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LASER IRRADIATION METHOD AND LASER IRRADIATION DEVICE

AND METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a laser irradiation method

and a laser irradiation apparatus for using the method {apparatus
including a laser and an optical system for guiding laser beam
emitted fromthe laser toanobject tobe irradiated). In addition,
the present invention relates to a method of manufacturing a
semiconductor device, which includes a laser beam irradiation
step. Note that a semiconductor device described here includes
an electro-optical device such as a 1iquid 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 has been made on a technigque
in which laser annealing is performed for a semiconductor £ilm
formed on an :Lnsﬁlating substrate made of glass or the like, to
crystallize the film, to improve its crystallinity so that a
crystalline semiconductor f£ilm is obtained, or to activate an
impurity element. Note that a crystalline semiconductor £ilm
in this specification inﬁicates a semiconductor film in which
acrystallizedregionispresent, andalso includes a semiconductor
film which is crystallized as a whole.

A method of forming pulse laser beam from an excimer laser
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or the like by an optical system such that it becomes a square

spot of several cm or a linear shape of 100 mm or more in length
on a surface to be irradiated, and scanning the laser beam (oxr
relatively shifting an irradiation position of the laser beam
with 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 means not a "line” in the strict
sense but a rectangle (or a prolate ellipsoid shape) having a
high aspect ratio. For example, it indicates a shape having an
aspect ratio of 2 or more (preferably, 10 to 10000). Note that
the linear shape is used to obtain an energy density required
for sufficiently annealing an object to be irradiated.

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

Laser beam emitted from a laser 71 is divided in a direction
perpendicular to a traveling direct‘ion thereof by a ¢ylindrical
1ens group 73, thereby determining a length of linear laser beam

in a perpendicular direction. The direction is called a first
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directioninthis specification. Itisassumedthat, whenamirror

is inserted in a course of an optical system, the first direction
is changed in accordance with a direction of light bent by the
mirror. In the configuration, the ceylindrical lens array is
divided into seven parts. Then, the laser beams are synthesized
on a surface to be irradiated 79 by a cylindrical lens 74, thereby
homogenizing an energy density distribution of the linear laser
beam in the longitudinal direction.

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 thisg
speciflcation. It is assumed that, when a mirror is inserted
in a course of an optical system, the second direction is changed
in accordance with a ﬁirection of light bent by the mirror. 1In
this configuration, the cylindrical lens arrays 72a ami 72b each
are divided into four parts. The divided laser beams are
temporarily synthesized by a cylindrical lens 74. After that,
the laser beams are reflected by a mirror 77 and then condensed
by a doublet cylindrical lens 78 so that they become again single
laser beam on the surface to be irradiated 79. The doublet
cyiindrical lens 78 is a lens composed of two cylindrical lenses.
Thus, a homogenized energy density distribution of the linear

laser beam in a width direction and a length of the linear laser
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beam in a width dir_action are determined.

For example, an excimer laser in which a size in a laser
Wi.nﬁow is 10mm x 30 mm (which each are a half-width in beamprofile)
is used as the laser 71 and laser beam is produced by the optical
systém having the configuration shown in Figs. 72 and 78B. Then,
linear laser beam which has a uniform energy density distribution
and a size of 125 mm x 0.4 mm can be obtained on the surface to
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 conducted for the
optical system such that transmittance of 99% or more is obtained
at a frequency of the used excimer laser.

Then, the linear lasexr beam formed by the above configuration
is irradiéted with an overlap state while being gradually shifted
in a width direction thereof. Thus, when laser annealing is
prerformed for the entire surface blf an amorphous semiconductor
film, the amorphous sernicpnductur film can be crystallized,
crystallinity can be irnprova.d to obfain 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
@ 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
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is enlarged.

Furthermore,1nthecasewhergalaserbeamwhosereflectance
with respect to the irradiated body is high is used, when the
foregoing laser beam is perpendicularly incident into the
irradiated body, what is called a return beam is generated, which
returns on the same optical path when the beam is incident into
the irradiated body. The return beam becomes a factor having a
bad influence on an output of the laser and the variation of
frequencies and the destruction of the rod or the like.

Hence, an object of the present invention is to provide
4 laser irradiation device in which a li-naar beam is formed using
an optical system more simplified than the conventional ones and
which can effectively anneal using such a linear beam, and a laser
irradiationmethod using sucha laser irradiationdevice. Moreover,
another object of the present invention is to provide a method
of manufacturing a semiconductor device in which the foregoing
laser irradiation method is included in its step.

The present invention is characterized in that an aberration
such as an astigmatism or the like is generated by a laser beam
being sl#ntly 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 qonfiguration of the invention relating to a laser
irradiation device disclosed in the present specification is
éharactérized in that it has a laser and a convex lens slantly

set with respect to the traveling direction of the laser beam
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emitted from the foregoing laser and making the shape of the

foregoing laser beam linear on the irradiation surface or in its
neighborhood.

Moreover, as for the other configuration ofthe invention
relating to a laser irradiation device, it is a laser irradiation
device having a laser and a convex lens which is slantly set to
the travelingdirectionof the laser beamemitted £romthe foregoing
laser and makes the shape of the foregoing laser beam on the
irradiation surface or in its neighborhood in a linear shape,

it is characterized as follows: supposing that the bea;n
width measured when a laser beam emitted from the laser via the
foregoing convex lens is incident into the irradiated body formed
on the substrate is w. and the thickness of the foregoing substrate
is 4, the foregoing laser beam is incident with respect to the
foregoing irradiated body, at an incident angle 8 ss;utisfying the
followlng expression:

0 = arctan (w/{(2 x d))
In the respective configurations described above, the foregoing
laser is characterized in that it is a solid state lasef, a gas
laser, or a metal laser of continuous osclllation or pulse
osc;.llation 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
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arelisted,andastheforegoingmetallasar,helium-cadmiumlasar,
copper vapor laser, gold vapor laser and the like are listed.

Moreover,intherespéctiveconfigurationsdescribedabove,
it is desirable that the foregoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element. For
example, it is known that a YAG laser emits a laser beam in the
wavelength of 1065 nm as a fundamental wave. The absorption
coefficient of this laser beam with respect to the silicon £ilm
is very low, so it is difficult from thé technical viewpoint to
crystallize anamorphoussiliconfilmwhich 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 um), 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

gilicon £ilm.

Morenver,intherespectiveconfigurationsdeacribedabove,

the foregoing convex lens is characterized in that it is an
aspherical lens. Furthermore, as a convex lens, meniscus lens,
biconvexlﬂns,planowconvexlensandthelikaaralisted,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.



5 JUN 2006

- TR
Moreover, in the configurations described above, for the

foregoing substrate, a glass substrate, a quartz substrate, a
silicon substrate, a plastic substrate, a metal substrate, a
stainless clad substrate, a flexible substrate and the like can
be utilized. As the foregoing glass substrate, a substrate
consisted of glass such as barium borosilicate glass,
aluminoborosilicate glass or the like can be listed. Moreover,
a flexible substrate is referred to a substrate in a f£ilm shape
consisted of PET, PES, PEN, a;cryl or the like, if a semiconductor
device is prepared by utilizing the flexible substrate, the weight

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

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

made of aluminum £ilm (A1ON, A1IN, Al0 or the like), carbon film
(DLC (diamond like carbon) or the like), SiN or the like is formed
in amonolayer or multilayer, it is desirable that the durability
or the like 1s enhanced.

Moreover, the configuration of the invention relating to
2 laser irradiation method disclosed in tﬁe present specification
is characterized in théxt 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 metheod is charécterized in that, through a

convex lens slantly set with respect to the traveling direction
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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 beam is incident into the
irradiated body formed on the substrate is w, and the thickness
of the foregoing substrate is d, the foregoing linear beam is
incident into the irradiated body, at the incident angle 6
satisfying the following expression:
0 = arctan (w/(2 x d})

and the foregoing linearbeamirradiateswhile the foregoing linear
beam 1s moved relatively to the Fforegoing 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
osciliat:l.on. It should be noted that as the foregoing solid state
laser, YAG laser, YVQ, laser, YLF laser, YAlO; laser, glasg laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or pulse oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, CO.
laser or the like of continuous oscillation or pulse oscillation
are listed, and as the foregoingmetal laser, helium-cadmium laser,
copper vapor laser, gold vapor 'lase.r 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\-linéar optical element.
Moreover, in the respective configurations described above, the

foregoing convex lens is characterized in that it is an aspherical
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lans.Furthermora,aseaconvaxlens.meniscuslens,biconvexlens,

p;l.ano-convax lens and the like are listed, however, as the convex
lens in the present invention, it may be any lens out of these
lenses aﬁd the incident surface of the laser beam may be either
of the two surfaces of the convex lens.

Moreover, in the configurations described above, for the
foregoing substrate, a glass substrate, a gquartz substrate, a
silicon subsirate, a plastic substrate, a metal substrate, a
stainiess clad substrate, a flexible substrate and the like can
be utilized.

Moreover, the configuration of the invention relating to
a method of manufacturing a semiconductor device disclosed in
thepresentspecificationischaracterizedinthatthroughaconVEx
lens slantly set Qith respect to the traveling direction of the
laser beam, a linear beam is formed on the irradiation surface
orinitaneighborhood,theforegoinglinearbeamirradiateswhile
the foregoing linear beam is relatively moved with respect to

the semiconductor film.

