also be used.



of continuous oscillation or pulse oscillation, a gas laser, or netallic

| aser .is used. Note that, as the solid-state |aser, there nay be given a
YAG | aser, a YVO4 |aser, a YLF laser, a YAL3 |aser, a glass |laser, a ruby
| aser, an alexandrite.laser, a Ti:sapphire laser, and the like. As a the
gas laser, there may be given a exciner |aser of continuous oscillation or
pul se oscillation, Ar laser, Kr laser,,C2 laser, or the like. And as the
netallic | aser, there nay be given a hellun1cadn1un1laser a copper vapor

| aser, or a gHPHtvaE@mipagdnct@E deyess, anms fodmed t de theebase £ilm.
crystallization nmethod but al so any other known «crystallization nethod
(RTA, thelirsbrodlalkl.y stexildaaluomnetiiod isusoreal fwdrince thilekdleseg oft he
thermal crystallization nmethod using netallic el enents which pronote
crystal 122 ato i200 may (girefedablogpml rrd.15Thamye BiyC an duewer mfarthasuwzéu% an
anor phous sem conductor film a mcrocrystal sem conductor filmor

cryst al lasethee rdpoortauringy retiod Al THCWERSLHIE a3 1Tt GUGlkah 'V!Dm nay
be a conpound sem conductor filmhaving 28 an am)rphous Structure such

as an amethwedp. siThetqntle e condadd Edm Fhnmthi SroHdiIBg bﬁ'aaiﬁﬁe
method is used to forman anorphous silicon filmwth a thickness o

nm and dihertd1e z4tesnimahe €hyE! aldd zatd oradmt %#ﬁéﬁﬂﬁﬁ&%h' {ﬁg%hs&em S

which pronote crystallization, and | aser crys zati1on nethod are” used

o, e aaesepeuh somELATh otcle St AR Rl 1 BRIV TN,

Then hednd IRl EMHSAiRe#PHIYCHRd Alor by freely combining any one of
Embodiments 1 to 4. It is preferable that a solid-state laser
of continuous oscillation or pulse oscillation, a gas laser, or
metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG laser, a YVO, laser, a YLF laser, a YA1O,
laser, a glass laser, a ruby laser, an alexandrite. laser, a
Ti:sapphire laser, and the like. As a the gas 1éser, there may
be given a excimer laser of continuous oscillation or pulse
oscillation, Ar laser, Kr laser, CO, laser, or the like. 2And as
the. metallic laser, there may be given a helium cadmium laser,
a copper vapor laser, or a gold vapor laser. Of course, not only
the laser crystallization method but also aﬁy other known
crystallization method (RTA, the thermal crysfallization method
using a furnace annealing, the thermal crystallization method
using metallic elements which promote crystallization) may also
be combined. The semiconductor f£film may ‘be an amorphous
semiconductor film, a microcrystal semiconductor £ilm or a

crystalline semiconductor film. Alternatively, the

semiconductor £ilm may be a compound semiconductor f£ilm having



500 C for five hour, whereby obtaining a first crystalline silicon film
Subsequently, the | aser beam shot froma continuous oscillation YVYO4 | aser
with output 10 Wis converted into the second higher harmonic wave by a
nonl i near optical elenent and then a linear |aser beamis fornmed and
irradi ated by one of the optical system shown in Enbodinents 1 thorough 4
or by the optical system conbined thesg, enbodi nents, whereby obtaining a

second crystalline silicon.-film Irradiating the |aser beamto the first
cryst al | PRe 28REPRONSt SEFICVTec sael 8§ Bive amorphoms, stidlildome gegiraindam f i | m
to the second crystalline silicon filminprove the crystallinity of the
second cfydMalline silicon film At this nonent, about 0.01 to 100 MW cn®
(preferably 0.1 to 10 MW cnR) is necessary for the energy density. The
stage is rel at fpefiis eubodivente phasmab@dn metlod pbedisdd afw Horts Bl O
2000 cm's, and it irradiates, and then the crystalline silicon filmis
formed. amptphone skiticen Falmrwbthpal eidscess abf GO imnm Used tHed $he
preferable that 300 Hz of frequency and 100 to 1000 nj /cnR (typically,
-29- 200thersad oiystallishtliancmethelgusdagsnbyadng cuseemedicst hivhi@nent |
| aser beam may be overl apped by 50 to 98 % O course, although a TFT can

be for mepiryotiei cgystellizationryahal hasersthiyeea1filil@tibh indtBobgl grabl e
that the second crystalline silicon filmis used to formthe TFT since the

second wsgdtfod ithe ambrpdiddd lsMAIBARINMRT ONEEKELYSE aldddidy 2Rl ta
el ectric characteristics of . TFT .are inproved. For instance, alt ougﬁl, when

ros? SEETE e it g Wafbbbiote bThoh BRI LYY 1
a solution coating method. Then heat treatment is conducted at
500 °C for five hour, whereby obtaininga £irst crystalline silicon
film. Subsequently, the laser beam shot from a continuous
oscillation YVO, laser with output 10 W is converted into the
second higher harmonic wave by a nonlinear optical element and
then a linear laser beam is formed and irradiated by one of the
optical system shown in Erhbodiments 1 thorough 4 or by the optical
system combined these embodiments, whereby obtaining a second
crystalline silicon film. Irradiating the laser beamto the first
crystalline silicon film, and Changing the first c;t‘ystalline
silicon £ilm .to the second crystalline silicon film improve the
crystallinity of the second crystalline 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 about 0.5 to 2000 cm/s,
and it irradiates, and then the crystalline silicon £ilm is formed.

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

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



t he second crystalline silicon film the nobility is extrenely inproved
w th about 500 to 600 cnR/Vs. The sem conductor |ayers 402 to 406 are
formed by perform ng ~ patterning processing on thus obtai ned sem conduct or
filmby using the photolithography nethod. Doping of a very snmall anount
of an inmpurity element (boron or phosphorous) nmay be performed after
form ng the sem conductor |ayers 402 1eq406 in order to control a TFT

thresholg ¥Jat'|r u& A_gatg insulating film407 is formed next, covering the
seni cond@@Par® FAYBIE cHO ) of J agry ereEgy deasityiare iagdt i | At $B1s nicsndmy ed by

an insul gti n%cbi | mcontaining silicon with a thickness of 40 to 150 nm

usi ng pl aBFETCYBABr Me¥ubee PVEFlappedhiby &fhddi Bts. a silicon oxynitride
filmhaving a filmthickness of 110 nmis fornmed by plasm CVD nethod. The
gate insul ati R§ FPPEEPs dithougken TR camrbeefiotmed by lushig eHEiftiHste
film and other insulating filns containing silicon may be used in a

singl e |18y¥Ftallinea sildeamt fobust fdctis epreB8rablet hefat | £ha Seldoz@
oxide filmis used, it can be formed by plasma CVD nethod with a m xture of

TECS (Te®¥¥gtailineratidiidn Eadtle) iantsdiP toatofmHEaS rFas PHES SKHE sebohd Pa.

with the substrate tenperature set from 300 to 4004C, and by di scharging

at a hi ggryseglbbhey ci3iceHnVHEilml dels ian meﬁto@éasiéﬁyé)gaﬁ_{ani%f And

WcnR. Good characteristics as a gate insulating filmcan be obtalned by

subsequeskégtpte f charagtéhesthbsabEe AP hrdt impebvea 490 aﬂ?sf.gﬂ%é of
I'm

the silicon oxide filmthus manufactured. A first conductive

havi ng alfthongi ek8AIFOis formed by using the first crystalline silicon
film, a mobility is almost 300 cm?/Vs, when TFT is formed by using
the second crystalline silicon £ilm, the mobility is extremely
improved with about 500 to 600 cm?/Vs.

The semiconductor layers 402 to 406 are formed by performing
patterningprocessingonthusobtainedsemiconductorfilmbyusing
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 £ilm 407 is formed next, covering the
semiconductor layers 402 to 406. The gate insulating film 407
isformedbyaninsulatingfilmcontainingsiliconwithathickness
of 40 to 150 nmusing plasma CVD or sputtering. 3Inthisembodiment,

Va silicon oxynitride film having a film thickness of 110 nm is
formed by plasma CVDmethod. The gate insulating film is of course
not limited to a silicon oxynitride film, and other insulating
films containing silicon may be used in a single layer or in a

lamination structure.



20 tol 00nm andasecondconducti vefil m09havi ngafil nt hi ckness of 100 to 400
nmare then forned and |am nated on the gate insulating film407. The
first. conductive film 408, made froma TaN film having a filmthickness of
30 nm and the second conductive film 409, nmade froma Wfilmhaving a
filmthickness of 370 nm are forned and lam nated in this enbodi nent. The

TaN filmis fornmed by sputtering, and gputtering of a Ta target is

performed in a_ ni groge_n at nosphere. Fur her, the Wfilmis formed by
sputtering usFHGtAoW 1 1F gesiligondaridentilhels\isicldn tancan be Eeriweared

by therngl CVD net haod_usi ng tungsten hexafluoride (WF6). \Wiichever is
used, itP¥s RER¥/R VD opEhal) ewith mekemikéulrel nof baRDE (Metresisiance in

order to use it_as a gate electrode, and it is preferable that the | .
resi sti VP¥hepitheatediand . natica dessst idrapr2GE@ra oot Hhak i kawgh t he
first conductive film408 is TaN and the second conductive film409 is W

in this $WpSbratattenprratuce ssaio frant 300! 86 4900¢ Aldda byPa2s8Hae1hige
conductive filnms. -31- The first conductive film 408 and t he second

conduct id @ ilhgloBrequenay so1des56 mey &Lestancepewept asgkeeyedsf oy t he
group consisting of Ta, W Ti, My, A, Cu, C, and Nd, or froman all oy

mat er i althQvin/ome. oGobllecRathetBRLEtaAS S 45 dBhPe CONSII ALY £1 om a
chem cal conpound of these el enents. Further ,arrg sem conduct’or 1&?{%5{1

itypi cal loe @lpoiiwedsbal subseguiatay! b@;&fo&&diing;ortﬁé 1 iagﬁrpemg?g 2By
npurity el ement such as phosphorous is doped nmay al so be us€ed,* as y an
AgPdCu dldtmeerVasbandlhoec 45F Bes 121088 e £1 MY mind®d 08 fed .
A first conductive film 408 having a film thickness of
20 to 100 nm, and a second conductive film409havinga filmthickness
of 100 to 400 nm are then formed and laminated on the gate insulating
film 407. The first conductive film 408, made from a TaN film
having a film thickness of 30 nm, and the second conductive film
409, made from a W £ilm having a film thickness of 370 nm, are
formed and laminated in this embodiment. The TaN £ilm is formed
by sputtering, and sputtering of a Ta target is performed in a.
nitrogen atmosphere. Further, the W £film is formed by‘sputtering'
using a W target. 1In 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 film be made.
less than 20pQcm.
Note that although the first conductive film 408 is TaN

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

are no particular limitations placed on the conductive films.



phot ol i t hography nethod, and a first etching process is perforned in order-
to formelectrodes and wirings. The first etching processing is perforned
in accordance with first and second etching conditions (Fig. 8B). An ICP
(I'nductively Coupled Plasma) etching nethod is used as a first etching
condition in this enbodinent. A gas mxture of CF4, Cl12, and 02 is used as
an etching gas, the gas flowrates argyset to 25 : 25 : 10 (sccm,
respectively, a plasma is generated by supplying a 500 WRF (13.56 Mz)

el ect ri cThdiers § GoRAuStAvehfihbm et a8 lanstihet secomé samdwiive Pd.1maado
etching is performed. A 150 WRF (13.56 MHz) electric power is also applied

to the JudStpdse dedefquent| frenage) eldmambysabptyedgfaons Uil agibapl ¥
negative self-bias voltage. The Wfilmis etched under the first etching
condi ti sepsietinnofelige Borli oMoof ALheCuf idist andnNactdy Edowy ah as18Rde
into a tapered shape. The etching conditions are changed to a second

et chi ng mateutial dawindone odmokere bhementikssadlOtsomdds sewerPfudssist. A
gas mixture of CF4 and Cl2 is used as an etching gas, the gas -32- flow

rates arer s€tomoa3®henBitdlscethponR@PRE i telde 81EMEAEEB.I S mfsiRiAted by
applying a 500 WRF (13.56 MHz) electric power to a coil shape electrode

at a pressuieomfudtdia, £anf, etePi@11Sy PEr benyesyshan 13pR! CB%}F?{ i
seconds. A 20 WRF (13.56 M—Izj?@el e'ctrgri c %omegfe |YsS al so supp edé%%llt% e

el T b e wol Lage The O TR SndorRar R, uR ARG BAE SR fe”

self-bias voltage. The Wfilm and t y on the

and G2 ot e R hEe R s, R ey R Aded AFL07% he order of 10 to
20% Masks 410 to 415 are formed next from resist using a
photolithography method, and a first etching process ig performed
in order to form electrodes and wirings. The first etching
processing is performed inaccordancewith first and second etching
conditions (Fig. 8B). AnICP (InductivelyCoupledPlasma) etching
method is used as a first etching condition in this embodiment.
"A gas mixture of CF,, Cl,, and 0, 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 W RF (13.56 MHz) electric
power to a coll shape electrode at a pressure of 1 Pa, and etching
is performed. A150WRF (13.56 MHz) electric power is also applied
to the substrate side (sample stage), thereby applying a
substantially negative self-bias voltage. The W £ilm 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



in order to performetching such that no residue remains on the gate
insulating film Edge portions of the first conductive |ayer and the second
conductive layer are nade into a tapered shape in accordance with the
effect of a bias voltage, applied to the substrate side, by naking the
shapes of the resist masks suitable with the above-nentioned first etching
condition. The angle of the tapered pgstions is from15 to 454. First
shape conductive layers 417 to 422 (first conductive |layers 417a to 422a,
and secoRlC¥RLRS d%e Sedydos3017h30 of $Th) , arespduisivealypd fplemnaha of i r st
conductive .layers andthesecondconductivel ayers byt hefirstetchi ngprocess.
Ref er encgenre¥eted Y capplving @& 500 o iRK (/13.i560 MHzZ)me lakd rikgipoer ket
covered by the first shape conductive |ayers 417 to 422 becone thinner by
appr oxi naceli} shipee Bectmoddatugires siitagf Pscande tiuidios peesesmes t hen
performed w thout renoving the masks made of resist (Fig. 8C). Here, W
filmis ﬁmremppnu*@maeerheﬁobsedshds.CE&,zéﬂﬁ,andlgzsgonﬂggeegggmgggrgas.
At this -33- tine, the second conductive |ayers 428b to 433b are formed by

t he secqruvext thialgomumssted €6 thes W diera t@8ilde (3anp1ed ta §ONIYREL YS! AYErS
417a to 422a are hardly etched and the second ghape conéﬁgtrbe Iaygys 428

to 433 applwined subétantidODy b REOCRS Sd1$ - 98&%9;;@?‘1 Yhi HPE&(ijge g

renoving the masks nade of resist and the sem conductofl layer is a

t he i npuirid yhel Bare st 10ha£8 YoMALESHBE ¥POrREna o g%%‘i.“éo%%tﬂeogec gge
tho or |1 ? n

dopi ng process may be perfornmed by ion doping ne I nj éctl

met hod. etemigRpiduhd it Rl USHY Wid PLOGREStELPLYE 8PS and cl1,. Note

that the etching time may be increased on the order of 10 to 203

to

in order to perform étching such that no residue remains on the
gate insuiating film.

