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plane orientation of crystal grains obtained by using a laser beam, into a
direction that can be substantially regarded as one direction in an irradi-
ation region of the laser beam. After forming a cap film over a semicon-
ductor film, the semiconductor film is crystallized by using a CW laser
or a pulse laser having a repetition rate of greater than or equal to 10
MHz. The obtained semiconductor film has a plurality of crystal grains
having a width of greater than or equal to 0.01um and a length of greater
than or equal to lum. In a surface of the obtained semiconductor film,
a ratio of an orientation {211} is greater than or equal to 0.4 within the
range of an angle fluctuation of £10°.
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DESCRIPTION
SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

'[0001]

The present invention relates to a technique for forming a semiconductor film
having a crystalline structure by irradiating a semiconductor film with a laser beam and
a semiconductor device such as a thin film transistor (hereinafter, a TFT) using, and the
semiconductor film having a crystalline structure that is formed by using this technique.
In addition, the present invention relates to a manufacturing method of the

semiconductor device.

BACKGROUND ART
[0002]

In recent years, a laser crystallization technique for forming a semiconductor
film having a crystalline structure (hereinafter, a crystalline semiconductor film) by
irradiating an almorphyous semiconductor film which is fbrmed over a glass substrate
with a laser beam has been researched well. A érystalline semiconductor film is used
because of high mobility as compared. with an émorphous semiconductor film.
Therefore, a TFT is formed using this crystalline semiconductor film, and such a TFT
has beenA used for an active matrix'liquid crystal display device, an organic EL display
device, or the like where a TFT for a pixel portion or TFTs for a pixel portion and a
driver circuit is/are formed over a sheet of a glass substrate.

[0003]

As a crystallization method, a thermal annealing method using an annealing
furnace, a rapid thermal annealing method (RTA method), a laser annealing method (a
crystallization method by laser irradiation), or the like can be given. In a case of using
a solid phase growth method like a thermal annealing method, high-temperature

processing at greater than or equal to 600°C is performed; therefore, an expensive
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quartz substrate that can withsténd the high temperature is needcd, which increases a
manufacturing cost. On the other hand; when a laser is used for crystallization,
crystallization can be performed by making only a semiconductor film absorb heat
without increasing a temperature of a substrate too much. Therefore, a substance
having a low melting point such as glass or plastic can be used for a .substrate.
Accordingly, a glaés substrate which is inexpensive and easily processed in a large-sized
area can be used; thus, production efficiency has been significantly improved.
[0004]

| There is a crystallization method by an excimer laser, which is a pﬁlse laser, as
one of the laser crystallization methods. A waveléngth of an excimer laser belongs to
an ultraviolet region, and absorptance with respect to silicon is high. Therefore,
silicon is selectively heated when an'excimer iaser is used. For ‘example, in a case of
using an excimer laser, a laser beam having a rectangular ‘shapc of approximately le X
30 mm that is emi"tted from a laser oscillator is shaped by an optical system into a linear
beam spot of several hundreds of um in width and greater than or equal.to 300 mm in
length and silicon over a substrate is irradiated with the laser beam. Here, a

rectangular shape with a high aspect ratio, or an elliptical shape is referred to as a linear

_shape. By irradiating silicon over a substrate with a linearly processed beam spot

while relatively scanning the beam spot, annealing is performed and a crystalline silicon
film is obtained.  High productivity can be obtained by scanning the beam spot in an
orthogonal direction to a direction of a length (a major axis) of the beam spot.
[0005] |

As another laser crystallization method, there are crystallization methods by a
continuous-wave laser (hereinafter, referred to as a CW laser) and a pulse laser having a
repetition rate as high as greater than or equal to 10 MHz. These lasers are formed
into linear beam spots; thus, a crystalline silicon film is obtained by irradiating a
semiconductor film with this beam spot while scanning the beam spot. By using this
method, as compared with a crystal that is obtained by irradiation of an excimer laser
beam, a crystalline silicon film having a region of an extremely large grain size

(hereinafter, referred to as a large grain crystal) can be formed (for example, see
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Reference 1: Japanese Published Patent Application No. 2005-191546).' When this
llarge grain crystal is used for 5 channel region of a TFT, few crystal grain boundaries
are included in a channel direction; therefore, an electric barrier against a carrier such as
an electron or a hole gets lower. Consequently, it is possible to manufacture a TFT

having mobility of approximately 100 cm?/Vs.

DISCLOSURE OF INVENTION
[0006]

However, the large grain crystal that is obtained by crystallization using the
above laser has a feature that the plane orientation of crystal grain is totally different
between adjacent large grain crystals, and the plane orientation of large grain crystal
grains which are formed within an irradiation region ofya laser ‘beam is random and
cannot be controlled to be one direction. Thus, when a TFT is manufactured using a
semiconductor film includinglthis large grain -crystal as an active layer, the plane
orientation of crystal grains of the semiconductor film to be a cilanﬁel differs among a
plurality of TFTs. Therefore, an electricai characterfstic of each Tl':‘T has variation due
to the difference in the plane orientation of crystal grains. In adciition, when each
plane orientation is di.ﬂerent between adjacent crystals, a trap level in a crystal grain
boundary gets higher than a grain boundary in a case where the plane orienta”iion is the
same, thereby deteriorating an electrical characteristic of a TFT.

[0007]

The crystallization using a CW laser or a pulse laser having a repetition rate of
greater than or equal to 10 MHz is performed by irradiating a semiconductor film with a
laser beam emitted from a laser oscillator, which is formed by an optical system into a
linear shape of approximately 500 um in length and 20 um in width, while scanning
over the semiconductor film at a constant speed of approximately 10 to 200 cm/sec.
As shown in FIG. 2B, generally, irradiation of a laser beam is performed with a
semiconductor film 03 formed over a substrate 01 and a base insulating film 02. At
this time, there is a close relation between the obtained crystal and an energy density of

the laser, as shown in FIG. 2A, and the obtained crystal changes a microcrystal, a small



10

15

20

25

30

WO 2007/046290 . PCT/JP2006/320362

, grain crystal, and a large grain crystal along with increase of an energy density.
{0008]

A small grain crystal described here is the same as a crystal that is formed in
the case of the excimer laser irradiation. When the semiconductor film is irradiated
with an excimer laser, a surface layer of the semiconductor film is partially melted and
infinite crystal nuclei are generated randomly in an interface between the semiconductor
film and the base insulating film. Then, a crystal.is grown in a direction that the
crystal nucleus is cooled and solidified, that is, a direction from the interface between
the sémiconductor film and the base insulating film to the surface of the ser;liconductor
film. Thus, a relatively small crystal is infinitely formed.

[0009] ‘

Even with the crystallization using a CW laser or a <pulse laser having a
repetition rate of greater than or equal to 10 MHz, a small grz«iin crystal is partially
formed like in a portion which is irradiated with the end of a laser beam. It can be
understood that this is a result of a fact that the semiconductor film is partially melted
without being supplied with heat needed to melt the semiconductor film completely.
[0010]

Next, under a condition that the semiconductor film is completely melted, that
is, in FIG. 2A, when a semiconductor film is irradiated with a laser beam flaving an
energy of greater than or equal to E; to perform crystallization, a large grain crystal is
formed. At this time, infinite crystal nuclei are generated in the semiconductor film
that is completely melted, and a crystal is grown from each crystal nucleus into a
scanning direction of a laser beam, along with movement of a solid-liquid interface.
Since the position where this crystal nucleus is generated is random, the crystal nuclei
are distributed unevenly. Then, crystal growth is completed when crystal grains
collide with each other; therefore, the position, the size, and the plane orientation of
crystal grains are random.

[0011]
Thus, in order to confirm the position, the size, and the plane orientation of

crystal grains, EBSP (Electron Back Scatter Diffraction Pattern) measurement is carried
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out using a silicon film where a large grain crystal is formed as a sample. EBSP refers
to a method by which an EBSP detéctor is connected to a scanning electron microscope,
a direction of a diffraction image (an EBSP image) of individual crystal, which is
generated when a sample highly tilted in the scanning electron microscope is irradiated
with a éonve;gent electron beam, is analyzed, and the plane orientation of crystal grains
of a sample is measured from direction‘data and position information of a measurement
point (x, y). FIGS. 3A to 3H show the result.
[0012]

| In FIGS. 3A to 3H, FIG. 3A shows a plane orientation distribution in a viewing

surface A; FIG. 3B, a plane orientation distribution in a viewing surface B; FIG. 3C, a

plane orientation distribution in a viewing surface C, respectively, and FIG. 3D shows
the plane orientations in FIGS. 3A, 3B, and 3C. In addition, FIGS. 3E, 3F, gnd 3G
sequentially show occurrence frequencies of the plane orientations in the viewing
surfaces A, B, and C, respectively, and FIG. 3H is a frequéncy in FIGS. 3E, 3F, and 3G
[0013] |

In the EBSP measurement, a measuremen‘t region is 50 x 50 pm and a
measurement pitch is 0.25 um. As shown in FIG. 4, a base insuiating film 411 is
formed over a substrate 410, and an amo_rphous semiconductor film 417 is formed over
this base‘insulating film 411. The amorphous semiconductor film 417 is, irradiated

with a laser beam to perform crystallization. Then, three planes, where three vectors

vertical to each other (a vector a, a vector b, and a vector c) are each to be a normal

vector, are regarded as a viewing surface A 413, a viewing surface B 414, and a viewing

surface C 415, respectively, and the plane orientations of the viewing surfaces are
measured. Note that a scanning direction 416 of a laser beam and the vector c are
parallel. In accordance with pieces of information obtained from these three planes,
the plane orientation in a large grain crystal 412 can be specified with high accuracy.
Even in a case of viewing the plane orientation from any of the viewing surfaces, it is
confirmed that there is variation in the plane orientation, the size of a crystal grain, and

the direction of crystal growth.
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[0014]

Further, when energy higher than that under a condition for forming a large
grain crystal is applied to a semiconductor film, the semiconductor film is split or
ablated.

[0015]

The position, the size, and the plane orientation of crystal grains become
random because crystal growth as described below proceecis. When a great amount of
heat is given to a semiconductor film at a time, the semiconductor film is melted
compietely. A great amount of crystal nuclei are generated in this semiconductor film
and chaotic crystal growth occurs based on these crystal nuclei. The present inv‘entor
considers that it is important to suppress the chaotic crystal growth. '
[0016] |

In view of the above pr/oblems, it is an object of the present invention to control
the plane orientation of each crystal grain, which is obtained by the crystallization using
a CW laser or a pulse laser having a repetition rate of greater tha‘m or equal to 10 MHz,
to be one direction or a direction that can be substantially regarded as one direction in
an irradiation region of the laser beam. In this specification, since a crystal whose
crystal plane orientation between adjacent grain crystals is controlled to be one direction
or a direction that can be substantially regarded as one direction can be apprbximately
regarded as a single crystal, the crystal is referred to as a quasi-single crystal. As
compared with a crystal grain boundary in a case of the different plane orientation
between~adjacent crystals, a crystal grain boundary existing in the quasi-single crystal
has the small number of defects included in the grain boundary and a small electric
barrier.

[0017]

A specific method for controlling a plane orientation is as follows.
[0018]

First, an insulating film (hereinafter, to be a cap film) is formed over a
semiconductor film. A film thickness of this cap film is optimized so that the

semiconductor film that is completely melted by laser beam irradiation is aligned in one
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plane orientation to grow a cr};stal. As the cap film, a material with which heat
'reaches the semiconductor film and which have enough transmittancc to melt the
semiconductor film is used. The cap film is preferably a solid ‘and dense film. By
forming the cap film, heat generated due to absorption of the laser beam in the
semicoﬂductér film can be efficiently utilized for crystallization, and laser
crystallization can be performed with a lower energy density. It is considered that the
cap film has an effect of suppressing decrease of Yiscbéity of the melted semiconductor
film, a reflection prevention effect, a thermal storage effect, or the like.

[0019]

In addition, the laser beam irradiation is’i)erformed with an energy slightly
higher than a lower energy density limit (hereinafter, to be referred to as E;) with whicﬁ
the semiconductor film of an irradiatibn region is completely melted. ~According to the
present invention, the lowest limit of the laser beam enérgy is E; because all that is
needed is energy enough to colrnpletely melt the semiconductor film in the irradiation
region. In addition, the uppermost limit i‘s an energy witi) whi‘ch a large grain crystal
begins to be formed (hereinafter, to be referred to ;is E;) In othfer words, when an
energy of a laser beam that can implement the present invention is r;:garded as E, the
range of E is E; < E < E,. However, by suppressing the amount of heat giyen to the
semiconductor film to the minimum necessary, a érystal nucleus can be prcvéhtcd from
generating more than necessary or the viscosity of the melted semiconductor film can be
prevented from being decreased. -~ Therefore, it is much preferable to adjust the range
of the eﬂergy ‘E of the laser beam with which irradiation is performed so as to satisfy E;
<E < {(E; + Ey)/ 2} (FIG. 1A).

[0020]

By controlling the energy of the laser beam in such a manner, turbulence of the
semiconductor film due to heating can be decreased and stable crystal growth can be
promoted. As shown in FIG. 1B, when a semiconductor film 03 having a cap film 04,
which is formed over a substrate 01 and a base insulating film 02, is irradiated with a
laser beam having an energy density of greater than or equal to E; capable of

completely melting the semiconductor film 03, quasi-single crystallization of the
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semiconductor film 03 is obtained and the plane orientation of crystal grains can be
controlled. |
[0021]

In the surface of the semiconductor film formed using the present invention,
crystal éraine each having a grain size smaller than that of a conventional large grain
crystal are unifonﬁly formed in the irradiation region of the laser beam. Individual

crystal grain has a width of greater than or equal to 0.01 pm and a length of greater than

orequal to 1 um. Adjacent grain boundaries are parallel to each other. In this region,
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crystai grains are grown in a direction parallel to a scanning direction of the laser beam
gnd the plane orientation of the crystal grains can be regarded to be aligned in one
direction. In addition, within the range of an angle fluctuation of +10°, a ratio that a
crystal is oriented in a specific orientaﬁon is greater than or equal to 0.4.

[0022]

In addltlon in the semlconductor film formed usmg the present invention, a
peak shifted to 516 to 518 cm™t is observed with measurement by Laser Raman
Spectroscopy (when a polarization direction of incident laser light at the time of Raman
measurement is made vertical to a scanning direction of the laser cr;}stallization) and
variation of the peak w1th1n the measurement range is less than or equal to 20% in a
coeff1c1ent of variation.

[0023] ‘ '

Accordmg to one feature of the present invention, a semiconductor device has a
semlconductor film formed of a plurahty of crystal grains over a substrate, where the
grain size of the crystal grains has a width of greater than or equal to 0.01 um and a
length of greater than or equal to 1 pnm. When a direction vertical to the surface of the
substrate is regarded as a first direction and a plane, where the first direction is regarded
as a normal vector, is regarded as a first plane, in the plane orientation of the
semiconductor film of the first plane, a ratio of an orientation {211} is greater than or
equal to 0.4 within the range of an angle fluctuation of =10°.

[0024]

According to another feature of the present invention, a semiconductor device
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has a semiconductor film formed of a plurality of crystal grains over a substrate, where
the grain size of the crystal grains has a width of greater than or equal to 0.01 um and a
length of greater than or equal to 1 pm. When a direction vertical to the surface of the
substrate is regarded as a first direction and a plane, where the first direction is regarded
as a normal vector, is regarded as a first plane, in the plane orientation of the
semiconductor filrﬁ of the first plane, a ratio of an orientation {211} is greater than or
equal to 0.4 within the range of an angle fluctuation of +10°.  Further, when a direction
parallel to the surface of the substrate and the crystal growth of the crystal grains is
regarded as a second direction and a plane, where the second direction is regardéd as a
normal vector, is regarded as a -second plane: in the plane orientation of the
semiconductor film of the second plane, a ratio of an orientation {110} is greater than or
equal to 0.5 within the range of an angle fluctuation of £10°. .

[0025]

Accqrding to another feature of the I;res'ent invention, a semiconductor device
has a semiconductor film formed of a plurality of crystal grains over a substrate, where
the grain ‘size of the crystal grains has a width of greater than or equal to 0.01 pm and a
length of greater than or equal to 1 um. When a direction vertical to the surface of the
substrate is regarded as a first direction and a plane, where }the first direction is regarded
as a normal vector, is regarded as a first plane, in the plane. orientatidn of the
semiconductor film of the first plane', a ratio of an orientation {211} is greater than or
equal to 0.4 within the range of an angle fluctuation of +10°." Further, when a direction
vertical t6 the first direction and the crystal growth of the crystal grains is regarded as a
third direction and a plane, where the third direction is regarded as a normal vector, is
regarded as a third plane, in the plane orientation of the semiconductor film of the third
plane, a ratio of an orientation {111} is greater than or equal to 0.4 within the range of
an angle fluctuation of £10°.

[0026]

According to another feature of the present invention, a semiconductor device

has a semiconductor film formed of a plurality of crystal grains over a substrate, where

the grain size of the crystal grains has a width of greater than or equal to 0.01 pm and a
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’length of greater than or equal to 1 um. When a direction parallel to the surface of the

* substrate and the crystal growth of the crystal grains is regarded as a second direction
and a plane, where the second direction is regarded as a normal véctor, is regarded as a
second plane, in the plane orientation of the semiconductor film of the second plane, a
ratio of an orientation {110} is greater than or equal to 0.5 within the range of an angle
fluctuation of +10°. Further, when a direction parallel to the surface of the substrate
and vertical to the second direction is regarded as a third direction aﬁd a'plane, where
the third direction is regarded as a normal vector, is regarded as a third plane, in the
plane 6rientation of the semiconductor film of the third plane, a ratio of an‘orientation
{111} is greater than or equal to 0.4 within the rangé of an angle fluctuation of =10°.
[0027]

Note that the range of .an anéle fluctuation of +10° shows that a deviatio_n' from
a certain plane orientation is Within the range of —10°'to +10°, which implies that the
angle fluctuation of a certain plane orientation is allowed within the range of =10°.
For example, within the range of an angle ﬂuctuationl of +10°, al crystal with the plane
oricntation {211} includes a crystal, which is deviated from the plaﬂe orientation {211}
by -10° to a crystal, which is deviated from the plane orientation {211} by + 10°.
[0028] ,

Iﬁ the above semiconductor devices, the semiconductor film is silicon. In
addition, silicon germanium, sili‘con carbide (SiC), or the like can also be used.

[0029]

in addition, in the above semiconductor devices, the semiconductor film has a
thickness of greater than or equal to 20 nm and less than or equal to 100 nm, preferably
greater than or equal to 20 nm and less than or equal to to 80 nm.

[0030]

Moreover, as an example of the semiconductor devices having the above
characteristics, the following can be given: a thin film transistor, a driver circuit, a
power supply circuit, an IC (Integrated Circuit), a memory, a CPU (Central Processing
Unit), a memory element, a diode, a photoelectric conversion element, a resistive

element, a coil, a capacitor element, an inductor, a pixel, a CCD (Charge Coupled
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' Device), a censor, or the like.
[0031] '

‘Further, various electronic devices can be manufactured using the
semiconductor devices having the above characteristics. For example, the following
can be given: a thin film integrated citcuit device, an image display device, a camera
such as a digitai video camera or a digital camera, a reflective projector, a
head-mounted display, a navigation system, an audio reproducing device, a portable
information terminal, a game machine, a computer, an image reproducing device
provided with a recording medium or the like.

[0032]

According to another feature of the present invention, a method for
manufacturing a semiconductor devfce includes the steps of forming a base’insulting
film; forming a semiconductor film over the base insulating film; forming a cap film to
have a thickness of greater than or equal to 200 nm over the semiconductor film; and
irradiating the semiconductor film with a laser beam through thé cap film to crystallize
the semiconductor film.

[0033]

According to another feature of the preseni invention, a m/ethod for
manufacturing a semiconductor device includes the steps of forming a basé insulting
film over a substrate; forming a semiconductor film over the base insulating film;
forming a cap film to have a thickness of greater than or equal to 200 nm over the
semiconductor film; and irradiatirig the semiconductor film with a laser beam while
relatively scanning the laser beam through the cap film to crystallize the semiconductor
film. The grain size of crystal grains in the thus formed semiconductor film has a
width of greater than or equal to 0.01 um and a length of greater than or equal to 1 pm.
When a direction vertical to the surface of the substrate is regarded as a first direction
and a plane, where the first direction is regarded as a normal vector, is regarded as a
first plane, in the plane orientation of the crystallized semiconductor film of the first
plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the range of

an angle fluctuation of £10°.
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,[0034]

According to another feature of the present invention, a method for
manufacturing a semiconductor device includes the steps of forming a base insulting
film over a substrate; forming a semiconductor fjlm over the base insulating film;
foming a cap film to have a thickness of greater than or equal to 200 nm over the
semiconductor film; and irradiating the semiconductor film with a laser beam while
relatively scanning the laser beam through the cap film to érystallize ihe semiconductor
film. The grain size of crystal grains in the thus formed semiconductor film has a
width‘of greater than or equal to 0.01 urn and a length of greater than or eqﬁal to 1 pm.
When a direction vertical to the surface of the subétrate is regarded as a first direction
and a plane, where the first direction is regarded as a normal vector, is regarded as a
first plane, in the plane orientation 6f the crystallized seﬁicondﬁctor film of the first
plane, a ratio of an orientation ’{211} is greater than or equal to 0.4 within the range of
an angle fluctuation of +10°. Further, when a direction parallel to- the scanning
direction of the laser beam and the surface of the substrate is‘ regarded as a second
direction'and a plane, where the second direction is regarded as a normal vector, is
regarded as a second plane, in the plane orientation of the crystaliized semiconductor
film of the second plane, a ratio of an orientation {110} is greater than or equal to 0.5
within the range of an angle fluctuation of +10°. |
[0035]

According to another feature of the present invention, a method for
manufaciuring a semiconductor device includes the steps of forming a base insulting
film over a substrate; forming a semiconductor film over the base insulating film;
forming a cap film to have a thickness of greater than or equal to 200 nm over the
semiconductor film; and irradiating the semiconductor film with a laser beam while
relatively scanning the laser beam through the cap film to crystallize the semiconductor
film. The grain size of crystal grains in the thus formed semiconductor film has a
width of greater than or equal to 0.01 pm and a length of greater than or equal to 1 pm.
When a direction vertical to the surface of the substrate is regarded as a first direction

and a plane, where the first direction is regarded as a normal vector, is regarded as a
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first plane, in the plane orientation of the crystallized semiconductor film of the first

* plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the range of

an angle fluctuation of +10°. Further, when a direction vertical to the scanning

- direction of the laser beam and parallel to the surface of the substrate is regarded as a

third direction and a plane, where the third direction is regarded as a normal vector, is
regarded as a third'plane, in the plane oi'icntation of the crystallized semiconductor film
of the third plane, a ratio of an orientation {111} is greater than or equal to 0.4 within
the range of an angle fluctuation of £10°.

[0036]

According to another feature of the ‘present invention, a method for
manufacturing a semiconductor device includes the steps of forming a base insulting
film over a substrate; forming a semiconductor film over the base insulating film;
forming a cap film to have a thickness of greater than or equal to 200 nm dver the
semiconductor film; and irradiating the semiconductor film with a laser beam while
relatively scanning the laser beam through the cap film to érystailize the semiconductor
film. ’fhe grain size of crystal grains in- the thus‘formed semiconductor film has a
width of greater than or equal to 0.01 um and a length of greater thani or equal to 1 pm.
When a direction pargllcl to the scanning direction of the laser beam and the surface of
the substfate is regarded as a second direction and a plane, where the second ciirection is
regarded as a normal Vector; is regarded as a second plane, in the plane orientation of
the crystallized semiconductor film of the second plane, a ratio of an orientation {110}
is greate‘r than or equal to 0.5 within the range of an angle fluctuation of +10°.  Further,
when a direction vertical to the scanning direction of the laser beam and parallel to the
surface of the substrate is regarded as a third direction and a plane, where the third
direction is regarded as a normal vector, is regarded as a third plane, in the plane
orientation of the crystallized semiconductor film of the third plane, a ratio of an
orientation {111} is greater than or equal to 0.4 within the range of an angle fluctuation
of +10°.

[0037]

In addition, in the above methods for manufacturing a semiconductor device,
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_ the semiconductor film is formed using silicon. In addition, silicon germanium or SiC
can also be used for tfle semiconductor film.
[0038]

“In the above methods for manufacturing a semiconductor device, the
semiconductor film has a thickness of greater than or equal to 20 nm and less than or
equal to 100 nm, breferably greater than or equal to 20 nm and less than or equal to 80
nm. When the semiconductor film has a thickness 6f greater than or equal to 80 nm,
crystal growth proceeds also towards a film thickness direction; thus, the plane
orientation is unlikely aligned in one direction. ‘

[0039] ;

In the above methods for manufacturing a semiconductor device, a continuous
wave laser or a pulse laser having a repetition rate of greater than or equal to 10 MHz is
used.

[0040]

Moreover, in the above methods for manufaqturing a semicpnductor device, the
cap film formed over the semiconductor film may be used as a gate insulating film.
[0041] |

According to the present invention, over an insﬁlating substrate made from a
material having a low melting point such as glass or plastic, it is possible .to form a
semiconductor film of a crystal having a large crystal grain size, in which the plane
orientation between adjacent crystal grains are aligned in one direction or a direction
that can be substantially regarded as one direction, that is, a quasi-single crystal that is
infinitely close to a single crystal. Further, by using this quasi-single crystalline
semiconductor film, it is possible to provide a semiconductor element capable of high
speed operation with high current driving capacity and small variation of characteristics
between elements, or a semiconductor device which is constituted by integrating a
plurality of the semiconductor elements and a manufacturing method thereof.

[0042]
Further, the quasi-single crystalline semiconductor film formed according to

the present invention has extremely few crystal defects. By using this quasi-single
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crystal for an active layer of 4a TFT, a high-quality semiconductor device can be
manufactured with high yields.
[0043]

In addition, as shown in the present invention, by forming a cap film over a
semiconductor film, heat generated due to absorption of a laser beam in the
semiconductor film can be efficiently utilized for crystallization, and laser
crystallization can be performed with a lower energy density. It is considered that this
is because the cap film has a reflection prevention effect, a thermal storage effect, or the
like. | Therefore, when laser crystallization is performed to a semiconductof film with a
cap film and a semiconductor film without a cap film by using laser oscillators having
the same standard, a length of a linear beam spot can be more extended by using the
semiconductor film with a cap film than using the semiconductor film without a cap
film. Therefore, an area that can be crystallized per unit time can be increased, that is,

throughput can be'improved.

BRIEF bESCRETION OF DRAWINGS
[0044]

In the accompanying drawings:

FIGS. 1A and 1B are a diagram and a view each showing a relatioh between
laser beam intensity and a state of a semiconductor film'irradiated with the laser beam,
in a case where a cap film is formed over the semiconductor film;

FIGS. 2A and 2B are a diagram and a view each showing a relation between
laser beam intensity and a state of a semiconductor film irradiated with the laser beam,
in a case where a cap film is not formed over the semiconductor film;

FIGS. 3A to 3H are views each showing an EBSP measurement result of a
large grain crystal;

FIG. 4 is a view explaining a measurement direction of FIGS. 3A to 3H;

FIGS. 5A to 5D are views each explaining an embodiment mode of the present
invention;

FIG. 6 is a view showing an example of a laser irradiation apparatus used for
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manufacturing a crystalline semiconductor film of the present invention;
FIGS. 7A and 7B are each a microphotograph of a crysf(alline semiconductor
film of the present invention;
FIGS. 8A to 8D are views each showing an EBSP measurement result of a
5  crystalline semiconductor film of the present invention;
FIGS. 9A to 9F are views each showing an EBSP measurement result of -a
crystalline semiconductor film of the present invention; \
FIG. 10 is a view explaining a measurement direction of FIGS. 8A to 8D and
FIGS. 9A to 9F;
10 FIGS. 11A and 11B are views each expiaining a measurement method by
Raman spectroscopy of a crystalline semiconductor film of the present invention; (
FIGS. 12A to 12 C are views each éhowing a measurement resu}t of a
crystalline semiconductor film of the present invention'by Raman spectroscopy;
FIGS. 13A to 13 E are views each ‘showing a measurement result of a
15 crystalline semiconductor film of the present invention by Ramarll spectroscopy;
| FIGS. 14A to 14D are views each showing a ~measu-rement result of a
crystalline semiconductor film of the present invention by Raman speétroscopy;
FIGS. 15A to 15D are views each showing 'a measurement rel:sult of a
crystalline semiconductor film of the present invention by Raman spcctrosco;;y;
20 * FIG. 16 is a view exi)la}ning an example of a liquid crystal display device using
the present invention;
FIG. 17 is a view showing'an analysis result of a crystalline semiconductor film
of the present invention by an atomic force microscopy;
FIG. 18 is a view showing an analysis result of a crystalline semiconductor film
25  of the present invention by an atomic force microscopy;
FIGS. 19A to 19E are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;
FIG. 20 is a view explaining an example of a manufacturing method of a
semiconductor device using the present invention;

30 FIGS. 21A to 21C are diagrams each explaining an example of a manufacturing
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method of a semiconductor device using the present invention;

FIGS. 22A to 22D are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 23A to 23E are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 24A to 24C are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 25A to 25C are views each explaining an example of a manufacturing
meth(;d of a semiconductor device using the present invention; - A

FIG. 26 is a view explaining an examplé of a manufacturing method of a
semiconductor device using the present invention;

FIGS. 27A to 27C are views each explaining an exampie of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 28A and 28B are views each éxplaining an example of a manufacturing
method of a semiconductor device using the present invention; )

FIGS. 29A and 29B are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 3OA and 30B are views each explaining an example of a manpfacturing
method of a semiconductor device using the present invention; |

"FIG. 31 is a view explaining an example of a manufacturing method of a

semiconductor device using the present invention;

FIGS. 32A to 32 D are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 33A to 33D are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 34A and 34B are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 35A and 35B are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 36A and 36B are views each explaining an example of a manufacturing
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' method of a semiconductor device using the present invention;

FIGS. 37A and 37B are views each explaining an example of a manufacturing
method of a semiconductor device using the present invention;

FIGS. 38A to 38C are views each explaining an example of use of a
semiconductor device manufactured usii’lg the present invention;

FIGS. 39A to 39F are views each explaining an example of a semiconductor
device manufactured using the present invention; _

FIGS. 40A to 40D are views each showing a measurement result of a single
crystailine silicon film by an EBSP method; ‘

FIG, 41 is a graph showing a measuremerif result of a quasi-single crystalline
silicon film, a single-crystalline silicon film, and a silicon film, where a large grain
crystal is formed, by Raman spectrosc.:opy; .

FIG. 42 is an image of a semiconductor film, which is crystallized by changing
a film thickness of a cap film and laser energy with a scanning speed of the laser beam
fixed, obtained by an optical microscope; | )

FIG. 43 is an image of a semiconductor film, which is crystallized by changing
a film thickness of a cap film and laser energy with a scanning speed of the laser beam
fixed, viewed by an optical microscope; | )

FIGS. 44A and 44B are graphs each putting FIG. 42 and FIG. 43 togetﬁcr;

" FIGS. 45A and 45B aré views each showing a result i)y the EBSP method in

FIGS. 3A to 3H and FIG. 4;

FIGS. 46 is a view showiﬁg a result by the EBSP method in FIGS. 3A to 3H
and FIG. 4,

FIGS. 47A to 47D are views each showing in-plane distribution of a threshold
voltage difference of TEGs that are vertically adjacent;

FIG. 48 is a normal probability distribution diagram of a measurement result in
an n-channel TFT of FIGS. 47A to 47D; and

FIG. 49 is a normal probability distribution diagram of a measurement result in
a p-channel TFT of FIGS. 47A to 47D.
BEST MODE FOR CARRYING OUT THE INVENTION
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[0045]

Embodiment modes of the present invention will be explained he'reinafter with
reference to the accompanying drawings. However, it is to be easily understood that
various changes and modifications will be apparent to those skilled in the art.
Thercfdre, unless such changes and modifications depart from the purport and the scope
of the present invehtion, they should be construed as being included therein.