'Moraover,theotherconfigurationoftheimventionrelating

to a method of manufacturing a semiconductor device is
characterizéd 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.
Sﬁpposing that a beam width measuread when the foregoing linear
beamisincidentintothasemiconductdrfiimformedonthesubstrate

is w, and the thickness of the foregoing substrate is d, the
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foregoinglinearbeamisincident withrespect to the semiconductor
film at the incident angle 0 satisfying the following expression:
6 = arctan (w/(2 x d))
and the foregoing linear beam irradiates while the foregoing linear
beam is moved relatively to the foregoing semiconductor film.
In the respective configuraﬁions described above, the foregoing
laser is characterized in that it is a solid state laser, a gas
lasexr, 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, YAlQ; laser, glass laser,
ruby laser, alexandrite laser, Ti: sapphire laser or the like
of continuous oscillation or puise oscillation are listed, as
the foregoing gas laser, excimer laser, Ar laser, Kr laser, COs
laser or the like of continuéus oscillation or pulse oscillation
are listed, and as the foregoingmetal laser, helium-cadmium laser,
copper vapor laser, gold vapor laser and the like are listed.
Moreover, in the respéctive configurations described above, it
is desirable that the foregeoing laser beam has been converted
into a higher harmonic wave by a non-linear optical element.
Moreover, in the respective configurations described above, the
foregoing convex lens is characterized in that it is an aspherical
lens. Furthermore, as a convex lens, meniscus lens, biconvex lens,
plano-convex lens and the like are listed, however. as the convex
lens in the present invention, it may be any lens out of these
lenses and the incident surface 6f the laser bheam may be either

of the two surfaces of the convex lens.
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Moreover, in the configurations described above, for the

foregoing substrate, a glass substrate, a quartz substrate, a
silicon substrate, a plastic substrate, a metal substrate, a
stainless clad substrate, a flexible substrate and the like can
be utilized,

Moresover, in the respective configurations, it is desirable
thattheforegoingsemiconductorfilmisafilmGOHtainingsilicon.
Since the present invention has a very gimplified configuration,
optical adjustment is easy, and the device becomes compact in
size. Moreover, even in the case where the irradiation is performed
using a plurality of laser beams, since the optical system is
simplified, it is possible to 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 shaﬁe of plurality of laser
beams. If the beam irradiates on a substrate having a larga area
using such a plurality of laser beams, it is capable of enhancing
thethroughput.Moreover,thebeamcanlxautilizede5ynthasizing-
such a plurality of lasers. Furthermore, since the present
inventionisslantlyincidentwithrespecttotheirradiatedbody.
thefeturnbeamcanbe;uﬂvented,sinceanisolatorisnotrequired
to set, the configuration becomes more simplified. Therefore,
the reduction of the cost can be realized. Moreover, the efficient
irradiation can be performed with respect to the semiconductor
film formed on the substrate, and it makes possible that the
variation of the electrical property of TFT prepared can be reduced

using such a semiconductor. Then, the operating property and
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reliability of semiconductor prepared from such a TFT can be also

enhanced,

BRIEF DESCRIPTION OF THE DRAWINGS

In the a accompanying drawings:

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 0 of
a laser bheam 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 1r£adiation 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 pfesent invention in the case a plurality of laser beams
is used;

Fig. 6 1s 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
opticai system;

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

Figs. SA'to 9C are cross sectional views for explaining



5 JUN 2006

-14-

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

Fig. 10 1s a cross sectional view for explaining a step
of manufacturing a pixel TFT and a TFT for a driver circuit:

Fig. 11 is a top view for explaining a structure of a pixel
TFT:

Fig. 12 ig 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 emltting device;

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

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

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

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

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

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

Figs. 202 to 20B are diagrams showing examples of
manufacturing TFT by'using the present invention and measuring

the electric characteristics;
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Figs. 214 to 21C are diagrams showing examples of

manufacturing TFT by using the present invention;

Pigs. 22A to 22B are diagrams showing examples of
manufacturing TFT by using the present invention and measuring
the electric characteristics:

Figs. 23A to 23B are diagrams showing examples of
manufacturing TFT by using the present invention and measuring
the electric characteristices; 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 crystallizationland shows dependency on channel length.

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

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

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

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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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.
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A laser beam emitted from a laser 101 is incident into a
convex lens 103 via a mirror 102. Here, as the laser 101, a solid
state laser, a gas laser or ametal laser of continucus oscillation
or pulse oscillation is used. It should be noted that as the
foregoing solid state laser, YAG laser, YV0O, laser, YLF laser,
YAl1Q; laser, glass laser, ruby laser, alexandrite laser, Ti:
sapphire1asarandthelikearelisted,asthefnregoinggaslﬂSEI,
excimer laser, Ar laser, Kr laser, C0O; laser and the like of
continuous oscilllation 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 ih-both of longer direction and shorter
direction, respectively. The beam expander is particularly
effective in the case wheré tha shape of the laser beam emitted
from the laser is small. Moreover, the mirror may not be zet,
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
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made of a synthetic quartz glass, it is desired since a high

transpélrency is obtained. Moreover, as for the coating provided
on the surface of the convex lens 103, it is desirable that one
capable of obtaining the transparency of 99% or more with respect
to the wavelength of the utilized laser beam is used. Moreover,
as for the convex lens, it is desirable that an aspherical lens
whose spherical lens aberration is corrected is used. If an
aspherice&l lens is used, the condensing property is ephanced,
and the aspect ratic and the distribution of the energy density
are also enhanced. |

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

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 baam 6n the back
surface of tﬁe substrate 105 on which the irradiated bhody 104
is formed. In Fig. 2, as the irradiated body 104, an example in
which a semiconductor 11 is formed on a substrate 10 is shown.
If the reflection beam 14 on the surface of the semiconductor

film 11 and the reflection beam 13 on the back surface of the
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substrate 10 are not superimposed, the interference due to these

beams does not occur.

In this case, when a flat plane which is perpendicular to
the ;‘.rradiated surface and which is one of the plane containing
short side or the long side of a rectangle which is assumed to
be a shape of the long beam is defined as incident surface, i'l_:
is desired that the incident angle 8 of the laser beam satisfies
B = arctan (W/2d) where W is a length of the short side or the
long side contained in the incident surface, and the thickness
of the substrate having fransparency with respect to the laser
beam is d. This W is W = (W, + Wz)/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 incideni:- ;att the incident

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

not interfered with the reflected beam from the back sufface of
the substrate to enable the irradiation of the laser beam to be.
conducted uniformly. Further, by setting the incident angle 8
on the irradiated body to the Brewster's angle, the reflectivity
is minimized to enable the laser beam to be used effectively.
In the above, refractive index of the substrateis l. Inpractice,
the refractive index of manf sﬁbstrates is about 1 5. When this

value is taken into consideration, a calculation value larger
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than the angle calculated in the above is obtained. However,

because energies of both sides of the lengthwise direction of
the linear beam are attenuated, interference influence is small
in this part and sufficient interference attenuation effect is
obtained with the above calculated value.

Moreover, the reflection prevention film may be formed on
the surface of the irradiated body.

When the annealing of the semiconductor film iy performed
using such a laser irradiation device, the relevant semiconductor
film can be crystallized, the crystalline semiconductor can be
obtained by enhancing the crystallinity and the activation of
the impurity elements can be carried out.

It should be noted that the shapes of the laser beams are
different depending on the kinds of the laser beams emitted from
the lasers, even if the laser beam is formed by the optical system,
itissusceptibletoandeaailyinfluencedwiththeoriginal$hape.
Forexample,theshapeofthe1aserbeamemittedfrmnaXeCleinmer
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 c¢ircular shape, and if it is in
aslabshape,itbecomesarectangulafshape.Theprasantinvention
can be applied to any shape.

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

indicated below.
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Embodiments

Embodiment 1

In the present Embodiment, an example in which a linear
beam is formed by the present invention will be described below
with reference to Fig. 1 and Fig. 3.

As the laser 101, YAG laser is used. Supposing that the
laser beamoscillated from the laser 101 is converted to the second
higher harmonic wave by & 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, the beamis incident withrespect to the convex
lens 103 having a focal length of 20 mm at the ing¢ident angle
¢ of 20 degrees. Then, in the present Embodiment, the simnlation
is performed on the shape of the laser beam formed on the irradiation
surface disposad 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 420pm and a width of 40pm is
formed on the irradiation surfaﬁe. Moreover, the distribution
of the energy density of the linear beam is aGaussian distribution.

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

be crystailized, acrystalline serﬂiconductor filmcan be obtained
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by enhancing the crystallinity, and the activation of the impurity

can be carried out.

Embodiment 2

In the present Embodiment, an example in which the
irradiation of the laser beam is performed using a plurality of
laser beams will be described below with reference to Fig. 4.
As lasers llla-1lle, YAG lasers are used, these are converted
into the secondhigher harmonicwave by anon-linear optical element.
Then, after the respective laser beams emitted from the lasers
llla-l1lctravelviamirrors 112a-112¢, these are slantly incident
with respect to the convex lenses 1l13a-11l3c. By slantljr being
incident, the focal position is shifted by an aberration such
as astigmatism or the like, a linear beam can be formed on the
irradiation surface or in its neighborhood. Moreover, it is
desirable that an aspherical lens is used for the convex lens.
It should benoted that abeamexpander between the lasers 111a-111c
and the mirrors 112a-112¢ or between the mirrors ll2a-112c and
the convex lenses 113a-113c is set and may be expanded into the
desired sizes in both of longer direction and shorter direction,
Irespectively. Moreover, the mirror may not be set, or a plurality
of the mirrors may be set.

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

| body 104, forexample, inthedirection indicatedwith the reference
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numei:al 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
'annaalinlg is carried out on any irradiation surface where any
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, althouah
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 lase-.x; 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 T¥7Ts having different

preoperties 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 bodyusing aplurality of lasers Willl 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



5 JUN 2006

-23-
wave by utilizing a non-linear optical element. Then, after the

respective laser beams emitted from the lasers 121a.121b travel
via mirrors 122a,122b, these are slantly incident with respact
to the convex lenses 123a,123b. By slantly being incident, the
focal position is shifted by an abefrat.‘l.nn such as astigmatism
or the like, a linear beam can be formed on the irradiation surface
orinitsneighborhood. Moreover, it isdesirable that an aspherical
lens is used for the convex lens.