Edge portions of the first conductive layer and the second
conductive layer are made into a tapered shape in accordance with
the effect of a bias voltage, applied to the substrate side, by
making the shapes of the resist masks suitable with the
above-mentionedfirst etchingcondition. 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
1ajrers 417b to 422'1)) are thus formed from the first conductive
_1ayersandthesecondconductivelayersbythefirstetchingprocess.
Reference numeral 416 denotes a gate insulating film, and regions
not covered by the first shape conductive layers 417 to 422 become
thinner by approximately 20 to 50 nm through etching.

A second etching process is then performed without removing
the masks made of resist (Fig. 8C). Here, W film is selectively

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



I n which the dosage is set from1 x 1013 to 5 x 1014 /cnR, and the
acceleration voltage is set between 40 to 80 keV. Doping is performed in
this enbodi ment with the dosage set to 1.5 x 1013 /cnR2, and the

accel eration voltage set to 60 keV. An element belonging to the group 15,
typically phosphorous (P) or arsenic (As) is used as an inpurity el enment

whi ch inparts n-type. Phosphorous (Pamdi used here. In this case the
conductive layers = 428 to 433 act as sks with respect to the inpurity

el enent H%HIMeh th@rp%@@@n@ cypéuctideclayety, 4284 tbe4BBbuaréyfbegl36n§K423 to
427 are forned in a self-aligning manner. The inpurity el ement whic

i mpart s the ygecpydaddaching t peoiceger.i t YO eghenso¥isr t Ba4d] ahe Afirst
concentration in a range of 1 x 1018 to 1 x 1020 /cnB. Next, after renoving

t he nasleondutet ie leyeats 410W MBSE32a4846 Har dBA e vEIA @ind ehieSkedbia
formed, and the second doping process is perfornmed in higher acceleration

vol t age shepe tdunducisive dDpydds PARGEES. 4B9NadePEBgmba.performed with
process conditions in which the dosage is set from1 x 1013 to 1 x 1015

/cn2, and the £34stRaopitiAprovesd adenba S6EFBEhuaCH1 BRok? Eéﬂo«BEggBThet .

doping process is perfornmed by using the second conductive |ayers

432b as s ki said nfdte TETRONMIC Al | a¥e s S katéfpfgf% P9 Léh&& of the

first conductive layer is added to the |npur|ty uous?y t he

accel er al e yﬁbﬁﬁﬂeybiehfé\f&rvﬁﬂléﬁi‘ﬂ gnFecéﬂJédaﬁg R Q68 Ratd S he third

dopi ng process 1s done, and the sta al ned. " 1Ton 1?;1(‘.)p| ng
from 1 yrsorerehdohrobbyd MAgHes o dialed by 1Ba o gnt BAnbofieEfelier Lot ™
bet weenjiqectionmethod. Ton doping isperformedwithprocess conditions
in which the dosage is set from 1 x 10" to 5 x 10" /om?, and the
acceleration voltage is set between 40 to 80 keV. Doping is
performed in this embodiment with the dosage set to 1.5 x 10

/cm?

» and the acceleration voltage set to 60 keV. An element
belonging to the group 15, typically phosphorous (P) or arsenic
(As) is used as an impurity element which imparts n-type.
Phosphorous (P) is used here. In this case the conductive lavers
428 to 433 act as masks with respect to the impurity element which
imparts n—-type conductivity, and the impurity regions 423 to 427
are formed in a self-aligning manner. The impurity element which
imparts n-type is added to the impurity regions 423 to 427 at
a concentration in a range of 1 x 10*® to 1 x 102 /em®.

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

doping process. Ion doping is performed with process conditions

in which the dosage is set from 1 x 103 to 1 x 10%*° /cm?, and the



to 100 keV. Low concentration inpurity regions 436, 442 and 448

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

el enent, which inparts n-type within the range of the density of 1 x 1018

to 5 x 1019 /cn2 by the second doping process and the third doping process
and high concentration inpurity regions 435, 441, 444 and 447 are added to
the inpurity elenent whi ch inparts n-3ape within the range of the density
of 1 x 1019 g x 1021 /cne, Of course, the second dopi ng process and the
third doﬁ?ﬁﬁleﬁf“ i88svelhage smeset n‘%eb‘(é%@%gs%r%e%sk% niiendoptinigo a

suitable acceleration voltage and it is also possible to formthe | ow
concent rB¥PEH5F n’p%rﬂqr;forréfﬁ% Yah@ingghhe ofreond sidnsnd e ilayermsed2en.
Next, after renoving. the masks nade of resist, new nmasks. 450a to 450c nade

from rest@t43gR apmaskanand fdef semicochicter Jayess snderpehtotapdred
Impurity regions 453, 454, 459 and 460, to which an inpurity el enent which

i mpart i r@%t‘e@hd@fétﬂw t@lngiqo@m@cmp@smaymn dst edidedl tohehebompuene
conductivity type is added, are forned in accordance with the fourtl¥
dopi ng prlereert i n Gdvet irsmvisign dhet accélbrs tibncho DESQETL A lowea-d@YBES Of
t he p-channel type TFTs. The second conductive |ayers 429b to 432b are

used asthmslecomd Hopéagantotess h&hmﬂﬁ@/debgﬁg}broaggs% iR, bka
el ement which inparts p-type conductivity is added to formthe inpurity

regi ons tive atadkef ofIFigni pY T@RDaInEE. | TRW H6YihE Pdifod i@peﬂﬁérméﬁg and

460 are fornmed by ion doping nethod using. diborane (B2H6) 1n this

enbodi menitth brgceds) cohbg t3ORisCOAdBI6h tRY Ssage is set from 1 x 105
to 1 x 10" /cm®, and the acceleration voltage is set between 50
to 100 keV. Low concentration impurity regions 436, 442 and 448
overlapping with the first conductive layer are added to the
impurity element, which imparts n-type within the range of the
density of 1 x 10™ to 5 x 10*® /cm® by the second doping process
and the third doping process and high concentration impurity
regions 435, 441, 444 and 447 are added to the impurity element,
which imparts n-type within the rangé of the density of 1 x 10'°
to 5 x 107 /em?,

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

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

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

to which an impurity element which imparting a conductivity type



for formng the n-channel type TFT are covered with the masks 450a to 450c
made of resist when the fourth doping process is performed. Phosphorous is
added at different concentrations into the inpurity regions 439 and 447 by
the first to third doping processes. However, by perform ng dopi ng such
that the concentration of the inpurity el enent which inparts p-type
conductivity beconmes from1l x 1019 to 53%_1021 atons/cn8 in the respective
regi ons, _no sprobl enms_devel op .in making the regions function as source

r egi ons SRR -9 i Lo rtheabpva el con Ity THEPe npuradded egi ons
are thus forned in the respective sem conductor |ayers by the steps up

t hr ough @i £ 0581%{1 inpapeprangeewiihe thenonath ndopineg podcess f tm melde next
after remgving the masks 450a to 450c made of resist. This first

interl a?@f“llcr?{‘%uéﬁ% fiilpg yichsbéermeddiion davensubsit ting g-idhannel
containing silicon, having a thickness of 100 to 200 nm by using plasna
CVD net k¥8eoTFIFut t Bhengeaendotondustiveohapeysi 429bleto 363215 idre hasedg a

t hi ckness of 150 nmis forned by plasnma CVD nethod in this enbodinent. The
first ipsehpaker wikburespagt ot limperdty celsmen Dotand M athp-@cypi | i con
oxynitride film and other insulating filnms containing silicon may al so be
used, aslementgiWbichaympavtsaptbybeatonAuatitiiil s SANSE IS ¥ddm the
recovery of the crystallinity of the sem conductor |ayer and an activation

of the impurity megiemt $n aasldmﬂ—-amibhﬁ:ngﬁﬁeﬁﬁféﬂ.\/eT@@rﬁ.@u“ﬂﬂﬁ%‘iregj.@fg s are
performed by irradiating the |aser beam as shown in Fig. 9C the | aser
453, 454, 459 and 460 are formed by ion dopingmethod using diborane
(B:Hg) 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 doping Process is
performed. Phosphorous is addedat different concentrations into
the impurity regions 439 and 447 by the first to third doping
processeas. However, by performing doping such that the
concentration of the impurity element which imparts p-type
conductivity' becomes from 1 x 10 to 5 x 10** atoms/cm® in the
respective regions, no problems develop in making the regions
function as source regions and drain regions of the p-channel
type TFT.
The impurity regions are thus formed in the respective
semiconductor layers by the steps up through this point.
A first interlayer insulating £film 461 is formed next after
removing the masks 450a to 450c made of resist. This first
interlayer insulating £ilm 461 is formed from an insulating £ilm

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

plasma CVD method or sputtering method. A silicon oxynitride



activation, the |l aser beamirradiates to the sem conductor film by

appl ying one of Enbodinents 1 to 4 or by freely .conbining wwth these
enbodi ments. It is preferable that a solid-state |aser of a continuous
oscillation or a pulse oscillation, a gas laser, or netallic laser is
used. Note that, as the solid-state |laser, there may be given a YAG | aser
of a. continuous oscillation or a pulsezgscillation, a YVO4 |aser, a YLF

| aser, a_YALQ3 laser, _a glass laser, a ruby laser, an alexandrite |aser, a

Ti: sapphit® Rpying a fd S5 RE. 138 nr tiefgrmefdy plasms CVinpelshodi ven a
exci mer | aser of continuous oscillation or pulse oscillation, Ar laser, Kr
| aser, Ctp Fhd&, empodipent kcThenfinstt hoteslavercinsudatinghéidmnaygibe
given a helium cadm um | aser, a copper vapor |aser, or a gold vapor |aser.
At this #Brfarcoursenegnlinibed toscistilicoonokysitride Bk, abhdlibtle@l to
100 MW cn® (greﬁerably 0.1 to 10 MW cnR) is necessary for the energy
density brsuiasinghiidins Thatadbingasbliconedat aisbibernwed,t astdheihgser beam
at a speed of about 0.5 to 2000 cnis. And, if a pulse oscillation -37-
| aser islaged, ortai $apirhelabl etirhetud@Q Hz of frequency and 50 to 1000
m/cn2 (typically, 50 to 500 m/cn¥Z) of |aser energy density are used. At
this noment, Sabsegbeatlyny deregovbagpest bn2e0 cipdBa iBesidess | gaer
anneal i ng nethod, thermal annealing nethod or rapid thermal annealing
met hod (i axet dodfonrthidie dridk @t art iR R bedthEUihPaEi tiNg18mbh¥at i on
may al so be performed before the fornmation of a first interlayer
I nsul at iadgidd |16 tlvendipedtivd et EbAGuEBSET 1 8o S €ord SpYBREMbE ML ESPect
to heat, then it
irradiating the laser beam, as shown in Fig. 9C. As the laser
activation, the laser beam irradiates to the semiconductor film
by applying one of Embodiments 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 YAl0; 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, CQO, 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



Is preferable to performthe activation processing after formng an
interlayer insulating film(an insulating filmhaving silicon as its main
constituent, for exanple a silicon nitride film in order to protect the
wirings and the like, as in this enbodi ment. Then, a heat treatnment can

al so be perforned (at 300 to 5504C for 1 to 12 hours) and it is possible
to conduct a hydrogenation. This proce 3 is one of term nating dangling
bonds in_the semn conductor |ayers by ﬁid?ogen contained within the first
i nter| ayéfSPRsHf 5@, fit M ereffratdenithatd 3600z | @f dfrquamceyPpeand 50
hydrogenat ed whether_or not the first interlayer insulating film exists.
Pl asma hyarddfhaiion” (bspagahish Efeho &t mgdchl) oft lalsasr@ergi denshaqt
treatment for 1 to 12 hours at a tenperature of 300 to 4509C in an

at mospheaEecuaedi niAly tiytls agement, f 1ased bkamlRAY BBY obelappeBebioned as
ot her nmeans of hydrogenation. Subsequently, a second interlayer insulating
film462tod@et . f Bomistes Tasgapnhealitgihé fBod | theitbaldtle £1idd A0:ABS
organic insulating material is formed on the first interlayer insulating
-38- filoxAfdpiditheamdll annesiling hethad RaTa hétidbah shdasse Pixk GapPmis
formed in this enbodi nent, and the material used may have a VISCOSIPy from
10 to 16® appipedferably between 40 to 200 cp. A material in which
unevenness is formed on its surface is used. In order to prevent mrror

reflection, tm@:ﬂwfac&@fa@tﬂwlﬁbne}ing t%ﬁgs ba H@Q&Hﬂ&&eﬂ?%r‘épﬁﬁ‘gng a

second interlayer insulating filmwh ornms an  uneven surftrace i hi s
enbodi NeFdrmAtidhess a lHE-HE XEh d can,pe de to _be_uneven
and have |ight scatt%ri ng char%%%ggﬁé’?i gg,éug%gigﬁer%gfl@r‘er%mg%ﬁ‘eﬁx portion

the wiring material used is weak with respect to heat, then it
is preferable to perform the ;Elctivation processing after forming
an interlayer insulating £ilm (an insulating £ilm having silicon
as its main constituent, for example a silicon nitride film) in
order to protect the wirings and the like, as in this embodiment.
Then, a heat treatment can also be performed (at 300 to 5502C

for 1l 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 1ayers ‘can
be hydrogenated whether or not the first interlayer insulating
film exists. Plasma hjrdrogenation (using hydrogen excited by
‘a plasma), and a heat treatment for 1 to 12 hours at a temperature
of 300 to 4509C in an atmosphere containing hydrogen of from 3
to 100% may also be performed as other means of hydrogenation.
Subsequently, a second interlayer insulating film 462 made

from an inorganic insulating film material or from an organic

insulating materia;l. is formed on the first interlayer insulating



may al so be fornmed in a region below the pixel electrode. The formation of
the convex portion can be perforned by the sanme photomask as that for
formng the TFTs, and therefore it can be fornmed w thout increasing the
nunber of process steps. Note that the convex portion nay al so be forned
appropriately on the substrate of the pixel portion region except the
wirings and TFTs. In this way, unevenness is fornmed in the surface of the
pi xel el ectrode along the unevenness P&rnmed in the surface of the

i nsul at EAdurf d6h. Wik alexyohisr sredin EdNwehapdnigi anfifnf thickeassaga 1 ayel
surface may al so be used as the second interlayer insulating film462. In
this capm, istfosmed efrertdlilse embodiniei s antlatRebra tadealneyed kyy Hxwasded
process such as a known sandbl asting process or etching process to prevent

mrror areiseosioy, froml liohebeDyod N e Prid¥re i I eIRISvdRh 20atbei0d&p
reflected light. Wrings 463 to 467 for electrically connecting respectlve

i npuri t X mepeoDal alre whieh GRe¥BHNERsA: §fhedidiC it S0Pradll £ &%q that a
lam nation filmof a Ti filmhaving a thickness of 50 nm and an oy film

(an alloy of 1Aloxtk b f&pﬂ@d@ﬂ@m@r&ﬂk%@f&c@ion SQ%enQM: a@étotfefxgﬂiéln or der

to formthe wrings. course It is not [1mt to t e two-Tayer

struct ug eectbBasinGhgad %%'irenslgf oA 315;'05 sk %naﬁfﬂf@%gg %5%1% WS T e

than three layers may al so be "accept urt aren

i m t edef P il cHVELRE. 5@&?{%%? sﬁgfa%agn @?1%5“]"% | Sl%éoatr e Hy%?%‘é:on TaN

film and the | am nation ormng t St ied

patternifg gifei OLR¥F688 §&LEacdOLan be made to be uneven and have

light scattering characteristics, and therefore a convex portion
may also be formed in a region below the pixel electrode. The
formation of the convex portion can be performed by the same
photomask as that fo: forming the TFTs, and therefo:r:e_ 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 ihcreasing whiteness by scattering
reflected light.