[0046]

First, as shown in FIG. 5A, a silicon oxide film containing nitrogen having a
thickfless of 50 to 150 nm is formed as a base insulating film-101 on one éurface ofa
glass substrate having a thickness of 0.7 mm, for ekample, as a substrate 100 having an
insulating surface. Further, an amorphous silicon film is formed by a plasma CVb
method, as a semiconductor film 162, over the base insulating film 101 to have a
thickness of greater than or equ}al to 20 nm and less than 0} equal to 100 nm, preferébly,
greater than or equal to 20 nm and less than or equal to'SO nm. This semiconductor
film 102 will be subsequently crystallized by a laser. . |
[0047]

As the substrate 100, a substrate where glass such as alumino borosilicate glass

-

or barium borosilicate glass having low absorptance wi@h 'respect to visible light ray is
used as a material, a quartz substrate, or the like is used. Besides, it is also pbssible to
use a substrate where plastic typified by PET (poiyethylene terephthalate), PES
(polyether sulfone resin), or PEN ‘(polyethylene naphthalate), or a synthesis resin
typified By acrylic is used as a raw material.

[0048]

Further, in order to increase resistance to a laser beam of the semiconductor
film 102, the semiconductor film 102 is subjected to thermal annealing at 500°C for an
hour. Next, a silicon oxide film containing nitrogen having a thickness of 500 nm is
formed over the semiconductor film 102 as a cap film 103. Note that, when the cap
film 103 is too thin, it is difficult to obtain a quasi-single crystal from the semiconductor
film 102; therefore, it is preferable to form the cap film 103 to have a thickness of

greater than or equal to 200 nm. In this embodiment mode, the silicon oxide film
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containing nitrogen is formed using a plasma CVD method using monosilane (SiHa)

and nitrous oxide (NQO) each as a reactive gas. Then, the semiconductor film 102 is
crystallized by being irradiated with a laser beam through the cap film 103.
[0049]

| Here, the silicon oxide film cor'!taining nitrogen is selected for the cap film 103;
however, besides, a silicon oxide film can also be used. As the cap film 103, a film
close to the semiconductor film 102 where there is enough transmittance with respect to
a wavelength of the laser beam, and a thermal value such as a thermal expansion
coefficient and a value such as ductility are close may be used. Further, the cap film
103 is preferably a solid and dense film similarly to a gate insulating film. A solid and
dense film can be formed by reducing a deposition rate, for example. In this
embodiment mode, the cap film 103 is formed with a depositioh rate of 40 nm/min.
The deposition rate can be appropriately selected from the range,of greater than or equal
to 1 nm/min and less than or equal to 400 nm/min, preferably greater than or equal to 1
nm/min.and less than or equal to 100 nm/min. |
[0050] _

In this embodiment mode, an example of forming only one. layer of the silicon
oxide film containing nitrogen ’for the cap film 103 is ahown; however, a cap film
composed of a plurality of films each having a different kind of material may also be
used. For example, an insulating film where a silicon oxide film containing nitrogen
and a silicon nitride film containing oxygen are laminated, an insulating film where a
silicoa oaiide film and a silicon nitride film containing oxygen are laminated, or the like
can be used as the cap film. In addition, the cap film 103 may have a structure having
a plurality of layers where light absorptance in the semiconductor film 102 is increased
by utilizing interference effect of light due to a thin film. Through the above, a subject
having a surface subsequently irradiated with a laser beam, that is, a surface to be
irradiated 208 (see FIG. 6) is completed.

[0051]
In this embodiment mode, an example of using the amorphous silicon film as

the semiconductor film 102 is shown; however, a polycrystalline silicon film may also
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be used. For example, after forming an amorphous silicon film, a polycrystalline
silicon film can be formed by adding a minute amount of an element such as nickel,
palladium, germanium, iron, tin, lead, cobalt, silver, platinum, éopper, or gold to the
amorphous silicon film, and then performing heat treatment at 550°C for 4 hours.
Further, a compound of silicon with germanium or carbon may also be used as the
semiconductor film. Moreover, a peeling layer may be provided between the base
insulating film 101 and the substrate 100 to peel a.semiconductor element from the
substrate 100 after the process.

[0052]

Next, a laser oscillator and- an optical system for forming a beam spot, which
are used for the crystallization, will be explained. 'As shown in FIG 6, as laser
oscillators 201a and 201b, a CW lasér with LD excitation (YVO4,- a second harmonic (a
wavelength of 532 nm)), maximum total output of which is 2OW, is prepared. It is not
necessary to_parficularly limit the wavelength’ of the iaser t‘o a second harmonic;
however, the second harmonic is superior to a further ‘higher order harmonic in terms of
energy efficiency.

[0053]

When .a semiconductor film is irradiated witfl the CW laser, energy is
continuously provided to the semiconductor film; therefore, when the semiconductor
film is once brought to a meltéd state, the melted state' can be continued. Further, a
solid-liquid ipterface of the semiconductor film is moved by scanning the CW laser
beam; tﬁercfore, a crystal grain which is long in one direction along this movement
direction can be formed. In addition, a solid laser is used because, as compared with a
gas laser or the like, output has high stability and stable process is expected. -Note that,
without limitation to the CW laser, it is possible to use a pulse laser having a repetition
rate of greater than or equal to 10 MHz. When a pulse laser having a high repetition
rate is used, the semiconductor film can be always kept melting, as long as a pulse
interval of the laser is shorter than a time between melt and solidification of the
semiconductor film. Thus, a semiconductor film composed of the crystal grain which

is long in one direction by the movement of the solid-liquid interface can be formed.
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Note that the two laser oscillators are prepared in the case of FIG.6; however, one laser
oscillator may be prepéred as long as the output is enough. Moreover, when a pulse
la§er having a high repetition rate is used, one laser oscillator may also be prepared.
[0054]

In this embodiment mode, a Y_VO4 laser is used for the laser oscillators 201a
and 201b; howeve}, other CW laser and pulse laser having a repletipn rate of greater
than or equal to 10 MHz can also be used. For examble, as a gas laser, there is an Ar
laser, a Kr lasef, a CO; laser, or the like. As a solid-sate laser, fhere is a YAG laser, a
YLF iaser,' a YAIO; laser, a GdVO, laser, a KGW laser, a KYW laser, an alexandrite
laser, a Ti: sapphire laser, a Y203 laser, a YVOq laser, or the like. | Moreover, there is a
ceramic laser such as a YAG laser, a Y,03 laser, a GdVO, laser; or YVO, laser. As a
metal vapor laser, there is a helium caﬂmium laser or the like.

[0055]

In additidn, in the laser oscillator 201a and the laser oscillator 201b, energy
uniformity of a linear beam spot that is obtained in the surface t(l> be irradiated 208 can
be increased, when the laser beam is emitted with oscillation of TEMy (a single lateral
mode) , which is preferable.

[0056] ,

The brief description of the laser irradiation is as follows. Laser bcéms 202a
and 202b are each emitted with the same energy from the laser oscillators 201a and
201b. A polarization direction is changed by the laser beam 202b emitted from the
laser oscillator 201b through a wav‘elcngth plate 203. The polarization direction of the
laser beam 202b is changed because the two laser beams each having a polarization
direction different to each other are synthesized by a polarizer 204. After the laser
beam 202b is passed through the wavelength plate 203, the laser beam 202b is reflected
by a mirror 212 and made to enter the polarizer 204. Then, the laser beam 202a and
the laser beam 202b are synthesized by the polarizer 204. The wavelength plate 203
and the polarizer 204 are adjusted so that light that has transmitted the wavelength plate
203 and the polarizer 204 has appropriate energy. Note that, in this embodiment mode,

the polarizer 204 is used for synthesizing the laser beams; however, other optical
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lelement such as a polarization beam splitter may also be used.
[0057] |

A laser beam 202 that is synthesized by the polarizer 204 is reflected by a
mirror 205, and a cross éection of the laser beam is formed into a linear shape in the
surface to be irradiated 208 by a cylindrical lens 206 having a focal length of 150 mm,
and a cylindrical lens 207 having a focal length of 20 mm, for example. The mirror
205 may be provided depending on a situation of an opfical system of a laser irradiation
apparatus. The cylindrical lens 206 operates in a length direction of the beam spot that
is formed in the surface to be irradiated 208, whereas the cylindrical lens 207 operates
in a width direction thereof. ~Accordingly, in the surface to be irradiated 208, a linear
beam spot having a length of approximately 500 um and a width of approximately 26
um, for example, is formed. Notcl that, in this embociiment mode, the cylindrical
lenses are used to form the beam spot into a linear shape; hbwevgr, the present invention
is not limited thereto, and other optical element such as. a sphericgl lens may also be
used. Moreover, the focal. lengthes of the cylindrical lénses are not limited to the
above values and can be arbitrarily set. | ’

[0058]

Further, in this embodiment mode, the laser beam is formed /using the
cylindrical lenses 206 and 207; however, an optical syste;m for extending the laser beam
to a linear shape and an optical éystem for converging thin in the surface to be irradiated
may be additipnally provided. For gxample, in order to obtain the linear cross section
of the laser beam, a cylindrical lens array, a diffractive optical element, an optical
waveguide, or the like can be used. In addition, with the use of a rectangular-shape
laser crystal, the linear cross section of the laser beam can also be obtained at an
emission stage. The ceramic laser can form a shape of laser crystal relatively freely;
therefore, the ceramic laser is appropriate for manufacturing such a laser. Note that the
cross-sectional shape of the laser beam which is formed in a linear shape is preferably
as narrow as possible, which increases an energy density of the laser beam in the

semiconductor film; therefore, a process time can be shortened.
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. [0059]
Then, an irradiation method of the laser beam will be explained. In order to

operate the surface to be irradiated 208, where the semiconductor film is formed, with a

" relatively high speed, the surface to be irradiated 208 is fixed to suction stage 209.

The suction stage 209 can operates in X and Y directions on a plane parallel to the
surface to be inadiated 208 by an X-axis uniaxial robot 210 and a Y-axis uniaxial robot
211. The uniaxial robots are disposed so that the length direction of the linear beam
spot gonesponds to the Y axis. Next, the surface to be irradiated 208 ~is made to
operate along the width direction of the beam spot, that is, the X axis, and the surface to
be irradiated 208 is irradiated with the laser beafﬁ. Here, a scanning speed of the
X-axis uniaxial robot 210 is 35 cm/sec, and the laser beam having an energy of 7.5 W is
emitted from each of the two.laser oscillators 201a and 201b. The laser output after
synthesizing the laser beams is to be 15W.
[0060] | |

A region completely melted is formed in the amorphous semiconductor film by
being irradiated with the laser beam. A crystal is grown in one plane orientation
during a solidifying process; thus, a quasi-single crystal can be obtained. Note that
energy distribution of the laser beams emitted from the llaser oscillators in, a TEMgg
mode is generally in a Gaussian distribution. '\‘Nhen this laser beam is used for a
crystallization process of the semiconductor film, a quasi-single crystalline region is
formed only in the center vicinity of the laser beam, where the intensity is high. Note
that a width of the region where a ;]uasi-single crystal is formed can be changed by the
optical system used for the laser beam irradiation. For example, intensity of the laser
beam can be homogenized by using a lens array such as a cylindrical lens array or a fly
eye lens; a diffractive optical element; an optical waveguide; or the like. By
irradiating the semiconductor film with the laser beam, intensity of which is
homogenized, almost all of the regions irradiated with the laser beam can be used to
form a quasi-single crystal. A scanning speed of the X-axis uniaxial robot 210 is
appropriate when it is to be approximately several 10 to several 100 cm/sec, and the

speed may be appropriately decided by a worker in accordance with the output of the
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laser oscillators.
[0061]

"Note that, in this embodiment mode, a mode of moving the amorphous
semiconductor film, which is the surface to be irradiated 208, by using the X-axis
uniaxial robot 210 and the Y-axis ui}iaxial robot 211 is used. Without limitation
thereto, the laser i)eam can be scanned by using a method for moving an irradiation
system in which the surface to be irradiated 208 is fixed while an irradiation position of
the laser beam is moved; a method for moving a surface to be irradiated in which the

irradiation position of the laser beam is fixed while the surface to be irradiated 208 is

moved; or a method in which these two methods are combined.

[0062] ‘

~ Note that, as described abov,e, the energy distribution of ‘the beam $pot, which
is formed by the above optical system, is in a Gaussian distribution in a major axis;
therefore, a small igrain crystal is formed in a place haviﬁg a low energy density at the
both ends. Thus, part of the laser beam may be cut by provid‘ing’a slit or the like in
front of the surface to be irradiated 208 so that the surface to be irradiated 208 is
irradiated only with energy enough to form a quasi-single crystal. Alternatively, a
metal film or tHe like that reflects the laser beam may be formed over the sil,i,con oxide
film conta;ining nitrogen, which is the cap film 103, and a pattern may be forméd so that
the laser beam reaches only a‘place of the semiconductor film where a quasi-single
crystal is desired to be obtained. Moreover, in order to efficiently use the laser beam
emitted from the laser oscillator 201a and the laser oscillator 201b, the energy of the
beam spot may be uniformly distributed in a length direction by using a beam
homogenizer such as a lens array or a diffractive optical element.
[0063]

Further, the Y-axis uniaxial robot 211 is moved by a width the quasi-single

crystal that is formed, and the X-axis uniaxial robot 210 is rescanned with a scanning
speed at 35 cm/sec. By repeating a series of such operations, the entire surface of the

semiconductor film can be efficiently crystallized.
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[0064]

Thereafter, as shown in FIG. 5C, the cap film 103 is removed by performing
etching. Further, a resist is coated over the quasi-single crystalline semiconductor film
104, egposqd, and developed, thereby forming a resist into' a desired shape.
Furthermore, etching is performed using the resist formed here as a mask, and the
quasi-single crystélline semiconductor film 104, which is exposed by developing, is
removed. Through this process, an island-shaped semicbnductor film 105 is formed
(FIG. 5D).

[0065]

The, quasi-single crystalline semiconductor film formed using the present
invention is comi)osed of a plurality of crystal grains, and the grain size of these crystal
grains has a width of greater than or equal to 0.01 um and a length of greater than or
equal to 1 pum. |
[0066]

In addition, in the quasi-single crystalline serpiconductor fi[m formed using the
present invention, a direction vertical to the surface of the substrate, a direction parallel
to the scanning direction of the laser beam and the surface of the substrate, and a
direction vertical to the scanning direction of the laser l?eaim and parallel to the surface
of the substrate are regarded as a first direction, a sécond direction, and a thirci direction,
respectively. Further, planes, where the above first direction, second direction, and
third direction are each regarded as a normal vector, are regarded as a first plane, a
second plane, and a third plane, respectively. At this time, in the plane orientation of
the semiconductor film of the first plane, a ratio of an orientation {211} is greater than
or equal to 0.4 within the range of an angle fluctuation of +10°. In addition, in the
plane orientation of the semiconductor film of the second plane, a ratio of an orientation
{110} is greater than or equal to 0.5 within the range of an angle fluctuation of +10°.
Moreover, in the plane orientation of the semiconductor film of the third plane, a ratio
of an orientation {111} is greater than or equal to 0.4 within the range of an angle

fluctuation of +10°.
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[0067]

As discussed above, in the quasi-single crystalline semiconductor film formed
us.ing the present invention, the plane orientation of a crystal grain is aligned in one
directio.n or in a direction that can be substantially regarded as one direction. In other
words, the quasi-single crystalline semiconductor film has a property close to that of a
single crystal. By using such a semiconductor film, performance of a semiconductor
device can be considerably improved.

[0068]

For example, when a TFT is formed, it is possible to-obtain the same electric

field effect, mobility ‘'as that of a semiconductor device using a single crystal

semiconductor. In addition, it is possible to reduce variation of an on current value (a
drain current value that flows when a TFT is turned on), an off current valué (é drain
current value that flows when a TFT is in an off state), a fhreshold voltage, an S value,
and electric field effect mobility. Sincevr, there is such an effect, an electrical
characteristic of a TFT is improved, and an operational characteristic and reliability of a
semiconductor device using a TFT is improved. Thus, a semiconductor device capable .
of high speed operation with high current driving capacity and small variation of
characteristics between pluralities of elements can be mamifactured.
[Embodiment 1]
[0069])

" This embodiment will explain a measurement result of the plane orientation of
a quasi-s;ingle crystalline silicon film of the present invention, which is used as a sample,
by an EBSP method. In addition, the plane orientations of a single crystalline silicon
film and a silicon film where a large grain crystal is formed were measured by an EBSP
method in the same manner, and they were compared.
[0070]

When an electron beam is made to enter a sample having a crystal structure,

inelastic scatterings also occur at the back, and a linear pattern, which is peculiar to
crystal orientation by Bragg diffraction, can also be observed in the sample. Here, this

linear pattern has generally been referred to as a Kikuchi line. An EBSP method
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obtains crystal orientation of a sample by analyzing a Kikuchi line reflected in a

detector.

[0071]

A sample having a polycrystalline structure has crystal orientations where each
crystal grain is different. Thus, every time the irradiation position of the sample is
moved, the samplé is irradiated with the electron beam and the crystal orientation in
each irradiation position is anafyzed. In such a mz;nner, the crystal orientation or
orientation information of a sample having a flat surface can be obtained. As a
measurement region is broader, the tendency of the crystal orientation of the entire
sample can be obtained more; and as there is niore measurement point, the more
information on the crystal orientation in the measurement region can be obtained in
detail.

[0072]

However, the plane orientation within the crystal cannot be decided only with
the plane orientation on one surface of the crystal. This is because, even when a plane
orientation is aligned in one orientation only in one viewing surface, it cannot be said
that the plane orientation is aligned within the crystal if tﬁe planve orientation is not
aligned in other viewing surfaces.

[0073]

' In order to decide the plane orientation within a crystal, the plane orientations
at least from two surfaces are needed, and the precision is increased as much
information is obtained from niore planes. Therefore, when plane orientation
distributions of all three planes are almost uniform within the measurement region, a
crystal thereof can be regarded as, approximately, a single crystal, that is, a quasi-single
crystal.

[0074]

Actually, as shown in FIG. 10, a base insulating film 511 was formed over a
substrate 510, and an amorphous semiconductor film 517 was formed over this base
insulating film 511. Further, a cap film 518 was formed over the amorphous

semiconductor film 517. The amorphous semiconductor film 517 was irradiated with
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a laser beam through the cap film 518 to perform crystallization. Then, the plane
orientation within a érystal can be specified with high precision by putting together
pieces of information on three planes (a viewing surface A 513, a viewing surface B 514,
and a viewing surface C 515) where three vectors vertical to each other (a vector a, a
vector b, and a vector ¢) are each to be a normal vector. In this embodiment, in a
quasi-single crysta'lline silicon film and a silicon film where a large grain crystal is
formed, the vectors a to c are set as described below. The vector c is’ parallel to a
scanning direction 516 of the laser beam and the surface of the substrate 510, the vector
ais v‘ertical to the surface of the subsfrate 510 and the vector ¢, and the ‘vect‘or b is
vertical to each of the vector a and vector c. : |
[0075]

First, FIGS. 8A to 8D and FIGS. 9A to 9F each show a result of analyzing the
plane orientation in the above three planes (a crystal a);is orjentation in a direction
vertical to a Viewihg surface) of a quasi-singe crystalline silicon f‘ilm 512,

[0076]

The quasi-single crystalline silicon film that is used for the measurement was
formed in the same manner as the sample used in the embodiment mode. The base
insulating film having a thickness of 150 nm was formed on one surface of a glass
substrate having a thickness of 0.7 mm. An amorphous silicon film having a thickness
of 66 nm was formed over thi\s base insulating film by a plasma CVD method, and
further a silicon oxide film was formed to have a thickness of 500 nm as the cap film.
More spe;cifically, a manufacturing method of the sample will be described.

[0077]

As the substrate, a glass substrate having a thickness of 0.7 mm manufactured
by Corning, Inc. was used. As the base insulating film, a film having a thickness of
150 nm, in which a silicon nitride film containing oxygen and a silicon oxide film
containing nitrogen are stacked, was formed by a plasma CVD apparatus of a parallel
plate type. A deposition condition is as follows.

[0078]

<Silicon nitride film containing oxygen>



10

15

20

25

WO 2007/046290 . PCT/JP2006/320362
30

- Thickness: 50 nm

- Type of gaé (flow rate): SiH4 (10 sccm), NH; (100 sccm), N2O (20 sccm), H
(400 sccm) |

- Substrate temperature: 300°C

- Pressure: 40 Pa

- RF frequency: 27 MHz

- RF power: 50W

- Distance between electrodes: 30 mm
[0079]
<Silicon oxide film containing nitrogen>

- Thickness: 100 nm

- Type of gas (flow rate): Siﬁ4 (4 sccm), N,O (800 sccm) -

- Substrate temperature: 400°C

- Pressure: 40 Pa

- RF frequency: 27 MHz

- RF power: 50W

- Distance between electrodes: 15 mm

. [0080]

The amorphous silicon‘ film was formeci over the base insulating film by a
plasma CVD apparatus of a parallel plate type. A deposition condition of the
amorp}lous silicon film is as follows. ‘
<Amorphous silicon film>

- Thickness: 66 nm

- Type of gas: SiHy (25 sccm), H; (150 sccm)

- Substrate temperature: 250°C

- Pressure: 66.7 Pa

- RF frequency: 27 MHz

- RF power: 50W

- Distance between electrodes: 25 mm
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' [0081]

After forming the amorphous silicon film, heating was performed at 500°C for
an hour in an electric furnace. This thermal treatment is treatment for extracting
hydrogen from the amorphous silicon film. Hydrogen is extracted to prevent.a
hydrogen gas from spouting from the amorphous silicon film when the amorphous
silicon film is irra(iiated with a laser beam, which can be omitted when a little hydrogen
is contained in the amorphous silicon film.

[0082]

| A silicon oxide film having a thickness of 500 nm was formed as a cép film
over the amorphous silicon film. A deposition corfciition is as foliows.
[0083]
<Silicon oxide film>

- Thickness: 500 nm

- Type of gas: SiH4 (4 sccm), N,O (8()0 sccm)

- Substrate temperature: 400°C

- Pressure: 40 Pa

- RF frequency: 60 MHz

-RF power: 150W

- Distance between electrodes: 28 mm
[0084]

‘ Table 1 shows compositions of the base insulating film and the cap film. The
compositions of the film shown in Table 1 are in a state before heat treatment or laser
irradiation. The composition ratios were measured using Rutherford Backscattering
Spectrometry (RBS) and Hydrogen Forward Scattering (HFS). A measurement
sensitivity is approximately + 2%.

[0085]
[Table 1]

Composition ratio (%)

Si N O H

Material

Silicon oxide film Cap film 32.1 0.0 66.0 1.9
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2nd layer of the

Silicon oxide film . '
base insulating | 32.6 02 | 658 | 14

- containing nitrogen i
film

Silicon nitride film 1st layer of the base | .
) ' 32.2 45.5 5.2 17.2

containing oxygen insulating film

[0086]

\ Next, the amorphous silicon film was irradiated with the laser beam through
the cap film. In this embodiment, two laser beams each having an energy of‘7.5 w
were emitted, and synthesized using an optical system. Thereafter, the laser beam was
formed into a linear shape having a width of 500 um and the irradiation was performed.
The energy of the laser beam after being synthesized is 15 W, an& a scanninghspeed of
the laser beam is 35 cm/sec.
[0087]

The electron beam-entered the sample with an incidence angle of 60° with
respect to this sample surface (that is, the surface of the quasi-single crystalline silicon
film), and a crystal orientation was measured from the obtained EBSP image. The
measurement region is 100 x 50 pm. In.this region, the measurement was carried out
on lattice points each having 0.25 pm in length and width. ~Since the sample surface is
a measuring surface by an EBSP method, a silicon film is necessary to be a top layer.
Therefore, the measurement was carried out after ctéhing the silicon oxide film
containing nitrogen which is the cap film.

[0088]

FIG. 8A shows a plane orientation distribution in the plane A where the vector a
serves as a normal vector, as well, FIG. 8B shows a plane orientation distribution in the
plane B where the vector b serves as a normal vector, and FIG. 8C shows a plane
orientation distribution in the plane C where the vector ¢ serves as a normal vector.
FIGS. 8A to 8C are each an orientation map image which shows that which plane
orientation is indicated by each measurement point. According to this image, it is

found that orientation is strongly obtained in an orientation {211} in the viewing surface
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/A, an orientation {111} in the viewing surface B, and an orientation {110} in the
viewing surface C. In addition, since the plane orientation within individual crystal
grain is uniform, pieces of information on a shape, a size, or the like of individual
crystal grain can be roughly obtained.

[0089]

Here, according to FIGS. 8A to 8C, it is found that the quasi-single crystalline
silicon film of the present invention is composed of a domain extended long in a column
shapet
[0090]

In addition, according to FIGS. 8A to 8C, it is found that orientation is strongly
obtained in the orientation {211}, the orientation {111}, and the orientation {110} in the
viewing surfaces A, B, and C, respectively. When it is found that orientation is
strongly obtained in a specific index, an orientation degree can be grasped by obtaining
a rate of how much crystal grains are gathered"in vicinity of the index.

[0091]

FIG. 9A is an inverse pole figure’ showing a frequency distribution of plane
orientation appearance, which shows that how the plane orientation {211} in the
viewing surfacel A is distributed within the measurement fange. In the same manner,
FIG. 9C show that how th; plane orientation {111} in the viewing surface B is
distributed and FIG. 9E shows that how the plane orientation {110} in the viewing
surface C is distributed within the measurement region. ‘

[0092]

FIG. 9B shows a frequency of the inverse pole figure in FIG. 9A. In this case,
it is shown that the orientation {211} appears with a frequency of approximately 4.5
times as often as a state in which all orientations of the viewing surface A appear with
identical probability. In the same manner, FIG. 9D shows a frequency of the inverse
pole figure in FIG. 9C. In this case, it is shown that the orientation {111} appears with
a frequency of approximately 15.4 times as often as a state in which all orientations of
the viewing surface B appear with identical probability. Moreover, FIG. 9F shows a

frequency of the inverse pole figure in FIG. 9E. In this case, it is shown that the
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~orientation {110} appears with a frequency of approximately 14.1 times as often as a
state in which all orientations of the viewing surface C appear with identical probability.
[0093] '

_Further, in the inverse pole figure in FIG. 9A, the range of an angle fluctuation
of the orientation {211} is decided to be within + 10°, and a rate of the number of the
measurement poinf that the angle fluctuation of the orientation {211} with respect to all
measurement points exist within = 10° is obtained; thérefore, an orientation ratio can be
obtaiged.

[0094]

The result is shown in FIGS. 45A and 45B: and FIG. 46. FIGS. 45A and 45B,
and FIG. 46 are results of obtaining qrientation ratios in a viewing surface A, a viewing
surface B, and a viewing surface C, respectively. In FIGS. 45A and 45B, and FIG. 46,
the obtained value of the ratio at the points having a specffic orientation of all
measurement points is a Partition Fraction value. The obtained value of the orientation
ratio at the measurement points having high orienting reliability among the points
having a ‘specific orientation with respect to all measurement points is a Total Fraction
value. Moreover, Table 2 is a summarizing Total Fraction of FIGS. 45A and 45B, and
FIG. 46. As a result, in the viewing surface A of the ‘qlllasi-single crystalline silicon
film of the present invention, the orientation {211} occupies 42.1% within the range of
an angle fluctuation of +10°. In the same manner, in the viewing surface B, the

orientatiqn {111} occupies 41.2% within the range of an angle fluctuation of =10°.

Further, in the viewing surface C, as well, the orientation {110} occupies 52.3% within

the range of an angle fluctuation of +10°.

[Table 2]: Total Fraction (%)

(%) {100} {110} {111} | {211}
Viewing surface A 0.2 0.4 8.6 42.1
Viewing surface B 0.3 5.1 41.2 7.1
Viewing surface C 0 523 0.2 7.4
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[0095]

| 'As described through the above, the plane orientation of crystal grains is
aligned in one direction with a high rate in all of the three viewing surfaces. In other
words, it is found that a quasi-single crystal, where it can be regarded that the plane
orientation of crystal grains is aligned in one direction, is formed in a crystallized region.
In such a manner, it was confirmed that a quasi-single crystal, of which specific plane
orientgtion occupies an extremely high ratio, is formed over a glass substrate in a region
having one side of several ten um. Here, an equivalent orientation group such as (100), "
(010), and (001) of the plane orientation of crystal g?ains is referred to as {100} together,
and the same can be said for other orientations of {110}, {111}, and {211}.
[0096] -

The EBSP measurement result of a single crystalline silicon film (SIMOX:
Separation by IMplanted OXygen) is shown for comparison (FIQS. 40A to 40D). The
measurement region is 100 x 50 um. Within this region, the measurement was carried
out on lattice points each having 1 pum in length and width. In FIGS. 40A to 40C,
FIGS. 40A to 40C shows the plane orientation distributions in viewing surfaces A, B,
and C, respectively, and FIG. 40D shows the plane orienfations in FIGS. 40A to 40C.
According to this measurement, it is found that the three viewing surfaces each have a
completely uniform, plane orientation. The plane orientation is {001} in the viewing
surface A and {110} in both the viewing surface B and the viewing surface C. Then, it
was fouﬁd that a crystal grain is nof formed in each viewing surface.

[0097]

Further, a silicon film, where a large grain crystal is formed, was measured in
the same manner for comparison. A manufacturing method of a sample is as follows.
A silicon oxide film containing nitrogen having a thickness of 150 nm was formed as a
base insulating film on one surface of a glass substrate having a thickness of 0.7 mm,
and an amorphous silicon film having a thickness of 66 nm was formed over this base
insulating film by a plasma CVD method. After forming the amorphous silicon film, a

subject irradiated with a laser beam having an energy of 4 W with a scanning speed at
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'35 cm/sec was used as the sample. In other words, a manufacturing procedure of the
sample is different from that of the quasi-single crystalline silicon film of ‘the present
invention in that a cap film is not formed in forming a largé grain érystal.

[0098]
The measurement region of this-sample by an EBSP method is 50 x 50 um.

‘Within this region, the measurement was carried out on lattice points each having 0.25
um in length and width. Asa reéult of the measuremént, as shown in FIGS. 3A to 3H,
it is fgund that there is variation in the plane orientation and a c;ystal growth direction
in the viewing surfaces A, B, and C. In addition, it is found that the crystal grain size ‘
thereof is larger than that of the quasi-single crystalline silicon film.

[0099] ,
~ Through thg above experiment result, it is found that the quasi-single
crystalline silicon film of the present invention is differer;t in a tendency of the gréin
size and the plane'orientation from the single éryétalline silicon film and the silicon film,
where a large grain crystal is formed.
[Embodiment 2]
[0100]
This embodiment will explain a result of me]asuring characteristics .of a
semiconductor film of the present invention. |
[0101]°
‘ FIGS. 7A and 7B each show an optical microscope photograph of a
quasi-single crystalline silicon filrﬁ that is manufactured using the present invention.
A sample was manufactured through the following procedure. A silicon oxide film
containing nitrogen having a thickness of 150 nm was formed as a base insulating film
over a glass substrate having a thickness of 0.7 mm, an amorphous silicon film was
formed to have a thickness of 66 nm, and further a silicon oxide film containing
nitrogen having a thickness of 500 nm was formed as a cap film. Next, two laser
oscillators were prepared and each laser beam was emitted with an energy of 7.5 W.
After synthesizing the energy of this two laser beams by using an optical system, the

amorphous silicon film was irradiated with the laser beam through the cap film. The
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laser beam energy after synthesizing the laser beams and the scanning speed are 15W

and 35 cm/sec, respectively. Thereafter, the cap film was removed and etching (Secco

etching) was performed.