It should be noted that a beam expander between the lasers
12]a, 121b and the mirrors 122a, 122b or between the mirrors 122a,
122b and the convex lenses 123a, 123b is set and may be expanded
into the desired sizes in both of longer direction and shorter
direction, respectively. Moreover, the mi:::r‘dr may not be set,
or a plurality of tﬁe 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 lby being relatively moved with respect to the irradiated
body 104, forexample, inthedirectionindicatedwith the referance
numeral 107 or the direct'iqns indicatedwith the reference numerals
108, 109.

Since in the present invention, the optical gystem for forming
the linear beam has a very simple configuration, it is easy to
make a plurality of laser beams linear beams having the same shape
on the irradiation surface. Therefore, a plurality of linear heams
can be easily superimposed each other. Even in the case where

a laser having a lower output is used depending on the irradiated
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body, it can be sufficiently applied according to the present
Embodiment .

It should be noted that in the present invention, although
an example in which two beams of lasers are used is exemplified,
the number of lasers is not limited to this, and the different
kinds of lasers may be used.

Moreover, it is capable of being carried out that the present

Embodiment is combined with Embodiment 2.

Embodiment 4

In the present Embodiment, an example in which the
irradiation of the laser beams is carried out by utilizing a
plurality of lasers and superimposing these on the surface of
the irradiated beody will be déscribed below with reference to
Fig. 6.

As lasaré, 131a, 131b, YLF lasers of continuous oscillation
are used, these are converted into the third higher harmonic wave
by utilizing a non-linear optical element. Then, after the
respective laser beams emitted from the lasers 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 astigmati'sm or the like, a linear beam can
be formed on the irradiatiun surfacé 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
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131la. 131b and the convex lenses 133a, 133b are set and may be

expanded into the desired sizes in both of longer direction and
shorter direction, respectively. Moreover, the mirro: 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, inthedirectionindicatedwiththe reference
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 haviﬁg the
same shape on the irradiation surface. Tﬁerefore, a plurality
of lipnear beams can be easily superimposed each other. Even in
- the case where a laser having a lower output is used depending
ontheirradiatedbo&y,itiscapableofbeingsuffiaiEntlyapplied
according to the present Embodiment.

It should be noted that in the present invention, although
an example in which two beams of lasers are used is exemplified,
the number of lasers is not limited to this, and the different
kinds of lasers may be used. Moreover, although laser beams are
synthesized on the irradiation surface, after being synthesized,
a4 linear beam may be formed by an optical system.

Moreover, it is possible tﬁat the present Embodiment is

freely combined with Embodiment 2 or Embodiment 3.
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Embodiment 5

A method of manufacturing an active matrix substrate is
explained in this embodiment using Figs. 8 to 11. A substrate
on which a CMOS circuit, a driver circuit, and a pixel portion
having a TFT pixel and a holding capacity are formed together
is called active matrix substrate for convenience.

First, a substrate 400 made from glass such as barium
borosilicate glass or aluminum borosilicate glags is used in this
embodiment.. Note that substrates such as quartz substrates,
silicon substrates, metallic substrates, and stainless steel
substrates having an insulating £ilm formed on the substrate
surface may also be used as the substrate 400. Further, aplastic
substrate having heat resisting properties capable 6f enduring
the processing temperatures used in this embodiment may also be
used. Because this invention can easily form a linear beam with
a uniform energy distribution, it is possible that annealing the
large area substrate is conducted effectively by usinga plurality
df linear beaﬁs.

Next, a base f£ilm 401 made from an insulating film such
as a silicon oxide film, a silicon nitfide film, or a silicon
oxynitride film is then formed on the substrate 400 by the known
method. A two layer structure is used as the base film 401 in
this embodiment, but a single layer of the above-mentioned
insulating film may also be used, and a structure in which more

than two layers are laminated may also be used.
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Next_, semiconductor layers are formed on the base film.
First of all, semiconductor film is formed with a thickness of
25 1o 200 nm (preferably 30 to 150 nm) by a known method (such
as the sputtering method, the LPCVD method, and the plasma CVD
method). Then, the semiconductor film is crystallized by a laser
crystallization method. As the laser crystallization method,
the laser beam irradiates to the semiconductor film by applying
one of Embodiments 1 to 4 or by freely combining any one of
Embodiments 1 to 4. It is preferable that a solid-state laser
of continuous ¢oscillation or pulse oscillation, a gas laser, or
metallic laser is used. Note that, as the solid-state laser,
there may be given a YAG laser, a YVO, laser, a YLF laser, a YA1l0,
laser, a glass laser, a ruby laser, an alexandrite laser, a
Ti:sapphire laser, and the like. As a the gas lagser, there may.
be given a excimer laser of continuous oscillation or pulse
oscillation, Ar laser, Kr laser, CO, laser, or the like. And as
the méfallic: laser, there may be given a helium cadmium laser,
a copper vapor laser, or a gold vapor laser. Of course, nb1_: only
the laser crystallization method but also any other known
crystallization method (RTA, the thermal cry.étallization method
using a furnace annealing, the thermal crystallization method
using metallic elements which promote crystallization) may also
be combined. The semic:onductor £ilm may be an amorphous
semiconductor £film, a microcrystal semiconductor f£ilm or a
crystalline semiconductor £ilm. Alternatively, the

semiconductor £ilm may be a compound semiconductor film having
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an amorphous structure such as an amorphous silicon germanium

£film.

In this embodiment, plasma CVD method is used to form an
amorphous silicon film with a thickness of 50 nm, and then the
thermal crystallization method using metallic elements, which
promote crystailization. and laser crystallization method are
used for the amorphous silicon film. Nickel is used as a metal
element, and is introduced onto the amorphous silicon £ilm by
a solution coating method. Then heat treatment is conducted at
500 °C for £ive hour, whereby obtaining a £irst crystalline silicon
£ilm. 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 Eﬁlbodiments 1 thorough 4 or by the optical
system combined these embodiments, whereby obtaining a second
crystalline siliéén film. Irradiatingthe laserbeamto the first
crystalline sjrlicon film, and changing the first cfystalline
silicon £ilm to the second crystalline silicon £ilm impi*ove the
crystallinity of the second crystalline silicon £ilm. At this
moment, about 0.01 to 100 MW/cm® (preferably 0.1 to 10 MW/ cm?)
is necessary for the energy density. The stage is relatively
moved to the laser beam at a speed of about 0.5 to 2000 cm/s,

‘and it irradiates, and then the crystalline silicon film is formed.
When the excimer laser of pulse oscillation is used, it is

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



L

5 JUN 2006

_29_
200 to 800m3j/cm’) of laser energy densityareused. Atthismoment,

laser beam may be overlapped by 50 to 98 %,

Of course, although a TFT can be formed by using the first
crystalline silicon £ilm, it is preferable that the second
crystalline silicon £ilm is used to form the TFT since the second
crystalline silicon film has an improved crystallinity and
electric characteristics of TFT are improved. For instance,
although, when TFT is 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
patterning processing on thus obtained semiconductor £ilm by using
the photolithography method.

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

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

lamination structure.
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Further, if a silicon oxide £ilm is used, it can be formed

by plasma CVD method with a mixture of TEOS (Tetraethyl
Oorthosilicate) and 0,, at a reaction pressure of 40 Pa, with the
substrate temperature set from 300 to 4002C, and by discharging
at a high frequency (13.56 MHz) electric power density of 0.5
to 0.8 W/cm®. Good characteristics as a gate insulating £film can
be obtained by subsequently performing thermal annealing, at
between 400 and 5002C, of the silicon oxide £ilm thus manufactured.

A first conductive film 408 having a film thickness of
20 to 100 nm, and a second conductive Film409 havingafilmthickness
of 100 to 400 nm are then formed and laminated or the gate insulating
film 407. The first conductive f£ilm 408, made from a TaN film
having a £ilm thickness of 30 nm, and the second conductive £ilm
409, made from a W £ilm having a film thickness of 370 nm, are

formed and laminated in this embodiment. The TaN film is formed

by sputtering, and sputtering of a Ta target is performed in a

nitrogen atmosphere. Further, the W £ilm is formed by 'sputte.:ing'

using a W target. In addition, the W £film can also be formed
by thermal CVD method using tungsten hexafluoride (WFg).
Whichever is used, it is necessary to be able to make the film

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 20p0Qcm.
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.
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The first conductive £ilm 408 and the second conductive £ilm 409
may also be formed from an element selected from the group
consisting of Ta, W, Ti, Mo, Al, Cu, Cr, and Nd, or from an alloy
material having one of these elements as its main constituent,
or from a chemical compound of these elements. Further, a
semiconductor film, typically a polycrystalline crystalline
silicon film, into which an impurity element such as phosphorous
is doped may also be used, as may an AgPaCu alloy.

Masks 410 to 415 are formed next from rTesist using a
photolithography method, and a first etching process is performed
in order to form electrodes and wirings. The first etching
Processing is performedinaccordancewlith first and second etching
conditions (Fig. 8B). AnICP '( Inductively CoupledPlasma} 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 (sceom), respectively, a
plasma is generated by supplying a 500 W RF (13.56'1.&1-12) electric
power to a coil shape electrode at a pressure of 1 Pa, and etching
is performed. A 150WRF {13.56 MHz ) electric power is also.applied
to the substrate side (sample stage), thereby applying a
substantially negative self-bias voltage. The W £ilm is etched
under the first etching conditions, and the edge portion of the
first conductive layer is made into a tapered shape.

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

A gas mixture of CF, and Cl: 1is used as an etching gas, the gas
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Elow rates are set to 30 : 30 (scom), respectively, a plasma is
generated by applying a 500 W RF (13.56 MHz) electric power to
acoil shapeelectrode at apressure of 1Pa, andetchingis performed
for approximately 30 seconds. A 20 W RF (13.56 MHz) electric
power isalsosuppliedtothe substrate side (sample stage), thereby
applying a substantially negative self-bias voltage. The W £ilm
and the TaN filmlare both etched by on the same order by the second
etching conditions using the gas mixture of CF; and Cl.. Note
that the etching time may be increased on the order of 10 to 20%
in order to perform etching such that no residue remains on the
gate insulating £ilm,

Edge portions of the First conduétive 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-mentioned first etchingcondition. The angle of the tapered
portions is from 15 to 459, First shape conductive layez.-'s. 417
to 422 (first conductive layers 417a to 422a, and second conductive
layers 417b to 422b) are thus foﬁned from the first conﬁucti\re
layers and the second conductive layers bythefirstetchingprocess.
Reference numeral 416 denotes a gate insulating £ilm, and regionsl
not covered by the first shape conductive laye;:s 417 to 422 become
thinner by approximately 20 to 50 nm through etching.