Wirings 463 to 467 for electrically connecting respective

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



Further, a pixel electrode 470, a gate wiring 469, and a connection

el ectrode 468 are fornmed in a pixel portion 507. An electrical connection
is formed with the pixel TFT and the source wring by the connection

el ectrode 468. Further, the gate wiring 469 forns an el ectrical connection
with the gate electrode of the pixel TFT. The pixel electrode 470 forns an
electrical connection with the drain rggion 444 of the pixel TFT, and in
addition, forms_ an el ectrical connection with the sem conductor |ayer 459

whi ch f ubREF AslARIRAHEL QR dok o @f RoFAi Hyle havinge tWumkidass off 50 am
preferable to use a material having superior reflectivity, such as a

fil mhavi#ydAn FLligy £51n {amaiadloynefi Alemd Tiodr haviiayg mathdokhielss of such
filnms, as the pixel electrode 470. A CM3S circuit conposed of a n-channel
TFT 501 @ ampighpahterng@€Tis0ardardtovEormi thei witAfgkavi ag asupsehannel
TFT 503, and the pixel portion 507 having a pixel TFT 504 and a storage
capaci t oft BoRatad intidsddof theetwon lahersateusubse) athe INRgRELLHGeFRLI T X
substrate is thus conpleted. -40- The n-channel TFT 501 of the driver

circuit si0fudiasre cer tharbhmbidat 1oNG tagtird hbre! HRah AHhEQN Q8RR hah
i mpurity region 436 (GOLD region) which overlaps with the first conductive

| ayer 4280 tHmtaciepteiiliees #Fup@heron AQf ah@ergdabeechsé! i 9detedndot PReNI 9D
concentration inpurity region 452 which functions as a source region or a

drain r egiming Matepdeannebr TédampRe , Wi Ghd 00 "Bre HAIPBnCbffUE 1 th the

n-channel .TFT 501 and the el ectrode 466 by an electrical connection’has: a

channel an@ rihg TAgCidPoriinerbeMifgNeRB! Tal k90 M EddEBP A4 and
the inmpurity
patterning and form wiring (Fig. 10).

Further, a pixel electrode 470, a gate wiring 469, and a
connection electrode 468 are formed in a pixel portion 507. An
electrical connection is formed with the pixel TFT and the source

- wiring by the connection electrode 468. Further, the gaté 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
additj.on, formé 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, suchasafilmhavingal or Agas itsmainconstituent,
or a lamination £film of such films, as the pixel electrode 470.

A CMOS circuit composed of an-channel TFT 5(1;1 and a p-channel
TFT 502, a driver circuit 506 having an n-channel TFT 503, and

_the pixel poi:tion 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 453 in which the inpurity elenents inparting n-type and p-type are
I ntroduced. Further, the n-channel TFT 503 has: a channel form ng region

443; the |low concentration inpurity region 442 (GOLD region) which
overlaps with the first conductive |layer 430a that structures a portion of
the gate el ectrode; and the high concentration inpurity region 441 which
functions as a source region or a dralggregion. The pixel TFT 504 of the
pi xel portion has: a channel form ng region 446; the |ow concentration

i npurity regi 8hemThanmel BT 5)L of dhesdirbvet kéroutisi 36 bast:hechahfiel

el ectrode; and the high concentration inpurity region 458 which functions
as a soufewmirggregion 437 atime rboworconéanthatioanimppuityyrebesanighi ch
i nparts n-type and an inpurity elenment which inparts p-type are added to
t he seni C@&Pkategdandyehichicterflapy with ise Fiesel echdedeivelldihe shanage
capaci tor 505. The storage capacitor 505 conprises an el ectrode

(1 am natthmt of trd@eures o Jadytbow éhethenys08deLéot roidy chndMhl high
insulating film416 functioning as a dielectric. -41- Edge portions of the

pi xel elemicatiesatien digROSEEy S gBoh 04 9Y &jh B8h WEhRcE QA Ca Wi %i Bggragch
t hat gaps between the pixel electrodes shield the light, wthout using a

bl ack mategion i ha dfteimidedidd | UGHE § Uhddiesr ofip s g% Nt wn Ay UPDEL <

surface -diagram of the pixel portion of the active matrix substrate

manuf actifiee €MOB iR IRItTEhd S SO D 'ﬂ"ﬂ'soll.]an%ﬁ?tgfécuggﬁ}%gge 8

ref erence synbols are used for portions correspondi ng hose ™ I'n
to 11, Aethay di R cbediidel dBrhech GOHASPU Lndihél 85712593
i agram cut along a chain

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

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

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



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

manuf actured in -Enbodinent 5 is explained belowin this enbodi nent. Fig.
12 is wused in the explanation. An aCtiéi matri x substrate in the state of
Fig. 10.is fir obtained in accordanceé™w t h Enbodi nent 5, an orientation
film 567 is POLHEPGh off then pixede glioqliradas tansal i oed tde aact i ve
matrix sybstrate of Fig. 10, and a rubbing process is perfornmed. Note
that, bef8r 8VEELAPH PR Viremmitings isualséhati gaphi ke twben teatpial ummar
spacer 572 is fornmed in desired positions by patterning an organic resin
film suBhegdredescrhietd theikdght mwitthatie usilg ai blacklesatoi RpiviEi n a
gap between -42- substrates. Further, spherical spacers nay al so be

di stri butB@ Pé¥el shzuetviree ofurthdee enfbddimenthstrate as a substitute for
the columar spacers. An opposing substrate 569 is prepared next. Col oring
layers 570 afl GFHer swfadecddhigngni bEMibd pisted pbetibar 6841 4di8 ve
opposi ng substrate 569. The red coloring |layer 570 and a bl ue col oring

| ayer 5Mmabréxcuhdtapisinaoufactueed ghtthsly ehgbasmBAL!iPBhowhlLh REIJTOT €,
the light shielding portion nay al so be forned by overlapping a portion of

the red bl oMol [thpdr thet Same gt €£8ref8k0sHo] 8V8Fe used for portions
corresponding to those in Figs. 8 to 11. A chain line A-A' in
Fig. 10 corresponds to a Cross sectional diagram cut along a chain
line A-A’ within Fig. 11. Further, a chain line B-B' in Fig.
10 corresponds to a cross sectional diagram cut along a chain

line B-B' within Fig. 11.

Embodiment 6

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

An active matrix substrate in the state of Fig. 10 is first
obtained in accordance with Embodiment 5, an orientation 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
petformed. Note that, before forming the orientation film 567
in this embodiment, columnar spacer 572 is formed in desired
positions by patterning an organic resin film, such as an acrylic

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



The substrate shown in Enbodinment 5 is used in this enbodiment. Therefore,
with the top view of the pixel portion of Enbodinent 5 shown in Fig. 11,

it is necessary that, at |least, the gap between the gate wiring 469 and
the pi xel electrode 470, the gap between the gate wiring 469 and the
connection el ectrode 468, and the gap between the connection el ectrode 468
and t he pi xel electrode 470 be shieldeghfromlight. Each of the coloring

| ayers are ? ﬁ g that the |light shielding portions nade fromthe
| ami nat i SAPSETRRES col ¥ ayihenical sPREgTSMAbSiksoire dhatribusedbe
shielded from.i and then are joined to the opposing substrate. It is
thus mad@vebddt eb% tige sygEacenet Hihmesubstratecassa sibegdsi thyt ot hieng

i ght shielding of the respective gaps between the pixels by using the

li ght sHFRIUMMEC pBPEFSES; conmposed of the |aninations of the coloring
layers, without forming a light shielding |ayer such as a black mask and
the |ike. -43Rn ARPEFEHY sapstrete 560 &Y Pprepdeetimania. t CalepaeNtagepguct i ve
filmis formed on the leveling filmb573 over at |east the pixel portion,

an ori erfidl epd 571 .nasd4 LevédingFidres 78 harecthenh & oxuidiBee thef opPEs LRFOSI NY
substrate, and a rubbing process is performed. The active matrix substrate
on mhlcﬁﬁuﬂﬂiqabaﬂ5q93rtmhn aed cbhﬁrdngveay@rr5untaﬁaeaf§1@@dcogaglﬁ§
opposi ng substrate are then joined by a sealing material 568. A filTer

m xed i d@yen He7 seaténgverilappald 348, farfl 4heigne %lllﬁ%tlr@.r&f $6LLiGh ned
while maintaining a uniformgap in accordance with the fil and t he
col umarushesmored hthgluindghry shak16@he bakt3463 h§th§Eo'ﬂéef6fﬂed by
overlapping a portion of the red coloring layer with a green
coloring layer.
The substrate shown in Embodiment 5 isused in 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 colo;:ing layers are
arranged such that the light shielding portions made from the
lamination of the coloring layers are formed in pos:.tions that
must be shlelded from light, and then are joined to the opposing
substrate.
It is thus made possible to reduce the number of process
stepsbyperforminglightshieldingofthexespectivegapsbetween
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.



bet ween both substrates, and the substrates are conpletely sealed by using
a sealant (not shown in the figure). A known liquid crystal material may
be used for the liquid crystal material 575. The reflection type liquid
crystal display device shown in Fig. 12 is thus conpleted. The active
matri x substrate or the opposing substrate is then cut into a desired
shape if necessary. In addition, a palgyizing plate (not shown in the
figure) is attached .to o I% t he ogposing substrate. An FPC is then
attached usi dy* °RPRASHH FERAT IR S76i vl FEryst ranspsrep toeandechive by
above-nentjoned nmethqed has TFT manufactured by using the sem conduct or
filmt ho"f}c?dbmsy“mﬁéa%dtb%ch%@%m fipkye 5 e avien e heastytbecpixeht

uniformty of the energy distribution is irradiated. It is possible to
becone RHE e Wﬂ?lﬁﬁ&ﬁﬂi@péﬁ-émi%ﬁ dpafamed pyerctimanténeadit fage of

t he above-nentioned liquid crystal display device. Such a liquid crystal
di spl ay dfathsecppeging gubistpeiy .pentdi anrubbingi poscésadss -gelrfafmed .
el ectronic equipment. Note that it is possible to freely combine this
enbodi ment  JihehaEtyei mehrixlstls Brataboniwienth Thienptiked pobbdbfieanig an
exanpl e of manufacturing the light emtting device by using a
manuf acttinei dgiverhod roitFarehflorned Usad fiite foppo dith s isd € Vet $Bd £ X
substrate. In this specification, the light emtting device is the general
t erm f othephdodnedl by pasehlengl matdraalli gbs.em tinpee! psmptxd@rivee, on
t he substrate between the aforesaid substrate and the cover nenber,
the sealing material 568, and the two substrates are joined while
maintaining a uniform gap in accordance with the filler and the
columnar spacers. A liquid crystal material 575 is then injected
between both substrates, and the substrates are completely sealed
by using a sealant (not shown in the figure). A known ligquid
crystal material may be used for the 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.

Liguid crystal display device made by above-mentioned method
has TFT manufactured by using the semiconductor f£ilm thoroughly
annealed because the laser beam with a very excellent uniformity
of the energydistributionis irradiated. Itis possible to become
the one with enough opeération 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



and to the aforesaid displaynodul e equi pped TFT with the aforesaid display
panel. Incidentally, the light emtting elenent has a |ayer including a
conmpound i n which an el ectrol um nescence can be obtained by applying an
electric field (a light emtting |layer), an anode, and a cathode.
Meanwhi | e, the el ectrol um nescence in organic conpound includes the |ight
em ssion (fluorescence) upon returnirgdkromthe singlet-excited state to
the ground state and the |ight em ssion (phosphorescence) upon returning
from t hT (FhFHHOBGL i QBHRYERY t0 the ground state, including any or both

of light emisgion. In this specification, all layers formed between the
anode and t h&ots Rt it isneopsihledin frieed vetembhnethi s @nibrstiment he
organic light emtting |layer. The light emtting |ayer, the hole injection

| ayer, HdheEgboddmendjsedt itoh 9-ayer, the hole transportation |ayer, and
the el ectron transportation |ayer, etc. -45- are concretely included in the
organic light emtting layer. The |light emtting el enent basically has the
structure that the anode Ilayer, the light emtting |layer, and the cathode
| ayer afmboddgeaifti7ally |anminated. In addition to this structure, the |ight
emtting elenent may al so has a structure that the anode |ayer, the hole

i nj ection | ay&n,thi enbgitineit ! angekayple anthdherathetey tray Qi gie
sequentially lam nated or a structure that the anode |ayer, the hole

i nj ecti emikayny, dehicei ghtushhytd Madsstutiiey mtieod G IROr t@fdon d ayer,
and the cathode |ayer etc. are sequentially lamnated. Fig. 13 is a

secti onakeli efoof Pormihy edffttAdELiFEVikLPix substrate. In this

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 .
and to the aforesaid displaymodule equipped TFT with the aforesaid
display panel. Incidentally, the light emitting element has a
layer including a compound in which an electroluminescence can
be obtained by applying an electric £ield (a 1ight emitting layer),
an anode, and a cathode. Meanwhile, the electroluminescence in
organic cdmpound 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
injéction | layer, the‘ electron injection layer, the hole

transportation layer, and the electron transportation layer, etc.



this enbodinent. In Fig. 13, the switching TFT 603 provided on the
substrate 700 is forned by using the n-channel TFT 503 of Fig. 10.
Consequently, concerning the explanation of the structure, it is
satisfactory to refer the. explanation on the n-channel TFT 503.