[0102]
5 Note that Secco etching is etching performed to make apparent a crystal grain
boundary of a cr);stalline semiconductor film surface. An etching solution used for
this etching treatment is made by adding i)otassium dichromate as an additive to a
hydrofluoric acid solution, where a ratio of HF and H,O is 2 to 1. Actually, this
solution was diluted with water and the etching treatment was performed at a Toom
10  temperature.:

[0103] ‘

FIG. 7A is a microscope photograph before performing‘ Secco etching to the
quasi-single crystalline silicon film of the present invention. It is found thai the
growth direction df a crystal is aligned within the range shown by an arrow.

15  [0104] : ' . .

FIG. 7B is an enlarged photograph of the quasi-single crystalline silicon film
after Secco etching. Note that Secco etching was performed to‘remove amorphous
silicon that remains on a grain boundary. According to‘FIlGS. 7A and 7B, it was found
that a grain boundary, of which width gets greater than or equal to 0.01 pm and length

20  gets greater than or equal to 1 um, is formed and adjacent grain boundaries are parallel
to each other. |
[0105] |
Further, in order to measure the surface shape of the quasi-single crystalline
silicon of the present invention, the measurement was carried out using an Atomic Force
25  Microscopy (AFM). A force generated between a solid sample surface and a probe is
observed by AFM as a detection physical quantity. A result of analyzing surface
roughness of the entire viewing surface was shown in Table 3. In addition, an AFM
measurement image (an oblique perspective view) was shown in FIG. 17. Then, a
three-dimensional display of the measurement image in FIG. 17 is shown in FIG. 18.

30
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[Table 3]
Average plane roughneés (Ra)° 8.577TE—01 nm
Peak to Valley (P - V) 1.241E+01 nm
. Root mean square average 9.361E+00 nm
plane roughness (Rz) - (10 Points)
Area (S) ' 1.001E +08 nm>
Area ration (S ratio) .+ 1.00069

[0106]

A sample used for this measurement is manufactured through the following
procedure. First, a silicon oxide film containing nitrogen having a thickness of 150 nm
was formed as a base insulating film over a glass substrate having ;1 thickness of 0.7 mm,
and an amorphous silicon film was formed to have a thickness of 66 nm. Next, a
silicon oxide -film -containing nitrogen having a thickness of 400 nm was formed as a
cap film. Then, two laser oscillators were prepared and each laser beam was emitted
with an énergy of 9.5 W. After synthesizing the energy of this two laser beams by
using an optical system, the amorphous silicon film was irlradiated with the laser beam
through the cap film. . The laser beam with which the semiconduétor film is,irradiated
has an energy of 19 W and the scanning speed at 50 cm/sec.

[0107]

| /As a result of this measurement, the avérage plaﬁe rbughness (Ra) was 8.577 x
10" nm. Note that, in a case of directly irradiating a semiconductor film with a CW
laser beam, an average plane roughness is 1 to 2.5 nm. According to this result, it was
found that, by the present invention, there is an effect that the average plane roughness
gets approximately 0.3 to 0.9 times as low as the case of directly using a CW laser.
Thus, when a TFT is manufactured using a semiconductor film formed of a quasi-single
crystal having an extremely flat surface as an active layer, a leak current between a gate
electrode and the active layer can be suppressed low and a gate insulating film can be

formed thin.
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 [Embodiment 3]

[0108]

| ‘A semiconductor film of the present invention was evaluated by Raman
spectroscopy. Raman spectroscopy is one of effective methods to evaluate crystallinity
of a substance, and is used in order to (juantify the crystallinity of a semiconductor film
which is formed by laser irradiation. Generally, a pieqe of information on crystallinity,
a crystal grain size, or stress is obtained from a peak position or a full width at half
maximum of a Raman line, and a piece of information on a plane orientation is obtained
from intensity or the number of a Raman line. In qddition, when the plane orientation
of the manufactured film or crystal grains is uncleali, a plane orientation or a crystal axis
direction can be specified by carrying out polarization Raman measurement from a
different orientation.
[0109]

First, as §hown in FIG. 11A, a glassﬂsubstrate having a thickness of 0.7mm is
prepared as a substrate 300. A’silicon oxide film containing nitrogen having a
thickness of 150 nm was formed as a base insulating film 301 over this substrate 300.
Further, an amorphous silicon film was formed to have a thickness of 66 nm as a

.semiconductor film 302, and a silicon oxide film containiné nitrogen having a thickness
of 400 or 500 nm was formed as an insulating film.
[0110]
| ‘ Next, as shown in FIG. 11B, energy was changeci step by step to each irradiate
the semiconductor film 302 covered with the insulating film 303 with a laser beam
having an irradiation width of 500 um. Note that, in this embodiment, two laser
oscillators equivalent in output were prepared, each of which emits a laser beam having
an energy of 10.0, 9.5, 9.0, 8.5, 8.0, 7.5, 7.0, 6.5, 6.0, 5.5, 5.0, and 4.5W. After
synthesizing these two laser beams with an optical system, the semiconductor film 302
was irradiated with the synthesized laser beam through the insulating film 303. In
other words, the energy of the synthesized laser beam is twice as much as the energy
before the synthesis, each of which is 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, and 9W.

The energy after the synthesis is described in FIG. 11B. An intensity distribution in a
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~cross section of the synthesized laser beam is in a Gaussian distribution. This
synthesized laser beam was scanned at a speed of 35, 50, 75, and 100 cm/sec to irradiate
the insulating film 303 from above thereof. A width of a laser irradiation region is 500
um.
[0111]

The measurement by Raman spectroscopy was carried out by thus using the
semiconductor film irradiated with the laser beam as a sample. FIGS. 14A to 14D
each show the measurement result of the insulating film 303 hav‘ing a thickness of 400
nm, which was used as a sample. FIGS. 15A to 15D each show the ﬁeasuiement
result of the. insulating film 303 having a thickness of 500 nm, ‘which was useci as ;1
sample. A polarization direction of laser light that enters at the time of the
measurement is a direction vertical to a scanning direction of the laser beam, ifradiation
of which is performed at the laser crystallization. A vertical axis indicates a standard
Si wafer ratio, whereas a horizontal axis indicates a positi(;n irradiated with a laser beam
(a position where Raman measurement was carried out). Here, a standard Si wafer
ratio refers to a rate of Raman intensity of a single crystalline silicon film, which is 1,
measured as a reference. Note that, as shown in a doted line A-A’ of FIG. 11B,
mapping measurement was carried out so as to cross over a laser beam irradiation
region of each laser energy and a measurement pitch was to be 2 pm.

[0112]°

| FIGS. 15A to 15D each show a result that a thickness of the insulating film 303,
that is, a cap film is 500 nm. FIG. 15A is a result of irradiation with a scanning speed‘
at 35 cm/sec. Here, attention is paid to a result that energies emitted from the two laser
oscillators are each 7.5W (15W after the synthesis). This is a result of a sample that is
manufactured under the same manufacturing condition as that of the semiconductor film
which is used for the EBSP measurement of Embodiment 1 and the optical microscope
photographing of Embodiment 2. According to Embodiments 1 and 2, it is found that,
in the semiconductor film that is manufactured under this manufacturing condition, that
is, the quasi-single crystalline semiconductor film of the present invention, a crystal

grain extended in a column shape is uniformly formed in the laser beam irradiation
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‘region, and the plane orientation of the crystal grain can be regarded as one direction.
When this quasi-single crystalline semiconductor film is measured by Raman
spectroscopy, it is found that there is a characteristic that Raman intensity is low, as
compared with a single crystalline silicon film, and variation of the intensity is small, as
shown in data of 7.5W (15W after the synthesis) in FIG. 15A.
[0113] |

In addition, FIGS. 14A to 14D each show a result that a thickness of the cap
film is 400 nm. FIG. 14A is a result of irradiation with a scanning speed at 35 cm/sec.
It is f;)und that a tendency is different between a case where energies emitted from the
two laser oscillators are each 7.0W (14W after the éynthesis) and a case where energies
emitted from the Mo laser oscillators are each less than or equal to 6.5W (13W after thé
synthesis). When an energy of each laser beam is less than or equal to 6.5 W (@3 w
after the synthesis), it is found that Raman intensity is los;v, as compared with a single
crystalline silicon film, and variation of the intensity is partially small, and a
qﬁasi-single crystal is formed in'the same manner as the c‘ase of FIG 15A. In
particular, it is found that a quasi-single ‘crystal is formed in a ;:ase of laser beam
irradiation where an energy of each laser beam is 5.5 W (11 W after ~the synthesis) and
6.0W (12w af;ter the synthesis). Portions surrounded with circles are p‘articularly
prominent. It is found that the quasi-single crystalline semiconductor film of the
present’ invention is formed in this portion. On the other hand, in a case where an
energ)" of each laser beam is greater ‘than or equal to 7.0 W' (14 W after the synthesis),
the tendency is changed. In this case, a part having low Raman intensity and small
variation of the intensity thereof, and a part having high Raman intensity and large
variation of the intensity thereof are observed in part of the semiconductor film. It is
inferred that a quasi-single crystal and a large grain crystal are mixed to form this
region.
[0114]

FIG. 12A is an enlarged view of the result in FIG. 14A. Note that Raman
intensity is a measurement value. FIG. 12B shows a Raman shift, and FIG. 12C shows

a result that intensity of Raman scattered light is divided by a full width at half
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‘maximum (FWHM). In either figure, energies emitted from the two laser oscillators
are each measured by 0.5W within the range of 4.5 to 7.0 W, that is, the energy of the
laser beam, with which the semiconductor film is irradiated after the synthesis, is
measured by 1W within the range of 9W to 14W.

[0115]

Here, in FIG. 12A, attention is paid to portions surrounded with circles at 11
and 12W, where Raman intensity is low and variation of the intensity is small.
Accor‘ding to the result of FIG. 12A, it is found that a quasi-single crystal is formed
when laser beam irradiation is performed at 11 and 12W. The Raman intensity of the
portion, where the quasi-single crystal is formed, has coefficient variation of less tﬁan or
equal to 20%, which is extremely small variation as compared with a large grain crystal
having coefficient variation of grelater than or equal to 30%. Note that, here,
coefficient variation (CV) refers to a percentage with respect to an average value Avg of
a standard deviation o (CV = (0/Ave) x 100),” which shows the degree of variation in a
Raman peak. According to FIG 12B, the Raman peak of thel quasi-single crystal is
greater than or equal to 516 cm™ and less than or equal to 517 cm'l,\ which is a value
smaller than the Raman shift value of a single crystalline silicon film of 521 cm.
Moreover, according to FIG. 12C, it is found that a value of a ratio of the Raman
intensity with respect to a full indth at half maxinﬁm (Int./FWHM) is also small in the
quasi-single crystal, and a tendency of variation is small.

[0116] ‘

Next, as for FIGS. 14A t6 14D and FIGS. 15A to 15D, a relation between a
scanning speed of the laser beam, with which the semiconductor film is irradiated, and
the crystallization of the semiconductor film was considered. A region having low
Raman intensity and small variation in Raman intensity in the region where a crystal
grain extended in a column shape is uniformly formed in the laser beam irradiation
region can be said as a region where the quasi-single crystal was formed. In the case
of FIGS. 14A to 14D, the quasi-single crystal was formed. When a scanning speed is
35, 50, and 75 cm/sec, an energy of each laser beam is in the range of greater than or

equal to 5.5W and less than or equal to 8.5W (greater than or equal to 11W and less than
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or equal to 17W after the synthesis), greater than or equal to 6.5W and less than or equal
to 10W (greater than or equal to 13 W and less than or equal to 20 W after the synthesis),
and greater than or equal to 9 W and less than or equal to 10 W (greater than or equal to
18W and less than or equal to 20W after the synthesis), respectively. Moreover, a
quasi-single crystal was not formed when a scanning speed was greater than or equal to
100 cm/sec. In ofher words, it is found that, the lower a scanning speed is, the more
quasi-single crystals are formed with low energy. As shown in FIGS. 15A to 15D, this
tender}cy is the same even when a thickness of a cap film is changed.

[0117]

Further, attention is paid to each scanning speed. For éxample, FIG. 1;1A is
given. It is found that, the lower energy of a laser beam is emitted, the smaller
variation Raman intensity has.- Small variation of Raman intensity indicates that plane
orientation is aligned. Therefore, in order to form a quasi-single crystalline
semiconductor fihﬁ, the plane orientation of which is aligned, it is preferable to adjust
laser energy so as to provide minimum energy capable of melting‘ a semiconductor film.
[0118]

Then, as for FIGS. 14A to 14D and FIGS. 15A to 15D, a relation between a
thickness of the cap film anci the crystallization of the semiconductor film was
considered. For example, in EIGS. 14A to 14D and FIGS. 15A to 15D, a scanning

speed is the same and only a thickness of the cap film is different to each other. Here,

in the case where a thickness of the cap film is 400 nm in FIG. 14A, a quasi-single

crystal is formed with greater than or equal to 5.5 W and less than or equal to 8.8 W
(greater than or equal to 11 W and less than or equal to 17 W after the synthesis). On
the other hand, in the case where a thickness of the cap film is 500 nm in FIG. 15A, a
quasi-single crystal is formed with greater than or equal to 7 W and less than or equal to
10 W (greater than or equal to 14 W and less than or equal to 20 W after the synthesis).
According to this experiment result, it is concluded that, in the case of the same
scanning speed, a quasi-single crystal is formed with lower energy by using the cap film
having a thickness of 400 nm than by using the cap film having a thickness of 500 nm.

Note that the same conclusion can also be obtained for other scanning speeds.
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[0119]

Through the above results, the energy of the laser beam, a film thfckness and a
scanning speed of the cap film are factors that each have an’ effect on forming a
quasi-single crystal. Thus, it is preferable to appropriately adjust the energy of the
laser beam, a film thickness of the cap film, and a scanning speed of the laser beam, if
necessary.

[Embodiment 4]
 [0120]

A quasi-single crystalline silicon film of the present inventiofl, a single
crystalline silicon film, and a silicon film where a large grain érystal is formed are
measured by Raman spectroscopy, and dissimilarity was each examined.

[0121]

The quasi-single crystalline silicon film of the present invention was
manufactured_thrdugh the following procedure. First, a silicon oxide film containing
nitrogen having a thickness of 150 nm was formedyas a base 1insplating film on one
surface of a glass substrate having a thickness of 0.7 mm. Furthpr, an amorphous
silicon film having a thickness of 66 nm was formed over this base insulating film by a
plasma CVD method. After forming a silicon oxide fil‘m‘containing nitrogen to have a
thickness of 500 nm as a cap film to the sample thus formed, laser irradiation was

‘perforrr'xed. The, energy of the laser beam, with which the sample was irradiated, is
20W, and a scanning speed of the laser beam is 35 cm/sec. Raman spectrum of the
sample t\hus manufactured was measured. In measuring, a polarization direction of the
laser light to be entered is in a vertical direction (to be 0°) to a scanning direction of the
laser crystallization.

[0122]

As for the single crystalline silicon film, an SIMOX substrate was used. In
addition, the silicon film where a large grain crystal is formed is manufactured through
the following procedure. A silicon oxide film containing nitrogen having a thickness
of 150 nm was formed as a base insulating film on one surface of a glass substrate

having a thickness of 0.7 mm, and further an amorphous silicon film having a thickness



WO 2007/046290 . PCT/JP2006/320362

10

15

20

25

45

of 66 nm was formed by a plasma CVD method. Thereafter, without forming a cap
film, the sample was irradiated with a laser beam having energy of 20W with a scanning
speed at 50 cm/sec. As for this sample, Raman spectrum was measured in the same
manner.

[0123]

A result ihereof is as shown in FIG. 41. A horizontal axis indicates a
wavenumber (cm™'), whereas a vertical axis ir;dicafes Aintensity of scattered light
(hereinafter, referred to as Raman intensity). According to this graph, it is found that
the qﬁasi-single crystalline silicon film of the present invention has peak\ of Raman
intensity at 517 to 518 cm™, the single crystalliﬁé silicon film‘ has peak of Raman
intensity at 520 tb 521 cm™, and the silicon film where a large grain crystal is formed
has peak of Raman intensity. at 515 to 516 cm™. As the position of the Raman
intensity peak gets closer to a value of the single crystalline silicon film, a characteristic
thereof gets closer to the single crystalline silicon film. ~Thus, it can be said that a
characteristic of. the quasi-single crystalline silicon film of thé present invention is
closer to 'the single crystalline silicon film, as compared with the silicon film where a
large grain crystal is formed.

[0124]

In addition, when the three films are comi)ared with each other in the value of
the Raman intensity, the intensity of the quasi-single crystalline silicon film of the
presen‘t invention is lower than that of the single crystalline silicon film or the silicon
film where a large grain crystal is formed. Accordingly, it was found that the
quasi-single crystalline silicon film of the present invention is different from the single
crystalline silicon film or the silicon film where a large grain crystal is formed also in
terms of Raman intensity.

[Embodiment 5]
[0125]
A semiconductor film of the present invention was measured by Raman

spectroscopy, and a polarization property of the spectrum was examined.



WO 2007/046290 PCT/JP2006/320362

10

15

20

25

30

46

[0126]

A sample was manufactured through the following p;ocedure; - A silicon
nitride oxide film having a thickness of 50 nm was formed as a base insulating film over
a glass substrate having a thickness of 0.7 mm, and further a silicon oxide film
containing nitrogen having a thickness of 100 nm was formed. An amorphous silicon
film having a thicimess of 66 nm was formed as a semiconductor film over the base
insulting film by a plasma CVD method. Further, a silicon oxide film containing
nitrogen having a thickness of 300 nm was formed as a cap film. After forming the
cap fiim, two solid-laser oscillators in continuous oscillation each having Olitput‘of 6w
were prepared, and laser beams were emitted from these iaser oscillatoré and
synthesized using an optical system. The energy of the laser beam after the synthesié
is 12W. The semiconductor film was irradiated with a laser beam which was formed
into a linear beam having a width of 500 pm after synthesizing the laser beam. Note
that a scanning spced at the time of irradiating the semiconductor film with the laser
beam is 50 cm/sec.

[0127] -

Polarized laser light was made to enter the thus formed quasi-single crystalline
silicon film, wlﬁch is a first sample, and angular dcpendéncy of the Raman peak was
measured. As for the polgrization direction, a direction vertical to an lirradiation
direction of the laser beam is régarded as 0° as shown in FIG. 13E, and polarized lights
of 0, 45, 90, and 135° were each made to enter the quasi-single crystalline silicon film.
[0128]

FIGS. 13A to 13D each show Raman intensity having a polarization direction
of 0, 45, 90, or 135°.

[0129]

According to FIGS. 13A to 13D, there is a region where Raman intensity is low
and variation of the Raman intensity is small in a region of 100 to 420 um where the
center vicinity of the laser beam is irradiated (a portion surrounded with a circle). The
tendency of the Raman intensity in this portion is in accordance with characteristics of

the quasi-single crystal that is explained in Embodiment 3. Thus, it is inferred that a
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quasi-single crystal is formed in this portion.

[0130]
According to FIGS. 13A to 13D, it is found that the tendency in the case where

" the polarization direction is 0 and 90° is different from that in the case where the

polarization direction is 45 and 135°. In the case of 0 and 90°, the value of the Raman
intensity is almost ‘the same and, also in the case of 45 and 135°, the value of the Raman
intensity is almost the same. However, in the case of 0 and 90°, the' value of the
Raman intensity is lower than that in the case of 45 and 135°.  Thus, it is found that the
Ramaﬁ intensity of the quasi-single crystal of the present invention has a periodic
structure of 90°. In addition, it is found that the strength of the Raman intensity in a
region where a quasi-single crystal is formed is largely changed depending on a
polarization direction; however, thé Raman intensity has small variation. Such a
periodic structure can be obseryed in a single crystalline film; however, a random large
grain crystal is not observed between crystals where plané orientations are neighbored.
Thus, it can be considered that having the periodic structure rlefers to a quasi-single
crystal, the orientation of which is aligned uniformly, is in a crystal State infinitely close
to a single crystal. Moreover, although not shown, a similar per}odic structure of
90°can be observed also in the Raman shift of a quasi-singie crystal.
[Embodiment 6]

[0131]

In this embodiment, a semiconductor film was irradiated with a laser beam
through a cap film under various conditions to perform crystallization of the
semiconductor film, and an optimum condition for forming a semiconductor film of the
present invention was sought.

[0132]

In this embodiment, a silicon oxide film containing nitrogen having a thickness
of 150 nm was formed as a base insulating film on one surface of a glass substrate
having a thickness of 0.7 mm. Further, an amorphous silicon film having a thickness
of 66 nm was formed over this base insulating film by a plasma CVD method. After

forming a silicon oxide film containing nitrogen as a cap film to the sample thus formed,
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'CW laser irradiation was performed. As a specific irradiation niethod, two CW laser
oscillators were prepared, and each laser beam was simultaneously emitted with the
same output and synthesized using an optical system. Thereafter, the semiconductor
film was irradiated through the cap film. The condition that is changed in thjs
embodiment is as follows: (1) a thickri_ess of the cap film; (2) the energy of the laser
beam, with which the semiconductor film is irradiated; (3) a scanning speed of the laser
beam. The thickness of the cap film has 2 types of 400 and 500 nm. In addition, the
energy emitted from the laser oscillators has 12 types each by 0.5W within the range of
4.5 t(; 10W (by 1W within the range of 9 to 20W after the synthesis). Moreover, a
scanning speed of the laser beam has 2 types of 35 and 50 cm/sec.  After perfoﬁning
laser beam irradiation with these conditions changed, the surface state was observed
with an optical microscope. Note that, as in other embodiments, in this embodiment,
the laser beams emitted from the two laser oscillators are'synthelsized using an optical
system and formed into a linear shape of 500 iLm to irradiate the semiconductor film.
[0133]

In this embodiment, the observation using an optical ~microscope was
performed by a dark field reflection microscope method. By this method, light shed
on a sample is made not to directly enter an objective lens of an optical microscope, and
at that time, reflective light, scattered light, or the like from the sample is observed.

With this observation method, the background of view is seen black and, with a

depreésion and projection, the background is seen bright. ' By using this observation

method, not only a transparent sample can be observed but also particles of
approximately 8 nm, which is smaller than a resolution limit of an optical microscope,
or a depression and projection can be recognized. Therefore, the observation method
is extremely effective for examining a fine scratch or defect on the semiconductor
surface, which has been a standard observation method in an industrial field. In this
embodiment, a depression and projection on the surface was observed with a
magnification of 100 times.

[0134]

FIG. 42 shows images of an optical microscope in a case of fixing a scanning
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speed of a laser beam to 35 CI'Il./SCC which is aligned so that a correlation between a
| thickness of the cap film and the energy of the laser beam becomes apparent. In the
same manner, FIG. 43 shows images of an optical microscope in a case of fixing a
scanning spf;cd of a laser beam to 50 cm/sec which is aligned so that a correlation
betweer; a thickness of the cap film and the energy of the laser beam becomes apparent.

[0135] | ,

The state of the depression and projéctior; on the surface of the semiconductor
film is different depending on a crystallization condition or a crystallization state.
Since‘a depression and projection is formed in a region of the semiconductor film where
a microcrystal is formed or a film is peeled, reflective light or scattered light is observed
from a sample. On the contrary, there is few depression and projection in a portion of
the semiconductor film surface where a quasi-éingle crystlal, a large grain crystal grain,
or a microcrystal is formed; theyefore, view becomes black:

[0136]
FIGS. 44A and 44B are graphs each put tpgether the irr/1age of the optical

microscope shown in FIG. 42 and FIG. 43 by confirming -what is formed in each image.

A plotted mark is common in both FIGS. 44A and 44B. An asterisk mark denotes a

region where crystallization cannot be performed; a cross mark, a regioq where a
microcrystal is formed; a rectangular colored with'black, a region where a microcrystal
and a quasi-single crystal of the present invention are mixed. A plus mark denotes a
region where a microcrystal, a large‘ grain crystal, and the quasi-single crystal of the
present iﬁvéntion are mixed. A circle colored with black denotes a region where the
quasi-single crystal of the present invention is formed. A rhombus colored with black
denotes a region where a large grain crystal and the quasi-single crystal of the present
invention are mixed; and an outline rhombus, a region where a large grain crystal is
formed. Moreover, an outline rectangular denotes a region where a film is split (a
semiconductor film is peeled or evaporated) because too much energy is provided to the
semiconductor film.

[0137]

FIG. 44A shows a result in the case of fixing a scanning speed of the laser beam
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to 35 cm/sec. According to this result, it is found that a quasi-single crystalline silicon
film of the present invention is formed with a cap film having a thickness of greater
than or equal to 200 nm and less than or equal to 500 nm. Specifically, when the
thickness of the cap film is 200 nm, the quasi-single crystalline silicon film of the
presenf invention was formed with a power of each laser beam within the range of
greater than or eqﬁal to 6.0W and less than or equal to 7.5W (greater than or equal to
12W and less than or equal to 15W after the synthesis). In the same manner, when the
film thickness of the cap film is 300, 400, or 500 nm, the quasi-single crystalline silicon
film ;)f the present invention was formed with a power of each laser beam within the
range of greater than or equal to 5.0W and less thgn or equal to '6.0W (greater tﬁan or
equal to 10W and less than or equal to 12W after the synthesis), greater than or equal to
5.5W and less than or equal to 8.5W (greater than or equal to 11W and less than or
equal to 17W after the synthesis), or greater than or equal tb 7.0W and less than or equal
to 10W (greater than or equal to 14W and less than or eqﬁal to 20W after the synthesis),
respectively.

[0138]

When the thickness of the cap film ranges from 200 to 300 nm, the minimum

_value of the energy, with which the quasi-single crystalline silicon film is formed, is

decreased even when the cap film is thickened. When the thickness of the cap film

gets greater than or equal to 300 nm, there is a tendency that the minimum value of the

energy, with which the quasi-single crystalline silicon film is formed, is increased as the

cap film is thickened.
[0139]

In addition, FIG. 44B shows a result in the case of fixing a scanning speed of
the laser beam to 50 cm/sec. According to this result, it is found that the quasi-single
crystalline silicon film of the present invention is formed with a cap film having a
thickness of greater than or equal to 200 nm and less than or equal to 500 nm.
Specifically, when the thickness of the cap film is 200 nm, the quasi-single crystalline
silicon film of the present invention was formed with a power of each laser beam within

the range of greater than or equal to 8.0W and less than or equal to 9.0W (greater than
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or equal to 16W and less than or equal to 18W after the synthesis). In the same
manner, when the film thickness of the cap film is 300, 400, or 500 nm, the quasi-single
crystalline silicon film of the present invention was formed with a power of each laser
beam within the range of greater than or equal to 6.5W and less than or equal to 7.5W,

(greater- than or equal to 13W and less than or equal to 15W after the synthesis), greater

than or equal to 6.5W and less than or equal to 10W (greater than or equal to 13W and

less than or equal to 20W after the synthesis), or greater than or equal to 8.5W and less
than or equal to 10W (greater than or equal to 17W and less than or equal to 20W after
the sy‘nthesis), respectively. \

[0140] ,
As with FIG. 44A, when the thickness of the cap film ranges from 200 to 300
nm, the minimum value of the energy, with which the quasi-single crystalline silicon
film is formed, is declreased even when the cap film is’ thiékene_d. When the thickness
of the cap film gets greater than or equal to 300 nm, ’Fhere is a tendency that the
minimum value of the energy, with which the quasi-single cr};sta!line silicon film is
for_med,‘ is increased as the cap film is thickened. |
[0141]

Moreo{/er, in FIGS. 44A and 44B, a region where the quasi-single grystalline
silicon film is formed is compared. It is found that, aé a scanning speed of the laser
beam is increased, the minimﬁm value of the enmergy, with which the quasi-single
crystalline siljcon film is formed, is ipcreased, but a distribution tendency of the region
where tﬁe quasi-single crystalline silicon film is formed is held without any change
regardless of a scanning speed of the laser beam.

[0142]

Note that it is considered that the condition of FIGS. 13A to 13 E for forming a
quasi-single crystalline semiconductor film does not conform to the result of FIG. 44B
because the laser, with which the semiconductor film is irradiated, is different.
[Embodiment 7]

[0143]

This embodiment will describe a manufacturing method of a TFT as an
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example of a semiconductor device of the present invention, where a quasi-single
!

crystal is used as an active layer. Further,-a semiconductor deviee using this TFT will
be explained. Note that this embodiment is an example of etching after performing
laser crystallization to a cap film formed over a semiconductor film.
[0144]

As shown in FIG. 19A, a base insulating film 2001 is formed over a substrate

2000 having an insulating surface. In this embodiment, the substrate 2000 is a glass

substrate. As the substrate used here, a glass substrate made of barium borosilicate

glass,‘ alumino borosilicate glass, or the like; a quartz substrate; a ceramic substrate; a
stainless steel substrate; or the like can be used. Although a substrate made of a
synthetic resin typlfled by acrylic or plastic which is represented by PET, PES, or PEN
tends to have lower heat resistance than another substrate in general, the substrate can
be used as long as the substrate can resist the process of this process.
[0145] | |

The base insulating film 2001 is provided in order to prevent the diffusion of
alkahne earth metal or alkali metal such as Na from the substrate 2000 into the
semiconductor. Alkaline earth metal and alkali metal cause adverse effects on the
characteristics of a semiconductor element when such m‘etal‘ is in the semrconductor’
film. For this reason, the base insulating film 2001 is formed by using an insulating
film which can prevent the diffusion of alkaline earth metal and alkali metal into the
semiconductor, such as a silicon oxide film, a silicon nitride film, or a silicon nitride
film corltaining oxygen. The base insulating film 2001 is formed either in a
single-layer or stacked-layer structure. In this embodiment, a silicon nitride film
containing oxygen is formed to have a thickness of 10 to 400 nm by a plasma CVD
(Chemical Vapor Deposition) method.
[0146]

Note that it is effective to provide the base insulating film 2001 in order to
prevent the diffusion of the impurity when the substrate 2000 contains even a little
amount of alkaline earth metal or alkali metal, such as a glass substrate or a plastic

substrate. However, when a substrate in which the diffusion of the impurity does not
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lead to a significant problem, for(example a quartz substrate, is used, the base insulating
| film 2001 is not neceséarily provided.
[0147] -

Next, an amorphous semiconductor film 2002 is formed over the base
insulatir;g film 2001. The amorphous semiconductor film 2002 is formed to have a
thickness of 25 to 200 nm (preferably, a thickness of 30 to 80 nm) by a known method
(a sputtering method, an LPCVD method, a plasma CVD method, or lthe like). In this
embodiment, the amorphous semiconductor film 2002 is formed to have a thickness of
66 nﬁl. The amorphous semiconductor film which is used here can be formed with
silicon, silicon germanium, SiC, or the like. In this embodiment,.silicon isused. Ina
case of using §ilicon germanium, the concentration of germanium is preferabl)}
approximately 0.01 to 4.5 atomic%.' In addition, an example of using an amorphous
silicon film for a semiconductor film is shown in this embodiment and other
embodiments; however, a polyérystalline silicon film may also be used. . For example,
affer forming an amorphous silicon film, a polycrystalline éilicori film can be formed by
adding é‘minute amount of an element such as nickel; palladium, gc;rmanium, iron, tin,
lead, cobalt, silver, platinum, copper, or gold to the amorphous silic;)n film, and then
performing heaf treatment at 550°C for 4 hours. Further, a compound of sjlicop and
carbon may also be used as the semiconductor film.