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

etched by using CF,, Cl;, and O, for the etching gas. At this
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time, the second conductive layers 428b to 433b are formed by

the second etching process. On the other hand, the first
conductive layers 417a to 422a are hardly étche.d and the second
shape conductive layers 428 to 433 are formed.

A first doping process is then performed without removing
the masks made of resist and the. semiconductor layer is added
totheimpurityelement whichimpartsn-typeatalowconcentration.
The doping process may be performed by ion doping method or ion
injectionmethod. Iondopingisperformedwithprocessconditions
in which the dosage is set from 1 x 10™ to 5 x 10 /cm®, and the
acceleration voltage is set between 40 to 80 keV. Doping is
performed in this embodiment with the dosage set to 1.5 x 10%?

*, and the acceleration voltage set to 60 keV. An element

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

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

doping process. Ion doping is performed with process conditions

in which the dosage is set from 1 x 10** to 1 x 10*® /em?, and the
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acceleration voltage is set between 60 to 120 keV. The doping
process is pe;:fome.d by using the second conductive layers 428b
to 432b as masks and the semiconductor layer under the tapered
pertion of the first conductive layer is added to the impurity
element., Continuously the acceleration voltage is lowered than
the second doping process, the third doping process is done, and
the state of Fig. 9A is obtained. Ion doping method is performed
with process conditions in which the dosage is set from 1 x 10%
to 1 x 107 /em®, 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 range of the density of 1 = io'®
to 5 x 1521 /cm?,

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 .re.‘s:l.st, 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
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opposite to that of the above one conductivity type is addeqd,
are formed in accordance with the fourth doping process in the
semiconductor films which become active layers of the p-channel
type TFTs. The second conductive layers 429b to 432b are used
as mésks with respect to the impurity element, and an impurity
element which imparts p-type conductivity is added to form the
impurity regions in a self-aligning manner. The impurity regions
453, 454, 459 and 460 are formed by ion doping method using diborane
{BzHs) in this embodiment (Fig. 9B). The semiconductor layversg
for forming the n-channel type TFT are covered with the masks
450a to 450c ma;de of resist when the fourth doping process is
performed. Phosphorous isaddedat different concentrations into
the impurity regions 439 and 447 by the first to third doping
processes. | However, by performing doping such that the

concentration of the impurity element which imparts p-type

conductivity becomes from 1 = 10 to 5 x 10*' atems/cm® in the

respective regions, no problems develop in making the regions
function as source regions and drain reglons of the p-channel
type TFT.

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

A first interlayer insulating £ilm 461 is fm;med 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
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film having a thickness of 150 nm is formed by plasma CVD method
in this embodiment. The first interlayer insulating film 461
is 6f course not limited to a silicon oxynitride film, and other
insulating £ilms containing silicon may also be used, as a single
layer or a lamination structure.

Subsequently, a recovery of the crystallinity of the
semiconductor layer and an activation of the impurity elements
added to the respective semiconductor layers are performed by

irradiating the laser beam, as shown in Fig. 9C. Axs the laser

activation, the laser beam irradiates to the semiconductor £ilm

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 ig -used- Note that, as the solid-state laser,
there may be given a YAG laser of a continuous oscillation or
a pulse ogcillation, a YVQ; laser, a YLF laser, a YA10; laser,
a4 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 oécillation.
Ar laser, Kr laser, CO: laser, or the like. And as the metallic
laser, there may be given a helium cadmium laser, a copper vapor
laser, or a gold vapor laser. At this moment, 1f 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
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laser is used, it is preferable that 300 Hz of frequency and 50
to 1000 mj/cm® (typically, 50 to 500 mj/cm®) of laser e.nergj density
are used. At this moment, laser beam may be overlapped by 50
to98%. Besides laser annealingmethod, thermal annealing method
or rapid thermal annealing method (RTA method) and the like can
be applied.

Further, the activation may also be performed before the
formation of a‘first interlayer insulating film. However, if
the wiring material used is weak with respect to heat., then it
is preferable to perform the éctivation processing after forming
an interlayer insulating £ilm (an insulating film having silicon
as its mﬁin cbnstituant, for example a silicon nitride £ilm) in
order to protect the wirings and the like, as in this embodiment.

Then, a heat treatment can aiso 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 layers can
be hydrogenated whether or not the first interlayer insulating
film exists. Plasma hydrogenation (using hydrogen excited by
a plasma), and a heat treatment for 1 to 12 hours at a temperature
of 300 to 4502C in an atmosphere containing hydrogen of from 3
to 100% may also be performed as other ﬁews of hydrogenation.

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

insulating material is formed on the first interlayer insulating
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film 461. An acrylic resin f£ilm having a film thickness of 1.§

pm is formed in this embodiment, and the material used may have
a viscosity from 10 to 1000 ¢p, preferably between 40 to 200 Ccp.
A material in which unevenness is formed on its surface is used.

In order to prevent mirror reflection, the surface of a pixel
electrode is made uneven by forming a second interlayer insulating
£ilm which forms an uneven surface in this embodiment . Further,
the pixel electrode surface can be made to be uneven and have
light scattering characteristics, and therefore a convex portion
may also be formed in a region below the pixel electrode. The
formation of the convex portion can be performed by the same
photomask as that for forming the TFTs, and therefore it can be
formed without increasing the number of process steps. Note that
theconVEXportionmayalsobefurmadappropriaﬁelyonthesubstrate
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
whick covers the convex portion.

A film having a level surface may also be usegi as the second

interlayer insulating film 462. 1In this case, it is preferable

that the surface be made uneven by an added process such as a

known sandblasting process or etching process to prevent mirror
reflection, and thereby increasing whiteness by scattering
reflected light.

Wirings 463 to 467 for electrically connecting respective

impurity regions are then formed in a driver cireuit 506. Note
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that a lamination film of a Ti film having a thickness of 50 nm

and an alloy £film (an alloy of Al and Ti) having a thickness of
300 mm is patterned in order to form the wirings. Of course,
it is not limited to the two-layer structure, the single-layer
structure or the lamination structure more than three layers may
also be acceptable. Further, Al and Ti are not limited to the
wiring material. For example, Al and Cu are formed on TaN £ilm,
and the lamination £ilm forming the Ti film is formed by the
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. 2An
electrical connection is formed with the pixel TFT and the source
wiring by the connection electrode 468. Purther, the gate wiring
469 forms an electrical connection with the gate eleétrode of
the pixel TFT. The pixel electrode 470 forms an electrical
connection with the drain region 444 of the pixel TFT, and in
addition, forms an electrical cornection with the semiconductor
layer 45% which functions as one electrode forming a storage
capacitor. It is preferable to use a material having superior
reflectivity, suchasafilm havingAlorAgasitsmainconstituent,
or a lamination £ilm of such films, as the pixel electrode 470.

ACMDScircuitcomposedofanechannelTFT561anda;h¢hannel
TFT 502, a driver circuit 506 having an n-channel TFT 503, and
thepixelpo#tion507havinga:ﬂxelTFT504andastoragecapacitor
305 can thus be formed on the same substrate. The active matrix

substrate is thus completed.
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The n-channel TFT 501 of the driver circuit 506 has: a channel
forming region 437; the low concentration impurity region 436
(GOLD region) which overlaps with the first conductive layer 428a
that structures a portion of the gate electrode; énd the high
concentration impurity region 452 which functions as a source
region or a drain region. The p-channel TFT 502, which forms
the CMOS circuit with the n-channel TFT 501 and the electrode
466 by an electrical connection has: a channel forming region
455; the low concentration impurity region 454; and the impurity
region 453 in which the impur;ty elements imparting n-type and
p-type are introduced. Further, the n-channel TFT 503 has: a
c¢hannel 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
highdoncentratiunimpurityregion441whichfunction$asaisource
region or a drain region.

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

layer, with the insulating £ilm 416 functioning as a dielectric.
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Edge portions of the pixel electrodes are disposed so as

to overlap with source wirings such that gaps between the pixel
electrodes shield the light, without using a black matrix, with
the pixel structure of this embodiment.

An upper surface diagram of the pixel portion of the active
matrix substrate manufactured in this embodiment is shown in Fig.
11. Note that the same reference symbols are 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. 1l1. Further, a chain line B-B' in Fig.
10 corresponds to a cross sectional diagram cut along a chain

line B-B' within Fig. 11.

Embodiment &

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

An active matrix substrate in the state of Fig. 10 is first
cbtained in accordance with Embodiment 5, an orientation film
567 is then formed on at least the pixel electrode 470 on the
active matrix substrate of Fig. 10, and a rubbing process is
pei:formed. Note that, before forming the orientation film 567
in this embodiment, columnar spacer 572 is formed in desired
positions by patterning an organic resin £ilm, such as an acrylic

resin £ilm and the like, in order to maintain a gap between
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substrates. Further, spherical spacers may also be distributed

over the entire surface of the substrate as a substitute for the
columnar spacers.

An opposing substrate 569 is prepared next. Coloring layers
570 and 571, and & leveling £i1lm 573 are then formed on the oOpposing
substrate 569. The red coloring layer 570 and a blue coloring
layer 571 are overlapped to form a light shielding portion.
Furthermore, the light shielding portion may also be formed by
overlapping a portion of the red coloring layer with a green
coloring layer.