I ncidental ly, although this exanple is of a double gate structure forned
with two channel regions, it is possiblgsto use a single gate structure
formed with one channel region or a trip?e gate structure fornmed with
three. THESHMEHEIGILdPelpAsdideiherrrganie Bduhst em¥bbing Jayersd The using
the CMOS circuit of Fig. 10. Consequently, concerning the explanation of
the struttehe emittingaleneptitasicalivhes thestaousiture thatdihd baode
n-channel TFT 601 and p-channel TFT 602. Incidentally, although this
enbodi mekRY$%: ofthg didgdite epittingr deyere, andi thposwithode alager aageubl e
gate structure or a -46- triple gate structure. Meanwhile, the wirings 701,
703 ser\Req@erblatly vianiingdedf. IheadiS i toutiswbtkactheeyittiayighA? as a
drain wiring. Meanwhile, a wiring 704 serves as a wiring to electrically
connect Sfttiirg allemerdumay wilsonbaZ08 sinrdihers aliae theghadael 15p6r
switching TFT while the wiring 705 serves as a wiring to electrically
connect thsehoderdnjee tirai hayér| nhe/Dglet dmb e 16kl dyé£0haA 1afe 8ensHLt chi ng
TFT. Incidentally, a current control TFT 604 is formed by using the :
p- channdlay®T 832 sefyueingiallly Canseiteid loy acevcachirg thet exR! gRagLon of

the structure, it is satisfactory to refer to the _
layer, the hole injection layer, the lightr emitting layer, the
hole transportation layer, and the cathode layer etc. are
sequentially laminated.

Fig. 13 is a sectional view of & 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. 10. 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.l_.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, although this embodiment is of a single gate

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



expl anation on the p-channel TFT 502. Incidentally, although this

enbodi nent 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 wring 707 is an electrode to be electrically
connected to the pixel electrode 711. _Mganwhile, reference nuneral 711 is
a pixel Iec%rode %an de .of alight-emtting elenent) formed by a
transpargﬁfp BndE i§gruFFPFF‘As the transparent conductive film can be

used a conpougd o;_'ndiun1oxjdp and tin_oxide, a conpound of indium oxide
and zinc oxi dg2"YhAdeextRe WiTingsi’9d o 0Bn8PEE 03§ douRge Mirdndsof may

be used a transparent conductive filmas above added with gallium The
pi xel el 'Ere FHQE cArCy it vhihe dhewirinara? asm dradgwiringsul Meanyhfidlem 710
prior to forming the wirings. In this -47- enbodinment, it is very inportant
to pl andt WA iHE e Feguest 8s & il Mip edieskrd caddiyncphaesiti bietgeknl m
710. A light-emtting layer to be formed |ater, because being extrenely
smal | i FhehisORess wirgagsv 68 yand s sposce rghi.orneS sihen sdtd¢ chd igh@FT
presence of a step. Accordingly, it is desired to provide planarization
prior t&hilg tiheywindingel708| servedeas @ twhatirgy ltbgbleetrithngyl apaneetdn be
formed as planar-as possible. After formng the wirings 701 to 707, a bank
712 is fhertvesen ghestomin miriing 708.ankhehbaita il 2eG8YnbeE @l BHi B¥hing
patterning an insulating filmor organic resin filmcontaining silicon
havi ng TFUO to 400 nm
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 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 apixel electrode (anode
of a light-emitting element) formed by a transparent conductive
film. As the transparent conductive film can be used a compound
of indium oxide and tin oxide, a compound of indium oxide and
zinc oxide, zinc oxide, tin oxide or indium oxide, or otherwise
may be used a transparent conductive f£ilm as above added with

gallium. The pixel electrode 711 is formedon a planar interlayer

insulating film 710 prior to forming the wirings. In this



I nci dental |y, because the bank 712 is an insulating film caution nust be
paid to elenent electrostatic breakdown during deposition. In this

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

resistivit 6.to x 1012 preferably 1 x 108 to 1 x 1010 Qm
A light™ %ﬂ&%’f’?ﬂb’ |ége?5 7’I%rYsl¥IBPF§GDg tohelpnasizel sber s¥er Aue to

I nci dent hou h Fig. 13 shows only one pixel, this enbodi nent
separateﬁ@equ Yiﬂﬁ PgéhFe§H¥%Piﬁ§aF&?éP9'Eélmékb%ndﬁhéughtoemhétlng
respectiyve colors of R({red) G (green) and B (blue). Meanwhile, in this
enbodi metRYFE tPEfRIBe] baterp because helnnextremnily dnli iethitkngss,
material by the deposition process. Specifically, this is a |lamnation
st r uct urRPFEPhy cargespeep gaghyhenissd paniue toCtiRe priddendesr ofidedebn a

t hi ckness of 20 nmas ahole injecting |ayer anda tris-8-gyuinolinol ato

al uni nuACRARBIRILY Al §8)1$i fespredi ded fxiteriet®n plramatiiakies speiof0tam as
alight-emtting layer. The color of em ssion light can be controlled by
addi ng Fdumicrescparedi gheatrodaco ashatiMadighiormi t faaiy [1RRR0aRCYL, to
Al ga. However, the foregoing exanple is an exanple of organic |ight
en1tt|n§qnmaﬂlaﬂ Hlatdrer usechbdsgibléight-emtting | ayer and not
necessarily limted to this. It is satisfactory to form a light-emtting

layer (layer Bditelri gbrmenysthewafithgar7dEho TOYENEBMadiheef Q6o €l Y
conbining a light-emtting | ayer,

as shown in Fig. 13. The bank 712 may be formed by patterning

an insulating film or organic resin film containing silicon having

100 to 400 nm,

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

A light emitting layer 713 is formed on the pixel electrode
711. Incidentally, although Fig. 13 shows only one pixel, this
embodiment separately forms the light-emitting layex
correspondingly to the respective colors of R (red), G (green)
and B (blue). Meanwhile, in this embodiment is formed a low

molecularweightorganiclightemittingmaterialbythedepositidn

process. Specifically, this is a lamination structure having



a charge transporting |layer and an electron injecting |ayer. For exanple,
al though in this enbodi nent was shown the exanple in which a | ow nol ecul ar
wei ght organic light emtting material is wused for a light-emtting |ayer,
it is possible to use an internediate organic light emtting material and
a high nol ecular weight organic light emtting material. Furthernore, an
organic light-emtting material, havi rg8ro sublinmation property but

havi ng I | nunber of 20 or_]ess or chained nmol ecul es having a
| engt h g? g#%%% %Ilr;ltlf‘ieﬁ%?y?%“b?o YR Sl DRovided dnea kbiskdiess ofgani ¢
light em,tt] teri.al.. Fqr an exanple of using the high nol ecul ar wei ght
or gani c n% éh{%‘%e%ﬁ?& ﬁ&JW&PﬁéﬁyeﬁggGFﬁWWT&gﬁ(mED@lglﬁt¢ fmlunihua °

t hi ckness_of . 20 Qﬁﬁs) formed by the spin coating nmethod as a hole
i nj ect i CFOTRYSF h&ELmaRrRYEAsA §hegeenrin jgdididingss of 70 nm as

par aphen Iﬁnvi nyl epne (PPV) of about 100 nmon it as a light emtting |ayer
may be g%o 1ghhzemibtingnilagedenc fhmveolangefi emhsbéoselldgtad ¢amnbeed to
bl ue by usin the a -conjugated type polyner of PPV. Meanwhile, it is
possi bl €onlFktedhyiaitinmadc nnreseent pigmestsisucoasoqubhderi @onan
electron transporting |ayer or charge injecting |ayer. These organic |ight

enm tti ndeRtlanaler A horgaAbasaterial s can be a known material. Next, a
cathode 714 of a conductive filmis provided on the light-emtting |ayer

713. In this Eewsdersnitheas orego om ducnpie fid rad exmgsianaldayadidm of
alumnumand lithium A O course, a known MyAg film (alloy fil m of
magnesi dAdlid esititidmy matertie udas béAudde fot oda gt -amal + 1Ry Peyssed a
conductive filmof an elenment belonging to the periodic-table group 1 or
and not necessarily limited to this. It is satisfactory to form
a light-emitting layer (layer for light emission and carrier
movement therefore) by‘freely'combiningazlight-emitting layer,
a charge transporting layer and an electron injecting layer. For
example, although in this embodiment was shown the example in
which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is pPossible to use an
intermediateorganiclightemittingmaterialandiihighnmlecular
weight organic light emitting material. Furthermore, an organic
light-emitting material, having no sublimation property but
having molecules in thé number of 20 or less or chained molecules
having a length of 10 um or less, is provided as a intermédiate
molecular organic light emitting material. For an example of
using the high molecular weight organic light emitting material,
a polythiophene (PEDOT) film with a thickness of 20 nm is formed
by the spin coating method as a hole injection layer and the

lamination structure installing paraphenylenvinylene (PPV) of

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



2, or a conductive filmadded with such an elenent. Alight-emtting el ement
715 is conpleted at a tinme having fornmed up to the cathode 714.
Incidentally, the light-emtting elenent 715 herein refers to a di ode
formed with a pixel electrode (anode) 711, a light-emtting |ayer 713 and
a cathode 714. It is effective to provide a passivation film716 in such a
manner to conpletely cover the light-empgdting element 715. The passivation

film7164] S, an itnsulating filmincludin a_carbon film a
silicon %@%ﬁgéggﬁf:%%oarveahgflpit_ dré Wﬁ?ﬂ%e M9 TaRdubdyeiy a5ing
insulati@ﬁ filmin a single layer or a conbined I|amnation. In such a
case, it*¥€ HrEPBIrEated Rofiymers af 3tRibl eMepawbdder.ajjb s paspabiivat i on
film It _is effective to use a carbon film particularly DLC (dianond-Iike
carbon) ¥ PFS Shiterearis prtecigdprech psidiliganpashide fior an edsptranur e
range not_nore than -50- 100C fromroomtenperature, can be easily
deposi t er REPOThEn LpYRE AxiFharge indpstingdawew i n Theste oxgastiantght
Meanwhile, the DLC film having a high blocking effect to oxygen, can
suppr es<SMiHelng pRteEinlsioringyonnicind teri oks danibwa Konaenaeatligl .t he
probl em of oxidation can be prevented in the light-emtting | ayer 713
during the folN&Xkng s@diiade priotest . a Feondwctiove, fhlmedsi pgoveabar odl7 i s
provided on the passivation film716 so as to bond a cover menber 718. For
the sediithglighbeemittingedamsr bg1an ul Inathdlsetembdé@DhentesSids the i S
effective to provide therein a substance having a hygroscopic effect or an
ant i oxi demdugdtfioss filpadshizbed an ahilsyemhddi 6ENdluminum and lithium.

Of course, a known MgAg £ilm (alloy film of magnesium and silver)

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

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

2, or a cqnductive 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 layei* 713 and a cathode 714.

It is effective to provide a passivation film 716 in such
a manner to completely cover the light—emitting element 715. The
passivation 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 film favorable
in coverage as a passivation film. It is effective tousea carbon

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

capable of being deposited in a temperature range not more than



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

pl astic substrate (including a plastic film having carbon filns
(preferably dianmond-1ike carbon filns) forned on the both surfaces

thereof. In addition to the carbon film the alum num film (such as ALQON,
ALN, and AIO), SIN and the like are used. Thus, conpleted is a |ight
emtting device having a structure as_gfown in Fig. 13. Incidentally, it
is effective to continuously carry out, without release to the air, the
process ¥ Fofion Teemsiteapegiatiiten teg dfe easidinidepasdeek Gde@r byheisi ng a
deposition_ apparatus of a nmulti-chanber schene (or in-line schene). In
addi t i otigRtIEMLE Y iNG Laves dhidev ipn heapsesistance .coMeanwbidky tioarry
out the process up to bonding a cover nenber 718, without release to the
air. | nDU§ §1ﬂ=ﬁhngﬁYlﬁ9c¢|e¥Fﬁfﬂh bk B0 efifeécd0Rp oxygedchiamy sufpress
(n-channel TFT) 603 and a current control TFT (p-channel TFT) -51- 604 are
fornmed &he hdghibemigitdngObayéeuril® fronepxadivdngex plarsequestiyg, Ritlgs 13,
by providing an inpurity region overlapped with the gate el ectrode through
an i nsubxobdgnf of mxiidatiiomossits prevehded Hn thechbgiet ehETtingbidve t0 .
the deterioration resulting fromhot-carrier effect. Consequently, a |ight
em tti ngldeducdng tthehifgh Tostinapiddddimpprdgedeal i zed. Meanwhile, this
enbodi nent shows only the configuration of the pixel portion and driver
circuit. HoweFarthaemordi,ng tSealifgmumirat U71iNYiBr GHeSEiddd t BhS the

enbodi nent, besides these, it 1is possible to formon the sane insulating
menber pasbikagion £ilm 716 so as to bond a cover member 718. Por the
sealing member 717 used may be an ultraviolet curable resin. It
is effective to provide therein a substance having a hygroscopic
effect or an antioxidant effect. Meanwhile, in this embodiment,
for the cover member 718 used is aglass substrate, quartz substrate
or plastic substrate (including a plastic film) having carbon
films (preferably diamond-like carbon films) formed on the both
surfaces thereof. In addition to the carbon £film, the aluminum
film (such as AION, AlN, and AlQ), SiN and the like are used.
Thus, completedisalight emittingdevice havinga structure
as shown inFig. 13. Incidentally, it i._s effective tocontinuously
carry out, without release to the air, the process to form a
passivation £film 716 after forming a bank 712 by using a deposition
apparatus of a multi-chamber scheme (or in-1line 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)



circuits as a signal division circuit, a D/A converter, an operation
anplifier, a y-correction circuit or the like. Furthernore, a nenory or
m croprocessor can be fornmed.. The light emtting device fornmed by the
above-nmenti oned nethod has TFT formed by using the semiconductor film

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

above-nentja ight .emtiing device is_qghtained enough operation
characté@@%t%@géﬁéﬁb%ﬂi%ﬁi%*?y?“gﬁEﬁaﬁelPéﬂt emtting device can be used

as display por iQH? of various electronic_ equipnents. Incidentally, this
enbodi nent car B TFEEI5P ¢ FoFRECHFPLALNERSBIRE 0 4 k3 bY pEovigahadi nent
8 In this enbodi ment, an exanple of performng crystallization of a
seni condt FPYE LY WW%@WWP%‘SIW%%tWWMG beleetredpethroigh
reference to Fig. 1 and Fig. 17. In this enbodinent, a silicon oxynitride f
ilm (cor?dbslrlﬁlbf%tms; afidm, Sit= i3 pespibleotey figrm Ayn+ekamiél WiFD a
t hi ckness of 400 nmis forned on a glass substrate as a base film by
pl asma T3 SHEVRoEC therdetrrherytion reswlthing £xomihodt datmien efifact .
t hi ckness of 150 nmis fornmed on the base filmas a sem conductor film by
pl asnma CoDsagaend 1y ér bjght cemi bt bed devide wisgnmhdghdrelaabliillinyi San
rel eased by perform ng heat treatnent at 500 QC for three hour. Then
cryst al bezaeiadd zefd.t he senmiconductor filmis perfornmed by a |aser
anneal i ng nmet hod. The '

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
circuitsasasignaldivisioncircuit, aD/Aconverter, an operation
gmpli_fier, & Y-correction circuit or the like. Furthermore, a
memory or microprocessor cah be formed.