[0148] o

It is considered that the above element added to the amorphous silicon film
serves ﬁs a éatalyst element that p;omotes crystal growth. The following specific
method for adding the catalyst element to the amorphous silicon film can be used: (1) a
method for performing silicidation to the surface of the amorphous silicon film by
heating after forming a thin film of the catalyst element of approximately several nm on
the surface of the amorphous silicon film by a sputtering method or an evaporation
method; (2) a method for performing silicidation to the surface of the amorphous silicon
film by having the catalyst element in contact with the surface of the amorphous silicon

film, and reacting the catalyst element and the amorphous silicon film by heating, after

coating the amorphous silicon film with a solution containing the catalyst element alone
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or in a compound; or the like.

| [0149]

‘In a case of using the method of (2), as a solvent containing the catalyst
element alone or in a eompound, a polar solvent such as water, alcohol, acid, or
ammonia can be used. When a polar solvent is used, the catalyst element is added as a
compound. For example, in a case of nickel, a compound such as nickel bromide
which is a compound of nickel with acid or a base, or nickel acetate is di§solved in the
solvent to coat the amorphous silicon film. In addition, in a case of using a non-polar

solvent such as benzene, toluene, xylene,. carbon tetrachloride, chloroform, or cther, a

compound such as nickel acetylacetonate which is a compound of nickel and an ofganic

material is dissolved in the solvent to coat the amorphous silicon film. Furthef,
emulsion where nickel is uniformly dispersed alone or in a compound in a dispersant, or
a paste may also be used.

[0150]

Thereafter, by performing heat treatment, crystal is groWn from a region that is
subjected to silicidation to a region that is-not subjeeted to silicidation. For example,
in a case of adding the catalyst element on the entire surface of the emorphous silicon
film, crystal growth proceeds from the surface of the amorphous silicon film to the
substrate. In addition, in a case of adding the catalyst element to only l;an of the
amorphous silicon film, crystal growth proceeds from a region where the catalyst
element is added to a region where the catalyst element is not added in a direction
parallel to the substrate. Note that\ the former case is referred to as vertical growth,
whereas the latter case is referred to as lateral growth.

[0151]

Subsequently, a silicon oxide film having a thickness of 500 nm is formed over
the amorphous semiconductor film 2002 as a cap film 2003. The material of the cap
film 2003 is not limited to a silicon oxide film, and a material, of which value of a
thermal expansion coefficient or extensibility is close to that of the amorphous
semiconductor film 2002, is preferably used. In addition, the cap film 2003 may be

formed in a single layer or a plurality of layers.
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,[0152]

Next, as shown in FIG. 19A, the amorphous semicogductor film 2002 is
irradiated with a laser beam using a laser irradiation apparatus to obtain a quasi-single
crystal, thereby forming‘ a quasi-single crystalline semiconductor film 2004. The
energy and the scanning speed of the laser beam, with which the amorphous
semiconductor filrﬁ is irradiated, are to be 17W and 35 cm/sec, respectively.

[0153]

FIG. 20 shows the laser irradiation apparatus that is used in this embodiment.
A Nd: YAG crystal having a structure of aggregation of polycrystals (hereinafter,
referred to as ceramic Nd: YAG) is used for the laser crystallization, and a pulse‘ laser
beam having a rebetition rate of greater than or equal to 10 MHz is emitted. Note thaf,
since a wavelength of a fundamental wave of this laser beam is 1064 nm, a nonlinear
optical element is used to convert to a second harmonic (a v’va{felpngth of 532 nm).
[0154]

In the case of this embodiment, ceramic YAG is u{sed for the laser
crystallization. Without limitation to YAG, laser cry‘stallization by ceramic has almost
the same optical characteristics (thermal conductivity, breaking gtrength, and an
absorption cross section) as a single crystal. In addition, because of ceralmic,‘ it is
possible to form a free shape in a short time and witl; a low cost, and to extremely
enlarge a crystal. Further, it is possible to add a dopant suéh as Nd or Yb with a
concentration higher than that of a s‘ingle crystal. By using such a laser crystal as a
medium,l it is possible to emit a laser beam having extremely high output. Therefore,
by forming this beam using an optical element, it is possible to obtain a linear beam
having a minor axis, the length of which is less than or equal to 1 mm, and a major axis,
the length of which is 100 mm to several m.

[0155]

In addition, without limitation to the ceramic Nd: YAG laser, it is possible to
use a laser using, as a medium, a crystal in which a dopant such as Nd, Yb, Cr, Ti, Ho,
Er, Tm, or Ta is added to YAG, Y,03, or YVO, of a polycrystal (having a ceramic

material).
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[0156]

| Moreover, in this embodiment, not only the laser using ceramic, but also a laser
using, as a medium, a crystal in which the above dopant is added to YAG, YVOy,
forsterite, YAIOs, or GdVO, of a single crystal; an Ar ion laser; a Kr jon laser; a Ti:
sapphire laser; or the like can be used. These lasers can oscillate in continuous
oscillations, and pulse oscillation can be performed in a repetition rate of greater than or
equal to 10 MHz by performing mode locking. Besides, it is also)poss‘ible to use a
CO, laser, a helium-cadmium laser, or the like.

[0157]

Specifically, the quasi crystal of the semiconductor film is obtained iﬁ the
following manner. A laser beam emitted from a laser oscillator 2101 passes through a
wavelength plate 2102 and a polarization beam splitter 2103. The wavelength plate
2102 and the polarization beqm splitter 2103 can be acijusted so that light that has
passed through the wavelength plate 2102 and the polarization beam splitter 2103 has
appropriate energy. |
[0158]

Thereafter, when the energy of the laser beam is homogenized by a beam
homogenizer 2104 such as a cylindrical lens array, fly eye léns, an optical wavpguide, or
a diffractive optical element, a quasi-single crystal is formed also in the end of the
irradiation region of the laserl beam, which is much preferable. In this embodiment, a
diffractive optical element is used as the beam homogenizer 2104. By using the
diffracti\;e optical element, the shape of the cross section of the laser beam. can be
formed into a desired shape such as a linear, square, or elliptical shape, as well as the
energy of the laser beam can be homogenized.

[0159]

Then, this laser beam passes through a slit 2105. In the slit 2105, the both end
portions of the major axis of the laser beam are blocked, and a portion with weak energy
is made not to use for the crystallization of the semiconductor film. At the same time,
the length of the major axis of the laser beam is adjusted. A material or an adjustment

method of the slit 2105 is not particularly limited as long as the material or the
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. adjustment method has a structure or a shape that can be used in such a manner.
[0160]

‘Next, after changing the direction of the laser beam with a mirror 2107,
coﬁverg_ence is performed with a collective lens 2106 to irradiate a subject to be
irradiated 2108. Note that, when the collective lens 2106 is provided so that the slit
and the subject to be irradiated 2108 are in a conjugated position, it can be prevented
that the diffracted light of the slit 2105 reaches the subjéct to be irradiated 2108 to
generate interference stripes. By providing an optical system in such a manner, the
surfac'e to be irradiated can be irradidted with a laser beam having mu;:h uniform
intensity distribution.

[0161] |
The substrate over which thé subject to be irradiated 2108 is formed is f_i)l(ed to

a suction stage 2109 so as not to fall at the time of the laser irradiation. The suction

stage 2109 scans in an X-axis direction and a Y-axis direction on a plane parallel to the

surface of the subject to be irradiated 2108 by using an X stage 2110 and a Y stage 2111,
whereb)./ the entire surface of the subject to be irradiated 2108 is irradiated with a laser
beam. |
[0162] , ‘ /
In this embodiment, the subject to be irradiated 2108 is moved by using the X
stage 2110 and the Y stage 2111; however, the laser beam may be scanned by any of the
following methods: an irradiation system moving method in which an irradiation
position ‘of a laser beam is moved while the subject to be irradiated 2108 is fixed; a
subject moving method in which the subject to be irradiated 2108 is moved while the
irradiation position of the laser beam is fixed; and a method in which the both methods
are combined.
[0163]

In such a manner, the intensity distribution of the laser beam, with which the
subject to be irradiated 2108 is irradiated, can be homogenized and a portion of the laser
beam having insufficient intensity at the end portion thereof can be removed. By

having such a structure, laser irradiation treatment can be performed to the entire



10

15

20

25

30

WO 2007/046290 PCT/JP2006/320362

58

surface of the subject to be irradiated 2108.
[0164]

" After the laser irradiation treatment, the silicon oxide film which is the cap film
2003 i§ removed by etching (FIG. 19B). Next, the quasi-single crystalline
semiconductor film 2004 made of silicon is patterned into a desired shape by using a
photolithography fechnique, thereby forming a semiconductor film 2005 (FIG. 19C).
Before forming a resist mask here, in order to protect the quasi-single crystalline
semiconductor film 2004 that is formed, a silicon oxide film may be formed by using
ozone that is generated by being coated with a solution containing ozc;ne, ‘olr uv
irradiation in an oxygen atmosphere. The oxide film that is formed here has an effect
of improving wet-tability of the resist.
[0165] |

Note that, if necessary, a minute amount of an impuriiy element (boron or
phosphorus) is doped through the silicon oxiae film to céntrol a threshold voltage of a
TFT before forming a pattern of the quasi-single crystal. When the doping is
performed through the silicon oxide film, first, the cap film 2003 may be removed to
form a silicon oxide film using again a CVD method or the like.

[0166] |

Then, as shown in FIG. 19D, after performing cleaning for rembving an
unnecessary matter that is genéyated 'in forming a pattern (remaining resist, a resist
peeling solutipn, or the like), the surface of the quasi-singlé crystalline silicon film is
covered to form a gate insulating film 2006. In this embodiment, a silicon oxide film
is formed as the gate insulating film 2006.

[0167]

Without limitation to the above silicon oxide film, the gate insulating film 2006
may be any as long as an insulating film at least containing oxygen or nitrogen is used.
In addition, the gate insulating film 2006 may have a structure of a single layer or a
plurality of layers. As a deposition method in this case, a plasma CVD method or a
sputtering method can be used. For example, a silicon nitride film containing oxygen

and a silicon oxide film containing nitrogen may be continuously formed by a plasma
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!CVD method to have a total thickness of 115 nm. Note that, in a case of forming a
TFT, a channel length of which is less than or equal to 1 um (also referred to as a
submicron TFT), the gate insulating film 2006 is desirably formed to have a thickness
of 10 to 50. nm. Another gate insulating film 2006 may be formed again after
removing the cap film 2003, if necessary.

[0168] |

Next, after cleaning the surface of the gate insulating film 2006, a conductive
film is formed over the gate insulating film 2006, and the conductive film is removed
with é desired portion left to form a gat€ electrode 2007. As the gate electrbde 2007, a
material containing refractory metal with less hillock generation and also having
conductivity is preferably used. As the refractory metal having less hillock generatioﬂ,
one of W, Mo, Ti, Ta, Co, and the like, or an alloy thereof is used. " In addition, the gate
electrode 2007 may be formedlof the stacked material of two or more layers by ﬁsing
the nitride of _thesé refractory metals (WN, MoN, TiN, TaN, or the like).
[0169] ' | )

Moreover, as another method, the gate electrode 2007 may bf: formed directly
on the gate insulating film 2006 by using a droplet discharging method typified by a

_printing method or an ink-jet method capable of discharging a conductive substance
onto a predetermined place. |
[0170]" |

' Theq, by using the resist which is used in forming the gate electrode 2007 as a
mask, an impurity element imparting n-type conductivity (P, As, or the like), here
phosphorus, is appropriately added to the semiconductor film 2005 to form a source
region and a drain region. In the same manner, an impurity element imparting p-type
conductivity may also be introduced. According to this step, a source region 2008, a
drain region 2009, an LDD (Lightly Doped Drain) region 2010, or the like is formed.
In addition, an impurity element imparting n-type conductivity and an impurity element
imparting p-type conductivity may be selectively added to a plurality of semiconductor

films over the same substrate.
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| [0171]

After adding the impurity element, heat treatment, irradiation of intense light,
laser beam irradiation is performed to activate the impurity element. According to this
treatment, thp plasma damage to the gate insulating film 2006 or the plasma damage
that is' generated in an interface between the gate insulating film 2006 and the
semiconductor film 2005 can be recovered simultaneously with the activation of the
impurity element.

[0172]

‘ Next, as shown in FIG. 19E; a first insulating film 2014 is férmed as a
protective film. As this first insulating film 2014, a silicon nitride film or a silicop
nitride film containing oxygen is formed to have a thickness of 100 to 200 nm in a
single-layer or stacked-layer structure by using a plasma CVD method or a sputtering
method. In a case of combining a silicon nitride film containing oxygen and a silicon
oxide film c_ontaihing nitrogen, it is possiBle to contiﬁuously form these films by
changing gas. In this embodiment, a silicon oxide“film contai‘ning nitrogen having a
thickness of 100 nm was formed by a plasma CVD method. By providing the
insulating film, it is possible to obtain a blocking effect to prevent the intrusion of ionic
impurities in addition to oxygen and moisture in the air. /
[0173] '

“ Then, a second insulating film 2015 is formed over the first insulating film
2014. Here,‘ the second insulating film 2015 can be formed by using an organic resin
film inciuding polyimide, polyamide, BCB (benzocyclobutene), acrylic, siloxane (a
substance having a framework structure formed by the bond between silicon and
oxygen, in which one of fluorine, aliphatic hydrocarbon, and aromatic hydrocarbon is
combined with silicon), or the like, which is applied by an SOG (Spin On Glass)
method or a spin coating method. Moreover, an inorganic interlayer insulating film
(an insulating film containing silicon, such as a silicon nitride film or a silicon oxide
film), a low-k (low dielectric) material, or the like can also be used. Since the second
insulating film 2015 is formed with a main purpose for relaxing unevenness due to TFTs

formed over the glass substrate to make the second insulating film 2015 flat, a film
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' superior in flatness is preferable.
[0174]

"Further, the gate insulating film 2006, the first insulating film 2014, and the
second insulating film 2015 are processed by a photolithography method; therefore,
contact holes that reach the source region 2008 and the drain region 2009 are formed.
[0175] ‘

Next, a conductive film is formed with a conduc‘:tive material and patterned,
thereby forming a wiring (a source electrode and a drain electrode) 2016. The wiring
2016 ‘is formed of an element of W, Mo, Ti, Al, and Cu, or an alloy méiterial ora
compound material containing the element as its main component in a single layer or a
stacked layer. For example, the wiring can be formed in a three-layer structure of a Ti
film, a pure-Al film, and a Ti film, 6r a three-layer structure of a Ti film, an Al alloy
film containing Ni and C, andla Ti film. In addition, in consideration of forming an
interlayer ins_ulatii,lg film in the subsequentr process, the wiripg 2016 is preferably
formed to have a tapered shape in a cross-sectional‘ shape (a shape that gets thinner
towards a conical shape).

[0176]

Thereafter, when a third insulating film 2017 is formed as a proteg:tive film,
TFTs (n-channel TFTs) 2011, 2012, and 2013 are completed as shown in FIG. 19E.
Note that, when a p-type impﬁrity element is added to the semiconductor film, a
p-charinel TFT is formed. In addition, by selectively introducing an n-type impurity
element ;and a p-type impurity element over the same substrate, an n-channel TFT and a
p-channel TFT can also be formed over the same substrate.

[0177]

This embodiment is explained by exemplifying a top-gate TFT; however,
regardless of a TFT structure, the present invention can be applied, for example, to a
bottom-gate (reverse stagger) TFT or a forward stagger TFT.

[0178]
In addition, as explained in other embodiment, a quasi-single crystal of the

present invention realizes crystal growth in a direction parallel to a scanning direction of
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a laser beam, and crystal grain boundaries thereof are also parallel to the scanning
direction of the laser beam. Therefore, when a TFT is formed so that the scanning

direction of the laser beam corresponds to a direction towards the drain region from the

" source region, a crystal gain boundary is not included in a carrier moving path, which.is

preferable.
[0179]

As one example thereof, a pixel circuit as shown in FIG. 21A is formed. In
FIGS. 21A and 21B, reference numeral 2201 denotes a source signal line; 2202, a gate
signal line; 2203, a current supply line; 2204, a switching TFT; 2205, a d;iving TFT;
2206, a capacitor; and 2207, a light-emitting elerﬁent. Note that the switching TFT
2204 is formed of an n-channel TFT, and the driving TFT 2205 is formed of a p-channel
TFT. |
[0180]

In this enibodiment, as shown in FIG. 21C, a drain regiqn of the switching TFT
2204 is formed in the upstream of the scanning direction of the laser beam, and a source
region is' formed in the downstream of the scanning direction of the laser beam. In
addition, the carrier movement direction of the driving TFT 2205 is made to intersect
with the scanning direction of the laser beam. In this embodiment, the carrier
movement direction of the driving TFT 2205 is made to be vertical to the' scanning
direction of the laser beam. Note that FIG. 21C shows channel formation regions of
the switching TFT 2204, and the driving TFT 2205 and the position for forming the
capacitor 2206 from the top face, and a source region and a drain region of these TFTs
are each denoted by S and D, respectively.

[0181]

Note that the present invention is not particularly limited to the circuit
constituting a pixel as long as an electric circuit constituting an n-channel TFT and a
p-channel TFT in combination is used. For example, it is possible to use the present
invention for a various circuits such as a driver circuit for driving a pixel; a power

supply circuit; and a circuit constituting an IC, a memory, or a CPU.
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[0182]

The switching TFT 2204 is a TFT for changing on and off of the driving TFT
2205. Therefore, the switching TFT 2204 is required to be capable of high speed
driving. When a source region and a drain region are formed so that a carrier moves in
accordance with a growth direction of a crystal, like the switching TFT 2204, a carrier
moves without cressing a crystal grain -boundary. In other words, a carrier moves
along a crystal grain boundary. Therefore, a TFT, in Which a carrier has high mobility
and high driving is possible, can be obtained.

[0183]
. The driving TFT 2205 is a TFT for emittiﬁg light by appiying a current to the
light-emitting element 2207. When the driving TFT 2205 has a high off current, a
current flows to the light-emitting element 2207 even when the'driving TFT 2205 is
turned off, which results in increase of the power consumption. . Therefore, the driving
TFT 2205 is ._req1ﬁred to have a low off current. In the disposition of FIG 21C, a
carrier is to be moved so as to cross a crystal grain boundary in the driving TFT 2205.
In this case, both an on current (a current that flows when-a TFT is turned on) and an off
current (a current that flows when a TFT is turned off) of the driving TFT 2205 are
lowered. /
[0184] | |

"In such a manner, a se@iconductor device having a high response speed and
favorai)le performance can be formed by disposing a place where a TFT is formed in
accordance with the condition to be required.
[0185]

Generally, a semiconductor device is not formed of only one TFI. For
example, a panel of a display device is formed with one pixel circuit by using a plurality
of TFTs, where this pixel circuit is integrated. Here, it is required that characteristics
of TFTs that constitutes individual circuit have uniformity. This is because, when there
is variation in characteristics of a TFT, inconvenience such as display unevenness
occurs. In the crystallized semiconductor film using the present invention, a crystal

grain of a column shape that is extended in one direction is formed uniformly and a
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. Plane orientation of the crystal grain can be regarded as one direction. Therefore, by
using this semiconductor film, a panel, where characteristics are identical and display
uﬂevenhess is far unlikely to occur, can be formed. Moreover, this respect can be said
not only for a panel but also for all semiconductor devices.

[0186]

As described through the above process, a TFT using a quasi-single crystalline
semiconductor film of the present invention for an active layer can be manufactured.
This TFT has high speed operation, high current driving capacity, and small variation in
a plurality of TFTs. It is possible to provide a semiconductor element or a
semiconductor device, which is constituted l;y integrating a plurality of the

semiconductor elements, by using this TFT.

[Embodiment 8]
[0187] |

Although Embodiment 2 shows an example in which a cap film is etched after
laser crystallization, this embodiment will show an example of manufacturing a
semiconductor device in which a cap film is directly used as a gate insulating film.
[0188] . . | ,

First, an example of a manufacturing method of a semiconductor film, which is
an object to be crystallized, will be shown. As shov(m in FIG. 22A, a base insulating
film 3002 and a semiconductor film 3003 are formed over a substrate 3001 formed of an

| insulator such as glass which is traﬁsparent to visible light. The same kind of substrate
used for Embodiment Mode and other embodiments can be used for the substrate 3001.
In this embodiment, a silicon oxide film containing nitrogen having a thickness of 150
nm is formed as the base insulating film 3002 over a glass substrate having a thickness
of 0.7 mm. Next, as the semiconductor film 3003, an amorphous silicon film having a
thickness of 66 nm is formed over the base insulating film 3002 by a plasma CVD
method. Furthermore, thermal annealing is performed at 500°C for an hour in order to

increase resistance of the semiconductor film 3003 to a laser beam.
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,[0189]

Then, as shown in FIGS. 22B and 22C, treatment of patterning the
semiconductor film 3003 into a desired shape by using a photolithography technique
and an etching technique (patterning) is performed, and a semiconductor film 3006
formed of amorphous silicon is formed. The method is as described below.

[0190] |

First, an ultra thin oxide film 3004 is formed over the surface of the amorphous
silicon film by (1) a method of coating a solution containing ozone over the
semiconductor film 3003 formed of amorphous silicon, (2) a method of em\itting aUVv
ray to the semiconductor film 3003 formed of amorphous silicon in an oy‘(ygen
atmosphere to generate ozone, or the like. The oxide film 3004 has an effect of
protecting the amorphous silicon filﬁ and an effect of improving wettability of a resist.
[0191]

Next, a resist mask 3005 is formed. First, a photoresist is coated over the
oxide film 3004 by a spin coating method or the lilge, and the i)hqtores,ist is exposed.
Then, heat treatment (prebake) is performed to the photoresist at a temperature of 50 to
120°C, which is lower than a temperature of postbake to be perfdrmed later. In this
embodiment, the prebake is performed at 90°C for 90 seconds.
[0192] |

" Then, a developing solution is dropped on the photoresist, or a developing
soluti(‘)n‘ is sprayed to the photoresist from a spray nozzle, and then the exposed
photoresist is developed (formed into a predetermined shape). |
[0193]

Thereafter, heat treatment, which is a so-called postbake, is performed to the
developed photoresist at 125°C for 180 seconds to remove moisture or the like
remaining in the resist mask and enhance stability to heat at the same time. Through
the above process, the resist mask 3005 is formed. The semiconductor film 3003
formed of amorphous silicon is etched using the resist mask 3005, and an island-shaped

semiconductor film 3006 formed of amorphous silicon is formed (FIG. 22C).
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 [0194]

Note that, as another method, the resist mask 3005 may be directly formed on
the oxide film 3004 by a printing method or a droplet discharging method typified by an
ink-jet method which is capable of discharging a material at a predetermined location.
[0195]

If necessary, a minute amount of an impurity element (boron or phosphorus) is
doped through the oxide film 3004 to control a threshold voltage of a TFT before
forming a pattern of the semiconductor film 3003. If doping is performed here, by
laser irradiation treatment which is performed later, an added impurity element can be
activated at the same time as a crystallization procéss, and an effcét of reducing process
is obtained. Fuﬁher, it is preferable to remove the oxide film 3004 after the doping
through the oxide film 3004.

[0196]

Subsequéntly, as shown in FIG. 22D, after washing is performed to remove an
unnecessary matter (such as remaining resist or a regist pccling solution) generated in
forming 'the semiconductor film 3003 into a desired pattern, thp surface of the
island-shaped semiconductor film 3006 is covered, and a gate insulating film 3007
including silicon oxide containing nitrogen as its main clomponent, which becomes a
cap film and also a gate insu}ating film, is formed 'to have a thickness of 200 nm. Note
that sirice the silicon oxide film containing nitrogen is used as the gate insulating film
3007;‘therefo‘re, it is preferable to form a solid and dense film.

[0197]

The gate insulating film 3007 is not limited to the above silicon oxide film, and
it is acceptable as long as the gate insulating film 3007 is an insulating film containing
at least oxygen or nitrogen. In addition, the gate insulating film 3007 may be a single
layer or a plurality of layers. A plasma CVD method or a sputtering method can be
used for forming the gate insulating film 3007. For example, a silicon oxide film
containing nitrogen and a silicon nitride film containing oxygen may be continuously

formed by a plasma CVD method.
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| 1[0198]
Next, a laser beam is emitted in the same manner as the method described in
JEmbodiment Mode. Accordingly, crystals in an amorphous silicon film in a region
" irradiated with a laser beam and completely melted are grown in one plane orientation,
and a quasi-single crystalline semiconductor film 3008 can be formed. Thereafter, a
gate electrode is formed over the gate insulating film 3007, and a source region and a
drain region are formed by intfoducing an impurit); to the quasi-single crystalline
~ semiconductor film 3008. Furthermore, an insulating film is formed, and an electrode
to which each of the source region and the drain region is connected\ is formed;
accordingly, a thin film transistor can be formed. Note that the method shown in other
embodiments can be used for the steps after the gate electrode formation. |
[0199] |
As described through the above steps, a TFT in which the quasi-single
crystalline semiconductor film is used for an active .‘layer can be -manufactured.
Therefore, it is possible to manufacture a semiconductor elemen‘t ca/pablc of high speed
operation with high current driving capacity and small variation ‘of characteristics
between elements. Moreover, it is possible to provide a semiconductor device which is
constituted by iﬁtegrating a plurality of the semiconductqr élements'. ,
[Embodiment 9} |
[0200)

" This embodiment will describe an example of a laser crystallization method,
which i§ different from the above example. In this embodiment, a Yb-doped fiber CW
laser having a wavelength in a near-infrared region is used for a laser oscillator. This
laser is capable of outputting an energy of 10 kW. This embodiment is not limited
thereto, and a diode laser, an LD-pumped solid-state laser, or the like may be used.
Although a CW laser beam is used in this embodiment, a pulse laser beam having a
repetition rate of greater than or equal to 10 MHz may also be used.

[0201]
The reason why a laser oscillator having a wavelength in a near-infrared region

is used is as follows. A fundamental wave oscillated from a laser medium enters a
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‘nonlinear optical element; thus a harmonic is obtained. However, there is a problem
that when an output of the laser gets higher, the nonlinear optical element is damaged
due to a nonlinear optical effect such as multiphoton absorption, which leads to
breakdown. Accordingl‘y, a CW laser beam in a visible range and a pulse laser beam
having a repetition rate of greater than or equal to 10 MHz which are now produced
have anenergy of approximately 15 W at a maximum due to the problem of the
nonlinear optical element. Therefore, if a laser which has a fundamental ‘wave having
a higher output can be used for crystallization, a beam spot on a surface to be irradiated
can bé made longer; thus laser irradiation treatment can be performed efficieritly.
[0202] | " |

An example of a manufacturing method of a semiconductor film which is an
object to which laser crystallization is performed will be described. ~ As shown in FIG.
23A, as a substrate 4001, an i,nsulating substrate such as a glass substrate, which is
transparent to_visible light with a laser wavelength used for laser crystallization, is used.
In this embodiment, a glass substrate having a thigkness of 0.7 mm is used as the
substrate'4001. Note that a material of the substrate 4001 is not limited to glass, and
the material described in other embodiments can be used. ~
[0203] | |

A silicon oxide film containing nitrogeﬁ having a thickness of iSO nm is
formed as a base insulating filI;'l 4002 over one surface of thé substrate 4001, and an
amorphous si,1i00n film 4003 having a thickness of 66 nm is formed thereover as a
semiconductor film by a plasma CVD method. Although the base insulating film 4002
and the amorphous silicon film 4003 may be formed over either an upper surface or a
back surface of the substrate, the base insulating film 4002 and the amorphous silicon
film 4003 are formed over the upper surface for convenience in this embodiment.
Furthermore, thermal annealing is performed to the semiconductor film at 500°C for an
hour in order to increase resistance of the semiconductor film to a laser beam.
[0204]

Next, as shown in FIG. 23B, treatment of patterning the amorphous silicon film

4003 into a desired shape by a photolithography technique and an etching technique
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‘(patteming) is performed; thus, an amorphous silicon film 4004 is formed. In this
treatment, before forming a resist mask, an oxide film can be fqrmed by amethod of
coating a solution containing ozone or a method generating ozone by UV irradiation in
an oxygen atmosphere in order to protect the amorphous silicon film 4003. The oxide
film for'med here has an effect of improving wettability of the resist.

[0205] |

If necessary, a minute amount of an impurity. elerﬁent (boron or phosphorus) is
doped through the oxide film to control a threshold voltage of a TFT before forming a
pattefn. Here, by performing doping, activation treatment of the impurity element
added by a crystallization process by a laser to be ﬁerformed later can be pcrfonﬁed at
the same time; thus an effect of reducing steps can be obtained. Note that, when the
doping is performed through the oxide film, the oxide film’may be removed.
[0206] |

Then, after washing for removing éh unneccssé;y matter such as remaining
resist or a resist peeling solution generated by the pattem‘ fomation process is
performed, the surface of the island-shaped amorphous silicon film 4094 is covered, and

an insulating film 4005 containing SiO; as its main component, which becomes a cap

- film and also a gate insulating film, is formed. Moreover, a tungsten film is formed to

have a thickness of 30 nm as a light absorption layér 4006 of a laser beam.
[0207]"

" The reason why the light absorption layer 4006 is formed is as follows. As
described above, a laser of a fundamental wave having a wavelength in a near-infrared
region is used in this embodiment. However, in a wavelength in the near-infrared
region, a light absorption coefficient of silicon is low. Therefore, when the laser of the
fundamental wave having the wavelength in the near-infrared region is used, silicon
cannot be melted directly. The light absorption layer having a high absorption
coefficient in the near-infrared region is provided, and the semiconductor film is

indirectly crystallized by heat generated when a laser beam is absorbed in the light

absorption layer.
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[0208]

Accordingly, as a material for the light absorption layer 4006, a material having

a higher absorption rate in a near-infrared wavelength region to an infrared wavelength

" region compared with the material for the amorphous silicon film 4004 is used. For

example, the light absorption layer 4006 can be formed of a single layer or a stacked
layer of two or more layers using one of W, Mo, Tj, Ta, anci Co, an alloy of the elements,
or nitride of the refractory metals (WN, MoN, TiN, TaN, or the like).
[0209]

| The object to be irradiated formed through the above process is irra{diatéd with
a laser beam (FIG. 23C). ' The amorphous silicon fiim 4004 is heated by heat generated
when light of the laser beam is absorbed in the light absorption layer 4006. As a resuit,
crystals in the amorphous silicon film in a regidn‘ which is irradiated with the laser beam
and is completely melted is grown in one plane orientation; thus, a quasi-single
crystalline amorpﬁous silicon film 4007 can be obtained from the amorphous silicon
film 4004.
[0210] ~

Note that, after the laser beam irradiation, the light absorption layer 4006 may

be removed by ;:tching, or alternatively the light absorptidn layer 4006 may be formed
into a desired shape without etching to be used as a gate electrode 4008. InI'FIG. 23D,

the light absorption layer 4006 is removed by etching except for part thereof.

The gate electrode 4008 is not limited to one layer, and may be a plurality of
layers. As shown in FIG. 23E, the light absorption layer 4006 is shaped by etching, a
conductive film is formed over the light absorption layer 4006, and further the
conductive film is shaped by etching; thus, the gate electrode 4008 having two or more
layers can also be formed. In addition, although not shown, before etching the light
absorption layer 4006, a conductive film 4010 containing a conductive material is
formed, and is etched at the same time as the light absorption layer 4006; thus, the gate
electrode 4008 is formed. In FIG 23E, an example is shown, in which a paste

containing a conductive material is discharged from a spray nozzle 4009 and the
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conductive film 4010 is formed directly.