The substrate shown in Embodiment 5 isusedin this embodiment.
Therefore, with the top view of the pixel portion of Embodiment
5 shown in Fig. 11, it is necessary that, at least, the gap betweaen
the gate wiring 469 and the pixel electrode 470, the gap between
the gate wiring 469 and the connection electrode 468, and the
gap between the connection electrode 468 and the pixel electrode
470 be shielded from light. "Each of the coloring layers are
arranged such that the light shielding portions made from the
lamination of the coloring layers are formed in positions that
must be shielded from light, and then are joined to the opposing
substrate,

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

shielding layer such as a black mask and the like.
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An opposing electrode 576 made from a transparent conductive

film is formed on the leveling f£film 573 over at least the pixel
portion, an orientation film 574 is Formed over the entire surface
of the opposing substrate, and a rubbing process is performed.

The active matrix substrate on which the pixel portion and
the driver circﬁit are formed, and the opposing substrate are
then joined by a sealing material 568. A filler is mixed into
the sealing material 568, ‘and the two substrates are joinéd while
maintaining a uniform gap in accordance with the fillexr and the
columnar spacers. A liquid crystal material 575 is then injected
hetween both substrates, and the substrates are completely sealad
by using a sealant (not shown in the figure). A known iigudd
crystal material may be used for the liquid crystal material 575.
The reflection type liguid 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 ih fhe figure) is attached
to only the bppos:l.ng 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 £ilm thoroughly
annealed because the laser beam with a very excellent uniformity
of the energy distributionis irradiated. Ttis possible to become
the éne with enough operation characteristic and reliability of
the above-mentioned liquid crystal display device. Sucha liquid

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



5 JUN 2006

44—

of electronic eguipment.
Note that it is possible to freely combine this embodiment

with Embodiments 1 to 5.

Embodiment 7

In this embodiment, an example of manufacturing the light
emitting device by using a manufacturing method of TFT that is
used for forming an active matrix substrate. In th:Ls
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 membear,
and to the aforesaid display module equipped TFT with the aforesaid
display panel. Incidentally, the light emitting element has a
layer ineluding a compound in which an electroluminescence can
be obtained by applying an electric field (a light emitting layer),
an aﬁode, and a cathode. Meanwhile, the electroluminescence in
organic compound includes the light emission (fluore's’éence) upon
returning from the singlet-excited state to the ground state and
the light emission (phosphorescerxce) upon returning from the
triplet-excited state to the ground state, indluding any or both
of light emission.

In this spécification, 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
injection layer, the.. electron injection layer, the hole

trangportation layer, and the electron transportation layer, atc.



5 JUN 2086
—45-

are concretely included in the organic light emitting layer. The
light emitting element basically has the structure that the anode
layer. the light emitting layer, and the cathode layer are
sequentially Yaminated. Inaddition to thisstructure, the light
emitting element may also has a structure that the anode layer,
the hole injection layer, the light emitting layer, and the cathode
layer are sequentially laminated or a structure that the anode
layer, the hole injection layer, the 1ight‘emitting layer, the
hole transportation layer, and the cathode layer etc. are
sequentially laminated.

Fig. 13 is a sectional view of a light emitting device of
this embodiment. In Fig. 13, the switching TFT 603 provided on
the substrate 700 is formed by using the n-channel TFT 503 of
Fig. 10. Consequently, concerning the explanation of the
structure, it is satisfactory to refer the explanation on tha
n-channel TFT? 503,

Incidentally, although this example iz of a double gafé
structure formed with two channel regions, it i1s possible to use
a singlé gate structure formed..with one channel reginln or al triple
gate structure formed with three.

The driver circuit provided on the substrate 700 is formed
by using the CMOS circult of Fig. 10. Consequently, concerning
the explanation of the structure, it is gsatisfactory 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
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triple gate structure.

Meanwhile, the wirings 701, 703 serve as source wirings of
the CMOScircuitwhile thewiring 702 as adrain wiring. Meanwhile,
a2 wiring 704 serves as a wiring to electrically connect between
the source wiring 708 and the source region of the switching TFT
while the wiring 705 serves as a wiring to electrically connect
between the drain wiring 709 and the drain region of the switching
TF?T.

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 electfode 711.

Meanwhile, reference numeral 711 isa pixel electrode (anode

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

insulating film 710 prior to forming the wirings. In this
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embodiment, it is very important to planarize the step due to

the TFT by using a resin planarizingl film 710. A light-emitting

layer tobe formed later, becausebeing extremely small in thicknessg,
possibly causes poor light emission due to the bresence of a step.

Accordingly, it is desired to provide planarization prior td

forming a pixel electrode so that a light-emitting layer can be

formed as planar as possible.

After forming the wirings 701 to 707, a bank 712 is formed
as shown in Fig. 13. The bank 712 may be formed by patterning
an insulating filmor organic resin £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
daposition- In this embodiment added is a carbon particle or
metal particle to an insulating film as a material for the bank
712, thereby reduc:ing resistivity and suppressing occurrence of
staticelectricity. 1Insuch acase, the addition amount of ¢carbon
or metal particle may be adjusted to provide a resistivity of
1 x 10°to 1 x 10" Qm (preferably 1 x 10° to 1 x 10%° Qm) .

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

process. Specifically, this is a lamination structure having
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a copper phthalocyanine (CuPc) film provided in a thickness of

ZDnmasatheinjectinglayerandatris-B-qyuinolinolatDaluminum
- complex (Alqgs:) film provided thereon in a thickness of 70 nm as
a light-emitting layer. ‘The color of emission light can be
-controlled by adding a fluorescent pigment, such as guinacridone,
perylene or DCM1l, to Algs.

However, the foregoing example is an example of organic
light emitting material to be used For a light-emitting layer
and not necessarily limited to this. Tt is satisfactory to forxﬁ
a light-emitting layer (layer for light emission and carrier
movement therefore) by freely combining a light-emitting layer,
a charge transporting layer and an electron in jecting layer. For
example, although in this embodiment was shown the example in
which a low molecular weight organic light emitting material is
used for a light-emitting layer, it is possible to use an
intermediate organic light emittingmaterial and a highmolecular
weilght organic light emitting material. Furthemofe . an organic
light-emitting material, having no sublimation property but
having molecules in the number of 20 or less or chained molecules
having a length of 10 pum 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
laminatidn structure installing‘paraphenylenvinylene (PPV) of

about 100 nm on it as a light emitting layer may be good. The
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luminescence wave length can be selected from red to blue by using

the n ~conjugated type polymer of PPV. Meanwhile, it is possible
touse an inorganiq material such as sili¢on carbide foranelectron
transportinglayer or charge in jecting layar. Theseorganiclight
emittingmaterials or inorganic materials can be a known material .
Next, a cathode 714 of a conductive film is provided on
the light-emitting layer 713. In this embodiment, as the
conductive film is used an alloy film of aluminum 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 tha periodic-table group 1 or
2, or a cc_mductive £ilm addéd with such an element.
A'light-emitting element 715 is completed at a time having
formed up to the cathode 714. Incidentally, the light-emitting
element 715 herein refers to a diode formed with a pixel electrode

(anode) 711, a light-emitting layer 713 and a cathode 714.

It is effective to provide a passivation £ilm 716 in such

a manner to completély cover the 119}1t-emitting element 715. The
passivation film 716 is formed by an ilnsulating film including
a carbon f£ilm, a silicon nitride film or a silicon oxynitride
film, and used is an insulating film in a single layer or a combined
lamination.

In such a case, it 1s preferred to use a film favorable
in coverage as a passivation film. It iseffective touse a carbon
£11lm, particularly DLC (diamond-1like carbon) £iim. The DLC £ilm,

capable of being deposited in a temperature range not more than



5 JUN 2006

-50-

100°C from room temperature, can be easily deposited over the
light-emitting layer 713 low in heat resistance. Meanwhile, the
DLC film, having a high blocking effect to oxygen, can suppress
the light-emitting layer 713 from oxidizing. Consequently, the
prablem of oxidation can be prevented in the light-emitting layer
713 duaring the following sealing process.

Furthermore, a sealing member 717 is provided on the
passivation film 716 so as to bond a cover member 718. For the
sealing member 717 used may be an ultraviolet curable resin. It
is effective to provide therein a substance having a hygroscopic
effect or an antloxidant effect. Meanwhile, in this embodiment,
for the covermember 718 used is a glass substrate, quartz substrate
‘or plastic substrate (including a plastic £ilm) having carbon
films (preferably diamond-like carbon films) formed on the hoth
surfaces thereof. In addition to the carbon £ilm, the aluminum
film {such as AION, AlLN, and AlQ), SiN and the like are used.

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

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

TFT (n-channel TFT) 603 and a current control TFT (p-channel TFT)
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604 are formed on the substrate 700.

Furthermore, as was explained using Fig. 13, by providing
an impurity region overlapped with the gate electrode through
an insulating film, it is pdssible to form an n-channel TFT
résistive to the deterioration resulting fromhot-carrier effect.
Consequently, a light emitting device with high reliability can
be realized.

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, anoperation
amplifier, a y-correction circuit or the like. Furthermore, a
memory or microprocessor c¢an be formed.

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

Ilncidentally, this embodiment can be freely combined w;i.th

Embodiments 1 to 5.
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Embodiment 8

Inthisembodiment, an example of performing crystallization
of asemiconductor £ilmby usingan optical systemwill be described
with reference to Fig. 1 and Fig. 17.

Inthisembodiment, asilicon oxynitride film {compositional
ratio: Si = 32 %, 0 =59 %, N=7 %, H = 2%) with a thickness
of 400 nm is formed on a glass substrate as a base film by plasma
CVD method. Subseguently, an amorphous silicon film with a
thickness of 150 nm is formed on the base £ilm as a semiconductor
fiim by plasma CVD method. Hydrogen contained in the
semiconductor film is released by performing heat treatment at

500 9C for three hour. Then crystallization of the semiconductor

. film is performed by a laser annealing method. The

crystallization of the semiconductor £film is performed under the
condition of the laser annealing method that a second harmonic

wave of YVQ, 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 FPig. 1 is set to 18 2 to form a rectangular shape
baam, whereﬁy irradiating the semiconductor £ilm as moving the
substratel at a speed of 50 cm/=s.