The light emitting device formed by the above-mentioned
‘method has TFT formed by using the semiconductor £ilm thoroughly’
annealed, because it is irradiated the laser beam that has a very
excellent uniform energy dist_ributioﬁ. Therefore, the
above—rﬁentioned 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.



crystallization of the sem conductor filmis perfornmed under the condition
of the [ aser annealing nethod that a second harnonic wave of YVO4 |aser is
used as a |l aser beam an incident angles 0 of the |aser beamrelative to a
convex lens 103 of an optical systemshown in Fig. 1 is set to 18 s to

forma rectangul ar shape beam whereby irradiating the sem conductor film
as noving the substrate at a speed of -8@-cmls. A seco-etching is perfornmed

to the cempbaliline gem conductor filmthus obtained, and the result of
observing the surface of the crystalline sem conductor filmwith a SEM

(scanning el ec{f QR 0 by one thousand times |Is shown in Fig. 17.
Note that, the ggégrggg{oﬁlﬁ%%}/'hagﬁé‘a&? &%t RET Ferping gevskelddga tiypnsi ng
K2Cr 207 f g : = 2 . s an,additive. Fig. 17 was obtai ned -53- by
rel ati ve{’yasg(g“r'fh? ng EE%EPF gé'é'P‘ BFRE SRR Sk frstemwdildabe desioyibied ar r ow
in figur n Lg.. 17 _shows the appearance that crystal grains of |arge
grain si‘gjét?sg?g?%%ﬁc?ntg %éppeﬁdPBGI Ei9-dilection rel ative to the scanning
di rection. Th%é_g{:ﬁre,aéi nce the crystal grains of large grain size are
forned in- the t3RRgeadment. # §hdiepn cxpditalidesdt loicomposandoatad by
using the tf).re'se#u invention, when TFT is fabricated by using the
seni condRt Bt 131 [T The® ndber59f¥erfstal bouddar Re3 wibhat aneyibrnegst ai ned
regi on can be reduced. Further, since an individual

in a channel form n%@
°g 407 RAsis Roraf oAl aiglass st etz aist oS d & 1190 B8 Uasma

crystal :
substantjally single crystal, the high nobility (field effect nobility)

equal t &V& BRfedhanSuhaequentiyt r ausi@terpheifgsalscoal EanY ShHth a
sem conduct or can be

thickness of 150 nm is formed on the base £ilm as a semiconductor

film by  plasma CVD method. Hydrogen contained in the

semiconductor film is released by performing heat treatment at

500 2C for three hour. | Then crystallizatibn of the semiconductor

 film is performed by a laser annealing method. The

crystallization of the semiconductor £ilm is performed under the

condition of the laser annealing method that a second harmonic

wave of YVO, laser is used as a lasger 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 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

K:Cr,07 for HF : H,O0 = 2 : 1 as an additive. Fig. 17 was obtained



obtained. In addition, since the fornmed crystal grains becone conplete in
one direction, the nunber of crossing across the crystal grain boundary by
a carrier can be remarkably reduced. Therefore, it 1is possible to reduce
variations of an on current value (a value of a drain current flowing in
an on state of a TFT) , an of f current value (a value of a drain current
flowng in an off state of a TFT) , a-%¥eshold voltage, an S value, and

field ef ELLYY- . ' h i stic_i ly i d.
Enbodi bt 5 BrosEnY i Tig 1Rkt ot A Ehecal EsShies TndicaieRet | ng

a crystall,l i sem conductar filmin the -54- different nethod from
Enbodi me{r# %ﬁ\%\ﬁ tglgrrg(élf gpe%&@"ﬁ?'F - Fi94nd7 fhovs the APrearaieedifidhous

silicon I:%%@tgi S Ir:ln copductor filmin accordance with Enbodi nent 8.
Furt her, appl @F'—ﬁg 3 Oheh R SR Ed Een 15 abarred ata menpandlisydamo.

Hei 7-183540 +380 a Eegus nickel acetate solution (weight converting
concent r &FF5R %OBDI"T% G6iURe too the) scanpdng dinestirnsurface of the

sem conductor fil m%P spin_coating to performheat treatnent in the

ni trogen at m)sh‘n%’r’ ‘é’t'eSOEQECPthGnﬁrH%ﬁlaﬁa"aﬁ-nSt of Aiamgeg@raiat mdsgEher e
at 5509C for_twel ve hour. Subsequently, an inprovement of crystallinity of
the seni TEAFRIRRS Ay thessepicerfuatoy fibewhesrerim|drys tethioth t e is

i mprovenment of crystallinity of the sem conductor filmis performed under
t he condf?P@RCHedthicusaser the mresenty imvendd drhawhensEEDN: fabrdiategve of

YVO4 | aser is ,
by using the semiconductor film, the number of crystal boundaries

that may be contained in a channel forming region can be reduced.
Further, since an individual crystal grain has the crystallinity
such that it can be regarded substantially single cryétal, the
high mobility (field effect mobility)} equal to or more than that
of a transistor using a single crystal sem‘iconduc_tor can be
obtained.

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

And electric characteristic is extremely improved.

Embodiment 9

Present embodiment will be described an example of

conducting a crystallization of a semiconductor film in the



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

one t hoysangl Ld bser ion result is shown in Fig. 18. The

obser vat 1 on rfeés‘{t}??" et r?%Fi'Q'ﬁ.oml%’“ l‘BﬁPii%é’&%’-‘F’@Péf?P?@l 10 Fdgtni Agendie

| aser b ~in the direction indicated by the arrowin figure, and Fig. 18
shows the ‘appearance that crystal grains of large grain size is -55- forned
in a parall el gg:i rection relative to the scanning direction. Further, it is
characteri sti ¢ EREPSF9ste aponphous sl iarrifdin ag assemboendyrain
boundariges faornmed in the direction which intersects to relative scanning
directi &t 3L ASCRAFRGH I i Fimbedbuent n8 Fi FurtherThdrefapElysigice t he

crystal grains of large grain size are forned in the sem conductor film
wher ei n“‘%FMaFPP?&' ipsJapgneget Batoptubahg-ohenpesdiei i TWEBE5401, when

TFT is fabricated by using the sem conductor film the nunber of crystal
boundar PBs a&g4iaoYfny Béckest aiaretate a shiubbonf o wedghtegicohweart it
reduced. Further, since an individual crystal grain has the crystallinity
such t hgenecengzatieon gppuedvelinse abd indl) \isshpglided ot Bhe dleradd Q¥
mobility (field effect nobility) equal to or nore than that of a

transi stbe semigordachgt e Ky biyakp $antEoniiug e pegfiolf heat treatment

inthenitrogenatmosphereatSOOQCforonehourandinthenitrogen
atmosphere at 5502C for twelvehour. Subsequently, an improvement
of crystallinity of the semiconductor film is performed by laser
annealing method. ?he.improvement of crystallinity of the
semiconductor £ilm is performed under the condition of the laser
annealing method that a seéond harmonic wave of YVO, laser is
usedasalaserbeam,anihcidentangles¢ofthelaserbeamrelative
to a convex lens 103 of an optical system shown in Fig. 1 is set
to 18 ¢ to form a rectangular shape beam, whereby irradiating
the‘semiconductor film as moving the substrate at a speed of 50
cm/s.

Aseco~-etchingisperformedto the crystalline semiconductor
film thus obtained, and the surfacé of the crystalline
semiconductor film is observed with the SEM by one thousand times.
An observation result is shown in Fig. 18. The observation JI:esult
in Fig. 18 was obtained by relatively scanning the laser beam
in the direction indicated by the arrow in figure, and Fig. 18

shows the appearance that crystal grains of large grain size is



obtained. In addition, since the fornmed crystal grains becone conplete in
one direction, the nunber of crossing across the crystal grain boundary by
a carrier can be remarkably reduced. Therefore, it 1is possible to reduce
variations of an on current value, an of f «current value, a threshold

voltage, an S value, and field effect nobility. And electric
characteristic is extrenely inproved. —®abodi nent 10 Present enbodi nent

will be gesmedlarapareaml &iPécB%{?xfx‘%iQt’l%%é’ %%ae{%tiégrg%%ggﬁggp%\;ém.on and

sem conductor filmby using an cal "system

manuf act pikPHed Flit+ 36 cR Lpg. gy conductor. filmw th reference to
Fig. 1, Fig. 19 “and F?gxrgélte?ﬁgp%% @r%géi%‘iﬁ?l g5 n8sshovmin Figed as a

bstrat ' Il itride_fil . i ti I tio: Si = 32
h 0 o 5y Bile RS S Ty 08 ST PRRERn AR e UL RSt howl whioHl | con

% =

itri i i | ratio: SL =32 % 0=59% N=7 % H=
208 rl%éféﬁég%@@i%g@%rﬁcﬁ@lﬁo %"159881890??1@39@%%993@%@11 ahqatvm' th

299 with a thickness o

plasma%'t s Su guently, an anorphous silicon filmwith a
t hi ckness o 1%8%%1% gf?br med on the base film21 as a sem conductor film

22 by plasm %Igfr@aft hod. A h%/drogen contained in the sem conductor filmis
rel eased by performmy FEACE (df RS Rl PR fof laree doain Jbhea, a

second PJ__aE; i c.wave of YVQ4 |aser is used as a | aser beam an incident
angl es §6 gBE’(l,l'efia:’s‘értlrtf‘eé‘rﬁ“lﬂeqOaI’cdr‘%Ft‘é:lefé}léﬂowl;le;'c‘et'uancsr:‘;tﬁﬁal)iiaai:iﬁﬁt'1§a|
system %%%%citréngg. 1 is set to 18 4 to forma rectangul ar

using the present invention, when TFT is fabricated

by using the semiconductor film, the number of crystal boundaries
that may be contained in a channel forming region can be reduced.
Further, since an individual crystal grain has the crystallinity
such that it can be :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 lbecome complete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it
is pqssible 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 f£film by using an

optical _system of the present invention and manufacturing TFT



shape beam whereby scanning the sem conductor filmas noving the ‘
substrate at a speed of 50 cnis (Fig. 19B). Subsequently, a first doping
processing is conducted. The first doping processing is a channel doping
that controls a threshold value. The first doping processing is conducted
by using B2H6 as a material gas, setting the gas flowrate to 30 sccm the
current density to 0.05 A the accel eLgglon voltage to 60kV, and the dose
to Ix 1014 /cn? (Fig. 19C). Subsequently, patterning is perfornmed to etch a
sem conde UG | W&emﬂcgmeﬁﬂﬂilﬁ‘eﬂlifrgaﬁé;feéiﬁﬂcph‘éﬁ Figsili kg
oxynitride filmwth a thickness of 115 nmis fornmed -57- as a gate
i nsul at ik%y a4 HiLr &Pering the etched sem conductor filmby the plasm
CVD met hod. Subsequently, a TaNfilm28 wth a thickness of 30 nmand a W
film29 with dn khdisnemboddmedity mmgdassoftiio iie dsddrmmra substrate on
the gate insulating film27 (Fig. 19D). A mask nmade of resist (not shown)
i s form®,bgndpghsidicohagrapitride Eidm (bempositipnaherafaild £ Bins 320% § he
gate insulating film Subsequently, the mask made of a resist is renoved,
a new Wask 233 %i,sNf e 12ed 350 Has: t1Fgonditti & Hehisgaossk dapis®m i Ocasdi A9
thereby introducing inpurity elenments which inpart n-type to the
sem congdatieonf dkynitnidsifsi ngeomposdidonsd rayess S0=a3wl 2310 a5e Hecone
masks with respect to the inpurity elenments inparting n-type respectively
and an Nmpuyigy H egRen withSa ftiBhdds df 390 nal heBI NAMIRALEE . ok ER S
enbodi nent, the second doping

- glass substrate with plasma CVD method. Subsequently, an

amorphous silicon film with a thickness of 150 nm is foi:med on
the base f£ilm 21 as a semiconductor £ilm 22 by plasma CVD method.
A hydrogen contained in the semiconductor film is released by
performing heat treatment ét 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 2 to form a rectangular
shape beam, whereby scanning the semiconductor f£ilm as moving
the substrate at a speed of 50 cm/s (Fig. 19B).

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

Subsequently, patterning is performed to etch a
semiconductor f£ilm 24 in a predetermined shape, and then

asiliconoxynitride filmwith a thickness of 115 nm is formed



processing is divided into two conditions to be performed since the film
t hi ckness of the sem conductor filmis very thick with 150 nm In this
enbodi ment, at first, the second doping processing of the first condition
is perfornmed by using phosphine (PH3) as a material gas, and setting a
dose to 2 x 1013 /cnZ and the acceleration voltage to 90 W And then, the
second doping processing of the secon@®7eondition is performed by setting

the dose o% ﬁé’%%ﬁﬁl oy Jg}tg acceleratjon voltage to, 10 Vc(stg; .
198) . N SRS Erbg hm 27 S6vering HiR R Ccned Samidaadicoduge of
resist igs, ornquban t he tE' d d% i@g pro essin% IS -58- performed. By the
third dd‘is?r by Jhe RH3sSMan H?b'ﬂ?i !Q';? | erdtheedy qtﬁamﬁ N F IR RRt i vity
type opposjte to the one conductivity_ type i s added to an inpurity region
36. The Whitrd tPh+e8P&SSeTt | 30 (yrnaRd; & WhEidBhi%sh kiR or Fhisknedss
becone an_active |layer of_ the p-channel TFT. The conductive |ayers 30 and
31 are @79 ASKCPRGURLIVQuEidps| aRendaminaked qsurthe @atent for
inmparting a p-type is added so as to forminpurity region 36 in a
sel f - al g EYEERRGefilm 2R {Fdebodl9ht, the third doping processing is
al so divided into two conditions to be perforned since the filmthickness
of the seni coAduBfsk f miadei s ofer yesiistk (wioth B®wmh |is t Hormabodyrent ,
the third doping processing of the first condition is perforned by using
di bor angphpiB2Rdthegraphyatter edichg&beaWdfsdmi | bpet TeNdbsbntand® thd 0f8td cniZ,
and the acceleration voltage to 90 W And then, the third doping
processingudfktting £ddond condition is perfornmed by setting the
Subsequently, the mask made of a resist is removed, a new
mask 33 is formed so as to conduct the second doping processing
thereby introducing impurity elements which impart n-type to the
semiconductor £ilm. In this case, conductive layers 30 and 31
- are become masks with respect to the impurity elements imparting
n-type respectively and an impurity region 34 is formed in a
self-aligning manner. In this embodiment, the second doping
processing is divided into two conditions to be performed since
the f£ilm thickness of the semiconductor film is very thick with
150 nm. Inthisembodiment, at first, the second dopingprocessing
of the first condition is performed by using phosphine (PH3) as
a material gas, and setting a dose to 2 x 10*® /cm? and the
acceleration voltage to 90 kV. And then, the second doping
processing of the second condition is performed by setting the
dose to 5 x 1014./cnﬁ 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



dose to 1 x 1015 /cn¥, and the acceleration voltage to 10 kV (Fig. 19F).
By the steps until now, the inpurity regions 34 and 36 are formed in the
respective sem conductor layers. . Next, the mask 35 nmde of resist is
removed and a silicon oxynitride filmwth a thickness of 50 nm
(compositional ratio: Si =32.8 % 0 =63.7 % H=3.59% is forned as a
first interlayer insulating film 37 by9$tasnma CVD nethod. Next, a recovery

of cryst Ml of senicondyctqor layers and an activation of the

i mpurit yB %#gﬁekht%déddéegeﬁ%e {Eh‘e“ aé’ﬁét‘ﬂi Bﬁx%ﬁﬁéﬁﬁdu@lﬁ GYMRURAF % ediement
conduct egog. the 1:heat -59- treatnent. In this _enbodi nent, the heat

treat nent i é'mﬁeﬁ'rf MR CPRAYChiV LS &YRa FeRpRite tartissonecoaduchivitgur by
a thermal_._an eaI&&ggmat hod using an annealing furnace (Fig. 19G. Next, a
second i hWBFI &8yt o AN §MPRE AL YSTREEENOB6 or JBire cimpuTsUl WA ttiewidn 136
material s or inorganic insulator materials are formed on a first

i nterl ayt? 'W%g'innﬁhf"ifr%‘%‘:?qmiliptwgfi]émmqlmhepomesam iaxonive tiaiy@a- il m
with a thickness of 50 nmis formed by CVD nethod and then a silicon oxide
filmwitPf ErhirighennelbTFI00 Bhei sondnotdveNdayera Bydmyaiabren used
processing can be carried out after the heat treatnent. In this

enbodi me?d & Mishda theedmpuat tiys e lpgweihdr med ithea iMpurigen edeiesRheoe at
410 C for one hour by wusing the annealing furnace. Subsequently, a wiring

39 el ect¥RANting enpediyipeg isoatiled sespectsé \FormMIupdni tyeHeior 36f QnMed.