© [0212]

"The material used in Embodiment Mode and other embodiments can be used

~ for a material of the conductive film 4010. A CVD method or a sputtering method

may also be used for forming the condpctivc film 4010. Alternatively, a method may
be used, by whicﬁ a substance in which fine particles of a conductive material are
dissolved or dispersed by a solvent is directly formed into the shape of the gate
electrode. |

[0213]

By .using a known method for the following steps, a TFT in which a
quasi-single crystalline semiconductor film is used for an active layer can be
manufactured. The TFT manufactured by this manufa;:turing method is capable of
high speed operation with high current driving capacitS} and has small variation of
characteristics between clements. It is passible to rhanufacturg a semiconductor
clement by using the TFT and manufacture a semigonductor device by integrating a
plurality 'of the semiconductor elements.

[0214]

Note that, although the example is shown in this embodiment, in which the
light absorption layer 4006 is formed over the cap film, the light absorption iayer 4006
is directly irradiated with a laser beam, and heat generated by the light absorption layer
4006 is used for melting the amorphous silicon film 4004, the light absorption layer
4006 is not necessarily provided as a top layer. For example, when an IC tag is
manufactured by a semiconductor element such as a TFT, the IC tag is peeled from a
substrate after the process is completed; therefore, a layer to be peeled is formed below
a semiconductor film. A structure in which the layer to be peeled is used also as the
light absorption layer may also be employed.

[0215]

Although, in this embodiment, the cap film and the light absorption layer are

formed and a laser beam is emitted after processing the semiconductor film into a

predetermined shape by etching, the cap film and the light absorption layer may be
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formed and a laser beam may be emitted before processing the shape of the

semiconductor film.
[Embodiment 10]
[0216]

This embodiment will describe an example of a laser irradiation method which
is different from tﬁe method in Embodiment Mode or other embodiments. Note that,
although, in the same manner as the laser used in Embodiment Mode, a second
harmonic (wavelength of 532 nm) of a YVO, pulse laser having a repetition rate of 80
MHz .is used for a laser oscillator which is used in this embodiment, a CW laser may
also be used., |
[0217]

First, as shown in FIG. 24A, in the same manner as the method shown in
Embodiment Mode of the,presejnt invention, a base insulaﬁng film 5002 is formed over
a substrate 5001 sﬁch as a glass substrate which has sufficiently high transmissivity to
visible 1jght. Moreover, an amorphous silicon film 5‘003 is formed as a semiconductor
film, and a silicon oxide film is formed over the amorphous silicon film 5003 as a cap
film 5004. As in other embodiments, the substrate 5001 is not limite;d to glass as long
as the substrate 5001 has an insulating property and does not absorb visible light.

[0218] - ;
" Next, a laser irradiation method will be explained. A laser beam is emitted

through a cap film in Embodiment Mode, whereas as shown in FIG. 24B, a laser beam

is irradiated from a back surface side of the substrate 5001 in this embodiment, that is a

surface where nothing is formed over the substrate 5001 to form a quasi-single crystal
5005. Note that, in a case of this embodiment, the laser beam spot is formed in the
base insulating film 5002. An optical system for making the laser beam spot into
linear and a robot mounted with an object to be irradiated can be the same as those
shown in Embodiment Mode and other embodiments.
[0219]

The laser beam is emitted as in Embodiment Mode or other embodiments,

except for irradiating the laser beam from the back surface of the substrate 5001.



10

15

20

25

30

WO 2007/046290 PCT/JP2006/320362

73

Accordingly, crystals in the amorphous silicon film in a region which is completely

" melted by laser beam irradiation are grown-in one plane orientation; thus a quasi-single

,crystalline amorphous silicon film can be obtained. The aboveé laser crystallization
method can be used for a case, for example, where a metal film or the like which
becomeé a gate electrode or a wiring later is already formed over the cap film 5004 and
the amorphous silicon film 5003 cannot’bc directly irradiated with the laser beam.
[0220]

This example is shown in FIG. 24C. A gate insulating film 5006, a wiring
5009 ‘connected to a source region 5007 or a drain region 5008, and a gate electrode
5010 are already formed. When a laser beam is irradiated through the substrate 5001,
the laser beam is absorbed in the wiring 5009 or the gate electrode 5010; therefore, an
entire semiconductor film forming the source region 5007 and the drain region 5008
cannot be irradiated with the llaser beam. In addition, the wiring 5009 and the gate
electrode 5010 themselves may be affected. Consequently, by irradiating the laser
beam from the back surface of the substrate 5001, the enti;e semiconductor film can be
irradiated with the laser beam; thus, a quasi-single c‘rystal can be ;)btained. In other
words, in this embodiment, the base insulating film 5002 corrcsponds\ to the cap film in
Embodiment Mode or other embodiments. ‘
[0221]

" The known method such as the method shown in other embodiments can be
used for the following process of the manufacturing method of the semiconductor
device. ‘ When the above process is used, a TFT in which quasi-single crystalline
silicon is used for an active layer can be manufactured. The TFT is capable of high
speed operation with high current driving capacity and small variation of characteristics
between elements. By using this TFT, it is possible to provide a semiconductor
element or a semiconductor device which is constituted by integrating a plurality of the
semiconductor elements.

[Embodiment 11]
[0222]

This embodiment will explain an example in which, by making a state longer,
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in which a semiconductor film is irradiated with a laser beam and is melted, crystal

' growth is further promoted, and a quasi-single crystal having a larger domain.

[0223]

In order to temporally extend the state in which a semiconductor film is melted,
it is preferable that heat from a heat source except for an irradiated laser beam be given
to a region irradiatéd with a laser beam. A specific method is as follqws.

[0224]

First, as shown in FIG. 25A, a base insulating film 6001 is formed over a
subst;ate 6000. Glass such as alumino borosilicate glass or barium borosilié:ate glass is
used as a material of the substrate 6000. The niétcrial of the substrate 6000 is not
limited to glass. - The material can be freely selected as Ilong as the material has lov;/
absorption to visible light and has Heat resistance to a processing temperature of this
embodiment. For example, as the material of the Substrate 6000, quartz, ceramic,
diamond, or the like can be used. A silicon oxide film containing nitrogen having a
thickness of 150 nm is formed as the base insulating film 6001 over the substrate 6000,
and an amorphous silicon film having a thickness of 66 nm is formed as an amorphous .
semiconductor film 6002 over the base insulating film 6001 by a plasma CVD method.
[0225] N |
Next, thermal anneqling is performed tov the amorphous semiconductor film
6002 at 500°C for an hour in order to increase resistance of the amorphous
semiconductor film 6002 to a laser beam. Furthermore, a silicon oxide film having_ a
thicknesé of 300 nm is formed as a cap film 6003 over the amorphous semiconductor
film 6002.

[0226]

Subsequently, the cap film 6003 is irradiated with a laser beam in the same
manner as Embodiment Mode or other embodiments, and at the same time, a
high-temperature gas or thermal plasma is locally sprayed so as to be overlapped with
the laser beam spot.

[0227]

Although a YVO, laser is used as a pulse laser having a repetition rate of
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greater than or equal to 10 MHz in this embodiment, either the pulse laser having a

repetition rate of greater than or equal to 10 MHz or a CW laser may be used. For
example, as a gas laser, there is an Ar laser, a Kr laser, a CO; laser, or the like; as a solid
laser, there i§ a YAG laser, a YLF laser, a YAIO; laser, a GdVO;, laser, a Y,05 laser, an
alexandrite laser, a Ti: sapphire laser, a ceramic laser, or the like; and, as a metal vapor
laser, there is a helium cadmium laser or the like.
[0228]

An example of a method of spraying a high-temperature gas will be given. As

shown in FIG. 25B, the substrate 6000 provided with up to the cap film 6003 is fixed to

a stage 6004. Then, the gas is supplied to a nozzle 6005 for spraying a gas such as an

inert gas or air from a gas supply tube 6006 to spray the gas. When the nozzle 6005 is
made of a material which transmits a laser beam, it is not necessary to partlcularly
process the nozzle 6005, whereas when the nozzle 6005 is made of a material Wthh
absorbs the laser beam, it is preferable to cut out a portion through which the laser beam
passes. The nozzle 6005 may be floated depending on the spra'yed’ gas, and the nozzle
6005 méy be fixed to the surface of the cap film, having a predetermined distance with

the surface of the cap film. When the stage 6004 is moved in such a state, the entire

_surface of the cap film 6003 is irradiated with a laser beam; thus, the amorphous

semiconductor film 6002 is melted.
[0229]" ‘

As shown in FIG. 25C, a method by which a gas is obliquely sprayed to the
beam spot formed over the cap film 6003 by using a gas exhaust means 6007 such as a
spray gun may be employed. This method can be carried out only by setting the gas
exhaust means 6007; therefore, the existing device can be used. When the stage 6004
is moved in this state, the entire surface of the cap film 6003 is irradiated with the laser
beam; thus the amorphous semiconductor film 6002 is melted.
[0230]

In a case of spraying a high-temperature gas, an inert gas such as nitrogen or
argon; air; or a compressed gas thereof can be used as the gas. The gas used in this

embodiment has a temperature of greater than or equal to 300°C and less than or equal
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to 1500°C. 1t is preferable to spray a gas in this temperature range with a size which is
sufficiently overlapped with the laser spot. -
[0231}

Note that, when. the gas is heated at a temperature of less than 300°C, an effect
of heating the amorphous semiconductor film 6002 is small; therefore, it is preferable
that the gas be heated at a temperature of greater than or equal to 300°C. In addition,
the melting point of silicon which is a typical semiconductor is 1414°C. Therefore,
when a gas for heating up to 1500°C is sprayed, there is enough heat quantity.

[0232] \

An example of emitting plasma will be given. First, as shown in FIG.I 26, a
substrate 6000 provided with up to a cap film 6003 is fixed to a stage 6004. The cap
film 6003 is irradiated with a.laser Seam, and at the same time, pressure is made to be
atmospheric pressure or- pressure close to atmospheric préssurq (typically, 1.3 x 10" to
1.31 x 10° Pa) by'using an inert gas such as nitrogen or argon, or air as a treatment gas,
and then a pulse voltage is applied: When the stage 6004 is mévegl in such a state, the
entire surface of the cap film 6003 is irradiated with the laser beam; thus an amorphous
semiconductor film 6002 is melted.
[0233] /
In a case of emitting plasma in the atmospheric pressure or the preésure close
to the atmospheric ‘pressure,. a nozzle 6005 for emittihg plasma may be used. A gas
supply tube 6006 for supplying a gas used for treatment and gas exhaust means 6007 are
connect(;,d to the nozzle 6005. The gas supplied from the gas supply tube 6006
becomes plasma in the nozzle 6005 to be sprayed to the cap film 6003 from a spray
nozzle. Thereafter, the gas is discharged from the gas exhaust means 6007. In order
to stably maintain discharge in the atmospheric pressure or the pressure close to the
atmospheric pressure, it is preferable that a distance between the nozzle 6005 and the
surface of the cap film 6003 which is a surface to be irradiated be less than or equal to
50 mm.

[0234]

The nozzle 6005 can be formed to have a free shape such as a column shape or
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a triangular pyramid shape as long as the nozzle has a structure capable of locally

© emitting a gas which has become plasma.

[0235]

When the above 'method is used in order to temporally extend a state in which
the amérphoﬁs semiconductor film is melted to further promote crystal growth, the
entire surface of the glass substrate is not exposed to high temperature and heat can be
locally applied temporarily; therefore, distortion of the substrate due to heat can be
suppressed. In addition, the amorphous silicon film in the region which is melted due
to the laser beam irradiation can promote slower crystal growth by an effect of the cap
film and high-temperature gas irradiation; acco'fdingly, a quasi-single crystalline
amorphous silicon film having large domain can be obtained. |
[0236] '

A known method can be used for the following broces_s of the manufacturing
method of the semiconductor device. By using the above process, a TFT in which
quasi-single cfys,talline silicon is used for an active layer can be inanufactured, and it is
pos_sible‘ to provide a semiconductor element capable of high speed operation with high
current driving capacity and small variation between elements, or \a semiconductor
device which is constitpted by integrating a plurality of the semiconductor cleryents.
[Embodiment 12] '

[0237] ‘

" This embodiment will explain, as an example of a semiconductor device in
which a duasi-single crystalline semiconductor film of the present invention is used as a
material, an active matrix light-emitting device in which a terminal portion 7031, a pixel
portion 7033, and a driver circuit portion 7032 are formed over the same substrate, and
a manufacturing example thereof. The present invention can obviously be applied to a
passive light-emitting device.

[0238]

In the pixel portion 7033, a first TFT serving as switching (hereinafter, referred

to as a switching TFT) and a second TFT for controlling a current to a light-emitting

element (hereinafter, referred to as a driving TFT) are formed. In addition, in the
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driver circuit portion 7032, a TFT for driving the pixel.portion‘7033 is formed. By

* using a semiconductor film of the present invention, a TFT in the pixel portion 7033 and

a TFT in the driver circuit portion 7032 can be formed.

- [0239]

The semiconductor film of the present invention has few crystal defects, and
the plane orientation of crystal grains in the semiconductor film is aligned in a degree
that can be substantially regarded as one direction. Therefore, by using this
semiconductor film, it is possible to manufacture a semiconductor element capable of
high speed operation with high current driving capacity and small variation of
_characteristic;s between elements. By using this element, a high-quality semicon(iuctor
device can be manufactured. ’
[0240]

First, base insulating films 7001a and 7001b are formed over a substrate 7000

(FIG. 27A). In this embodiment, a glass substrate is used as the substrate 7000.

Further, a reflective index of the glass substrate is approximately ‘1.55.
[0241] | ’

In a case of extracting light emission by using the substrate 7000 side as a
display surface, a gla§s substrate or a quartz substrate which has a light-trgmsmitting
property may be used as the substrate 7000. In addition, plastic such as pblyimide,
acrylic, polyethylene terephthalate, polycarbonate, or polyether sulfone; or a synthetic
resin having a light-transmitting property typified by acrylic or the like can be used as a
material"of tl;e substrate as long as ihc material has resistance which can withstand a
processing temperature during a process. Moreover, in a case of extracting light
emission by using an opposite surface of the substrate 7000 as a display surface, a
silicon substrate, a metal substrate, or a stainless steel substrate over which an insulating
film is formed can be used as the substrate 7000, in addition to the above described
materials.

[0242]
If necessary, the substrate 7000 may be used after being polished by CMP

(chemical mechanical polishing) or the like.
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[0243]
The base insulating films 7001a and 7001b are each formed of an insulating

substance such as a silicon oxide film, a silicon nitride film, or a silicon oxide film

- containing nitrogen, and are each formed of a single layer or a plurality of layers of two

or moré layers. The base insulating films 7001a and 7001b are formed by using a
known method such as a sputtering ﬁethod, an LPCVD method, or a plasma CVD
method. In this embodiment, the base insulating films 7001a and 7’001b\ each have a
silicon oxide film containing nitrogen with a different composition ratio, which forms a
two-lﬁyer structure. The base insulating film 7001a which is a first layef is formed
psing a silicon oxide film containing nitrogen (composition ratio: Si=32%, 0=27%,
N=24%, and H=i7%) to have a thickness of 140 nm by using SiH4, NH3, and N,O as
reactive gases by a plasma CVD metﬁod. Subsequently, the base insulating film 7001b
which is a second layer is formed using a silicon oxide film containing nitrogen
(composition ratio: Si=32%, O=l59%, N=7%, and H=2%) to have a thickness of 100 nm
by using SiHs and N,O as reactive gases by a plgsx‘na CVb m/ethod. Note that,
although ‘the base insulating films 7001a and 7001b have a two-layer stacked-layer
structuré in this embodiment, the base insulating films 7001a and 7001b may obviously
be a single layer or a‘plurality 6f layers of three or more layers. In addition, when
unevenness of the substrate 7000 or diffusion of impurity from the substrate 7/000 is not
a problem, it is not qecessarylto fpnn the base insulating film. |
[0244]

Next; by using the method s\hown in other embodiments, semiconductor films
7002 to 7005, where quasi-single crystals are obtained, are formed over the base
insulating film 7001b. There are broadly two methods for forming the semiconductor
films 7002 to 7005 where quasi-single crystals are obtained.
[0245]

A first method is a method, as explained in Embodiment Mode, by which an
entire surface of an amorphous semiconductor film is irradiated with a laser beam to
obtain a quasi-single crystal and then is formed into a desired shape. This process will

be briefly explained with reference to FIGS. 5A to 5D.
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 [0246]

As shown in FIG. 5A, a base insulating film 101 is formed over a substrate 100,
and a sémiconductor film 102 is formed to have a thickness of 25 to 200 nm (preferably,
30 to 80 nm) by using é known method (a sputtering method, an LPCVD method,, a
plasma‘ CVb method, or the like). Furthermore, a silicon oxide film containing
nitrogen is formed as a cap film 103 to have a thickness of greater than or equal to 200
nm and less than or equal to 500 nm over the semiconductor film 102. Next, as shown
in FIG. 5B, a CW laser beam or a pulse laser beam having a repetition rate of greater
than br equal to 10 MHz is irradiated to obtain a quasi-single crystalline seriliconductor \
film 104. i |
[0247]

!

More specific example will' be given below. An amoiphoug silicon film is
formed to have a thickness of’ 66 nm as the semiconductor film 102, the cap film is
formed to have a thickness of 500 nm, and a CW 1laser beam having an energy of greater
than or equal to 14W and less than or equal to ZOW or a pulse lgser beam having a
repetition rate of greater than or equal to 10 MHz is irradiated at a scapning speed of 35
cm/sec; accordingly, a favorable silicon film in which an orientation of each crystal
grain is alignedl can be formed. When the energy of the laser beam is sufficient, one
laser oscillator may be used, or alternatively laser beams emitted from a piurality of
laser oscillators may be synfhcsized by using an optical system to be irradiated to the
semiconductor film.

[0248]

Thereafter, as shown in FIG. 5C, the cap film 103 is removed by etching.
Then, a resist is coated over the quasi-single crystalline semiconductor film 104. By
exposing and developing the resist, the resist is formed into a desired shape. The
quasi-single crystalline semiconductor film which is exposed by developing is removed
by performing etching by using the resist formed here as a mask. By this process, a
quasi-single crystalline semiconductor film 105 which is formed in an island-shape is

formed (FIG. 5D).
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[0249]

A second method is, as explained in Embodiment 8, a mpthod by which, after
an amorphous semiconductor film is formed into a desired shape, a quasi-single crystal
is obtained by laser beém irradiation. The method will be briefly explained with
referenc-e to fIGS. 22Ato0 22D.

[0250] '

As with the first method, a base insulating ‘film 3002, a semiconductor film
3003 formed of amorphous silicon, and an oxide film 3004 are formed over a substrate
3001 (FIG. 22A). Each materials and thickness of the substrate and the formed films is
the same as those in the above first method. Next, a resist is coéted, and the resist is
formed into a desired shape by exposing and developmg (FIG. 22B). Thé
semiconductor film 3003 formed of amorphous silicon which is exposed by dcvelopmg
is removed by performing etghlng by using the formed resist as a mask, and an
island-shaped semiconductor film 3006 formed of amorphous silicon is formed (FIG.
22C). Thereafter, a silicon oxide film is formed as a gate insulatiI}g film 3007 which
becomes 'a cap film and also a gate insulating film slo as to cover tl}e surfaces of the
island-shaped semiconductor film 3006 and the base insulating film 3002 (FIG. 22D).
Thereafter, when the gate insulating film 3007 is irradiated with a CW laser or a pulse
laser having a repetition rate of greater than or equal to lb MHz, the semiconciuctor film
is melted, crystals are grown in one plane orientation with cooling, and a quasi-single
crystalline semiconductor film 3008 i§ formed.

[0251]

By using the above second method, the cap film when forming the quasi-single
crystalline semiconductor film 3008 can be used as the gate insulating film 3007. Note
that, in this embodiment, the quasi-single crystalline semiconductor film is formed by
this method and the cap film is directly used as the gate insulating film. Therefore, a
gate insulating film 7006 formed over the quasi-single crystallized semiconductor films
7002 to 7005, which is shown in FIG. 27A, also serves as a cap film.

[0252]
Note that the cap film 103 shown in FIGS. 5A to 5D or a cap film serving as
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the gate insulating film 3007 silown in FIGS. 22A to 22D ere necessary to have
transmissivity which is sufficient for a wavelength of a laser used in the above first or
second method. In addition, since the cap film is in direct contact with the amorphous
semiconductor film, it is preferable to use a material having a value of a thermal
expansi'on coefficient or ductility which is close to the value thereof that the amorphous
semiconductor film has. Although an example in which a silicon oxide film
containing nitrogen is formed of only one layer as.the cap film is described in this
embodiment, the layer is not limited to one layer, and a plurality of layers cach havmg a
dlfferent kind of material may be formed as the cap film.
[0253] ’
After forming the amorphous silicon film, as shown in Embodiment 7, heat
treatment is performed after addiné a catalyst element such as nickel, palladium,

germanium, iron, tin, lead, cobalt, platinum, silver, copper, or gold to form a

polycrystalline silicon film, a cap film is formed, and a laser beam is irradiated;

accordingly, a quasi-single crystalline silicon film may be formed. In addition, laser
beam irradiation may be performed in a step where crystallization is promoted by heat
treatment after 1ntr0duc1ng the catalyst element or a heat treatment step may be omitted.
Alternatively, after the heat treatment, laser treatment may be performed keepmg the
temperature. By using the catalyst element, the quasi-single crystalline silicon film
can be formed efficiently.

[0254]

After the laser irradiation, if necessary, a minute amount of an impurity is
added to the semiconductor film to control a threshold voltage, which is a so-called
channel doping. In order to obtain the required threshold voltage, an impurity
imparting n-type or p-type conductivity (such as phosphorus or boron) is added by an
ion doping method or the like.

[0255]

As shown in FIG. 27B, gate electrodes 7007 to 7010 are formed over the gate

insulating film 7006. The gate electrodes 7007 to 7010 are formed by forming a metal

film by a plasma CVD method or a sputtering method and etching the metal film into a
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desired shape. Alternatively, the gate electrodes may be directly formed on the gate

" insulating film by a printing method or a droplet discharging method typified by an

ink-jet method which is capable of discharging a material in a predetermined direction.
[0256] _

The gate electrodes 7007 to 7010 may be a single layer or a plurality of layers
of two or more layers. A conductive material, a structure, and a manufacturing method
of the gate electrode can be appropriately selected.. |
[0257]

| In a case of forming the gate electrodes 7007 to 7010 by a plasma CVD rrrethod \
ora sputtering method, the gate electrodes 7007 to 7010 may be formed of an element
of gold, silver, pletinum, copper, tantalum, aluminum, molybdenum, tungsten, titanium,
chromium, and niobium; a synthetic material containing the clements as ‘its main
component; or a compound material thereof. For exahrple, the gate electrodes 7007 to
7010 can be formed of a stacked layer of Si and NiSi- (nickel s‘ilic_ide) doped with an
impurity imparting n-type conductivi;(y such as phosphorus or a stacked layer of TaN
(tantalum nitride) and W (tungsten). Alternatively, the gate electrodes 7007 to 7010
can be formed using an AgPdCu alloy.
[0258] | | - o

When the gate electrodes 7007 to 7010 are formed by a droplet discharging
method, a material in which a conductive material is dissolved or dispersed in a solvent
is used as a material to be discharged. A material which is used for a conductive
material can also contain at least one kind of metal such as gold, silver, copper, platinum,
aluminum, chromium, palladium, indium, molybdenum, nickel, lead, iridium, rhodium,
tungsten, cadmium, zinc, iron, titanium, zirconium, and barium, or an alloy of the above
metals. As the solvent, esters such as butyl acetate and ethyl acetate, alcohols such as
isopropyl alcohol and ethyl alcohol, and organic solvents such as methyl ethyl ketone or
acetone, or the like can be used.

[0259]
The viscosity of the composition discharged by a droplet discharging method is

set to be less than or equal to 0.3 Pa's. This is because the composition is prevented
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from drying or the composition is smoothly discharged from the discharge nozzle when
being discharged. Note that the viscosity or the surface tension of the composition is
appropriately adjusted in accordance with a solvent to be used or an intended purpose.
[0260]

Subsequently, a high concentration impurity. is added to the semiconductor film
using the gate eleétrodes 7007 to 7010 as masks (FIG. 27C). Accordingly, a thin film
transistor including the semiconductor films 7002 to 7005 where quasi-single crystals
are obtained, the gate insulating film 7006, and the gate electrodes 7007 to 7010 are

formed.

0261

Next, an impurity element is added to each of the semiconductor films 7002 to
7005 where quasi-single crystals are obtained by using the gate electrodes 7007 to 7010
as masks (FIG. 28A). The impurity element can impart one conductivity type to the
semiconductor film. As the impurity élefnent imparting n-type conductivity,

phosphorus or the like is typically given, and as the impurity element imparting p-type

conductivity, boron or the like is typically given. When a first electrode of the

light-emitting element serves as an anode, the impurity element imparting p-type
conductivity is selected, whereas, when the first clectrodel of the light-emitting element
serves as a cathode, the impurity element imparting n-type conductivity is selected.
[0262])

Thereafter, an insulating film (hydrogenation fflm) 7011 is formed of silicon

nitride (SiNy) by covering the gate insulating film 7006 (FIG. 28B). After forming the

insulating film (hydrogenation film) 7011, heat treatment is performed at 480°C for
approximately an hour to activate the impurity element and hydrogenate the
semiconductor film. The insulating film can be formed of an insulating film
containing at least oxygen or nitrogen, such as a silicon oxide (SiOy) film, a silicon
oxide film containing nitrogen, or a silicon nitride film containing oxygen, without
being limited to a silicon nitride film.
[0263]

As shown in FIG. 29A, an interlayer insulating film 7012 which covers the
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‘ insulating film (hydrogcnation' film) 7011 is formed to increase flatness. The
interlayer insulating film 7012 can be formed using an organic material or an inorganic
material. As the organic material, polyimide, acrylic, polyamide, polyimide amide,
benzocyclobptene, siloxane, or the like can be used. Siloxane has a structure, as its
basic unit, which is formed of a bond of silicon and oxygen represented by -Si-O-Si-,
where fluorine, aliphatic hydrocarbon, aromatic hydrocarbon, and the like are combined
with silicon. As the inorganic material, an insulating film having at least oxygen or
nitrogen such as a silicon oxide (SiOy) film, a silicon nitride (SiNy) film, a silicon oxide
film éontaining nitrogen, or a silicon nitride film containing oxygen can bé used. In
addition, as a material for the interlayer insulating film 7012, polysilazane (an inofganic
polymer which has a structure of -(SiH,NH)- as a basic unit and forms a ceramic
insulator by heating) can be used. Moreover, a complex of‘polysilazané and an
organic material may be used as the interlayer insulating fifm 7012.

[0264] '

The interlayer insulating ‘film 7012 may be a stacked layer of the above

insulating film. In particular, when the insulating film is formed of the organic
material, the flatness is increased; however, moisture or oxygen is absorbed by the
organic materiai in some cases. In order to prevent moisture or oxygen from being
absorbed by the insulating film, an insulating film 7012 may be obtained by f(l)rming an
insulating film formed using an inorganic material (hereinafter, referred to as an
inorganic insulating film) over an insulating film formed using an organic material
(hereinafter, referred to as an organic insulating film). Furthermore, the interlayer
insulating film 7012 may be obtained by alternately stacking the organic insulating film
and the inorganic insulating film to form three or more layers.
[0265]

Note that heat treatment after forming the insulating film (hydrogenation film)
7011 may be performed after forming the interlayer insulating film 7012.
[0266]

Thereafter, a contact hole is formed in the interlayer insulating film 7012, the

insulating film (hydrogenation film) 7011, and the gate insulating film 7006, and a
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_wiring 7013 which is connected to a source region and a drain region, a connection
portion 7014, and an electrode which becomes a terminal electrode 7018 later are
formed (FIG. 29A). Each of the wiring 7013, the connection portion 7014, and the
electrode which becomes the terminal electrode 7018 later may be a single layer formed
using a material such as aluminum, copper, an alloy of aluminum, carbon, and nickel, or
an alloy of alumiﬁum, carbon, and molybdenum. Alternatively, each of the wiring

7013, the connection portion 7014, and the electrode which becomes the terminal

~electrode 7018 later may be a stacked layer of molybdenum, aluminum, and

molybdenum from the substrate side,” a stacked layer of titanium, aluminufn, and
titanjum from the substrate side, or a stacked iéyer of titanium, titanium nitride,
aluminum, and titanium from the substrate side.

[0267]

Next, a conductive layer having a light-transmitting property is formed. The
conductive layer is processed to form a first electrode 7017 of a ‘thin film light-emitting
element (an anode or a cathode of the light-emitting element). Here, the first electrode
7017 and the connection portion 7014 are electrically connected to each other.

[0268]

A material of the first electrode 7017 can be exemplified below: a metal having
conductivity such as aluminum (Al), silver (Ag), éold (Au), platinum (Pt), nfckel (Ni),
tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu),
palladium (Pd), lithium (Li), cesium (Cs), magnesium (Mg), calcium (Ca), strontium
(Sr), or titanium (Ti); an alloy such as an alloy formed of aluminum and silicon (Al-Si),
an alloy formed of aluminum and titanium (Al-Ti), an alloy formed of aluminum,
silicon, and copper (Al-Si-Cu); nitride of a metal material such as titanium nitride
(TiN); or a metal compound such as indium tin oxide (ITO), indium tin silicon oxide
(ITSO), or indium zinc oxide (IZO); or the like.

[0269]

Note that an electrode through which light emission is extracted is preferably

formed using a conductive film having a light-transmitting property. Specifically, an

ultra thin film of metal such as aluminum or silver is used as well as a metal compound
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Isuch as indium tin oxide (ITO), indium tin silicon oxide (ITSO), or indium zinc oxide
(IZO). In this embodiment, light emission is extracted through the first electrode
7017; therefore, the first electrode 7017 is formed using indium tin silicon oxide (ITSO),
whereas, wht;n light emission is not extracted through the first electrode 7017, the first
electrode 7017 can be formed using a material having high reflectivity (aluminum,
silver, or the like).’

[0270] ) ‘

Note that, after forming the wiring 7013, the connection portion 7014, and the
electrbde which becomes the terminal electrode 7018 later, an insulating film 7016
,contaihing an insulating inorganic material may be formed of a single layer or plural
layers before fofming the first electrode 7017 (FIG. 30A). The insulating film 7016
can be formed using an inorganic inéulating film such as Ia silicon oxide film; a silicon
nitride film, or a silicon oxidg film containing nitrogen by a sputtering method, an
LPCVD method, a plasma CVD method, or the like. By forming the insulating film
7016 as described above, the TFT or the vyiring 7013 of the dri\\/er circuit portion 7032
can be prevented from being exposed and protected. | l
[0271]

Thereafter, an insulating film is formed covering the first electrodel 7017, the
wiring 7013, and the interlayer insulating film 7012, and the obtained insulating film is
formed into a pattern to forxﬁ én insulating film 7015 which covers an end of the first
electrode 7017 (FIG. 29A and FIG. ;’:OA). As-a material of the insulating film 7015,
acrylic, ‘polyimide, siloxane, or the like having self-flatness can be used. In this
embodiment, siloxane is used as the material of the insulating film 7015.