Aseco-etchingisperformedto thecrystalline 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 sle.co solution in the seco-etching is. the one made by using

K:Cr;0; for HF : H;0 = 2 ;: 1 as an additive. Fig. 17 was obtained
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by relatively scanning the laser beam in the direction indicated
by the arrow in figure, and Fig. 17 shows the appearance that
crystal grains of large grain size is formed in a perpendicular
direction relative to the scanning direction.

Therefore, since the crystal grains of large grain size
are formed in the semiconductor £ilm wherein crystallization is
conducted by using the present invention, when TFT is fabricated
by using the semiconductor £ilm, the number of crystal boundaries
that may be contained in a channel forming region can be reduced.
Further, since an individual c¢rystal 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 Eemiconduqtor can be
obtained.

Inaddition,sincetheformedcrystalgrainsbecomecomplete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it
is possible to reduce variations of an on current value (a value
of a drain current'fldwing in aﬁ 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 veltage, an S value, and field effect mobility.

And electric¢ characteristic is extremely improved.

Embodiment 9

Present embodiment will be described an examnple of

conducting a crystallization of a semiconductor f£film in the
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different method from Embodiment 8 with reference to Figs. 1 and

18.

It forms to the amorphous silicon £ilm as a semiconductor
film in accordance with Embodiment 8. Further, by applying a
method recorded in Japanese Patent Laid-open No. Hei 7-183540,
an agueous nickel acetate solution (weight converting
concentration 5 ppm, volume 10 ml) is applied to the surface of
the semiconductor £ilm by spin coating to perform heat tre.atmént
in the nitfogen atmosphere at 5002C for one hour and in the nitrogen
atmosphere at 5502C for twelvehour. Subsequently, animprovement
of crystallinity of the semiconductor £ilm is performed by lager
annealing method. The .:merovement of crystallinity of the
semiconductor £ilm isl performed under the condition of the laser
annealing method that a second harmonic wave of YVO, laser is
usedas a laser beam, an incident angles ¢ of the laser beamrelative
to a convex lens 103 of an optical system shown in Fig. 1 is set
to 18 2 to form a rectangular shape beam, whereby irradiating
the se.miconductor film as moving the substrate at & speed of 50
cmls-

Aseco-etchingisperformedtothecrystalline semiconductor
£film thus obtained, and the surfacé of the crystalline

semic:onductor film is observed with the SEM by one thousand times.

An observation result is showninFig. 18. The observation result -

in Fig. 18 was obtained by relatively scanning the laser beam
in the diréction indicated by the arrow in figure, and Fig. 18

shows the appearance that crystal grains of large grain size is
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formed in a parallel direction relative to the scanning direction.
Further, it is characteristics that crystal grains shown in Fig.
18 has fewer grain boundaries formed in the direction which
intersects to relative scanning direction of laser beam than that
shown in FPig. 17.

Therefore, since the crystal grains of large grain size
are formed in the semiconductor film wherein crystallization is
conducted by using the present invention, when TFT is fabricated
by using the semiconductor £ilm. the number of crystal boundaries
that may be contained in a channel forming region can be reduced.
Fuarther, since an individual crystal grain has the crystallinity
such that it can be regarded substantially single crystal, the
high mobility (field effect mobility) equal to or more than that
of a transistor using a single crystal semiconductor can be
obtained.

Inaddition,sincetheformedcrystalgrainﬁbecomecomplete
in one direction, the number of crossing across the crystal grain
boundary by a carrier can be remarkably reduced. Therefore, it
is ppssibla to reduce variations of an on current value, an off
curranf'value, a threshold voltage, an & 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 £ilm by using an

optical system of the present invention and manufacturing TFT
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by using the semiconductor film with reference to Fig. 1, Fig.

19 and Fig. 20.

In this embodiment, a glass film is used as a substrate
20, and a silicon oxynitride £ilm (compositional ratio: Si =32 %,
0 =27 %, N= 24 %, H=17%) with a thickness of 50 nm, and a
silicon oxynitride £ilm (compositional ratio: Si = 32%,0=59 %,
N=7%, H= 2%) with a thickness of 100 nm are laminated on the
glass substrate with plasma VD method. Subsequently, an
amorphous sgilicon £ilm with a thickness of 150 nm is fomed on
the base film 21 as a semiconductor film 22 by plasma CVD method.
A hydrogen contained in the semiconductor film is released by
rerforming heat treatment at 500 2C for three hour. Then, a sacond
harmonic wave of YVO, laser is used as a laser beam, an incident
cangles ¢ of the laser beam relative to a convex lens 103 of an
optical system shown in Fig. 1 is set to 18 2 to forma rectangular
shape beam, whereby scanning the semiconductor film as moving
the substrate at a speed of 50 cm/s (Fié;' 19B).

Subsequently, a first doping processing is conducted. The
Eirst dnpi'ng pProcessing is a channel doping that controls a
threshold value. The first doping processing is conducted by using
B:H¢ as a material gas, setting the gas flow rate to 30 scem, the
current density to 0.05 A, the acceleration voltage to 60kV,
and the dose to 1x 10" /em® (Fig. 19C).

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

a silicon oxynitride filmwith a thickness of 115 nm is formed
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as agate insulating£ilm 27 covering the etched semiconductor
film by the plasma CVD method. Subsequently, a TaN £ilm 28
with a thickness of 30 nm and a W £ilm 29 with a thickness
of 370 nm asl conductive films are laminated on the gate
insulating f£film 27 (Fig. 19D).

A mask made of zxresist (not shown) is formed by
photolithography to etch the W £ilm, the TaN film and the gate
insulating f£ilm.

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 film. In this case, conductive layers 30 and 31
are become masks with respect to the impurity elements imparting
n-type respectively and an impurity region 34 is formed in a
self-aligning manner. In this embodiment, the second doping
processing is divided into two conditions to be performed since
the £ilm thickness of the semiconductor £ilm is very thick with
150nm. Inthis Embodimant . at first, the second doping processing
of the first condition is performed by using phosphine ‘(PH:,,) as
a material gas, and setting a dose to 2 x 10'? /om? and the
acceleration voltage to 90 kV. And then, the second doping
processing of the second condition is performed by setting the
dose to 5 x 10" /em® 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
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performed. By the third doping processing, an impurity element
forimparting anconductivity type opposite to the one conductivity
type is added to an impurity region 36. The impurity region 36
is formed in the semiconductor £film which become an active layer
of the p-channel TFT. The conductive layers 30 and 31 are used
as a mask to the impurity element and the impurity element for
imparting a p-type is added so as to form impurity region 36 in
a self-aligning manner. In this embodiment, the third doping
processing is also divided into two conditions to be performad
since the £ilm thickness of the semiconductor Film is very thick
with 150 nm. In this embodiment, the third doping procesgsing
of the first condition is performed by using diborane (B;H;) as
a material gas and setting the dose to 2 x 10*° /em®, and the
acceleration voltage to 90.kv. " and then, the third doping
processing of the second condition is performed by setting the
dose to 1 x 10%? /em?, 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 £ilm with a thickness of 50 nm (compositional ratio:
81=32.8% 0=463.7%, H=13.5%) is formed as a first interlayer
insulating £ilm 37 by plasma CVD method.

Next, a recovery of crystallinity of the semiconductor
layers and ar activation of the impurity element added to the

respective semiconductor layers are conducted by the heat
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treatment. In this embodiment, the heat treatment is performed
in a nitrogen atmosphere at 550 °C for four hour by a thermal
annealing method using an annealing furnace (Fig. 19G).

Next, a second interlayer insulating film 38 made of organic
insulating £film materials or inorganic insulator materials are
formed on a first interlayer insulating film 37. In this
embodiment, a gilicon nitride film with a thickness of 50 nm is
formed by CVD method and then a silicon oxide filmwith a thickness
of 400 nm is formed.

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

Subsequently, a wiring 39 electrically connecting to the
respective impurity regions is formed. In this embodiment, a

lamination £ilm of a Ti film with a thickness of 50nm, an Al-S5i

film with a thickness of 500 nm, and a Ti film with a thickness

of 50 nm is pattermed to form. OF course, it is not limited to
a two-layer structure, but alsc 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 fhe TaN film and
patterning the lamination £ilm on which a;. Ti £film is formed (Fig.
19H).

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

TFT 52 are Formed.
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An electric characteristic of the n-channel TFT 51 is shown

in Fig. 20A and an electric characteristic of the p-channel TFT
52 is shown in Fig. 20B by measuring the electric characteristics .

As the measurement condition of the electric characteristics,

measurement point is assumed to be two points, the gate voltage
(Vg) is set to in the range of -16 to 16 V, and the drain voltage
(vd) is set to 1 V and 5 V, respectively. Moreover., in Figs.

202 and 20B, drain current (ID) and gate current (ID) are shown
in a s0l1id line and the mobility (X FE) is shown in a dotted line.

Figs. 20A and 20B show that the electric characteristics

of TFT manufactured by using the present invention is remarkably
improved. When TFT is manufactured by using the semiconductor
film, the number of crystal grain boundaries that may be contained
in a channel forming region can be reduced, since a crystal grain
of large grain size is formed in the semiconductor f£ilm, which
is crystallized by using the present invention. Furthermore,
gince the crystal grains are formed in the same direction, it
is possible to reduce the number of crossing across the grain
boundary by cafrie.r remarkably; Therefore, the mobility is 524
cm®/Vs at fhe n-channel TFT and the mobility is 205 cm®/Ve at the
p-channel TFT. When a ﬁemiconductdr device is manufactured by
using such TFT, the mobility characteristic and the reliability

of the semiconductor device can be improved.

Embodiment 11

Inthis embodiment, an example of conductingerystallization
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of a semiconductor film by a different method from in Embodiment
10, and manufacturing TPT by using the semiconductor £ilm will
be described with reference to Figs. 1, 21A to 21C, 222 to 22B,
and 23A to 23B.