In this enbodi nent, a -
a self-aligning manner. 1In 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 copdition is performed by using diborane (B,H;} as
@ 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 pexrformed by setting the
dose to 1 x 10%° /'cmz, and the acceleration voltage to 10 kV (Fig.
19F).

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

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

Next, a recovery of crystallinity of the semiconductor

layers and an activation of the impurity element added to the

respective semiconductor layers are conducted by the heat



lam nation filmof a Ti filmwth a thickness of 50nm an Al-Si filmwth
a thickness of 500 nm and a Ti filmwth a thickness of 50 nmis
patterned to form O course, it is not limted to a two-layer structure,
but al so nay be a single-layer structure or lamnation structure of three

| ayers or nore. Further, materials for wirings are not limted to Al and
Ti. For exanple, wrings my be fornmeds5®y formng Al or Cu on the TaN film

and pat i e ] [ fiJ mon ich aT filmis formed (Fig.

19H) . Asrtg(e?'?g?ig gtetg agg%%ﬁ -oéir?é'fﬁféif' %Q"F gfaénﬂr%abm%%rﬁremermm are

f or med. i 0- Antelectri% characteristic qQf the n-channel TFT 51 is shown in
Fig. 20A &nd BATECEER AEMOSRISTee Bt (5RO of €R& Fosiraboulr DFTa Thersmaghown

in Fig. .reasuring the electric characteristics. As the neasurenent
conditio%gg?ggﬁg%eP85bPﬁcu@ﬁ&ﬁé@?eﬁ“ﬁﬁﬁi%ngrﬁﬁiﬂﬁqgnﬁﬂiQMn1ﬂG]s assuned to

be two points, tgg %ﬁte voltage (Vg) is set to in the range of -16 to 16
V, and the dral Wbolt 3RRONE Vferd ayar insulat ing £3.1v 38 medectf valganic
Vbr eover ianggs' 20A and 20B, drain current (1D) and gate current (ID)
are showPSTHhaELRg| fHlR Batemtplnomuslataani@REsUls tshowa tieria o bired
line. Figs. 20A and 20B show that the electric characteristics of TFT
manuf actf e By OFsi hgfiRetprinsianlayeentnsulias ingmaf Kabl $7.i nprovedis\Wen
TFT is manufactured by using the semi conductor film the nunber of crystal
grai n bdiffRREIBENt hat sddyicden odimdideed ilmwa thhanttel cimssé Rege ROinan1gan be
reduced, since a crystal grain of large grain size is forned in the
sem condifiad Py|GND meitbhd 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. 1In 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 Fformed. In this embodiment, a
lamination film of a Ti film with a thickness of 50nm, an Al-Si
film with a thickness of 500 nm, and a Ti film with a thickness
of 50 nm is patterned to form. Of course, it is not limited to
a two~;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 £ilm on which a Ti £film is formed (Fig.
i9H).

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

TFT 52 are formed.



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

i s embod mert™ eI CRAb AR RAGHI E ERFR P PROROLOIFT 1 1ombawn

t hi s enbodi ment, an exanp
sem condygt fk#ﬁ% different nmethod fromin Enbodi nent 10, and
nmanuf act ﬁ{rillﬁ%gT %"iﬁfsflﬂge ?l‘éggi'aﬁi DRTREESTLSEL F IThe e hanne BT t h
r ef er enc, igs. .1, 21A to 21C, 22A to 22B, and 23A to 23B. It fornms to
an anorp %t&% %‘% RN ¥19 mZQ% by Befsugiag the elqtaiccharartentsticsh
Enbodi t 10. Further, b% %E lying a nmethod recorded in Japanese Patent
Lai d- opet® No*€ HEF2 959 © ‘gqlﬂ-ﬁﬁ%’éoﬁﬁ Ehekelegteiat chavkoteonstiesght
convertin concentration 5 ppm volune 10 m) is applied to the surface of
t he semrﬁ%ﬁfﬁ?%‘?n? iRty ispPRsEed hg backedpdiorts nghe gattal voteagai ni ng
| ayer 41, Then heat treatnent is performed in the nitrogen atnosphere at
500 C frVohdshsat &mdn hentangeroferl6 dionmdspierandttheb@r@inovolnegye hour
Fig. 21B). Subsequently, an inprovenent of crystallinity of the
g ) y nmp
sem condd@loris igan ito hef fandrel By tespectimeryi ngMomsdesr, The Fagsovenent
of crystallinity of the sem conductor filmis perfornmed by the |aser
20A and 20B, drain current (ID) and gate current (ID) are shown
in a solid line and the mobility (UFE) 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
film, the number of crystal grain boundaries that may be contained
in a channel forming region can be reduced, since a crystal grain
of large grain size is formed in the semiconductor £ilm, which
is crystallized by using the present invention. Furthermore,
since the crystal grains are formed in the same direction, it
is possible to reduce the number of crossing across the grain
boundary by carrier remarkably. Therefore, the mobility is 524
cm?/Vs at the n-channel TFT and the mobility is 205 cm?/Vs at the
p-channel TFT. When a semiconductdr device is manufactured by

using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment 11

Inthisembodiment, an example of conductingcrystallization



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

sem conductor filmas noving the substrate at a speed of 20 cnis or 50
cms to inprove the crystallinity of “6le sem conductor film (Fig. 21C). In

d b s ' .. a.n-ch I 1d -ch I
52 are (o8 g RareRRt et it 0Yia R ReBranicnernig feo fn RubaGananhel TET

52 are for
and the psc TET are -62- sured, and then an electric _.
char act e]?? 's'?é?}g&] géaqlfga%-w}%éqﬁ USE N heaSERLEANERCHS Adlmneill
substrat.e a‘i a%&ee(ﬂ of .20 cms is shown in Fig. 22A, an electric
char act 19 9550505 ¥R rgdsaencertosBiggnul acip d ALGrowi2gtone2s,
substrate(it :%\s eed of 20 cm's is shown in Fig. 22B, an electric
char act &1L t332 o¥% (3B n- channel  TFT 51 manuf act ur ed by noving the
substrate at a speed of 50 cm's is shown in Fig. 23A, an electric
characteri sti & off e FocRBnABPTPRPRSS8ikinarafidmedsby sevicondhetor
substrate at a speed of 50 cms is shown in Fig. 238, respectively, in the
| aser arfid® iy egcoFdange wHdhnEmboddmemt dOndi Fuvhhef,thy apptying a
characteristics, the neasurenent point is assuned to be two points, the
gat e voMeddwd regprdedsdn JspaneskePairgé DAidi6pen 846 Neiandlgissely ai n
voltage (Vd) is set to 1.5 V. Mireover, in Figs. 22A to 22B and Figs. 23A
t o 23B, & aiggueerent nicBplancogdtatecur sebtt{oh) i(wedd@Mn dohwettthdi ne
and the nobility (UFE) is shown in dotted line. Figs. 22A to 22B and Fi gs.
23A to 28Bcendwatlimin Shppml eedltme 10 ml) is applied to the surface of

the semiconductor £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 hour (Fig. 21B). Subsequently,
an improvement of crystallinity of the semiconductor film is
performed by laser annealing method. The improvement of
crystallinity of the semiconductor film is performed by the laser
annealing method under the conditions that a second harmonic wave
of YVO, laser is used as a laser beam, an incident angles ¢ of
the lase;:' beam relative to a convex lens 103 of aﬁ optical system
‘shown in Fig. 1 is set to 18 2 to form a rectangular shape beam,
wherebyirradiatingthesemiconductorfilmasnmvingthesubstrate
at a speed of 20 cm/s or 50 cm/s to'improve the crystallinity
-of the semiconductor film (Fig. 21C).
In accordance with the Embodiment 10, a n-channel TFT 51
and a p-channel TFT 52 are formed hereafter. The electric

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



I sti f TFT manufactured by using the present invention is
Sgﬁéﬁﬁgg{;/sit Irrgfmc/)ed. 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 formed in the sem conductor filmwhich is crystallized by
using the present invention. Furthermys, Si ncefthe forneg Cr'gStfilesg;glr Rlsad

in T ' few grain, boundar
n the orearyan @ ch BF diab g, skadie: Stla?@cetpsnnopggagteﬁe
[ | v e I e n r.of_crossjing acrqQss_-63-
N Hhens DasRGke el It MIDELBLELR%SL WaBEhaSe B e |
nmobi lity;d SR% 5. 3 the n-channel TFT and . the nobility is 200 cnZ/ Vs
at the p]-'échannel g%"llqsn ElAgsa.m fﬂ'ﬁc%&"’zﬁﬁ?rﬁﬁge{‘ﬁétﬂ-ﬁb?f ithﬂ"f’ PscﬁQBnéfrZ{r \F/_sr

n t.he nohili Is 199 cn¥/ Vs at the p-channe

ﬁ] tFith &%@ﬁ@[‘@&ﬁéy%‘g%dt%wvm %Fys‘i‘lgsv’éﬁe&%a FRAed ofee em/s
sem condyctar —devige i nufactured by using such TFT, the mobility
char act etglcs?' PERang ik ?%g?aﬂﬂ FLeFtaric fraseateshatiéc ot dbei echaanebe
| mprove odinept 12 |n Embodinments 10 and 11, an exanple in which a TFT
i s nangl‘sz;fSBrlg%nﬁgaE%%?ﬁlqif YeVig9 hRerviRsrateadna spead et FOothes i S
shown. I.n the present Enbodi nent 12, difference pet\_/v_een t he |
crystal Pﬁﬁgi’@g I FdgnstiRr & eleftrie diaratbentstic st the TFahguméEr r e

herei nafter) is manufactured according to Enbodi nent 11 by
E:gng?nzl%gng%fmqr&é%?c%‘éﬁ?ﬁl dyimpHdpgathe substrate at a speed of 50 cm/s

is shown in Fig. 23B, respectively, in the laser annealing step.

As the measurement condition of the electric characteristics,
the measurement point is assumed to be two points, the gate voltage
(Vg) is sét to in the range of -16 to 16 V, and the drain voltage
(vd) is set to 1.5 V. 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 (UFE) is shown in dotted line.

Figs. 22A to 22B and Figs. 23A to 23B show that the electric
characteristics of TFT manufactured by using the present invention
is remarkably improved. When TFT is manufactured by using the
semiconductor £ilm, the number of crystal grain boundaries that
may be contained in a channel forming region can be reduced, since
a crystal grain of large grain size is formed in the semiconductor
film which is crystallized by using the present invention.
Furthermore, since the formed crystal grains bedome complete in
one direction and there are few grain boundaries formed in the
direction crossed to the relative scanning direction of laser

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



crystallization using nickel having catalytic function in the
crystallization. Fig. 25 shows dependency of drain current - gate voltage
characteristic (1D -VGof the TFT (PG) on channel length. On the other
hand, TFT (referred to as LG5 hereinafter) is manufactured by only | aser
beamirradi ation according to Enbodinent 10. Fig. 26 shows dependency of
| D-VG characteristic of the TFT (LGS) -gy-channel |ength. The channel
| ength i 5 ( 2.09m (B) and 3.um (C). It is to be noted that
an n-chztnﬂneel g?ﬁ%i @oﬁlgl 8”P’nq’§nyé%%§%e+" nTERETkARdEnt dhsaifiana,. i64is|n
Figs. 25 sem.conductor, filmof the sanple is 66 nm Wth this
t hi ckness‘a{%glétsoé)%g??abq Fhe,mehdlity ds 548nemetVs @dpthei onchapeel ARFT
apparent b nparing.both the Figures, in the case where the channel
|l ength i sm%eéls%g‘r?af"f)lb&glgy 17200 s/ ¥soas the ferahannel TRUAG Fhgan 234
regi on. 'Eha 2’ S, ._in the TFT LG5, phenomenon that the drain current
ext r aor di“fari :By angyfee mobil b et §ehi95 |eml/Vscatf theen- chatnehi SFphes@menon
depends n the channel dose unt. In any case, it turns out that as the
channel Itg'ﬁgfnﬁbﬂéﬁ‘t‘}ﬁ’e§ssﬁ8?t?m (5 I#de dvhes psohenned TBTLEL Fagkh 28spest to
wi t hstand_vol t age between the source and the drain. In the conplete
depl et i oA3By pRNANSRE HODFALIEY i ckerep Bx a1 lidit .S eWheans Wdmicdidubt &
significant difference is found in the source and drain w thstand voltage.
Measur enffiVire cémdusandfactukedw biet heingi nibet tEmelencyhd s nftSErMae in a
partial depletion type having 150 nmas thickness of the sem conductor
film |nch#rgetertsgic asd ti: i Thabali Fi 6f ithd SeriQUhaldo L dd AW nary
junp up of the drain current in the off region is influenced by

can be improved.