[0272]

Thereafter, a layer containing a light-emitting substance (hereinafter, referred
to as a light-emitting layer 7019) is formed, and a second electrode 7020 (a cathode or
an anode) which covers the light-emitting layer 7019 is formed (FIG. 29B and FIG. 30B).
Accordingly, a light-emitting element having a structure including the light-emitting
layer 7019 between the first electrode 7017 and the second electrode 7020 can be

manufactured. A material for forming the second electrode 7020 is to the same as the
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'material for forming the first ele‘ctrode 7017. In this embodiment, aluminum is used
for forming the second electrode 7020.
[0273]

.Note_ that, although the first electrode 7017 and the second electrode 7020 may
each be an anode or a cathode, the material is necessary to be selected in consideration
of a work function. It is preferable to.use a material having a high work function
(specifically, greater than or equal to 4.0 eV) for the anode, whereas it is preferable to
use a material having a low work function (specifically, less than or equal to 3.8 eV) for
the cz;thodc. However, by using an €lectron injecting layer -having a high electron
injecting property, the cathode can be formed of a material having a high work funétion,
that is, a raw material which is normally used for the anode. |
[0274] | |

In addition, the light-emitting layer 7019 is formed by an evaporation method,
a spin coating‘ method, a dip coating method, a droplet discharging method typified by
an ink-jet method, or the like. A:low molecular ma}eriai, a hi‘gh /molecular material,
and a middle molecular material having a property between the low molecular and the
high molecular are used for the light-emitting layer 7019. Since ~the light-emitting
layer 7019 is fdrmed by an evaporation method, the low molecular material Iis used in
this embodiment. By being dissolved in a solvent, both the low molecular material
and the high molecular materia{l can be coated by a épin coating method or a droplet
discharging method. Moreover, not only an organic material but also a composite
material ‘with an inorganic material can be used.

[0275]

Next, a silicon oxide film containing nitrogen is formed by a plasma CVD
method as a first passivation film 7029. When the silicon oxide film containing
nitrogen is used, a silicon oxide film containing nitrogen formed using SiHy, N>O, and
NHj, a silicon oxide film containing nitrogen formed using SiH4 and N>O, or a silicon
oxide film containing nitrogen formed using a gas in which SiH4 and N,O are diluted

with Ar may be used.
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[0276]

In addition, as the material for the first passivation film 7029, a silicon

oxynitride hydride film formed using SiHi, N,O, and H; can be used. It is needless to

say that the passivation film 7029 is not limited to a single layer, and the passivation
film 7029 may be a single layer of other insulating film containing silicon, or a stacked
layer thereof. A multilayer film of carbon nitride film and a silicon nitride film, a
multilayer film of styrene polymer, a silicon uitride fiilu, or a diamond like carbon film
may be used instead of the silicon oxide film containing nitrogen.
[0277]

Next, a display portion is sealed in order to protect.the light-emitting element
from a substance. such as water promoting deterioratiou of the light-emitting element.
When a counter substrate 7021 is used for sealing, the counter substrate 7021 is attached

by using an insulating sealant 7022 so as to expose a terminal 7023 which is connected

to outside. A spaee between the counter substrate 7021 and the substrate 7000 may be

filled with an inert gas such as dried nitrogen. Alternatively, the counter substrate
7021 may be attached after the sealant 7022 is coated over the entire surface. It is

preferable to use an ultraviolet curable resin or the like for the sealant 7022. In

_addition, a drying agent or a particle for keeping a gap between the substrates constant

may be mixed into the sealant 7022. Subsequently, by attaching a ﬂex1ble printed
circuit 7024 (FPC) to the terminal 7023, the light- em1ttmg device is completed.
[0278] .

Note that FIG. 31 shows a top view of the pixel portion 7033, and a cross
section taken along a dashed line A-B in FIG. 31 corresponds to a cross section of a
driving TFT 7025 of the pixel portion 7033 in FIG. 29B and FIG. 30B. A cross section
taken along a chained line C-D in FIG. 31 corresponds to a cross section of a switching
TFT 7026 of the pixel portion 7033 in FIG. 29B and 30B. A solid line shown by 7030
in FIG. 31 indicates the periphery of the insulating film 7015. In FIG. 29B, FIG 30B,
and FIG. 31, an example of the light-emitting device formed using the present invention

is shown, and a structure such as a wiring can be appropriately changed by layout.
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- [0279]
In addition, in the light-emitting device, a light emission display surface of the

light-emitting device may be one surface or both surfaces. ‘When the first electrode

* 7017 and the second electrode 7020 are each formed of a transparent conductive film,

light emitted from the light-emitting element is extracted from the both sides through
the substrate and tﬁe counter substrate. In this case, it is preferable to use a transparent
material for the substrate 7000 and the counter substrété 7021.

[028Q]

When the first electrode 7017 is formed of a metal film and the ‘sgcond
electrode 7020 is formed of a transparent condlictive layer, light emitted from the
light-emitting element is extracted ﬁom one side through the counter substrate 7021,
which is a top emissjon type. In this case, it is not necessary to form the substrate
7000 by using a transparent material.

[0281]

Whereas, when the second electrode 7020 is formed of a metal film and the
first electrode 7017 is formed of a transparent conductive layer, light emitted from the
light-emitting element is extracted from one side through only the substrate 7000, which
is a bottom emission type. In this case, it is not necessar); to form the counter substrate
7021 or a filling material 7028 by using a transparent material. |
[0282]

‘ This embodiment can be used by being zippr'opriately combined with
Embodiment Mode and other embo'diments.
[Embodiment 13]
[0283]

In this embodiment, a TFT can also be used as a thin film integrated circuit
device or a non-contact thin film integrated circuit device (also referred to as a wireless
IC tag or RFID (radio frequency identification)). By combining with the
manufacturing method shown in other embodiments, the thin film integrated circuit
device or the non-contact thin film integrated circuit device can be used as a tag or a

memory.
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[0284]
Plane orientations of crystal grains in a quasi-single crystalline semiconductor

film of the present invention are aligned in one direction. Therefore, it is possible to

* manufacture, with high yield, a semiconductor device capable of high speed operation

with high current driving capacity and small variation of characteristics between
clements. Since fhe thin film integrated circuit is expected to be in great demand in the
future, it is necessary to manufacture a product having high performance with high yield.
Therefore, it is extremely effective to use the quasi-single crystalline semiconductor
film of the present invention. An example thereof will be explained. o

[0285] | '

This embodiment will describe an example of using a TFT which is insulated
as a semiconductor element used for an integrated circuit of a wireless IC tag. The
semiconductor element which can be used for the integrated circuit of the wireless IC
tag is not limited'to the TFT, and other element can also be psed. For example, a
memory element, a diode, a photoelectric conversion element, a resistor element, a coil,
a capacitor element, or an inductor can be typically given. Moreover, these elements
can be formed using the quasi-single crystalline semiconductor film of the present
invention.

[0286] .

A manufacturing method of the wireless IC tag is explained with reference to
the fdllowing drawings. In practice, after multiple ‘semiconductor elements are
simultaneously formed over a substrate having one side of over 1m, the elements over
the substrate are separated into individual semiconductor elements each of which is
sealed; accordingly, the wireless IC tag is manufactured.

[0287]

First, as shown in FIG. 32A, a first substrate 8000 is prepared. As the first
substrate 8000, a glass substrate such as a barium borosilicate glass substrate or an
alumino borosilicate glass substrate, a quartz substrate, or the like can be used.
Besides, plastic typified by polyethylene terephthalate (PET), polyethylene naphthalate

(PEN), and polyethersulfone (PES), or a flexible synthetic resin such as acrylic may be
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used. The synthetic resin can be used as the substrate as-long as the synthetic resin can
withstand a processing temperature in a manufacturing process of the wireless IC tag.
[0288] '

_If the first substrate 8000 is formed of the material as described above, there is
no large limitation to its dimension and shape. Accordingly, when the first substrate
8000 has one side of greater than or equal to 1 m and is rectangular, for example,
productivity can be dramaitically improved. Such an advantage is ‘an excellent
advantage as compared with a case of using a circular silicon substrate.

[0289] .

The surface of the substrate formed of the! above material may be flattened by
polishing by a CMP method or the like. For example, a glass substrate, a quartz
substrate, or a semiconductor substrate which is polished to be thin may be used.

[0290] ,

After the first substrate 8000 is prei)aréd, an insulating film 8002 is formed
over the first substrate 8000 (FIG. 32A). The insulating film 8002 can be formed of a
single layer of an insulating film such as a silicon oxide (SiOy) film, a silicon nitride
(SiNy) film, a silicon oxide film containing nitrogen, or a silicon nitride film containing
oxygen, or a stacked layer thereof. In this embodiment, a silicon oxide film containing
nitrogen is formed to have a thickness of 100 nm as the insulating film 8002.
Moreover, the insulating film 8002 may also be oxidizéd or nitrided by performing high
densit))z plasma treatment. | |
[0291]

The high density plasma is generated by using a microwave of, for example,
2.45 GHz. Specifically, high density plasma of which electron density is 10" to 10"
/cm®, an electron temperature is less than or equal to 2 eV, and an ion energy is less than
or equal to 5 eV is used. Since such high density plasma having the low electron
temperature as its characteristic has a low kinetic energy of active species, a film having
few defects can be formed with few plasma damages as compared with conventional
plasma treatment. A plasma treatment apparatus for microwave excitation using a

radial slot antenna can be used to generate the plasma. A distance between an antenna
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for generating a microwave and the first substrate 8000 is set to be 20 to 80 mm

" (preferably 20 to 60 mm).

[0292]

‘Next, a peeling layer 8004 is formed (FIG. 32A).  The peeling layer 8004 can
be formed of a metal film, a stacked layer of a metal film and a metal oxide film, or the
like. The metal film is formed of a film formed of an element of tungsten (W),
molybdenum (Mo), titanium (Ti), tantalum (Ta), niobium (Nb), nickel (Ni), cobalt (Co),
zirconium (Zr), zinc (Zn), ruthenium (Ru), thodium (Rh), lead (Pb), osmium (Os), and
iridiur\n (Ir); an alloy material containing the element as its' main compénent;‘ or a
compound material thereof to have a single-layer or stacked-layer structure. In
addition, these materials can be formed using a known method (a sputtering method or
various CVD methods such as a plasma CVD method). Note that a tungsten film is
formed to have a thickness of 30 nm by a plasma CVD met’hod in this embodiment.
[0293] ” |

When the peeling layer 8004 is formed, oxide, nitride, or oxynitride is formed
over its surface. The compound has high reaction rate with an etching gas, especially
chlorine trifluoride (CIF3); thus, the compound can be peeled easily ‘in a short time. In

. other words, the peeling is possible if any one of metal, rﬂetal oxide, metal nitride, and
metal nitride oxide is removed.
[0294]

‘ In addition, when the oxide, the nitride, or the nitride oxide is formed over the
surface of the peeling layer 8004, the chemical state may change. For example, when
an oxide film having tungsten (W) is formed, the valence of tungsten oxide (WOy (x=2
to 3)) changes. As a result, the oxide film is in such a state that the oxide film is easily
peeled by physical means. In the combination of chemical means and physical means,
the oxide film can be removed more easily in a short time.

[0295]

After forming the peeling layer 8004, an insulating film 8006 serving as a base

insulating film is formed. In this embodiment, a silicon oxide film is formed to have a

thickness of 200 nm by a sputtering method.
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- [0296] ,
Next, a semiconductor film 8008 is formed. Although an "amorphous

semiconductor film may be formed as the semiconductor film 8008, a microcrystalline

" semiconductor film or a crystalline semiconductor film may also be used. Although a

material of the semiconductor film is not limited, it is preferable to use silicon or silicon
germanium (SiGe). In this embodiment; an amorphous silicon film is formed to have'a
thickness of 66 nm. After forming the semiconductdr film 8008, a step. of removing
hydrqgen contained in the semiconductor film 8008 may be performed. Specifically,
the semiconductor film 8008 may be heated at 500°C for an hour. |

[0297] . '

Moreover, a silicon oxide film containing nitrogen is formed to have a
thickness of 300 nm as a cap film 8009. A silicon oxide film maiy be used to form the
cap film 8009. As in other c,mbodiments,‘ the cap film’can be formed by a plasma
CVD method.or a'sputtering method. )

[0298]

Here, a quasi-single crystal is obtained in the semiconductor film 8008 by
being irradiatedl with a laser beam by using a laser irradiation apparatus (FIG. 32B). In
this embodiment, a second harmonic of an Nd: YVOq laselr with a TEMgy mode (single
transverse mode) oscillation having an energy of 10 W is used. The laser is converged
and formed into linear by using an optical system, and is irradiated at a scanning speed
of app}oximately 10 to several 100 cm/sec.

[0299]

By using the method, the semiconductor film 8008 of a region irradiated with
the laser beam is completely melted. Then, crystals are grown in one plane orientation
in a stage of cooling; thus, a quasi-single crystal is formed.

[0300]

Although the laser beam is irradiated from the cap film 8009 side in FIG. 32B,
the laser beam may be irradiated from the first substrate 8000 side as described in
Embodiment 10. In this case, the peeling layer 8004 becomes a light absorption layer

and absorbs the laser beam, which generates heat, and the semiconductor film 8008 is
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_crystallized indirectly by the generated heat.

[0301]

' As a type of laser which can be used here, one or more of a gas laser such as an
Ar laser, a Kr laser, or an excimer laser; a laser using, as a medium, a single crystal of
YAG, YVOy, forsterite (Mg2SiOs), YAIO;3, or. GAVOy, or a polycrystal (ceramic) of YAG,
Y,03, YVOu, YAIOs, or GAVO, doped with one or more kinds of Nd, Yb, Cr, Ti, Ho, Er,
Tm, and Ta as a dopant; a glass iaser; a ruby laser; an alexandrite laser; a Ti: sapphire
laser;.a copper vapor laser; and a gold vapor laser can be used.
[0302] .

Note that, as for a laser using, as a mediﬁm, a single crystal of YAG, YVO,,
forsterite (Mg,Si0,4),YA1O3, or GdVQ4 or a polycrystal (ceramic) of YAG, Y,03, YVOy,
YAIOQ3, or GdVO4 doped with-one or more kinds of Nd, Yb, Cr, Ti, Ho, Er, Tm, and Ta

as a dopant; an Ar ion laser; or the Ti: sapphire laser, continuous wave oscillation is

~ possible, and besides, pulse oscillation at a repetition rate of greater than or equal to 10

MHz is also possible by performing Q-switch operation, mode locking, or the like.
When laser beam oscillation at a repetition rate of greater than or equal to 10 MHz is
performed, the semiconductor film is irradiated with a next pulse until the
semiconductor film is solidified after being melted by léser. Accordingly, different
from a case of using a pulse laser having a lower repetition rate, the sc;lid-liquid
interface in the semiconductor film can be continuously moved; thus, crystal grains
growﬂ continuously in the scanning direction can be obtained.

[0303]

When a ceramic (polycrystal) is used as the medium of the laser, the medium
can be formed in any shapes at low cost in a short time. While a columnar medium of
several mm in diameter and several tens mm in length is generally used when a single
crystal is used, a larger medium in size can be formed when ceramic is used.

[0304]

Since the concentration of the dopant such as Nd or Yb which directly

contributes to light emission in the medium is not able to be significantly changed even

in a single crystal or a polycrystal, improvement in laser output by increasing the
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Iconcentratipn is limited to some extent. However, when ceramic is used, drastic
improvement in outpﬁt can be realized because the concentration of the medium can be
significantly increased as compared with a single crystal. |
[0305]

Furthermore, when the ceramic.is used, a medium in a parallel hexahedron
shape or a cuboid éhape can be easily formed. When a medium in such a shape is used
to make emitted light travel in zigzags within the mediﬁm, the emitted light path can be
made longer. Therefore, the amplification is 'increased, and oscillation with large
outpui is possible. In addition, a laser beam that is emitted from a medium in'such a
shape has a cross section of a quadrangular shapé when the beam is emitted, aﬁd is,
therefore, advantageous in shaping into a linear beam as compared with a circular shape.
Shaping thus emitted laser beam with the use of an opticz;l system makes it possible to
easily obtain a linear laser beam that has a shorter side of less than or equal to 1 mm in
length and a l_ongér side of several mm to several m in length. In addition, irradiating
the medium uniformly with excitation light makes the linear\bez}m have a uniform
energy distribution in the longer side direction. .

[0306]

Note fhat crystallization is performed more preferably when a laser
crystallization method of this embodiment is combined with a crystallization method
using a metal element that i)romotes crystallization (such as nickel (Ni), germanium
(Ge), iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt), copper
(Cu), or gold (Au)).

[0307]

Next, the cap film 8009 is removed by etching, and a quasi-single crystalline
film 8010 is doped with an impurity element imparting p-type conductivity. Here,
boron (B) is doped as the impurity element (FIG. 32C).

[0308]
Then, the quasi-single crystalline film 8010 is selectively etched, and a first

semiconductor film 8012 and a second semiconductor film 8014 are formed (FIG. 32D).
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[0309]

Subsequently, a resist mask 8016 is formed so as to cover the first
semiconductor film 8012, and thereafter the second semiconductor film 8014 is doped
with an impurity element imparting p-type conductivity (FIG. 33A). In this
embodiment, the second semiconductor film 8014 is doped with boron (B) as the
impurity element. |
[0310]

Then, the resist mask 8016 is removed, and plasma treatment is performed to
the flI'St semiconductor film 8012 and the second semlconductor film 8014 to OdeIZC
and nitride the first semiconductor film 8012 and the second semiconductor film 8014;
accordingly, first insulating films 8018 and 8020 (an oxide film or a nitride film) are
formed over the surfaces of the first semiconductor film 8012 and the second
semiconductor film 8014 (FIG. 33B). In this embodiment, the plasma treatment is
performed in.an atmosphere containing oxygen to oxidize the fi‘rst semiconductor film
8012 and the second semiconductor film 8014, and silicon oxide (SiOx) films are
formed as the first insulating films 8018 and 8020. When silicon nitride films are
formed as the first insulating films 8018 and 8020, the plasma treatment may be
[0311] \

" In general, since a silicon oxide film or a silicon oxide film containing nitrogen
which is formed by a CVD method or a sputtering method has a defect inside the film,
the film quality is not sufficient. Therefore, by performing the plasma treatment to the
first semiconductor film 8012 and the second semiconductor film 8014 in an oxygen
atmosphere to oxidize the surface, an insulating film denser than an insulating film
formed by a CVD method, a sputtering method, or the like can be formed over the first
semiconductor film 8012 and the second semiconductor film 8014.

[0312]

In addition, when a conductive film is provided above the first semiconductor

film 8012 and the second semiconductor film 8014 through the insulating film formed

by a CVD method or a sputtering method, a coating defect due to disconnection or the
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like of the insulating film at ends of the first semiconductor film 8012 and the second
semiconductor film 8014 may be generated, and a short-circuit or the like may occur

between the semiconductor film and the conductive film. However, by oxidizing or

'nitriding the surfaces of the first semiconductor film 8012 and the second

semiconductor film 8014 by plasma treatment in advance, generation of a coating defect
of the insulating film at the ends of the first semiconductor film 8012 and the second
semiconductor film 8014 can be suppressed.

[0313]

Next, a second insulating film 8022 is formed so as to cover the firét insulating
films 8018 and 8020. A material of the second insﬁlating film 8022 is a silicon nitride
(SiNy) film or a silicon nitride film containing oxygen. Here, a silicon nitride film is
formed to have a thickness of 4 to 20 nm as the second insulating film 8022 (FIG. 33C).
[0314]

Then, plaéma treatment is performeci to the secoﬁd insglating film 8022 in an
oxygen atmosphere to oxidize the surface of the second insulating film 8022, and then a
third insulating film 8024 is formed (FIG. 33C). Note that the plasma treatment can be
performed under the above condition. Here, as the third insulating film 8024, a silicon
oxide film or a silicon oxide film containing nitrogen is fofmed to have a thickness of 2
to 10 nm over the surface of the second insulating film 8022 by the plasma treatment.
[0315]

‘ Next? conductive films 8026 and 8028 each serving as a gate electrode are
formed above the first semiconductor film 8012 and the second semiconductor film
8014 (FIG. 33D). Note that the conductive film 8026 here has a stacked-layer structure
of first conductive films 8026a and a second conductive film 8026b, and the conductive
film 8028 has a stacked-layer structure of a first conductive film 8028a and a second
conductive film 8028b. Here, tantalum nitride is used for the first conductive films
8026a and 8028a, and tungsten is used for the second conductive films 8026b and
8028b to have a stacked-layer structure. Further, the conductive film which can be
used as a gate electrode may be formed in a single layer. In addition, the material for

the conductive film is not limited to the above material, and an alloy containing one or
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,more of elements of tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo),
aluminum (Al), copi)er (Cu), chromium’ (Cr), niobium (Nb), and the 'like, or a
compound containing the elements can be used. In addition, a semiconductor material
typified by polycrystalline silicon doped with an impurity element such as phosphorus
can also be used. Moreover, the gate electrode can be formed of a crystalline
semiconductor film. In that case, the quasi-single crystalline semiconductor film of
the present invention can also be used. .

[0316‘] \

Next, an impurity element imparting p-type conductivity is introduced to the
first semiconductor film 8012 by using the condli(;tivc film 8026 as a mask, and an
impurity element imparting n-type conductivity is introduced to the second
semiconductor film 8014 by using the conductive film 8028 as a mask. By this
process, a source region and a drain region are formed. :Thereafter, an insulating film
8030 is formed colvcring the conductive films 8026 and 8028 (FIQ. 34A). -

[0317]

A conductive film 8032 is formed over the insulating film 8030 so as to be .
electrically connected to a source region or a drain region of the first semiconductor
film 8012. A p-type thin film transistor 8034 using the first semiconductor film 8012
as a channel formation region and an n-type thin film transistor 8036 using tfle second
semiconductor film 8014 as a channel formation region are provided (FIG. 34A). Note
that, aithoug’h an example of manufacturing a top gate (pla'nar) TFT is shown in this
embodiment, the present invention’ can also be used in manufacturing a TFT such as a
bottom gate (inversely staggered) TFT.

[0318]

Here, it is preferable to form the first semiconductor film 8012, the second
semiconductor film 8014, and the conductive film 8032 (that is a wiring) which is
formed simultaneously with these semiconductor films so that the corners are rounded
when seen from an upper surface of the first substrate 8000. A state in which the
corner of the wiring is formed to be rounded is schematically shown in FIGS. 37A and

37B.
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[0319]

FIG. 37A shows a conventional formation method, and a wiring a 700, a wiring
b 701, a wiring ¢ 702, and a semiconductor film each have an zingulate corner. FIG
37B shgws a state in which the wiring a 700, the wiring b 701, the wiring ¢ 702, and the
semiconductor film each have a rounded corner. When the corners are rounded as
shown in FIG 3’}B, dust generated in forming the wirjng can be prevented from
remaining at the corner of the wiring. Therefore, defects of the semiconductor device
due to dust are reduced, and yield can be improved. Note thai circles in‘FIGS. 37A
and 37B indicate a contact hole 703.

[0320] ,

Next, an insulating film 8038 is formed so as to cover the conductive film 8032,
a conductive film 8040 serving as an antenna is formed thereover, and an insulating film
8042 is formed so as to cover the conductive film 8046 (FIG. I34B). Note that the
conductive films or the like provided above ;he thin film transistors 8034 and 8036 (a
region surrounded by a dashed line) are referred to as an element group 8044 together.
[0321] i

Each of the insulating films 8030, 8038, and 8042 may be a single layer or a
plurality of layers, and may be formed of the same materiai or a different material. As
the material, (i) an insulating film such as a silicon oxide (SiOy) film, a silic'on nitride
(SiNy) film, a silicon oxide film containing nitrogen, or a silicon nitride film containing
oxygeil, (2) a film containing carbon such as DLC (diamdnd like carbon), (3) an organic
material such as epoxy, polyimide, polyamide, polyvinyl phenol, benzocyclobutene, or
acrylic, a siloxane based material, or the like can be given.

[0322]

In addition, the above material given in (3) can be formed by a spin coating
method, a droplet discharging method, a printing method, or the like; therefore,
flattening can be performed efficiently and reduction in processing time can be
attempted. Furthermore, the insulating films 8030, 8038, and 8042 can also be

oxidized or nitrided by performing plasma treatment.
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,[0323]

The conductive film 8040 can be formed using a conductive material having
one or more of a metal such as copper (Cu), aluminum (Al), silver (Ag), gold (Au),
chromijum (Cr), molybdenum (Mo), titanium (Ti), tantalum (Ta), tungsten (W), nickel
(Ni), and carbon (C), or metal compounds containing the above metals.

[0324] |

Next, an opening 8046 is formed in a reg_ion,‘a’voiding the element group 8044
by a lgser irradiation method or the like to expose the peeling layer 8004, and etchant is
introduced from the opening 8046 to remove the peeling layer 8004 (FIG. 35A). All of
the peeling layer 8004 may be removed, or part thércof may be left without rembving
the peeling layer’ 8004 completely. By leaving the peeling layer 8004, the thin film
transistors 8034 and 8036 can be maintained over the first substrate 8000 even’ after the
peeling layer 8004 is removed by the etchant; thus, handling in a later process becomes
easy. As the etchant, halogen fluoride such a chlorine t;iﬂuoride_ gas, Or a gas or a
liquid containing halogen can be used. For example, CF4, SF, i\IFé, F», or the like can
be used.

[0325]

Next, a first sheet material 8048 having an adhesion property is bonded to the
insulating film 8042, and the element group 8044 is peeled from the first subéirate 8000
(FIG. 35B). |
[0326] ‘

The first sheet material 8048 is bonded in order to maintain mechanical
strength of the element group 8044 which is peeled in the following step after this.
Therefore, it is preferable that a thickness of the first sheet material 8048 is greater than
or equal to 50 um. A flexible film can be used for the first sheet material 8048, and at
least one of surfaces of the first sheet material 8048 has an adhesive agent. As an
example of the first sheet material 8048, a base material using polyester, which has an
adhesion surface provided with an adhesive agent, can be used. As the adhesive agent,
a resin material containing an acrylic resin or the like, or a material containing a

synthetic rubber material can be used.



10

15

20

25

30

WO 2007/046290 . PCT/JP2006/320362

102

1[0327]

Next, the peéled element group 8044 is sealed with a film having flexibility.
Hére, the element group 8044 is attached to a second sheet material 8050, and
furthermore the element group 8044 is sealed with a third sheet material 8052 (FIGS.
36A and 36B).

[0328]

A flexible film can be used for each of the second sheet material 8050 and the
third sheet material 8052. For example, a film formed of polypropylene, polyester,
vinyl,. polyvinyl fluoride, vinyl chloride, or the like, paper, a stacked film of a base
material film (polyester, polyamide, an inorganic déposition film, paper, or the like) and
an adhesive synihetic resin film (an acrylic-based synthetic resin, an epoxy-based
synthetic resin, or the like), or the like can be used. In addition, it is‘preferable‘that an
adhesive layer provided for the uppermost surface of the film or a layer provided for the
outermost layer (not the adhesive layer) be melted bylheat treatment to adhere by
applying pressure. Moreover, when an element formation layef is §ealed with the first
sheet material 8048 and the second sheet material 8050, the first sh‘eet material 8048
may be formed using the same material.
0329] |

Through the above process, the semicoﬁductor device which has /é memory
element and is capable of transmitting and receiving data can bé obtained. In addition,
the sémiconductor device described in this embodiment has flexibility. When the
elcment\ group 8044 is attached to a flexible substrate, a thin and lightweight
semiconductor device which is does not break easily even when dropped can be
completed. When an inexpensive flexible substrate is used, a semiconductor device
can be provided inexpensively. The element group 8044 also can be attached to an
object having a curved surface or an irregular shape. Moreover, by reusing the first
substrate 8000, a semiconductor device can be manufactured at low cost.
[0330]

Note that this embodiment can be freely combined with embodiment mode and

other embodiments.
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[Embodiment 14]

[0331]

'This embodiment will explain a case of utilizing a’ semiconductor film
manufactured using the .present invention as a wireless 1C tag which is capable of
transmitting and receiving data without contact.

[0332] / .

Note that the plane orieéntation of crystal grains in a quasi-single crystalline
semiconductor film formed using the present invention are aligned in one direction, or a
direction that can be substantially regarded as one direction. That is to say, the
quasi-single crystalline semiconductor film is a semiconductor film having a prdperty
which is infinitely close to that of a single crystal. Therefore, by using thé
semiconductor device, it is possible to manufacture, a semiconductor dévice capable of
high speed operation with high current driving capac;ity and small variation of
characteristics between elements. | |
[0333] | /

A wireless IC tag 9001 has a function of transmitting and receiving data
without contact, and includes a power supply circuit 9002, clock generation circuits
9003 and 9004,. a control circuit 9005 for controlling othe} circuits, an interfgce circuit
9006, a memory 9007, a data bus 9008, and an antenna (antenna coil) 9009 (FIG. 38A).
[0334] |

‘ The power supply circuit 9002 generates various kinds of power supplies to be
supphed to each circuit in the semiconductor device based on an AC signal inputted
from the antenna 9009. The clock generation circuit 9003 generates various kinds of
clock signals to be supplied to each circuit in the semiconductor device based on an AC
signal inputted from the antenna 9009. The clock generation circuit 9004 has a
function of demodulating/modulating data which is transmitted and received with a
reader/writer 9010. The control circuit 9005 has a function of controlling the memory
9007. The antenna 9009 has a function of transmitting and receiving electromagnetic
waves. The reader/writer 9010 communicates with and controls the semiconductor

device, and controls processing regarding the data thereof. Note that the wireless IC
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tag is not limited to the above structure. For example, the wireless IC tag may be

additionally provided with other elements. such as a limiter circuit of a power supply

voltage or decoding hardware.

[0335] .

In the wireless IC tag 9001, a power supply voltage can be supplied to each
circuit by any of lthc following methods, which are methods of supplying a power
supply voltage by receiving electric waves with the antenna without mounting a power
supply (battery), by mounting a power supply (battery) instead of the antenna, and by
electric waves and a power supply. o
[0336] ,

It is advz;ntageous to use the semiconductor device of the present inventi(;n for
a wireless IC tag or the like because' non-contact commuﬁicatioﬁ is possible; multiple
reading is possible; writing of data is possible; processing into various shapes is
p0551ble d1rect1v1ty is wide and a wide recogmtlon range 1s prov1ded depending on the
selected frequency; and the like. The wireless IC tag can be apphed to a tag which can
identify individual information of a person or an article with non-contact wireless
communication, a label which can be attached to an article by label processing, a
wristband for an event or amusement, or the like. In addi'tion, the wireless IQ tag may
be processed using a resin material. Moreover, the wir‘eless IC tag can be utilized for
the operation of a system suc'h as an entering-leaving management system, a settlement
systeni, or a stock control system.

[0337] .

Next, one mode of actually using the semiconductor device manufactured by
the present invention as a wireless IC tag will be explained. A reader/writer 9022 is
provided on a side of a portable terminal 9021 having a display portion 9020, and a
wireless IC tag 9026 is provided on a side of an article 9024 (FIG. 38B). When the
reader/writer 9022 is held to the wireless IC tag 9026 provided on the article 9024,
information related to the article, such as a raw material and a place of origin of the
article 9024, a test result in each production process, a history of distribution process, or

further, description of the article is displayed on the display portion 9020.
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| ’[0338]

In addition, a product 9030 can be inspected by using a reader/writer 9032 and
a wireless IC tag 9034 provided on the product 9030 when the product 9030 is
transferred on a conveyor belt (FIG. 38C). In this manner, by utilizing a wireless IC
tag for a system, information can be easily obtained, and high function and high added
value are realized. | Furthermore, there is a benefit such as reduction in excessive stock
or simplification of inventory clearance by making the wireless IC tag work with a
stock control system or a shipment system.