It forms to an amorphous silicon f£ilm as a semiconductor
film in accordance with Embodiment 10. Further, by applying a
method recorded in Japanese Patent Laid-open No. Heli 7-183540,
an aqueous nickel acetate solution (weight ‘convert:!.ng
concentration 5 ppm, volume 10 ml) is applied to the surface of
the semiconductor f£ilm by spin coating thereby forming a metal
containing layer 41. Then heat treatment is performed in the
nitrogen atmosphere at 500 °C for one hour and in the nitrogen
atmosphere at 550 °C for twelve hour (Fig. 21B). Subsequently,
an improvement of crystallinity of the semiconductor £ilm is
performed by laser annealing method. The improvement of
crystallinity of the semiconductor £ilm is performed by the laser
annealing method under the conditions that a second harmonic wave
of YVO, laser 1s used as a lasar.beam, an incident angles ¢ of
the iase; beam relative to a convex lens 103 of an optical system
shown in Fig. 1 is sef to 18 2 to form a rectangular shape beam,
wherebyirradiatingthesemiconductorfilmaamovingthesubstrate
at a speed of 20 qﬁ/s or 50 cm/s to improve the crystallinity
of the semiconductor f£ilm (Fig. 21¢).

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

aharactéristics.of the n-channel TFT and the p-channel TFT are
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measured, and then an electric characteristic of the n-channel

TFT 51 manufactured by moving the substrate at a speed of 20 cm/s
is shown in Fig. ‘22A, an alect;:ic characteristic of the p-channel
TFT 52 manufactured by moving the substrate at a speed of 20 cm/s
is shown in Fig. 22B, an electric characteristic of the n-channel
TFT 51 manufactured by moving the substrate at a speed of 50 cm/s
is shown in Fig. 23A, an electric characteristic of the p-channel
TFT 52 manufactured by moving the substrate at a speed of 50 em/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 set to in the range of -16 to:.16 V, and the drain voltage

(vd) is set to 1.5 V. Moreover, in Figs. 22A to 22B and Figs.

23A to 23B, drain current (ID) and gate current (ID) is shown
in solid line and the mobility (4FE) is shown in dotted line.

Figs. 22A to 22B and Figs. 23A to 23B show that the 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 cfystal grain boundaries that
may be contained in a channel fnrﬁling 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 become complete in
one direction and there are few grain boundaries formed in the
direction crossed to the relative scanning direction of laser

light, it is possible to reduce the number of crossing across
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the grain boundary by carrier remarkably. Therefore, it is
understood that the mobility is 510 cm®/Vs at the n-channel TFT
and the mobility is 200 cm®/Vs at the p-channel TFT in Figs. 22A
to 22B, and the mobility is 595 cm®/Vs at the n-channel TFT and
the mobility is 199 em?/Vs at the p-channel TFT in Figs. 233 to
23B, and these mobility is very excellent. When a semiconductor
device 1is manufactured by wusing such TFT, the mobility
characteristic and the reliability of the semiconductor device

can be improved.

Embodiment 12

In Embodiments 10 and 11, an example in which a TFT is
manufactured by crystallizationmethods different £from each other
is shown. In the present Embodiment 12. difference batwaen 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
arystallization . Fig. 25 shows dependency of drain current - gate
voltage characteristic (ID-VG) of the TFT (E;GG) on channel length.
On the other hand, TFT (referred to as LG6 hereinafter) is
manufactured by only laser beam dirradiation 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
#m (A) anél 2.0um (B) and 3.04m (C). It is to be noted that an

n-channel TFT is used in any case in the present embodiment.
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In Figs. 25 and 26, the semiconductor £ilm of the sample

is 66 nm. With this thickness, it is possible to oparate in
complete depletion type. As apparent by comparing both the
Figures, in the case where the channel length is as small as 2
£m, conspicuous difference ig found in an off region. That is,
in the TFT LG6, phenomenon that the drain current extraordinarily
jumps up is observed. It isconfirmedthat this phenomenondepends
on the channel dose amount. In any case, it turns out that as
the channel length becomes short, PG6 becomes superior to LG6
Withrespecttowithstandvoltagebétweenthesourceandthedrain.

In the complete depletion type having a small thickness
of the semiconductor £ilm, a significant difference is found in
the source and drain withstand voltage. Measurement is conducted
toknowwhether similar tendency is observed in a partial depletion
type having 150 nm as thickness of the semiconductor f£ilm. In
Figs. 27 and 28, ID-VG characteristicis shown. The extraordinary
Jjump up of the drain current in the off region is influenced by
drain wvoltage. As the drain voltage .is increased, the
extraordinary jump up of the drain current is conspicuocus.
However, even if the influence is included.in'the.consideration,
it turns out that the PGé is superior with respect to withstand
voltage between the source and the drain. Also, it is judged
inthepartialdepletiontypethatPGGishighinvﬁihstandvoltage
between the source and the drain.

The above result suggests that PG6 is suitable in the case

where element dimension of TFT is miniaturized into a submicron
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level.

Embodiment 13

Various semiconductor devices (active matrix type liquid
crystal display device, active matrix type light emitting device
or active matrix type EC display device) can be formed by applying
the present invention. Specifically, the present invent%on\can
be embodied in electronic equipment of any iype in which such
an electro-optical device is incorporated in a display portion.

Suchelectronicequipment is avideo camera, a digital camera,
a projector, a head-mounted display (goggle type display), a car
navigation system, a‘car stereo, a personal computer, a mobile
informationterminal(suchasanmbilecomputer,amnbiletelephone
or an electronic book etc.) or the like. Figs. 14A to 14F, 153
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,
a4 keyboard 3004 and the like. The personal computer of the present
invention can be completed by applying the semiconductor device
nmnufacturedbythepresentinventiontothedisplayportionBDUB.

Fig. 14B shows a video camera which includes a main bedy
3101,adisplayportionSloz,asoundinputpurtionBlOS,operating
switches 3104, a battery 3105, an image receiving portion 3106
and the like. The &idﬂo camera of the present invention can be
completed by applying the semiconductor device manufactured by

the present invention to the display portion 3102,



5 JUN 2006

— 66—
Fig. 14C shows a mobile computer which includes a main body

320), a camera portion 3202, an image receiving portion 3203,
an operating switch 3204, a display portion 3205 and the like.
The mobile computer of the present invention can be completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3205.

Fig. 14D shows a goggle type display which includes a main
body 3301, a display portion 3302, arm portions 3303 and the like.
The goggle type display of the present invention ¢an be completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3302.

Fig. 14E shows a player using a recording medium on which
a program is recorded (hereinafter referred to as the recording
medium), and the player includes amainbody 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 completed
by applying the semiconductor device manufactured by the present
invention to the display portion 3402. |

Fig. 14F shows a digital camera which includes a body 3501,
a display portion 3502, an eyepiece portion 3503, operating
switches 3504, an image‘receiv'ing portion (not shown) and the
like. The d:_l.gita:l. camera of the i:rresenf invention caﬁ be completed

by applying the semiconductor device manufactured by the present
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invention to the display portion 3502.

Fig. 15A shows a front type projector which includes a
pProjection device 3601, a screen 3602 and the like. The front
typeprojectorcanbecompletedbyapplyinga1iquidcrystaldi5piay
device 3808 which constitutes a part of the projection device
3601 and other driver circuits,

Fig. 15B shows a rear type projector which include$ a main
body 3701, a projection device 3702, a mirror 3703, a screen 3704
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 liguid
erystal display device 3808, a phase difference plate 3809 and
a projection optical system 3810. The projection optical system
3810 is made of an opticallsystem ineluding 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 funétion. a £ilm for adjusting phase
difference, an IR £ilm or the like in the path indicated by arrows

in Fig. 15C.
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Fig. 15D is a view showing one example of the structure

of the light source optical system 3801 shown in Fig. 15C. In
this embodiment, the light source optical system 3801 is made
of a reflector 3811, a light source 3812, lens arrays 3813 and
3814, a polarizing conversion element 3815 and a condenser lens
3816. Incidentally, the light source optical system shown in
' Fig. 15D is one example, and the invention is not particularly
limited to the shown construction. For example, those whose
embody the invention may appropriately dispose an optical system
such as an optical lens, a film having a polarization function,
a film for adjusting phase difference, an IR film or the like.
The projector shown in Figs. 15A to 15D is of the type using
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.16Bshowsanmbilebook(alectronicbook)whichincludes
amain body 4001, display portions 4002 and 4003, a storage medium
4004, operating switches 4005, an antenna 4006 and the like. The .
mobille book of the present invention can be completed by applying

the semiconductor device manufactured by the present invention
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to the display portions 4002 and 4003.

Fig. 16C shows a display which includes a main body 4101,
a support base 4102, a display portion 4103 and the like. The
display of the present invention can be completed by applying
the samiconductor device manufactured by the present invention
to the display portion 4103. The invention is particularly
advantageous to a large-screen display, and is advantageous to
adisplayhavingadiagonal size of 10 iﬁches or more (particularly,
30 inches or more).

As is apparent from the foregoing description, the range
of applications of the invention is extramely 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 1l to 5 and 7

to 11.

Embodiment 14

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

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

108 and 109 denote the directions in which the substrate is moved.
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When the laser beam emitted from the laser 401 is incident into

the diffractive optics 403 via the mirror 402, the linear beam
406 canbe formed on the irradiation surface or inits neighborhood .
The shape of the linear beam may be formed by appr'opriately
designing the diffractive optics. Moreover, if the linear beam
is slantly incident into the irradiation surface, the interference
can be prevented.

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

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

have a uniform physical property and the throughput is enhanced.
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It should be noted that in Embodiments 2-4, as in the present

Embodiment., the diffractive optics could be used instead of the
convex lené.