Empddiment 12

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

TFT (referred to as PG6 hereinafter) is manufactured
according to Embodiment 11 by combination_ of laser beam and thermal
crystallization using nickel having cataiytic function in the
crystallizétion. Fig. 25 shows dependency of drain current - gate
voltage characteristic (ID-VG) of the TFT (PG6) on channel length.
On the other hand, TFT (referred to as LG6 hereinafter) is
manufactured by only laser beam irradiation according to
Embodiment 10. Fig. 26 shows dependency of ID-VG characteristic
of the TFT (LG6)} on channel length. The channel length is 1.5
um (A) and 2.04m (B) and 3.0um (C). It is to be noted that an

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



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

[ [ I t. dimension of TFT_is mniaturized into.
=subni oron - 68 FE95r "R ik FEnrinS e S G et ve
[ I qui di spl device, active matrix type lig )
ot ?(ntgxggx‘?!ﬁlzgmgrW’;%S%ﬁgﬁa%ﬁgy%ﬁﬁé 'ECLHj &I B9Saé9#ee}:0ce@ebr@ltt[eommd by
appl yin t h resent. invention. Specifically, the present invention can
bgpe?lrbog?g‘érp?ﬁ%& z’%ﬁ’ﬁﬁﬁileneq‘iﬂ%ent%f apR§redbe byn GANRATiRGhbosh the

el ectro-gptical device is incorporated in a display portion. Such
el ect ronﬁgg'éﬁﬁfspnﬁﬂttli’% A%/ gl channied tlgingtdnds as smmld ect @, a

head- nount ed di spl.ay (goggle type display),.a car navigation systgnl a car
st er eo, ’é“‘pePQHﬁBP—CHBHﬁL&sf?eﬁembi i® fdurdrimanonff ereghat . (GuEdt is,
as. anmobi | e conputer, a nobile tel ephone or an electronic book etc.) or the
i ke. Fils thedRFT d-Garphenpmengn 19mt dhe dbain ammﬂaerdﬁnhkilg
exanpl es. Fig. 14A shows a personal conputer which includes a main ody
3001, ardUTRYEPIIfRRsPoved on T300Q confilirs@dihpothi optiitiensn kepbaasd 3004
and the |like. The personal conputer of the present -

on the channel dose amount. 1In any case, it turns out that as

the channel length becomes short, PG6 becomes superior to LGé6

withrespect towithstand voltage between the source and the drain.

In the complete depletion type having a small thickness

of the semiconductor film, a significant difference is found in

the source and drain withstand voltage. Measurement is conducted

to knowwhether similar tendency is observed in a partial depletion

type having 150 nm as thickness of the semiconductor film. In

Figs. 27 and 28, ID-VG characteristicis shown. The extraordinary

jump up of the drain current in the off region is influenced by

drain voltage. As the drain voltage is increased, the

extraordinary jump up of the drain current is conspicuous.

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

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

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

in the partial depletion type that PG6 is high in withstand voltage

between the source and the @rain.

The above result suggests that PG6 is suitable in the case

where element dimension of TFT is miniaturized into. a submicron



I nvention can be conpl eted by applying the sem conductor device
manuf act ured by the present invention to the display portion 3003. Fig. 14B
shows a video canera which includes a nain body 3101, a display portion
3102, a sound input portion 3103, operating sw tches 3104, a battery 3105,
an image receiving portion 3106 and the |like. The video canera of the
present invention can be conpleted bytﬁgplying t he sem conduct or device
manuf act yredby the present invention 10 the display portion 3102. -66-
Fig. 14Cshows a nobile conputer which includes a main body 3201, a canera
portion 3202, an inage receiving portion 3203, an operating switch 3204, a
di splay portion 3205 and the |like. The nobile conputer of the present

i nventio an.be conpl eted by applying the sem conductor device
nanufact§E§8§&¥3ﬁﬁigiesent invention to the display portion 3205. Fig.
14D shows a goggle t§pe di spl ay which includes a main body 3301, a display
portion 3302, afh'BBFt FBR3CIBABCERY dR¥1irPRe(acthive guatix tyyype dipiiay of
the present invention can be conpleted by applying the sem conductor
devi ce nER¥FLEL AP IEY Gevisrosantivermahrivtiype Lhghtliamnl tyipgrdevine3302.
Fig. 14E shows a player using a recording nmediumon which a programis
r ecor ded°¥ RSt iei framaEriKet e d¢ dbspiayhievisno) dange Wedined by appl ity
pl ayer includes a main body 3401, a display portion 3402, speaker portions
3403, a FReTRIRP hdaivemtIsow., Specditfiingliyn thbesrS4O6t aiitydieidn kan Thi s
| ayer uses a DVD (Digital Versatile Disc), a CD and the |Iike as the
player L 1 g _ . ,
recor di nee nembediedntn ehebtesniicuegnipmeitj @F BMy ¢ypeDYnehidM BHand t he
I nt ernet.
an electro-optical device is incorporated in a display portion.
Suchelectronicequipmentisavideocamera,adigitalcamera,
a projector, a head-mounted display (goggle type display), a car
navigation system, a car stereo, a personal computer, a mobile
informationterminal(suchasanmbilecomputer,amobiletelephone
or an electronic book etc.) or the like. Figs. 14A to 14F, 15A
to 15D, and 16A to 16C show one of its examples.
Fig. 14A shows a personal computer which includes a main
body 3001, an image input portion 3002, a display portion 3003,
a keyboard 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, adisplayportion 3102, a sound input portion 3103, operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The video camera of the present invention can be

completed by applying the semiconductor device manufactured by

the present invention to the display portion 3102.



The recordi ng nmedi um of the present invention can be conpleted by applying
the sem conduct or device manufactured by the present invention to the

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

swi tches 3504, an inage receivi-ng portion (not shown) and the |I|ike. The
digital canera of the present inventionggan be conpleted by applying the
sem conduct or evicg‘nanufactured_by the present -67- invention to the

di spl ay porti ofi *95054C SheWs| 3 malhble compuger vibeh gmyglavies awhaih tody udes
a projection device 3601, a screen 3602 and the |like. The front type
proj ect oP2%dn 1Fe CEHRERePOF tEPDa 3102 .n g1 imagei decejstialg gogplimn IBOE Ce
3808 which constitutes a part of the projection device 3601 and ot her
driver cPPc@Peating swibchhddf4a acdisplae gomism @20Mhiaid itied udes.a main
body 3701, a projection device 3702, a mrror 3703, a screen 3704 and the
li ke. Th&hecHobi)secpmppseropicihebpresepitetntenyiappopnne idompledda
crystal display device 3808 which constitutes a part of the projection
devi ce 3pyapplyinddhedséniconductordeige mhhGFadatEedby X Preseht he
structure of each of the projection devices 3601 and 3702 which are

respect i ¥nwvgnthonntoi hhei gdsplak poatidh 3Bash of the projection devices
3601 and 3702 is nmade of a light source optical system 3801, mrrors 3802

and 3804 to 38Pfg. a4 shbaisCangdddle I8P d@spuhgwﬁggﬂ,i@ciﬁ%cg m&iyst al
di spl ay devi ce 3808, .a phase difference plate 3809 and a projection
optical BsydyaBd818 dibpaay pbeeibanm Pl a2 FSt£Ms 3303 and the like.
The goggle type display of the present invention can be completed
by applying the semiconductor device manufactured by f.he present
invention to the display portion 3302.
Fig. 14E shows a player using a recording medium on which
a program is recorded (hereinafter referred to as the recording
medium), and the player includes amain body 3401, adisplayportion
3402, speaker portions 3403, a recording medium 3404, operating
switches 3405 and the like. This player uses a DVD (Digital
Versatile Disc), a CD and the like as the recording medium, and
enables a user to enjoy music, movies, games and the Internet.
The recording medium of the present invention can be 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. The digital camera of the present invention canbe completed

by applying the semiconductor device manufactured by the present



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

adj usting phase difference, an IRfilpger the like in the path indicated
by arro ' 1. +15 -688- Fig. 15D.is i_,ew showi ng one exanpl e of the
st ruct u\r/\%ng%&tc}%ﬂlFéh&%o‘g?ggfﬁ‘gt 985219%33:@123801 shown in Fig. 15C. In
this enbodi rre]?ig t?gAI i ght source optical system 3801 is nade of a
reflector 3811,°a Irghf 08 & B8ABt [F¥Re Rredectom yhirh Beakydes a

pol ari ziﬁ;?? 0, vecr)gi n el eg}.e#t 3815 and a condenser |ens 3816.

| nci dent i W 1T9MCR ot Srsergen A&Wnaikbike Aikei.g. ThEDErenbne
exanpl e, .and the ipventiqQn is not particularly limted to the shown

constr uc‘ﬁ%%?rﬁé?cg?ﬁﬁﬁpg’,e PR Ee iiAd by anmiting a Rd duddemy st hdysplay
approprigate]y djispose an optical system such as an optical lens, a film
havi ng epo‘r%%i § ghighh @onstitetes | an part sof uthe profestionf&evesee, an
IR filmor the like. The projector shown in Figs. 15A to 15D is of the type
using aa0hfdphrdher v gecubtopti cal device, but there is not

shown an exanple in which the invention is applied to a reflection type of
el ectro-opti cdi9-ddvBcehawd a reamttype priojectes ehich gnclGleshavasn Nobil e
t el ephone which includes a main body 3901, a sound output portion 3902, a
sound i R dPLi enhpredestianddepliay 02| @m3004r IPEI Ald Berevhi$Ees 3905,

an ant enna
and the like. The rear type projector can be completed by applying
the liquid crystal display device 3808 which constitutes a part
of the projection device 3702 and other driver circuits.

Fig. 15C shows one example of the structure of each of the
projection devices 3601 and 3702 which -are respectively shown
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 prism 3807, a ligquid
crystal display device 3808, a bhase 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 optical lens,
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.



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

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

applying the_sem conductor device manufactured by the present invention
-69- to the dfdfl-aySPoffi enyisgoshawd ngoose pxgmplecoshdhe & tiugtive whi ch
i ncludes a main body 4101, a support base 4102, a display portion 4103 and
the |ik@F the lipbs| souseet ﬂﬁtéeégeﬁystqmeaaoa;nsh@mnbﬁlmtem@. bytn

appl yi ng .the sem conductor device manufactured by the present invention

to the &hd§ grbpdimeat.41be. 1Tghti seenicteowpitd cadr siysitlear 380 adwamaieous to
a large-screen display, and is advantageous to a display having a di agonal
si ze of of0aj nefitectorn®stl( parlight asdyrce IABihcHemDammE) 3853 idhd
apparent fromthe foregoing description, the range of applications of the
i nvent i 881lés axpolarelying deonvand idie eliemetitt B8L5CaNd ke ciliddmsk+ Q ey
category of electronic apparatus. Electronic apparatus according to the

i nvent i 8816an becidabtaklly, byheisiight setsteUepteBalBees®hm TRk Rat i on of
arbitrary ones of Enbodinents 1 to 6 and 8 to 11 or Enbodinents 1 to 5 and

I7i nte gr 1pigEnbspli terind 4xampie, Rk aHe BRRHTIRM 4s2RoeXBERE dulathiych a
limited to the shown construction. For example, those whose
embody the invention may appropriately dispose an optical system
such as an optical lens, a £film having a polarization function,
a film for adjusting phase difference, an IR film or the like.

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

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

Fig. 16B shows amobile book (electronic book) which includes
amain body 4001, display portions 4002 and 4003, a storage medium
4004, operating switches 4005, an anfenna 4006 and the like. The

mobile book of the present invention can be corhpleted by applying

the semiconductor device manufactured by the present invention



beamis fornmed using a diffractive optics (diffraction grating) instead of
the convex lens used in Enbodinent 1 will be described belowwth
reference to Fig. 24. In Fig. 24, a laser 401, a mrror 402, a diffractive
optics 403, a linear beam 406, a non-irradi ated body 104 and a gl ass
substrate 105 are depicted. Mreover, the reference nunerals 107, 108 and
109 denote the directions in which thegubstrate is noved. -70- Wen the

| aser b | t ‘ .laser 401 is ipcident into the diffractive
optics 4%% % %ﬁgpiréf%épgb%st%@?iﬁ%ir‘lﬁé m 406 can be forned on the
irradi ati on syfac r in its neighborhood. . The shape of the |inear beam
may be forrredttrblﬁ aglgg:oﬁ#lf)ﬂ?ef‘ lﬁ@@?&’{fn}ﬂg&t RO hydem e madnoBeAys418by eover,
if the |jinear 0b am_ i s4i?§gtly incident into the irradiation surface, the

i nt er f eret P Tan 1S t &1 91ipPIefoRPTFtEOM 4163 endt thepdalkeexpBhder is

set bet\@.eri t he er 401 and the mirror 402, or between the mrror 402
and t he FRYIL QS % REesempinvanting wn do onepléted bhappiyied sizes
in both (ﬂ‘ the |onger direction and the shorter direction, respectively.
Mor eoverte FERdCoRglckey Asvise marufacturpdubyl the présent rorsemeiobe set .
Then, while the |linear beamformed in this way irradiates, it can '
i rradi att® tHee ddiFpiayr dgidiian 4h0Be Thea mvembionr adi gieartiduolyr1P4 by
being relatively noved with respect to the irradiated body 104 , for
exanpl e AdvantRgeguseEpi anlande cacedeni dhsphay card ehs mdvanBigéoddeer t he
directions indicatedwith the reference nunerals 108, 109.

adisplayhavinga diagonal size of 10 inches ormore ( particularly,

30 inches or more).

As 1s apparent from the foregoing description, the range
of appiLications 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 é. linear
beam is formed using a diffractive optics (diffraction grating)r
instead of the convex lens used in Embodiment 1 will be described
below with reference to Fig. 24.

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

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



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

| aser beans |inear beans having the sanme shape on the irradiation surface.
Therefore, since the sane annealing is carried out in any regi on where any
| i near beam irradi ates, the whole surface of the irradi ated body reaches
to have a uniform physical -property ar@0the throughput is enhanced. -71-

It shoul Whes mbeclabBatbdin %@Mé@?fon?‘tﬁe iﬁfla?}h%ﬂ‘i . %\e,:'é;e(c%%% i,()r{dti%nﬁghi d

the diffractive optics could be used Instead 0

be not edthbaBilcre i rad, e f_ khe; t _E dijrent. coul d be freely
conbi ned vi t hlEnbggga%ek,%t EPEX?Er Eﬁéh"i? t‘?’%éﬁfﬁﬂ%’éﬁgﬁ al S gt Ream

|l catedogsediobb aviuetabens SARIN b SIELGURS & EO0LLAUALLN o he

present invention: a) Since’i S
in size. Simlarly

tical g td he, devi ce b t
"h the cans SHERR Je GRS HGea " Paslh S Hehcreaned kbHu BPTRDTARAY L y o

I n the case where a plurali

| asers o b n inds_are used, the optical adjustnent is easy, and
the devi %%gﬁég‘%ﬁgé‘é%n%%‘i’?rﬁtﬁ"‘i CPEETS SMREE B Ry A dhe yinesia deami t h
respect Lucality, of |asers, the return beam can be prevented, and it
becomnes }ég Sglaglﬁ:lli& rl%%%‘?%‘&fra?%%!e teragiahion syrfacgscthmanseriierence

i rradi at‘;é) of |aser {:s carried out using a plurality of |aser beans,

si nce t FEFBDPYTRFCESREeM is sinplified, it is capable of easily making the

sanme shapes
It should be noted that a beam expander is set between the

laser 401 and the mirror 402, or between the mirrof 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 respéct to the irradiated
body 104, forexample, inthedirection indicatedwiththereference
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 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 Ito

have a uniform physical property and the throughput is enhanced.



of the all laser beanms. Therefore, uniformannealing can be carried out to-
the irradiated body. This is particularly effective in the case where a

substrate has a large area. (d) It greatly sinplifies synthesis of a
plurality of |laser beans. Therefore, even if it is a |laser having a | ower
output, it is sufficiently applicable by enploying a plurality of these.
(e) The throughput is capable of being gphanced. -72- still nore, the
enhancenent of the operating property and reliability of a sem conductor
devi ce cdit 58OVES beeaoitpdatberti d.onEmboddmeatisc @ - 41, epsedented Predamact i ve
mat ri x tépe crystal display device. Furthernore, the reduction of the
manuf act EMPRG1EESL . othe hii £ fead Civel ugitticsl@o@d Banubed o tdad.of 3hel. A
| aser irradiation device conprising: a laser; and a diffractive optics,
wher ei n gonye®r leesm enitted fromsaid laser is slantly incident with
respect to said diffractive optics, and wherein said diffractive optics is

set so that salll slaseld iramoitedsthat! ¥henepeeshl Wditbn SHPe%e bRedlnt
irradiated surface. 2. A laser irradiation device conprising: “a laser; and

a di f fr aEmbuéimpht cSoud &€ fre I ATIMPEAN St efvbadMetdisd 5 #RShulgR
slantly incident with respect to said diffractive optics,

7.