[0339j

Note that this embodiment can be freely combined with embodiment mode and
other embodiments. |
[Embodiment 15]

[0340]

This embodiment will explain a structure of a liquid crystal display device with
reference to the drawing. |
[0341] .

In FIG. 16, a base insulating film 611 is formed over a substrate 610. A glass
substrate or a quartz substrate having a light-transmitting ‘property may be used as the
substrate 610.  Alternatively, a light-transmiséive plastic substrate having heat
resistance which can withstand .a processing temperatﬁre may also be used. In a case
of a reflective liquid crystal display device, a silicon substrate, a metal substrate, or a

| stainless\ steel substrate having a surface provided with an insulating film may be used
beside the above substrate. Here, a glass substrate is used as the substrate 610.
[0342]

As the base insulating film 611, an insulating film such as a silicon oxide film,
a silicon nitride film, or a silicon oxynitride film is formed. Although an example in
which the base insulating film 611 is a single layer is shown here, the base insulating
film 611 may be a stacked layer of two or more of insulating films. Note that the base
insulating film 611 is not necessarily formed if unevenness of the substrate or impurity

diffusion from the substrate is not a problem.
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‘ [0343]

The surface of the glass substrate may be directly processed by high density
plasma with an electron temperature of less than or equal to 2 €V, an ion energy of less
than or equal_ to 5 eV, and an electron density of approximately 10" to 10* /sm?, which
is excited by a microwave. Plasma can be generated by a plasma processing apparatus
utilizing microwave excitation, which employs a radial slot antenna. At this time, the
surface of the glass substrate can be nitrided by introducing a nitride’ gas such as

~ nitrogen (N2), ammonia (NH3), or nitrous oxide (N2O). Since a nitride layer formed
over fhe surface of the glass substrate contains silicon nitride as its main coniponént, the
nitride layer, can be used as a blocking layer of an impurity diffused from the glass
substrate side. A silicon oxide film or a silicon oxynitride film is formed over the
nitride layer by a plasma CVD. methoﬂ to serve as the base‘ insulating film 611. "
[0344] o ’

Subs_c_aquéntly, a semiconductor layer is' formed over the base insulating film
611. As the semiconductor layer, a semiconductor film having ‘an amorphous structure
is form;:d by a sputtering method, an LPCVD meth(;d, a plasma (,:VD method, or the
like. Note that, by using a plasma CVD method, the base insula\ting film and the
semiconductor film having an amorphous structure can be ‘continuously stack,ed without
being exposed to the air. The semiconductor film is formed to have a thickﬁess of 25
to 80 'nm (preferably 30 ‘to 70 nm). Although a matérial of the amorphous
semiconductor film is not limited, it is preferable to form' the amorphous semiconductor
film By using silicon or a silicon germanium (SiGe) alloy.

[0345]

Next, a silicon oxide film or a silicon oxide film containing nitrogen is formed
as a cap film. The cap film is formed to have a thickness of greater than or equal to
200 nm and less than or equal to 500 nm. In addition, it is preferable to form the cap
film to be solid and dense. For example, such a film can be formed by decreasing the
deposition rate.

[0346]

Thereafter, a quasi-single crystal is obtained in the semiconductor film by
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being irradiated with a laser beam through the cap film, and a quasi-single crystalline
semiconductor film is obtained. For example, when a silicon oxide film having a
thickness of 500 nm is formed as the cap film, a laser beam having an energy of 17 W
may be scanned at 35 'cm/sec. A CW laser beam or a pulse laser beam having a
repetition rate of greater than or equal fp 10 MHz can be used for a laser beam.

[0347] |

After the laser irradiation treatment, the céﬁ film is removed by an etching
method. Next, the quasi-single crystalline semiconductor film is formed ir}to a desired
shapé by using a photolithography technique to form a semiconductor film 613. ‘

[0348] :

If necessary, a minute amount of an impurity element (boron or phosphorus) is
doped to the semiconductor film 613 to controi a threshold vdltage of a TFT. For
example, an ion doping method in which diborane (B2H6) is. not mass- -separated but
plasma-excited can be used.

[0349]

Next, an oxide film over the surface of the semiconductor film 613 is removed
with etchant containing fluorine 51multaneously with washmg the surface of the
semiconductor film 613. Then, an insulating film 615 covering the semjiconductor
film 613 is formed. The ;nsulatmg film 615 is formed to have a thickness of 1 to 200
nm by'a plasma, CVD methoci or a sputtering method. The insulating film 615 is
formed to be a single layer or a staked layer of an insﬁlating film containing silicon,
which is preferably as thin as 10 to 50 nm, and then surface nitriding treatment using
plasma by a microwave is performed. In this case, as described above, the surface of
the insulating film 615 may be processed by high density plasma treatment with an
electron temperature of less than or equal to 2 €V, an ion energy of less than or equal to
5 ¢V, and an electron density of approximately 10" to 10" /cm?®, which is excited by a
microwave; thereby being oxidized or nitrided to be densified. This treatment may be
performed before forming the insulating film 615. In other words, plasma treatment is
performed to the surface of the semiconductor film 613. At this time, by performing

the plasma treatment with a substrate temperature of 300 to 450°C in an oxygen
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’atmosphere (02, N0, or the like) or a nitrogen afmosphere (N2, NHj;, or the like), a
favorable interface with the insulating film 615 which is stacked over the semiconductor
film 613 can be formed. The insulating film 615 serves as a gate insulating film of a
TFT which is formed later.

[0350]

Subsequeﬁtly, a first conductivé film having a thickness of 20 to 100 nm and a
second conductive film having a thickness of 100 to 400 nm are formed over the
insulating film 615. In this embodiment, a tantalum nitride film having a thickness of
50 mﬁ and a tungsten film having a thickness of 370 nm are sequentially stacked over
the insulating film 615 to form a gate electrode 617. In this embodiment, the gate
electrode 617 is fbnned using a photomask or a reticle. |
[0351]

Note that, although thfa gate electrode 617 is a siackcgl layer of the tantalum
nitride (TaN) film and the tungsten (W) film in this embodiment, the gate electrode 617
may be a stacked layer of an element of Ta, W, Ti, Mo, Al, and éu, or an alloy material
ora coxﬁpound material thereof containing the elemeﬂts as its main ;:omponent, without

being particularly limited. In addition, a semiconductor film . typified by a

_ polycrystalline silicon film doped with an impurity element such as phosphorus may be

used. In addition, the gate electrode 617 is not limited to a two-layer structuré, and for
example, a three-layer structuré may also be used, in which a tungsten film having a
thickness of 50 nm, an alloy film of gluminum and silicon (Al-Si) having a thickness of
500 nm; and a titanjum nitride film having a thickness of 30 nm are sequentially
stacked.

[0352]

It is preferable to use an ICP (inductively coupled plasma) etching method for
etching the first conductive film and the second conductive film (first etching treatment
and second etching treatment). The films can be etched into a desired tapered shape
by appropriately controlling the etching condition (the amount of power applied to a
coil-shaped electrode, the amount of power applied to an electrode on a substrate side,

the electrode temperature on the substrate side, or the like).
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’[0353]

Next, in order to add an impurity element imparting n-type conductivity to the
semiconductor film 613, first doping treatment, in which doping is performed over the
entire surfacq by using the gate electrode 617 as a mask, is performed. The first ion
doping treatment may be performed by an ion doping method or an ion implantation
method. An ion 'doping method is pérformed under the condition where the dose
amount is 1.5 x 10" atoms/cm” and an acceleration {'oltage is 50 to 100kV. As an
impurity element imparting n-type conductivity, phosphorus (P) or arsenic (As) is
typicaily used. \

[0354] ,

Next, after forming a resist mask, a second doping step for adding an impurit)}
element imparting n-type conducti{lity to the semicoﬁductor film 613 'in a high
concentration is performed. :The mask is provided in order to protect a channel
formation region of a semiconductor layer forming a p-channel TFT of a pixel portion
656; a peripheral region thereof; part of an n,-channc} TFT of tfle pixel portion 656; a
channcliforrnation region of a semiconductor layer forming a p-channel TFT of a driver
circuit portion 657; and a peripheral region thereof. The secona' doping step is

_performed by an ion doping method under the condition where the dose amount is 1 x
10" to 5 x 10" atoms/cm’ and an acceleration voltage is‘60 to 100 keV.
[0355] o |
' Then? a third doping step for adding an impurity element imparting p-type
conducti;lity (typically, boron) to the semiconductor layer 613 in a high concentration is
performed. The mask is provided to protect the channel formation region of the
semiconductor layer forming the n-channel TFT of the pixel portion 656; a peripheral
region thereof; the channel formation region of the semiconductor layer forming an
n-channel TFT of the driver circuit portion 657; and a peripheral region thereof.
[0356]
Through the above process, an impurity region having n-type or p-type

conductivity is formed in each semiconductor film 613.
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’[0357]

Next, an insulating film 619 containing hydrogen is formed by an LPCVD
method, a plasma CVD method, or the like. The insulating film 619 is formed of
silicon nitride or silicon oxynitride. The insulating film 619 serves as a protective film
which prevents contamination of the semiconductor layer. After stacking the
insulating film 619, the insulating film 619 may be hydrogenated by introducing a
hydrogen gas and performing high density plasma treatment which is excited by a
microwave as described above. The insulating film 619 may be nitrided and
hydrogenated by introducing an ammonia gas. In addition, -oxynitride tfeatment or
hydrogen treatment may be performed to the insulaﬁng film 619 Hy introducing oxlygen,
an NO; gas, and a hydrogen gas. By this method, the surface of the insulating filrﬁ
619 can be densified by performing nitriding treatment, oxidizing treatment, or
oxynitriding treatment. ~ Accordingly, the function ‘as the protective film can be
enhanced. Therdaﬂer, the hydrogen introduced in the4 insulating film 619 can be
discharged from the silicon nitride, with which the insulating f‘ilm’ 619 is formed, by'
performing heat treatment at a temperature of 400 to 450°C; thus, the semiconductor
film 613 can be hydrogenated.
[0358] ]
Then, a first interlayer insulating film 621' is formed by a sputtering niethod, an
LPCVD method, a plasma CVi) method, or the like. - The first interlayer insulating
film 621 is formed of a single layer or a stacked layer of an insulating film such as a
silicon oxide film, a silicon nitride film, or a silicon oxynitride film. The first
interlayer insulating film 621 is formed to have a thickness of 600 to 800 nm. Then, a
resist mask is formed using a photomask, the first interlayer insulating film 621 is
selectively etched, and a contact hole is formed. Thereafter, the resist mask is
removed.

[0359]
After stacking a metal film by a sputtering method, a resist mask is formed
using a photomask, the metal stacked film is selectively etched, and an electrode 623

serving as a source electrode or a drain electrode of a TFT is formed. Further, the
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metal stacked film is continuoﬁsly formed in the same metal sputtering apparatus.
Then the resist mask is removed.
[0360] -

Through the above process, top-gate TFTs 625, 627, and 629, each of which
uses a p-olysilicon film as an active layer, can be manufactured over the same substrate.
[0361] ’

Note that the TFT 629 disposed in the pixel portion 656 is an nichannel TFT
having a plurality of channel formation regions in one TFI. The TFT 629 is a
multi;gate TFT. ‘

[0362]

In addition, the TFT 627 disposed in the driver circuit portion 657 is an
n-channel TFT provided with a low concentration impurit)} region (also referred to as an
LDD region) which is overlapped with the gate electfode, and the TFT 625 is a
p-channel TFT. Both the TFTls 627 and 625 are single gate TFTs. In the driver circuit
portion 657, a CMOS circuit is formed by complementarilly conﬁecting the TFT 627 to
the TFT 625, and various kinds of circuits can be real‘ized. Moreox}er, if necessary, the
TFTs 625 and 627 can be multi-gate TFT. ‘

[0363] '

A second intlerlayer insulating film 631 is formed using an 0rgémic resin
insulating material §uch as polyimide or acrylic resin by a spin coating method. The
second interlayer insulating film 631 serves as a flattening film so that its surface is not
affected \by tﬁe unevenness of the sixrface of the base insulating film 611.

[0364]

A contact hole, which exposes a wiring 633 connected to the n-channel TFT
629 placed in the lower layer, is formed in the second interlayer insulating film 631, and
then a pixel electrode 635 is formed. As the pixel electrode 635, a transparent
conductive film formed of a conductive material having a light-transmitting property
may be used, and indium oxide containing tungsten oxide; indium zinc oxide containing
tungsten oxide; indium oxide containing titanium oxide; indium tin oxide containing

titanium oxide; or the like can be used. It is needless to say that indium tin oxide
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(ITO), indium zinc oxide (IZO), indium tin oxide containing silicon oxide (ITSO), or

the like can also be used.

[0365] *

An example of a composition ratio of the conductive material having a
light- transmlttlng property will be described. As for the composition ratio of indium
oxide containing tungsten oxide, tungsten oxide may be 1.0 wt% and indium oxide may
be 99.0 wt%. As for the composition ratio of indilini zinc oxide containing tungsten
oxide, tungsten oxide may be 1.0 wt%, zinc oxide may be 0.5 wt%, and indium oxide
may be 98.5 wt%. As for the composition ratio of indium oxide contammg titanjum °
oxide, tltamum oxide may be 1.0 to 5.0 wt%, indium oxide may be 99.0 to 95.0 wt%.
As for the composition ratio of indium tin oxide (ITO), tin oxide may be 10.0 wt% and
indium oxide may be 90.0 wt%. As for the composition ratio of indium zinc oxide
(IZ0), zinc oxide may be 10.7 wt% and indium oxide rrtay be 89.3 wt%. As for the
composition ratio of indium tirt oxide containing titanium oxide, titanium oxide may be
5.0 wt%, tin oxide may be 10.0 wt%, and indium oxide may be ‘85.0 wt%. The above
composition ratios are examples, and the proportion. of the compc;sition ratio may be
appropriately set. .

[0366] - | /

An orientation film 637 is formed over the pixel electrode 635. In the same
manner, a counter electrode 641 and an orientation film 643 which are both formed
using a transparent conductive film formed of a conductive material having a
light—tratlsmitting property are formetl over a counter substrate 639.

[0367]

Then, the substrate 610 and the counter substrate 639 are fixed to each other
having a space therebetween by a sealant 645. The space between the substrates is
held by a spacer 647. A liquid crystal layer 649 is formed between the substrate 610
and the counter substrate 639. The liquid crystal layer 649 may be formed by a
dropping method before fixing the counter substrate 639.

[0368]

Finally, an FPC 651 is attached to a terminal electrode 655 with an anisotropic
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conductive film 653 by a known rﬁethod (FIG. 16). Further, the terminal electrode 655
| can be obtained in the same process where the gate electrode 617 is obtéineﬂ.'
[0369] *

Through the above process, the pixel portion 656, the driver circuit portion 657,
and a términal portion 658 can be formed over the same substrate. This embodiment
can be freely combined with embodimcr'ltlmode and other embodiments.

[Embodiment 16]
[0370]

A semiconductor device such as a TFT is manufactured using a semiconductor
film of the present invention, and various electronic devicees can be completed using
the manufactured semiconductor device. A plane orientation of each crystal grain in a
quasi-single crystalline semicqnductdr film of the present invention are aligned in one
direction; therefore, it is possible to manufacture, with good yield, a semiconductor
element capable of high speedloperation with high current driving capacity and small
variation of characteristics between elements. Moreover, various semiconductor
devices can be manufactured using the semiconductor element. This embodiment will
explain specific examples With reference to the drawings. -

[0371] . | | /
FiG 39A shows a display device, which includes a housing '10001, a
supporting base 10002, a disll)lay portion 10003, a speaker port1:0n 10004, a video input
terminal 10005, and the like. The display device is manufactured by using a TFT
manufactured by the method shown in other embodiments for a driver IC, the display
portion 10003, or the like. Note that the display device includes a liquid crystal
display device, a light-emitting display device, and all kinds of display devices for
displaying information, such as devices for a computer, for receiving TV broadcasting,
and for displaying an advertisement. Specifically, a display, a head-mounted display, a
reflective projector, or the like can be given.
[0372]

FIG. 39B shows a computer, which includes a housing 10011, a display portion
10012, a keyboard 10013, an external connection port 10014, a pointing mouse 10015,
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and the like. The TFT manufactured using the present invention can be applied not
[0nly to a pixel portion of the display portion 10012 but also to a semiconductor device
‘suc‘:h as a driver IC for displaying, a CPU inside a main body, or a memory.
[0373] |
) FIG. 39C shows a cellular phone, which is a representative example of a mobile
information proceésing terminal. Thé cellular phone includes a housing 10021, a
display portion 10022, operation keys 10023, and the like. The TFT manufactured
using the present invention can be applied not only to a pixel portion of the display
portidn 10022 or a sensor portion 10024 but also to a driver IC for displaying, a memory,
an audio processing circuit, or the like. The sensor'portion 10024 has an optical sensor
element, and luminance of the display portion 10022 is controlled in accordance witﬁ
illuminance obtained in the sensor portion 10024, and lighting of the operation keys
10023 is suppressed in accordance with illuminance obtained in the sensor portion
10024; thus, power consumptio/n of the cellular phone caﬂ be reducec_l.
[0374] |
The semiconductor material formed using th;: present invel;tion can be applied
to an electronic device such as PDA (personal digital assistants),‘a‘digital camera, a
small game machine, ora mobile sound reproducing device, in addition to /the above
cellular phone. For example, a functional circuit such as a CPU, a memory, 6r a sensor
can be formed, and the TFT can be applied to a pixel portion or a driver IC for
displaying of these electronic devices.
0375 |
FIGS. 39D and 39E each show a digital camera. Note that FIG. 39E shows a
backside of FIG. 39D. The digital camera includes a housing 10031, a display portion
10032, a lens 10033, operation keys 10034, a shutter 10035, and the like. The TFT
which can be manufactured using the present invention can be applied to a pixel portion
of the display portion 10032, a driver IC for driving the display portion 10032, a
memory, or the like.
[0376]
FIG. 39F shows a digital video camera, which includes a main body 10041, a
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display portion 10042, a housing 10043, an external connection port 10044, a remote

control receiving portion 10045, an image receiving portion 10046, a battery 10047, an
audio input portion 10048, operation keys 10049, an eyepiece pbrtion 10050, and the
like. The TFT manufactured using the present invention can be applied to a pixel
portion of the display portion 10042, a driver IC for driving the display portion 10042, a
memory, a digital input processing device, or the like.
[0377]

Besides, the TFT manufactured using the present invention can be applied to a

navigation system, a sound reproducing device, an image reproducing device provided

with a recording medium, or the like. The TFT manufactured using the present

invention can be used for each pixel portion of these display poniong, a driver IC for
controlling the display portion, a mémory, a digital input proceésing device, a sensor
portion, or the like. | ‘
[0378] |

As described through the above, an application range of the semiconductor
device manufactured by the present invention is-extremely wide, and the semiconductor

film of the present invention can be used for electronic devices of all fields as a material.

~Note that not only a glass substrate but also a synthetic resin substrate having heat

resistance can be used for a display device used for these electronic dévices, in
accordance with the size, the strength, or the intended purpose. Accordingly, further
weight saving can be attempted.
[Embod}ment 17]
[0379]

This embodiment will show a result of characteristics of a TFT manufactured
using a quasi-single crystalline semiconductor film of the present invention as a
material, which was measured using TEG (test element group).
[0380]

TEG is a test pattern provided over a TFT substrate. In this embodiment,
threshold voltage of two TFTs which are each arranged to be adjacent in a laser

scanning direction (which are arranged to be vertically adjacent) was measured. Then,
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the difference between the two values was obtained. Note that each TFT was arranged
so that the laser scanning direction and a direction of connecting a source and a drain
were parallel to each other.
[0381] |

| FIG.‘ 47A shows the in-plane distribution of the difference in threshold voltage
in an n-channel TFT, and FIG. 48B shows the in-plane distribution of the difference in
threshold voltage in a p-channel TFT, when an agnof.phous silicon film was formed to
have a thickness of 66 nm as an amorphous semiconductor film, a cap film was formed
to have a thickness of 500 nm, and a CW laser beam was irradiated at an eﬁergy of 7.2
W at a scanning speed of 35 cm/sec with an irradiation width of 500 um. Note tﬁat the
ratio between a channel length (L) and a channel width (W) of the n-channel TFT or thé
p-channel TFT is L/W=4/40. In this embodiment, a YVO4 laser (wavelength: 532nm)
was used as the CW laser. ‘
[0382] ' A

FIG. 47C shows the in-plane distr‘ibution of Fhe differen‘ce in threshold voltage

in an n-channel TFT, and FIG. 47D shows the in-plane distribution of the difference in

threshold voltage in a p-channel TFT, when an amorphous silicon film was formed to

“have a thickness of 66 nm as an amorphous semiconductor film, a cap film was not

formed for comparison, a CW laser beam was irradiated at an energy of 83 Wata
scanning speed of 35 cm/sec wit‘h an irradiation width of 500 pum.
[0383] \

The threshold voltage difference between the two TFTs was obtained on 80
lattice points of 10 x 8 pieces (length x width) of the 5-inch TFT substrate. Note that
the lattice pitch size of the measurement was 10.5 x 10 mm (length x width).

[0384]

When the in-plane distributions of the difference in threshold voltage in the
n-channel TFTs were compared, variation in the difference of the threshold voltage, in
the case where the cap film was formed (FIG. 47A), was less than that in the case where

the cap film was not formed (FIG. 47C). In addition, when the in-plane distributions of

the difference in threshold voltage between the p-channel TFTs were compared, as in
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the case of the n-channel TFTs, variation in the difference in threshold voltage was
smaller in the case where the cap film was formed (FIG. 47B) than in the case where the
cap film was not formed (FIG. 47D).

[0385]

Furthermore, the measurement result of FIGS. 47A to 47D is shown in normal
probability distribution diagrams (FIG. 48 and FIG 49). In the normal probability
distribution diagram, a horizontal axis indicates the difference in threshold voltage,
whereas a vertical axis indicates a cumulative frequency. In addition, in the normal
probébility distribution diagram, as the’variation in the difference in thresﬁold voltage
decreases, the slope of the graph increases. : ‘

[0386] “

FIG. 48 is a normal probability distribution diagram of the measurem’eni result
of the n-channel TFT. A circl/e colored with black dénotes the measurement result in
the case where the cap film was formed, and a’ cross mark denotes the measurement
result in the case where the cap film was not fonped. Wh;:n the two graphs are
compared, the slope of the graph is steeper in the case where the cap film was formed
than in the case where the cap film was not formed. Accordingly, it is found that the
variation in the difference in threshold voltage is smalle; in the case where the cap film
was forméd. In addition, FIG. 49 is the normal pfobability distribution diagfam of the
measurement result of the p-channel TFT. A circle colored with black denotes the
measurement result in the case wh;rc the cap film was formed, and a cross mark
denotes éhe measurement result in the case where the cap film was not formed. When
the two graphs are compared, in the same manner with the case of the n-channel TFT,
the slope of the graph is steeper in the case where the cap film was formed than in the
case where the cap film was not formed. Accordingly, it is found that the variation in
the difference in threshold voltage is smaller in the case where the cap film was formed.
[0387]

According to the above results, by forming a cap film in a state of an
amorphous semiconductor film and irradiating a laser beam, a TFT with small variations

in characteristics can be manufactured.
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This application is based on--Japanese Patent Applicationsy-serial .No.
12005-303761 and 2006-076454 filed each filed in Japan Patent Officé en:@cfeber '1é,
2005 and March 20, 200.6? the, entire contents of which are hereb&gﬁt@'@@?tﬁﬁby.r

e e

reference.
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CLAIMS

*1. A semiconductor device comprising:
a semiconductor film including a plurality of crystal grains over a substrate;

wherein a grain size of at least one of the crystal grains has a width of greater

than or equal to 0.01 um and a length of greater than or equal to 1 um, and

wherein, when a direction vertical to the §urfacc of the substrate i§ defined as a
first direction and a plane in which the first direction is coincident with a normal vector
is defined as a first plane, in the plane orientation of the semiconductor film in the first
Plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the range of

an angle fluctuation of = 10°.

2. The semiconductor device according to claim 1, wherein the semiconductor

film comprises silicon.

| 3. The semiconductor device according to claim 1, wherein the semiconductor
device is at least one of the group consisting of a thin film transistor, a driver circuit, a
power supply circuit, an IC, a memory, a CPU, a niemory element, a diode, a
photoelectric conversion element, a resistive element, a coil, a capacitor eiément, an
inductor, a pixel, a CCD, and a éensor.

4. The semiconductor device according to claim 1, wherein the semiconductor
device is used to manufacture at least one of the group consisting of a thin film
integrated circuit device, a camera, a reflective projector, an image display device, a
head-mounted display, a navigation system, an audio reproducing device, a portable
information terminal, a game machine, a computer, and an image reproducing device

provided with a recording medium.

5. The semiconductor device according to claim 1, wherein a Raman shift peak

of the semiconductor film is observed in 516 to 518 cm™, and a variation of the peak is
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less than or equal to 20% in a coefficient of variation.

* 6. A semiconductor device comprising:
a semiconductor film including a plurality of crystal grains over a substrate;
‘ wherein a grain size of at least one of the crystal grains has a width of greater
than or equal to 0.01 um and a length of greater than or equal to 1 pm,
wherein, when a direction vertical to the surface of the subst’rate is defined as a
first direction and a plane in which the first direction is coincident with a normal vector
is defined as a first plane, in the plane orientation of the semiconductor film in the first
plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the raﬁge of
an angle fluctuation of + 10°, and
wherein, when a direction parallel to the surface of the substrate and the crystal
growth of the crystal grains is defined as a second direction and a plane in which the
second direction is coincident with a normal Vector is defined as a second plane, in the

plane orientation of the semiconductor film in the second plane, a ratio of an orientation

{110} is greater than or equal to 0.5 within the range of an angle fluctuation of + 10°.

7. The .semicqnductor device according to claim 6, wherein the semiconductor
film comprises silicon. |

8. The semiconductor device according to claim 6, wherein the semiconductor
device ié at least one of the group consisting of a thin film transistor, a driver circuit, a
power supply circuit, an IC, a memory, a CPU, a memory element, a diode, a
photoelectric conversion element, a resistive element, a coil, a capacitor element, an

inductor, a pixel, a CCD, and a sensor.

9. The semiconductor device according to claim 6, wherein the semiconductor
device is used to manufacture at least one of the group consisting of a thin film
integrated circuit device, a camera, a reflective projector, an image display device, a

head-mounted display, a navigation system, an audio reproducing device, a portable
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information terminal, a game machine, a computer, and an image reproducing device

provided with a recording medium.

10. The semiconductor device according to claim 6, wherein a Raman shift
5 peak of the semiconductor film is observed in 516 to 518 cm™, and a variation of the

peak is less than or equal to 20% in a coefficient of variation.

11. A semiconductor device comprising:
a semiconductor film including a plurality of crystal grains over a substrate;
10. ‘ wherein a grain size of at least one of the érystal grains has a width of greater
than or equal to 0.01 um and a length of greater than or equal to 1 um,
wherein, when a direction vertical to the surface of the substrate is defined as a
first direction and a plane in wl}ich the first direction is C(;incide,nt with a normal vector
is defined as a first plane, in the plane orientation of the se;miconductor film in the first
.15 plane, a ratio of an orientation {211} is greater than or equal to 0.4'within the range of
an angle fluctuation of + 10°, and \
wherein, when a direction vertical to the first direction and the crystal growth
of the crystal grains is defined as a third direction and: a plane in which the third
direction is coincident with a normal vector is défined as a third plane, in 'the plane

20  orientation of the semiconductor film in the third plane, a ratio of an orientation {111}

is greater than or equal to 0.4 within the range of an angle fluctuation of * 10°.

12. The semiconductor device according to claim 11, wherein the
semiconductor film comprises silicon.
25
13. The semiconductor device according to claim 11, wherein the
semiconductor device is at least one of the group consisting of a thin film transistor, a
driver circuit, a power supply circuit, an IC, a memory, a CPU, a memory element, a
diode, a photoelectric conversion element, a resistive element, a coil, a capacitor

30 element, an inductor, a pixel, a CCD, and a sensor.
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14. The semiconductor device according to claim 11, wherein the

semiconductor device is used to manufacture at least one of the group consisting of a

- thin film integrated circuit device, a camera, a reflective projector, an image display

device, a head-mounted display, a navigation system, an audio reproducing.device, a
portable information terminal, a game machine, a computer, and an image reproducing

device provided with a recording medium.

15. The semiconductor device according to claim 11, wherein a Raman shift
peak of the semiconductor film is observed in 516 to 518 cm’™, and a variation of the

peak is less than or equal to 20% in a coefficient of variation.

16. A semiconductor d9vice comprising:

a semiconductor film including a plurality of crystgl grains over a substrate;

wherein a grain size of at least one of the crystal grainé ha§ a width of greater
than or equal to 0.01 um and a length of greater than or equal to 1 um,

wherein, when a direction parallel to the surface of the substrate and the crystal
growth of the érystal grains is defined as a second direction and a plane in which the
second direction is coincident with a normal vector is defined as a second pléne, in the
plane orientation of the semiéonductor film in the second plane, a ratio of an orientation
{110} is greater than or equal to 0.5 within the range of an angle fluctuation of + 10°,
and '

wherein, when a direction parallel to the surface of the substrate and vertical to
the second direction is defined as a third direction and a plane in which the third
direction is coincident with a normal vector is defined as a third plane, in the plane
orientation of the semiconductor film in the third plane, a ratio of an orientation {111}

is greater than or equal to 0.4 within the range of an angle fluctuation of = 10°.

17. The semiconductor device according to claim 16, wherein the

semiconductor film comprises silicon.
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18. The semiconductor device according to clairp 16, wherein the

semiconductor device is at least one of the group consisting of a thin film transistor, a

- driver circuit, a power supply circuit, an IC, a memory, a CPU, a memory element, a

diode, a photoelectric conversion element, a resistive element, a coil, a capacitor

element, an inductor, a pixel, a CCD, and a sensor.

19. The semiconductor device according to claim 16, wherein the
semiconductor device is used to manufacture at least one of the group consisting of a
thin film integrated circuit device, a camera, a reflective projector, an image display
device, a head-mounted display, a navigation system, an audio reproducing device, a
portable information terminal, a gamé machine, a computer, and an image reproducing
device provided with a recording medium.

20. The, semiconductor device acc;ording to claim 16, \‘threin a Raman shift
peak of the semiconductor film is observed in 516 to 518 cm’’, and a variation of the
peak is less than or equal to 20% in a coefficient of variation.

21. A method for manufacturing a semiconductor device comprising"the steps
of: ‘ . |

forming a base insulting film;

forming a semiconductor film over the base insulating film;

forming a cap film to a thickness of greater than or equal to 200 nm over the
semiconductor film; and

crystallizing the semiconductor film by irradiating the semiconductor film with

a laser beam through the cap film.

22. The method for manufacturing a semiconductor device according to claim

21, wherein the semiconductor film is formed using silicon.
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23. The method for manufacturing a semiconductor device according to claim

21, wherein the laser beam is a continuous wave laser.

24. The method for manufacturing a semiconductor device according to claim
21, wherein the laser beam is a pulse laser having a repetition rate of greater than or

equal to 10 MHz. l

25. The method for manufacturing a semiconductor device according to claim

21, wherein the cap film is used as a gate insulating film.

26. The method for manufacturing a semiconductor device according to claim
21, further comprising a step of:

forming a peeling layer under the base insulating film.

27. The method for manufacturing a semiconductor device according to claim
21, further comprising a step of:
forming a metal film over the cap film before crystallizing the semiconductor

film.

- 28. The mqthod for manufacturing a semiconductor device according to claim
21, further comprising a step of:
‘spra)'ring a gas toward ihe semiconductor film while irradiating the
semiconductor film with a laser beam;
wherein a temperature of the gas is greater than or equal to 300 °C, and

wherein the gas is an inert gas or air.