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

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

(a)Sinceitjsaaverysimplifiedconfiguration,theoptical
adjustm&ntiseasyandthedevicebeaomesc0mpactin$ize.Similarly
in the case where a plurality of lasers of the same kind or a
pPlurality of lasers of different kinds are used, the optical
adjustment is easy, and the device becomes ¢ompact in size,

(b)Sincebeingslantlyincidentwithrespeattoa;ﬂnrality
of lasers, the return beam can be prevented, and it becomeg a
simpler configuration.

(c¢) Even in‘tha cagse where the irradiation of laser is carried
out using a plurality of laser beams, éince the optical system
is simplified, it 1s capable of easily making the same shapes
ofthealllaserbeams.Therefore,uniformannealingcanbeaarried
out to the irradiated body. This is particularly effective in
the case where a substrate has a large area.

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

(e) The throughput is capable of being enhanced.
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(f)Whilesatisfyingtheseadvantagesdescribedabove,still

more, the enhancement of the operating property and reliability
of a semiconductor device canbe realized in a semiconductor device
represented by an active matrix type crystal display device.
Furthermore, the reduction of the manufacturing cost of the

semiconductor device can be realized.
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WHAT IS CLAIMED IS:
l. A laser irradiation device comprising:

a la=zer; and

a convex lens,

wharein said convex lens is slantly set with respect to a

lazer heam emitted frem said laser so as to generate an

abarration, and

wherein a shape of said laser beam is deformed through

said convex lens so that said shape of said laser beam is in a

linear shape on an irradiated surface.

2, A laser irradiation device comprising:
a laser; and

a convex lens,

wherein said convex lens is slantly set with respect to a

lasar beam emitted from said laser so as to generate an

abarration;

wherein an irradiated surface is set so that said laser

beam traveled via said convex lens is slantly incident with

raespect to said irradiation surface; and

wherein a shape of said laser beam is deformed through

said convex lens so that said shape of said laser beam is in a

linear shape on =said irradiated surface.

3. A laser irradiation device comprising:

a laser; and

a convex lans,

wherein said convex lens is slantly set with respect
laser beam emitted frnﬁ said laser so as to generate:an

aberration:;

to

a
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wherein an irradiated surface is set so that said laser

beam traveled via said convex lens is slantly incident with
respect to said irradiation surface;

wharein a shape of said laser beam is deformed through
2aid convex lens so that said shape of said laser beam is in a
linear shape on said irradiated surface: and

wharein a beam length w of said laser beam incident into
an irradiated body being set over a substrate, thickhess d of
zaild substrate, and an incident angle 0 of said laser beam at
which said laser beam is incident with respect to said
irradiated body satisfy the following expression:

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

4, A davice according to claim 1, wherein said convex lens is

an aspherical lens.

5. A& device according to claim 2, wherein said convex lens is

an aspherical lens.

6. A device according to claim 3, wherein said convex lens is

an aspherical lens.

7. A device according to claim 1, wherein said laser is a
golid stata lasar, a gas laser or a metal laser of continuous

ozcillation or pulse oscillation.

8. A device according to claim 2, wherein said laser is a
so0lid state laser, a gas laser or a metal laser of continuous

oscillation or pulse oscillation.

9. A device accoxding to claim 3, wherein said laser is a
solid stats laser, a gas laser or a metal laser of continuous

os¢iliatiﬁn or pulse oscillation. -
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10. A device according to c¢laim 1 , wherein said laser is one

selected from YAG laser, YV0O, laser, YLF laser, YAlQO: laser,
glass laser, ruby laser, alexandrite laser and Ti: sapphire

laser of continuousz oscillation eor pulse oscillation,

11l. A device according to ¢laim 2, wherein said laser is one
selected from YAG laser, YVOQ, laser, YLF laser, YAlOQ; laser,
glass laser, ruby laser, alexandrite laser and Ti: sapphire

laser of continucus oscillation or pulse oscillation.

12. A device according to claim 3, wherein said laser is cne
selected from YAG laser, ¥IVO; laser, YLF laser, YAlO; laser,
glass laser, ruby laser, alexandrite laser and Ti: sapphire

laser of continuous oscillation or pulsae cscillation,

13. A deviea according to <laim 1, wherein said laser is cone
selected from excimer laser, Ar laser, Kr laser and CO; laser

of continuous oscillation or pulse oscillation.

14. A davice according to claim 2, wherein said laser is one
salected from excimer laser, Ar laser, Kr laser and CO; laser

of continuous cscillation or pulse oscillation.

15. A device acecording to claim 3, wherein said laser is one
sgleated from excimer laser, Ar laser, Kr laser and CO; . laser

of continuocus ozcillaticn or pulse oscillation.

1l6. A device according to claim 1, wherein said laser is cone
salected from helium-cadmium laser, copper vapor laser and
gold vapor laser of continuous oscillation or pulse

pscillatinn.
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17. A device aceording to claim 2, wherein said laser is one
selected from helivm-cadmium laser, copper vapor laser and
gold vapor laser of continuocus cscillation or pulse

ogcillation.

18. A device according to claim 3, wherein said laser is one
selected from helium-cadmium laser, copper vapor laser and
gold vapor laser of continuous oscillation or pulse

agcillation.

19, A device accordihg to ¢laim 1, wherein said laser beam is
converted into a higher harmonic wave using a non-linear

optical element.

20. A device according to ¢laim 2, wherein said laser beam is
converted into a higher harmenic wave using a non-linear

optical element.

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

optical alement.

22, A device according to claim 3 wherein said inecident

angle 0 iz Brewster's angle.

23.. - A laser irradiation method comprising: -

emitting a laser bheam from a laser;

making said laser beam slantly incident with respect to
a convex lens so as to generate an aberration:

deforming a shape of said laser beam through said convex
lens so that said shape of =zaid laser beam is in a linear

shape on an irradiated body; and o
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irradiating said linear laser beam to said irradiated

body while said linear laser beam and said irradiated body are

relatively moved.

24. A laser irradiation method comprising:

emitting a laser beam from a laser;

making said laser beam slantly incident with respect to a
convex lens so as to generate an aberration;

setting an irradiated surface so that said laser beam
travelled via said convex lens is slantly incident with
respect to said irradiated surface;

deforming a shape of said laser beam through said convex
lenz =20 that szaid shape of said lasar beam is in 2 linear
shape on =zaid irradiated surface; and

irradiating said linear lazer beam to said irradiated
surface while said linear laser beam and said irradiated

surface are relatively moved.

25. A laser irradiation method compriszing:

emitting a laser beam from said laser;

making said lasar beam =lantly incident with reszpect to
a convex lens so as to generate an aberration;

deforming a shape of said laser beam through said convesx
lens =0 that =aid shape of =said laser bheam is in a linear
shape on an irradiated surface; and

irradiating said linear laser beam to zaid 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, and an incident angle 0 of said laser
beam at which =zaid laser beam is incident with respect to
said irradiated surface satisfy the following expression:

0 = arctan {(w/(2 x d))
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26. A method according to ¢laim 23, wherein as said convex

lens, an aspherical lens iz used.

27. A method according to claim 24, wherein as said convex

lens, an aspherical lens is used.

2B8. A method accerding te claim 25, wherein as =aid convex

len=z, an asphearical lens i= used.

29. A method according to ¢laim 23, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal

laser of continuous oscillation or pulse oscillation,

30. A method according to claim 24, wherein said laser beam is
oscillated from a solid state laser, a gas laser or a metal

laser of continuous oscillation or pulse oscillation.

31. A method accerding teo claim 25, wherein said laser beam i=s
oscillated from a solid state laser, a gas laser or a metal

laser of continucus oscillation or pulse oscillation.

32. A methed according to claim 23, wherein said laser beam is
oscillated from one selected from YAG lagser, ¥YVO, laser, YLF
laszer, ¥YAlO; laser, glass laser, ruby laser, alexandrite laser
and Ti: s=sapphire laser of continucus oscillation oxr pulse

. oscillation.

33. A method according toe ¢laim 24, wherain said laser beam is
eseillated from one selected from YAG laser, YVO, laser, ILF
lazer, YAlO; laser, glass laser, ruby laser, alexandrite
~laser and Ti: sapphire laser of continuous oscillation or

Ppulse oscillation.
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34. A method according to claim 25, wherein said laser beam is

oscillated from one selected from YAG laser, ¥VO; laser, YLF
laser, YAlQ; laser, glass laser, ruby laser, alexandrite laser
and Ti: sapphire laser of continuocus oscillation or pulse

ozcillation.

35. A method according to claim 23, wherein said laser beam iz
escillated from one selected from excimer laser, Ar laser, Kr
lazer and CO; laser of continuous oscillation or pulse

oscillation.

36. A method according to ¢laim 24, wherein said laser beam is
oscillated from ona saelected from excimer laser, Ar laser, Kr
laser and C0O; laser of continuocus oscillation or pulse

oscillation.

37. A method according to claim 25, wherein said laser beam is
oscillated from one =zelectad from excimer laszer, Ar laser, Kr
laser and CQO; laser of continucus oscillation or pulse

oscillation.

38. A method according to claim 23, whaerein szid laser beam is
oscillated from one selected from helium-cadmium laser, copper
vapor laser and gold vapeor laser of continuous oscillation or

pulse oscillatieon,

39. A metheod according to claim 24, wherein said laser beam is’
oscillated from one selected from helium-cadmium laser, copper
vapor laser and gold vapor laser of contihuous oscillation or

Ppulse oscillation.

40. A metheod according to claim 25, wherein said laser beam is

oscillated from ohe selected from helium—cadmium laser, copper



vapor lasar and gold vapor

pulse oscillation.

41. A method according to
is converted into a higher

optical alement.

42, A method according to
iz converted inte a higher

optical element.

43. A method according to
iz converted into a higher

optical element.
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lazer of continuous oscillation or

claim 23, wherein =said laser bean

harmonic wave through a non-linear

claim 24, wherein said laser beam

harmonic wave through a non-linear

claim 25, wherein said laser beam

harmenic wave through a non-~linear