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

(a)Sinceitisaaverysimplifiedconfiguration,theoptical
adjustmentiseasyandthedevicebecomescompactinsize.Similarly
in the case where a pPlurality of lasers of the same kind or a
plurality of lasers of different kinds are used, the optical
adjustment is easy, and the device becomes compact in size.

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

(c)Eveninthecasewherethei:xadiationoflaSeriscarried
out using a plurality of laser beams, éince the optical system
is simplified, it is capable of easily making the same shapes
ofthealllaserbeams.Therefore,uniformannealingcanbecarried
out to the irradiated body. This is particularly effective in
the case where a substrate has a large area.

(4} 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.



wherein said diffractive optics is set so that said | aser beamis slantly
incident wth respect to an irradi ated surface; and wherein a shape of
said | aser beamis defornmed through said diffractive optics so that said
shape of said |laser beamis in a linear shape on said irradiated surface.
3. Alaser irradiation device conprising: a laser; and a diffractive
optics,- wherein said diffractive optiQ§¥'§ set so that a |aser beamemtted
fromsaid laser is slantly incident with respect to an irradi ated surface;
wherei n a shapéfidhidiesatttefy beathes edevantaydshiesoi sad dbdivef, recitiiv e
optics so that said shape of said |laser beamis in a |inear shape on said

i rradi at ®8@rsur the esnhantcemdret eifn thebeperkengyhpropérspiazhd asandv@amty
incident into an irradi ated body being set over a substrate, the thickness
d of sai dfsusemniaorduahdr devive cmmbeards Bi £o®f nsoé el 668ucbeaeatiphi ch
said |laser beamis incident with respect to said irradi ated body satisfy
the folreprageatpiebyi an aftivelmed € V\ffﬁexcﬁl%'%taﬂ- dfsfeubCae’qcy di ng
to claim1, wherein said laser is a solid state laser, a gas |laser or a
met al | aBerthérmopti Nitbes @sMidd @r 0§F OthRUhEIHdtd AP eodd of thedevi ce
according to claim2, wherein said laser is a solid state |aser, a gas

| aser orsemf@bAiubeser deyieenEhAUBHS raddljleri i on or pul se oscillation. 6. A
device according to claim 3, wherein said laser is a solid state |aser, a
gas laser or a netal l|aser of continuous oscillation or pulse oscillation.
7. A device according to claim1, wherein said | aser is one selected from
YAG |aser, YVO |aser, YLF laser, YALB |aser, glass |laser, ruby |aser,

al exandrite laser, Ti: sapphire |laser of continuous oscillation or pulse
oscillation. 8. A device according to claim2, wherein said |aser is one
sel ected from YAG '



| aser, YVO4 |aser, YLF laser, YALO3 |aser, glass |aser, ruby |aser,

al exandrite laser, Ti: sapphire |laser of continuous oscillation or pulse
oscillation. 9. A device according to claim3, wherein said | aser is one
selected from YAG |aser, YVO4 |aser, YLF |laser, YALO3 |aser, glass |aser,
ruby | aser, alexandrite laser, Ti: sapphire |aser of continuous
oscillation or pulse oscillation. 10. A device according to claim1,
wherein said | aser is one selected fromexcinmer |laser, Ar |laser, Kr |aser
and CO2 | aser of continuous oscillation or pulse oscillation. 11. A device
according to claim2, wherein said |laser is one selected from exci ner

| aser, Ar laser, Kr laser and CO2 | aséB of continuous oscillation or pulse
oscillation. 12. A device according to claim3, wherein said |aser is one
sel ect ed from bxtiatgyiraigion device cPRPEFINGYK, | aser and CO2 | aser of

conti nuous oscaldsat s or pul se oscillation. 13. A device according to
claim1i, mereﬁﬁifﬁﬁjtﬁ Iogﬁﬁ%r is one selected fromhelium cadm um | aser,
copper vapor |aser. and gold vapor |aser of continuous oscil]ation or pulse
osci |l ation. 7whereip a nserchaapecmigied fefnm gaid daser & vieply inpidend) witls sgspeqtdger i s

one sel ectRd diffraiivBeplissMudm um | aser, copper vapor |aser and gold vapor

| aser of continuous osglll)ation ar pul se cillatiqgn. 15., A devi.ce

hocor ding to. chiRRsa Airate dafte ol fo B Gh B Fon S oY LT

cadm um | witbrespedippan irssdpbad dudsexr and gol d vapor | aser of continuous
oscillation or pulse oscillation. 16. A device according to claiml1,
wherein said | aser beam.is converted .into a higher harnonic wave using a
non-1inear opt #-calasgigadiaion deyice KOMPUSAE: according to claim 2, wherein said
| aser beamis gtwstesdded into a higher harnonic wave using a non-linear

optical el emenj ‘fﬁ'z?cﬁvﬁ‘o 'é’si ce according to claim3, wherein said | aser beam
a

is converted into : et harnonic wave using a non-|inear optical
el enent . wherein a laser beam emitted from said laser is slantly incident with respect to

said diffractive optics,

wherein said diffractive optics is set so that said laser beam is slantly incident
With respect to an irradiated surface; and

wherein a shape of said laser beam is deformed through said diffractive optics so
that said shape of said laser beam is in a linear shape on said irradiated surface.

3. A laser irradiation device comprising:

a laser; and

a diffractive optics,

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

wherein a shape of said laser beam is deformed through said diffractive optics so
that said shape of said laser beam is in a linear shape on said irradiated surface; and

wherein a beam length w of said laser beam incident into an irradiated body being
set over a substrate, the thickness d of said substrate, and an incident angle 6 of said laser
beam at which said laser beam is incident with respect to said irradiated body satisfy the
following expression:

6 = arctan (w/(2 x d)).

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



19. A device according to claim3, wherein said incident angle O is
Brewster's angle. 20. A laser irradiation nethod conprising: emtting a

| aser beamfroma | aser; making said | aser beamslantly incident with
respect to a diffractive optics; setting an irradi ated surface so that said
| aser beam travel ed through said diffractive optics is slantly incident
Wth respect to said irradiated surface; deform ng a shape of said |aser
beam so that said shape of said |laser beamis in a |linear shape on said
irradiated surface; and irradiating said linear |aser beamto said
irradiated surface while said |inear |aser beam and said irradiated
surface are relatively noved. 21. Al a%r irradiation nmethod conpri si ng:
emtting a |l aser beamfroma | aser; naking said |l aser beam slantly incident
wth respect to a diffractive optics; 76 setting an irradi ated surface so
that said | aseP- Bedaviceragoatliog to nlamgh vdwrain did flasac isi a/ solispstate dases asgaant | y

i nci dent  Wskhor B8BECThsek 6f Sidtidubils' AN It BeGilatdaf Or m ng a shape of said
| aser beam so that said shape of said |aser beamis I1n a |inear shape on
said irradiated surface; and irradiating said linear |aser beamto said

i rradi at ed sur badedenivclaecading tb ictedar3, vaeadin sdiédmsenizch saiddstite nadi, at ©¢

surface aﬁ&elrﬁlaaﬂ.lggmh%rg}l:)%igaum%%ahgﬁ&bée}%ﬁgeIgg‘{}ﬁgtﬁnyv of said | aser beam

incident into said irra surface over a substrate,
t hi ckness d of said substrate, an incident angle O of said | aser beam at

whi ch sai d | aser Abi#iteisscdriial 46 Rlain £ RvlcReD 84l 14:@r 5261 deldchdi e AT f ace

i sf | 0] w (2 22 A hod
ecor ol ng BE NOCISEYERERED Y ARy dorer Rl Y beer pickdids S ooty TF

sapphire laser of continuous oscillation or pulse oscillation.

8. A device according to claim 2, wherein said laser is one selected from YAG
laser, YVOy laser, YLF laser, YAIO; laser, glass laser, ruby laser, alexandrite laser, Ti:
sapphire laser of continuous oscillation or pulse oscillation.

9. A device according to claim 3, wherein said laser is one selected from YAG
laser, YVOyq laser, YLF laser, YAIO; laser, glass laser, ruby laser, alexandrite laser, Ti:
sapphire laser of continuous oscillation or pulse oscillation.

10. A device according to claim 1, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and CO, laser of continuous oscillation or pulse oscillation.

11. A device according to claim 2, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and CO; laser of continuous oscillation or pulse oscillation.

12. A device according to claim 3, wherein said laser is one selected from excimer
laser, Ar laser, Kr laser and CO; laser of continuous oscillation or pulse oscillation.

13. A device according to claim 1, wherein said laser is one selected from helium-
cadmium laser, copper vapor laser and gold vapor laser of continuous oscillation or pulse
oscillation.



solid state |aser, a gas laser or a netal |aser of continuous oscillation
or pulse oscillation. 23. A nethod according to claim2l, wherein said

| aser beamis oscillated froma solid state | aser, a gas |aser or a netal

| aser of continuous oscillation or pulse oscillation. 24. A method
according to claim 20, wherein said | aser beamis oscillated from one

sel ected from YAG | aser, YVO4 |aser, YLF |aser, YALO3 |aser, glass |aser,
ruby |aser, alexandrite laser, Ti: sapphire |aser of continuous
oscillation or pulse oscillation. 25. A nethod according to claim 21,
wherein said | aser beamis oscillated from one selected from YAG | aser,
YVO4 | aser, YLF laser, YALO3 |aser, gl®ss |laser, ruby laser, alexandrite

| aser and Ti: degﬁine | aser of continuous oscillation or iulse i

osci |l ation. 26% /pdrdtansacrdieds alay 2y wheri saddeser fwe splrcted ramy bekiw- peam i s
osci | | at edadniiom laseneoppireap@dader amd gold vamir ldsaseficonidiudua osuillatiéh dr psleé and
Cx2 | aser ,9finGRQti nuous oscillation or pulse oscillation. 77 27. A method
according to cﬂain121, wherein said | aser beamis oscillated from one
selected fromexciner |aser, Ar laser, Kr laser and CO2 | aser of continuous

oscillation or1pW a&icsdetdlimioiteBlaim 8, whertRisHRIdaRE EUndisBgctb® frematMuA0,
wherein said . aser beamis oscill a&g(ggf rom on(gt.cse.ect ed f

m
hel i umm o CHATRHET 3E, COPRSs Y AR Tosghatd ol 4PPoa o ADUSHRYS Orcillgion sy pulse
cont i nuousscdldation] ati on or pul se oscillation. 29. A nethod according to
claim 21, wherein said |aser beamis oscillated from one selected from
hel i um cadm um | aser,. copper. vapoy .|l aser and gol d vapor | aser of.
continuous osci?I/adPyRe 8rcopting & eleim |1, thersin saad laser hean Sgcopvertrdntiya t o
cl ai m 20, highariarmomawdve assy a healinéas optivaveleinegt. i nto a hi gher harnonic wave
through a non-linear optical elenent. 31. A nethod according to claim 21,

wherein said | aser beamis converted into a higher harnonic wave through a
non-1i near optitah deyiegragpording to claim 2, wherein said laser beam is converted into a

higher harmonic wave using a non-linear optical element.

18. A device according to claim 3, wherein said laser beam is converted into a
higher harmonic wave using a non-linear optical element.

19. A device according to claim 3, wherein said incident angle 0 is Brewster's
angle.

20. A laser irradiation method comprising:

emitting a laser beam from a laser;

making said laser beam slantly incident with respect to a diffractive optics;

setting an irradiated surface so that said laser beam traveled through said
diffractive optics is slantly incident with respect to said irradiated surface;

deforming a shape of said laser beam so that said shape of said laser beam is in a
linear shape on said irradiated surface; and

irradiating said linear laser beam to said irradiated surface while said linear laser
beam and said irradiated surface are relatively moved.

21. A laser irradiation method comprising:
emitting a laser beam from a laser;
making said laser beam slantly incident with respect to a diffractive optics;
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setting an irradiated surface so that said laser beam traveled through said
diffractive optics is slantly incident with respect to said irradiated surface;

deforming a shape of said laser beam so that said shape of said laser beam is in a
linear shape on said irradiated surface; and

irradiating said linear laser beam to said irradiated surface while said linear laser
beam and said irradiated surface are relatively moved,

wherein a beam length w of said laser beam incident into said irradiated surface
being set over a substrate, thickness d of said substrate, an incident angle 0 of said laser
beam at which said laser beam is incident with respect to said irradiated surface satisfy
the following expression:

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

22. A method according to claim 20, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

23. A method according to claim 21, wherein said laser beam is oscillated from a
solid state laser, a gas laser or a metal laser of continuous oscillation or pulse oscillation.

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

25. A method according to claim 21, wherein said laser beam is oscillated from
one selected from YAG laser, YVOq laser, YLF laser, YAIO; laser, glass laser, ruby
laser, alexandrit¢ laser and Ti: sapphire laser of conmtinuous oscillation or pulse

oscillation.

26. A method according to claim 20, wherein said laser beam is oscillated from
one selected from excimer laser, Ar laser, Kr laser and CO, laser of continuous

oscillation or pulse oscillation.
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27. A method according to claim 21, wherein said laser beam is oscillated from
one selected from excimer laser, Ar laser, Kr laser and CQO; laser of continuous
oscillation or pulse oscillation.

28. A method according to claim 20, wherein said laser beam is oscillated from
one sclected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

29. A method according to claim 21, wherein said laser beam is oscillated from
one selected from helium-cadmium laser, copper vapor laser and gold vapor laser of
continuous oscillation or pulse oscillation.

30. A method according to claim 20, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical element.

31. A method according to claim 21, wherein said laser beam is converted into a
higher harmonic wave through a non-linear optical clement.