29. The method for manufacturing a semiconductor device according to claim
21, further comprising a step of:
emitting plasma toward the semiconductor film while irradiating the

semiconductor film with a laser beam.
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30. A method for manufacturing a semiconductor device comprising the steps
of:

forming a base insulting film over a substrate;

- fonﬁing a semiconductor film over the base insulating film;

forming a cap film to a thickness of greater than or equal to 200 nm over the
semiconductor film; and.

crystallizing the semiconductor film by irradiating the semiconductor film with
a lasér beam through the cap film while scanning the laser beam,

wherein a grain size of at least one of crystal grains in the crystallized
semiconductor film has a width of greater than or equal to 0.01 um and a length 6f
greater than or equal to 1 um,

wherein, when a direction vertical to the surface 6f the ‘substrate is defined as a
first direction and a plane in which the first direction is coincident with a normal vector
is defined as a first plane, in the plane orientation of the crystalli‘zed semiconductor film
of the first plane, a ratio of an orientation {211} is grelater than or eqilal to 0.4 within the
range of an angle fluctuation of = 10°. \
31. The method for manufacturing a semiconductor device accordiﬂg to claim

30, wherein the semiconductor film is formed using silicon.

32. The method for manufacturing a semiconductor device according to claim

30, wherein the laser beam is a continuous wave laser.

33. The method for manufacturing a semiconductor device according to claim
30, wherein the laser beam is a pulse laser having a repetition rate of greater than or

equal to 10 MHz.

34. The method for manufacturing a semiconductor device according to claim

30, wherein the cap film is used as a gate insulating film.
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35. The method for manufacturing a semiconductor device according to claim

30, further comprising a step of:

forming a peeling layer between the base insulating film and the substrate.

36. A method for manufacturing a semiconductor device comprising the steps
of: -

forming a base insulting film over a substrate;

forming a semiconductor film over the base insulating film;

forming a cap film to a thickness of greatéf than or equal to 200 nm over the
semiconductor filhl; and

crystallizing the scmiconducior film by irradiatiné the semiconductor film with
a laser beam through the cap film while scanning the laser beam,

wherein a grain size of at least one ‘of crystal grains in the crystallized
semiconductor film has a width of greater than or egual to O.dl um and a length of
greater than or equal to 1 pm,

wherein, when a direction vertical to the surface of the substrate is defined as a
first direction and a plane in which the first direction is commdent with a normal vector
is defined as a first plane, in the plane orientation of the crystallized semlconductor film

of the first plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the

range of an angle fluctuation of + 10°, and

wherein, when a direction parallel to the scanning direction of the laser beam
and the surface of the substrate is defined as a second direction and a plane in which the
second direction is coincident with a normal vector is defined as a second plane, in the
plane orientation of the crystallized semiconductor film of the second plane, a ratio of
an orientation {110} is greater than or equal to 0.5 within the range of an angle

fluctuation of + 10°.

37. The method for manufacturing a semiconductor device according to claim

36, wherein the semiconductor film is formed using silicon.
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38. The method for manufacturing a semiconductor device according to claim

36, wherein the laser beam is a continuous wave laser.

39. The method for manufacturing a semiconductor device according to claim

36, wherein the laser beam is a pulse laser having a repetition rate of greater than or

equal to 10 MHz.

40. The method for manufacturing a semiconductor device according to claim

36, wherein the cap film is used as a gate insulating'film.

41. The method for manufaéturing a semiconductor device according to claim
36, further comprising a step of: )

forming a', peeling layer between the base insulating film and the substrate.

42. A method for manufacturing a semiconductor device comprising the steps
of: ‘

forming a base insulting film over a substrate; |

férming a semiconductor film over the base insulating film;

+ forming a cap film to 2\1 thickness of greater than or equal to 200 nm over the

semiconductor film; and

crystallizing the semiconduc‘tor film by irradiating the semiconductor film with
a laser beam through the cap film while scanning the laser beam,

wherein a grain size of at least one of crystal grains in the crystallized
semiconductor film has a width of greater than or equal to 0.01 um and a length of
greater than or equal to 1 pm,

wherein, when a direction vertical to the surface of the substrate is defined as a
first direction and a plane in which the first direction is coincident with a normal vector
is defined as a first plane, in the plane orientation of the crystallized semiconductor film

of the first plane, a ratio of an orientation {211} is greater than or equal to 0.4 within the
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range of an angle fluctuation of + 10°, and
wherein, when a direction vertical .to the scanning direction of the laser beam

and parallel to the surface of the substrate is defined as a third direction and a plane in

- which the third direction is coincident with a normal vector is defined as a third plane,

10

15

20

25

30

in the plane orientation of the crystallized semiconductor film of the third plane, a ratio
of an orientation {111} is greater than or equal to 0.4 within the range of an angle

fluctuation of = 10°.

43. The method for manufacturing a semiconductor device according to claim

42, wherein the semiconductor film is formed using silicon.

44. The method for manufaéturing a semiconductor device according-to claim

42, wherein the laser beam is a continuous wave laser.

45. The method for manufacturing a semiconductor device according to claim
42, wherein the laser beam is a pulse laser having a repetition rate of greater than or
equal to 10 MHz.

46. The method for manufacturing a semiconductor device according to claim

42, wherein the cap film is used as a gate insulating film.

47. The method for manufacturing a semiconductor device according to claim
42, further comprising a step of:

forming a peeling layer between the base insulating film and the substrate.

48. A method for manufacturing a semiconductor device comprising the steps
of:

forming a base insulting film;

forming a semiconductor film over the base insulating film;

forming a cap film to a thickness of greater than or equal to 200 nm over the
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semiconductor film; and
| crystallizing the semiconductor film by irradiating the semiconductor film with
a laser beam through the cap film while scanning the laser beam, -
wherein a grain size of at least one of crystal grains in the crystallized
5 semicoﬁductbr film has a width of greater than or equal to 0.01 um and a length of
greater than or equal to 1 um,
wherein, when a direction parallel to the scanning direction of the laser beam
and the surface of the substrate is defined as a second direction and a plane in which the
second direction is coincident with a normal vector is defined as a second plane, in the
10' plane orientation of the crystallized semiconductor film of the second plane, a ratio of
an orientation {110} is greater than or equal to 0.5 within the range of an angle
fluctuation of = 10°, and ’
wherein, when a direction vertical to the scanning direction of the laser beam
and parallel to the surface of tl;e substrate is defined as a third direction and a plane in
15 | which the third direction is coincident with a normal vector is dlefin‘ed as a third plane,
in the plane orientation of the crystallized gemicondu;:tor film of thé third plane, a ratio

of an orientation {111} is greater than or equal to 0.4 within the fange of an angle

fluctuation of = 10°.

20 - 49. The method for mzinufacturing a semiconductor device according to claim

48, wherein the semiconductor film is formed using silicon.

50. The method for manufacturing a semiconductor device according to claim
48, wherein the laser beam is a continuous wave laser.
25
51. The method for manufacturing a semiconductor device according to claim
48, wherein the laser beam is a pulse laser having a repetition rate of greater than or

equal to 10 MHz.

30 52. The method for manufacturing a semiconductor device according to claim
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48, wherein the cap film is used as a gate insulating film.

'53. The method for manufacturing a semiconductor device -a¢cording to claim
48, further comprising a step of:

forming a peeling layer between the base insulating film and’the substrate.



WO 2007/046290 PCT/JP2006/320362

1/52

FIG. 1A

ablation

large grain crystal

X777 B2

}uasi—sin le crystal

S e

small grain crystal

microcrystal

not melted state

FIG. 1B

laser

@—’ scanning direction

—

~
[//////&,/})//A

01 02 03 04



WO 2007/046290

FIG. 2A

ablation

large grain crystal -

E3
small grain crystal

microcrystal

not melted state

FIG. 2B

laser

— scanning direction

Yy

/ /
A Al Nl

01 02 03

PCT/JP2006/320362



WO 2007/046290 PCT/JP2006/320362

3/52

=2573
2.198
1.604
0.854

in=0.092

min

max

FIG. 3H

FIG. 3C

0Q1

101




WO 2007/046290

FIG. 4

416

4/52.

PCT/JP2006/320362

412

411

410

415



WO 2007/046290 PCT/JP2006/320362

5/52
FIG. DA 103 102 g

laser
FIG. 5B 104 H/r,::> 103 102 101

FIG. 3D 105




PCT/JP2006/320362

WO 2007/046290

6/52

B10¢

9102

(9V]

60¢

NON\Y@
9202 - mo/wj 21T SNX_\mU

> /]
BZ202 v02 202

1] ¥
80¢

G0¢

9 Old



PCT/JP2006/320362

WO 2007/046290

1/52

FIG.

ooy

[l
S
e

>
et
=
(]
o
-

1=

1=
S
<
[}
=

Before Secco etching

After Secco etching



PCT/JP2006/320362

WO 2007/046290

8/52

. 8A viewing surface A

FIG

B QRTINS € ED I

=3

2

.

FIG. 8B viewing surface B

oy

SN

S os ity
e s

i

ol s i

7,

LHESS B s

Wl B Ut

Bastn ot 9,050,

ing surface C

Iew

FIG. 8C v

e

. &

¥

s

oy
S

27
30 pm
et hE o

&

s

A mg

A

ok

&

ST
2%
o

e F e R

fe

salhops

oo1

FIG. 8D



WO 2007/046290

FIG. 9A

111

001 101

FIG. 9C

111

001 101

FIG. 9E

111

001 101

PCT/JP2006/320362

FIG. 9B

max=4 586

0776
mih=-0.755

FIG. 9D

max=15.384
] 3755
6.186

3922

2487

1.000
0634
min=-0705

FIG. 9F

max= 14 046
W 3043

0.644
min=-1.719




WO 2007/046290 PCT/JP2006/320362

10/52
518

FIG. 10

917

516

- -




WO 2007/046290

FIG. 11A

sy
Py w
~
(&)
N

PCT/JP2006/320362

laser
A o e s
i i A
... ] Z GGG B9  __
WWWWWWWW {/////////////////////////////////
/ /

/7

;

ﬁ

FIG

/

300

. 11B

20W

\J\\

301 302 30

3

- 10W

aw

4
Y

200 um

7
7

- -...A'

-

V7%



WO 2007/046290

12/52

FIG. 12A

PCT/JP2006/320362

. 2500

0 1000 2000 3000 4000 5000
FIG. 12B
519 foeeeeeef oo - S “' -------- B | ' --------------------
o o S
E515 H-------- ;' AL | || AR 1] | R i || . |11 . Y R
5 7.0W Mm 65wl 6.owl[|lf 55w I} 5.0w )il 45
513 1 [l [l 1
0 " 1000 2000 3000 4000 5000
FIG. 12C
1000 |
=800 rlfuhin ikl
L;LGOO ¥ VIH ) ||||'|"'| | H
:400 [~ l'; ‘BRI Nl AT i !
=209 [17.0w | 6-5wil 6.0, L
0 1000 2000 3000 4000 5000




WO 2007/046290

PCT/JP2006/320362

13/52
FIG. 13A o FIG. 13B 45°
3000 3500
2 2500 M- qe Aol - 33000
2 2000 22900
@ 2 2000
£ 1500 21 500
E 1000 £ 1000- K-
5 500 - T § 500
0 : 0 :
0 200 400 600 0 200 400 . 600
; position (um) ' " position (um)
FIG. 13C 90° FIG. 13D 135°
3500 3500
33000 [------q-c- S LR R R EET 33000 por - r Ty e
52500 TET BT 2500 k- |- SOUNRI QRN
'@ 2000 '€ 2000
143 , @
£1500 £ 1500
S 1000’ S 1000
§ 500 froer e § so0 fobtoee b
0 0
0 200 400 600 0 200 400 600
position {(um) position (um)
FIG. 13E

laser irradiation direction




PCT/JP2006/320362

S/Wo001
peeds Suiuueos

avl Old

S/WoG]
peeds Fuiuueos

oyl OI4

14/52

S/Wo(G
peads Suluueos

av1 Old

. . (7))
MO'L| IMGL mes - 1o Q
lenbo soueyy | oo [ 3
J33e043 Jds a3
e . m o w/ o
............................ 1vo |3

¢o | = VI "OI

WO 2007/046290



PCT/JP2006/320362

WO 2007/046290

MGL

M08  MS8

€0
¥0
g0

S/woom
paads Suiuueoss

o N ‘ MO8
MS'L

MOL

>>om >>mw

0
10
¢0

1€0

v o
g0

S /WoG/
peads Suluueos

15/52

@om_ _;mm @ ;mo‘ _32 ML |

MOt

) ' >>om ggmm‘

0
10
0
€0
L4V
S0

S /WoQg
peads Suluueods

MO'6 MG6 >>o—

_gmev _>>om MGS| |MOO] M9 [MOL| MSL . . T

0
10

wn
(¢}
g

w
- 709 3
3 (o
- e e e TR -~ - .- ‘ {1+ - oo 1w
- i w T
R ke P TR B Y B
Q.

)

asi oi4

QG| Ol

a6l oI

VGl "Ol4



PCT/JP2006/320362

WO 2007/046290

o

129 619

1|

%4

v
é//

1€9
[ /]
]
/

7/

16/52

T
/z
%

7
.

74
75
i)

7

€69

7

%

7

7

7
7

i

%

%,

1G9

4
7

%

7
)

4 NN\
]

/ \ A

0 &XN\\&\ 0

N Y A /
ey9  LE9 GE9 [¥9 6V9 [19 P9 ,.mkw /MW@

Lo
<t
©



PCT/JP2006/320362

WO 2007/046290

17/52

FIG. 17

]

m

[



WO 2007/046290 PCT/JP2006/320362

18/52

FIG. 18




WO 2007/046290 PCT/JP2006/320362

19/52

laser
FIG. 19A 2004 H/ 2003 2002 90y
J \ N

FIG. 19C 2005

2007

FIG. 19D

FIG. 19E
2/5)06 2914 2915A})16 }017

2008 2009

y
/

2010
N — N N ——
2011 2012 2013



PCT/JP2006/320362

WO 2007/046290

20/52

8012

60l¢ o112
N ,> / \ \m
= =
v
\ %012
111z

10127 . /\\ . \\
2012

G012 401z €012 l0le 0¢ DOld



WO 2007/046290 PCT/JP2006/320362

21/52
FIG. 21A FIG. 21B .0, 504
| ¢«

[3202 12203 = ‘jf\:gf: Qé

~1 4 2206 /; R
2201 | N
[ p . 2201 ! N
2204 | ] §§

) N

2205 \

2207 \
2207 3\
B

A

4 /
)
D__/Si /8
%
‘D
E;iL4//2206

. . . 1 1
scanning direction :/;
of laser beam .




WO 2007/046290

PCT/JP2006/320362

22/52
FIG. 22A 3002 3003
3 N
\}( N\
/
7
3001

FIG. 22B 3005

3004. -

FIG. 22C 3°§°.6

FIG. 22D

laser

|

iiﬂ;ﬁa:hnﬁg//

N m\ -

77




WO 2007/046290 PCT/JP2006/320362

28752
FIG. 23A %0z 400
7 — 7

[
7
4001

FIG. 23B 4004 400° 4006

//////// /////////// ), 7 ////////////////// .

/ // 727
//V////

~\~\\:\\\

VI

FIG. 23C

laser

Jlll o

FIG. 23D 4008

FIG. 23E
I

4008 4010




WO 2007/046290 PCT/JP2006/320362

24/52
FIG. 24A
D IX XL
)
5001 5002 5003 5004

FIG 24B 5(/)01 5005 5002 5003 5004

laser \l\l

FIG. 24C 5010 5006 5009

i

2002

5007 5008

/
7
laser \\“I —= 5001




WO 2007/046290 PCT/JP2006/320362

25/52
FIG. 25A
A
6000 6001 6002 6003

FIG.25B ...

6006 | iPOS
| 6002 6001
i = "/
ZITLL P TLLE
/
6004 = 6000
FIG. 25C aser
6002 6001
6007
| 6003 4 [
. VA
A A e 24
/ \\\\
6004 N 6000



WO 2007/046290 PCT/JP2006/320362

26/32

FIG: 26

6006 6007

6002 6001
6003 A
/4 ;
Tz A
=

/
6000

(o]
o
O™
=S

A



PCT/JP2006/320362

WO 2007/046290

27/52

£e0/ _ rAN]A | 1€0L
o | |
I o _
Jeza==) i
_ 600L - _ _
(L B U B food
| | 0.2 Ol
| | |
» | _ 8=
| i @m&: “SEZe00L B4 i00L m
| 200 | 1 9.2 DI
| | |
| | |
| | oo |
A | ’ | A~
oo w1
| 7 ese 'vYL2 DI



PCT/JP2006/320362

28/52

WO 2007/046290

£€0L m 2€0L | eoL
. | |
| _ _
| _ _
rlrlnlj_?: L T, jﬂ@ = ¥ |
- R - i - ez = aa i
“ " __E\E _ 900L
“ “ _ d8¢ DI
| | |
| | !
_
= _ _z A
4 | 003 " B @Jﬂ% oo | |
0l0L | | | 82 | 200
L S S SR S SR S N SO M|
V8¢ Old



PCT/JP2006/320362
29/52

WO 2007/046290

£e0L ¢e0L LeoL

(e}
N
o
~
({=]
N
o
P~

| T
L —_Tad
Eﬂ: i |
— | p20L
I'I'/\ N - \v N . ||I.HW|IM
/| \_ s / [ /
0zoL | 6oL 8¢OL | yzor ozor | geor °°0t
_ _ .
| i | g62 I
| | |
T _ _ A
, | | |
_ _ vz
Wuﬂkt/ ) w / . —7 “ ! I \\ wt
810L £j0, HIOL - | 900L ewoL ;oL oL o j  8HOL
! ! | V62 DI



WO 2007/046290 PCT/JP2006/320362

N

(( ¥
o0
— 0
o ~—
~ i
S —1
R| g g S
T ~
gy dél!
7 ™
™~
™
— - — - v—— o e—— o S ® —— - —— e — - — - — - — o— o - O
© ~
=3 <
o o
r~ r~
e 0]
. ©
[Te) N
O\
~ r~
. o -
m A st
~— O~
O r~
~
—
N
N o 3
™ ™~
O\
™~ N
N
t o\
=~ N
3
— ~
O\
™~
N
N
= =
—
o G
l\\\E_‘
< | m _
=k S |, 2
™ ,\\i ™ o X ~
©) GO R
) <+ )
[— ¢ [ N (g
LL LL Q



PCT/JP2006/320362

WO 2007/046290

31/52

7030

7, QQRRECRCIRIXSARRCIICICRLCISIRISICIILSIEILIRLICI XK IR KIC IR IR XK XX R HX KX

Y

XX .quww“\ % \ﬂ.wu.
X e R IRIRRRRIIE BRRIBIIDNA KL
X W oy SRERRRIRELLK KAk
X 000.3\_& SRS &\WA“
% WSt QKIS 4
X Sk 20203030 02020202 20% KK
X o R RREIXRRIZ T %
2 Kl /R0 <SS v

l@\\\\ 177/ M%5% 7 622026 1
\\\\\\\w\\\v.wvnt ............... &&.\
. T,

W 7 R RO
K) R N7
D /] ”ﬂfln. \ .'I”If»lo \ RN ° ’ ‘AQ’ c."-"b P'lhon"u.d?“t‘t’dnﬁfivtb‘fdn.I.’duﬁbfcﬂtﬁanon"w’l”tn-Ofﬂnﬂ'lofi
h - \ X \ A T R ]
K N ARV AR
3 2 74
NS, KRR
RS e % 5 PPN

. A T A

[} []
\ 4 \\ 7 I/.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\§ H . ‘
0N/ RS : 4 Wy
. v

c.«‘“‘q.“.“’-%)”«’d&
=0 \\
7 ‘\ i

[/
1

.
¢ n H
te o o wte ol ol o plo
.\.‘ H N CATS AN VAT EV T ARY A NP AV VAT AT N AN LV AN T AL AN M N AT LAV AN RN O AT N NI AN H

o | .
"\\x\\\\ L LS L L LSS \_\\.w“



WO 2007/046290 PCT/JP2006/320362

32/52
FIG 32A 8004 8006 8008 8009
/ / / 4
e A —
™ _—_—aieSeSeeseSese
T ”
8000 8002
FIG. 32B laser
m |
8010 . — 8004 8006 8008 8009
/ / / / 4
7 S
I S
| {

/ /
8000 8002

FIG. 32C
N I
=

FIG. 32D 8?12 80{14
=




WO 2007/046290 PCT/JP2006/320362

33/52
FIG. 33A

AL TR S B

7 94 7 7~ 8014
e I,

FIG. 33B  so1s8 8?20

(7 ‘
e 2

8024

N\

FIG. 33C 8"52

N

70

) \ /l \

ST, ST T N




WO 2007/046290 PCT/JP2006/320362

FIG. 34A

8232 8030

NN NN <) S €

\\\\\\\\ \ I \ \\\\\\

\\\\\\\\\\\\\\\\\\\\\ r\\\ // \\1\
SONNSSNS

\\\\\\\\\ \ AN \ %

\\\r\\ ‘”\\\1\\ N

\\\\\\\\\\\\\\\\\\\\\\\'
~

NN

8034 . 8036

FIG. 34B

\\\\\\\\ \\\\\ \\\\\\\\k\\\\\\\\\\\\\\\

\\\\\\ \ AN \ AN

N
QA \\\\//1\\\\\-i\

AR \\\\ R R

’\\\\\ Sy
S




PCT/JP2006/320362

WO 2007/046290

35/52

0008

d6€ Old

—E e e E e e EEm . ———— - = -

V&g "Old



PCT/JP2006/320362

WO 2007/046290

36/52

0508

\N /
| =
2 q9¢ 'OI4
2608
0S08
[
\ .
3% V9¢ DI



PCT/JP2006/320362

WO 2007/046290

37/52

r----é-

FIG. 37A 700

703
""““_H/_i\i\;{:""
.

.700

R R R R e Y
R T e
R R R R ISR
e
.ev&.&..v%&vzav%%%%”%w%%&%&»&?
R
4/9/»9 W
LA 99 N
SRR
o 9'”9'”9«”4.

.e
)
W

3\
™

R

o
o
™~




PCT/JP2006/320362

WO 2007/046290

38/52

9005
5

||||||||||||||||||||

pEEmEEET
| +~8
) i e
m 0 i ©
m L
] l".\n/m
I | po S
1T
t |
] T ]
" "
IR EIR -
1R=10E=-1 N E=-1 D=
"‘9,9 D 7.\/0
| I &
i “
¢ b
[} (e
m B
1 1 O
3P
//\/m
(=)

FIG. 38B

o
N
o
»

9021

9022

9026

FIG. 38C

9034



WO 2007/046290 PCT/JP2006/320362

39/52
FIG. 39A FIG.39B
10i§4j 13003 /1VQOO1
1%§
1doos 1002 toors
FIG. 39C FIG. 39D
X 10035, 003110033
|— =
\’/
0024
FIG. 39E FIG. 39F
10035, 10048~

—

(] <SS o
% h
00 100457 =
, P
RN V
0

10041/://%

10034 10044 __=)




WO 2007/046290 PCT/JP2006/320362

40/52

FIG. 40A FIG. 40B

15 v
nm———

FIG. 40C " FIG. 40D

101




WO 2007/046290 PCT/JP2006/320362

41752
FIG. 41
4500 : :
4000 f--r--mrrmrmee e ,"\,\- e —quasi~ \
SRR SR . single
S~ ' * .
'z St R I
@ 12500 [rroeroierrosesesieensieeees SRR REEEE crystal
! '
£ 2000 feceeeeneeeeees PP CERERTCRRPEE EPE |
- . R P EEEEE large grain | .
' é 1500 ; \\ / \ crystal
E .
505 510 515 520 525 530 535
wavenumber (cm-1)




PCT/JP2006/320362

42/52

WO 2007/046290

M6=
TXMSY

MOL=
X MO'S

ML=
CX MGG

MCL=
¢ X M09

MEL=
CXMS'9

Tl
o e

&z&ﬁ&:,ﬂx
wEE Gingog.

e i My 1=

. ¢XMO'L

MGl=
CXMGL

Mgl=
¢XMO8

(M) weaq 4ase| jo ASuau9

ML=
ZXMS'8

M81=
ZXMO6

uinbos
’ M6i=
tXMS6

%@WV . o K MOZ=
wm . _ X MO




PCT/JP2006/320362

WO 2007/046290

43/52

A3J4sus jualolynsul
‘ Jo esne
7

098( 92I||e3SAIO JOUUED

wugoz wugp| |

(M) weaq Jase| Jo ASusus

(wu) wiy ded jo ssauqoly |




WO 2007/046290 PCT/JP2006/320362

44/52
FIG 44A scanning speed 35cm/sec

20 p—H——8—o0—B—8—
ma O a (o] a o
— mo O m] o a o
= MmO O a o ® o
= MmO O a o ® o

s 15 © *>—@—
2 a o o * A
o a @ o] & X
o. a A ® [ ] X
5 a X + o X
@ 10 = % 4 ¥ o
= a X X X X
s 5 Il ] Il 'l 2

0 100 200 300 400 500

Thickness of cap film [nm]

FIG. 44B scanning speed 5Qcm/seé

20 pEB—a—8—o—0o—0—
o O m] o ® [
o 0O ° o . ®
— mo O ° o ° .
Z MmO o [ o * X |
C 15 EE—B—¢——6———0—¢—
2 X1 O X 4 e . X
o X0 0O X A A X
C 1 O X X X X
o ] O X X X X
o 10 paoe—a ¢ MH——¢ >
MK X X X X X
5 'l [l f 2 L

0 100 200 300 400 500
Thickness of cap film [nm]

% :cannot crystallize

X :microcrstal is formed

A :quasi—single crystalline silicon film of the present invention and
microcrystal were formed

+ :microcrystal, large grain crystal and quasi—single crystalline silicon film
of the present invention were formed

@ : quasi—single crystalline silicon film of the present invention was formed

@ : quasi—single crystalline silicon film of the present invention and large
grain crystal were formed

< :large grain crystal was formed

[ :split because of excess energy




WO 2007/046290

FIG. 45A

viewing surface A

" Color Coded Map Type Crystal Direction

Direction Min
<001=|[0OD1] ©O°
=1 01=|[0D0O1) 0O°
<t 11=||[001] 0O°
<211=||[001] 0O°
Silicon
[001)]
i

001 101

FIG. 45B

viewing surface B

45/52

Ma
10°
10°
10°
10°

PCT/JP2006/320362

Color Coded Map Type: Crystal Direction

Dlrecflon

=0 01={|[01 0]
<1 01=}|[01 0]
H <1 11=1010
H -211-1010]

Silicon
[610]

Min
T
0°
0°
0

Max
10°
10°
10°
10"

‘Total Partition
Fraction Fraction
'0.002 0.003
0.004 0 006
0.086 - 0.1386
0.421 0 668
Total Partition
Fraction Fraction
0.003 0005
0.051 0 081
0.412 0653
0.071 0113



WO 2007/046290

FIG. 46

viewing surface C

Color Coded Map Type: Crystal Direction

Direction

<1 01=||[1 00]
<111=||[[1 00]
«211>||[[1 00

Silicon
[100]

=0 01=|[[1 00]

Min
0°
0°
o°
0°

Max
10°
10°
10°
10°

Total Partition
Fraction Fracton
0.000 0.000
0.523 0.829
0.002 0.004
D.074 0.118

PCT/JP2006/320362



WO 2007/046290 PCT/JP2006/320362

47/52
FIG. 47A FIG. 47C
A rZ \ 72\
Y %K_\ A A threshold volt
v \/ [/ resno voltage
/}:\{%1 } E}V 4-——““\{3 differ‘ence(V)
¥ [“‘i ] ‘ \i@ A == 0.09-0.1
<] & (.08-0.09
P N \/\jg ‘{/ 0.07-0.08
- = 06-0.0
™ Vz /@y\\\ /] g_og_-o_ozs
0.04-0.05
2R 0.03-0.04
£ 0.02-0.03
FIG. 47B 0.01-0.02
Vé-\ ( —30-0.01
¢ ) E"‘OO'I—O
&3 -0.02——0.01
5;’(\ /\r{z & ~0.03--0.02
[ \ L_ -0.04—0.03
’ ]
y
/A*; AN\




WO 2007/046290 PCT/JP2006/320362

48/52

.. n-—ch L/W=4/40 J
99.99 o | [ —

©
©
T

Q1 ~J00
o OO
[ S B

N
o
T T

i

cumulative frequency (%)
)
S

.0 -I ) . L - 1 | - : ]
-0.04 -0.02 0 0.02 -0.04

threshold voltage difference (V)



WO 2007/046290 PCT/JP2006/320362

49/52

FIG. 49 p-ch L/W=4/40

©
©
T

©

o
T T ]

!

(3
o
T
I

- N
oo
N N

—e— with cap film
—— without cap film

cumulative frequency (%)

-0.1 -005 0 005 . O
threshold voltage difference (V)



WO 2007/046290 PCT/JP2006/320362

50/52

' EXPLANATION OF REFERENCE
[0388]
01. substrate, 02. base insulating film, 03. semiconductor film, 04. cap film, 100.
substrate, -101. -base insulating film, 102. semiconductor film, 103. cap film, 104."
quasi-single crystalline semiconductor film, 105. semiconductor film, 20la. laser
oscillator, 201b. laser oscillator, 202. synthesized laser beam, 202a. laser beam, 202b. °
laser beam, 203. wavelength plate, 204. polarizer, 205. miirror, 206. cylindrical lens, 207.
cylindrical lens, 208. surface to be irradiated, 209. éuction stage, 210. X-axis uniaxial
robot, 211. Y-axis uniaxial robot, 212. mirror, 300. substrate, 301. base insulating film,
302. semiconductor film, 303. insulating film, 410. substrate, 411. base insulating film,
412. large grain crystal, 413. viewing surface A, 414. viewing surface B, 415. viewing
surface C, 416. scanning direction of a laser beam, 417. amorphous semiconductor film,
510. substrate, 511. base insulating film, 512. quasi-single crystalline silicon film, 513.
viewing surface A, 514. viewing surface B, 515. viewing surface C, 516. scanning
direction of a laser beam, 517. amorphous semiconductor film, 518. cap film, 610.
substrate, 611. base insulating film, 613. semiconductor film, 615. insulating film, 617.
gate electrode, 619: insulating film, 621. first interlayer insulating film, 623. electrode,
625. TFT, 627. TFT, 629. TFT, 631. second interlayer insulating film, 633. wiring, 635.
pixel electrode, 637. orientation film, 639. counter substrate, 641. counter electrode, 643.
orientation film, 645. sealant, 647. spacer, 649. liquid crystal layer, 651. FPC, 653.
anisotropic conductive film, 655. terminal electrode, 656. pixel portion, 657. driver
circuit portion, 658. terminal portion, 700. wiring a, 701. wiring b, 702. wiring c, 703.
contact hole, 2000. substrate, 2001. base insulating film, 2002. amorphous
* semiconductor film, 2003. cap film, 2004. quasi-single crystalline semiconductor film,
2005. semiconductor film, 2006. gate insulating film, 2007. gate electrode, 2008. source
region, 2009. drain region, 2010. LDD (Lightly Doped Drain) region, 2011. TFT, 2012.
TFT, 2013. TFT, 2014. first insulating film, 2015. second insulating film, 2016. wiring,
2017. third insulating film, 2101. laser oscillator, 2102. wavelength plate, 2103.
polarization beam splitter, 2104. beam homogenizer, 2105. slit, 2106. collective lens,
2107. mirror, 2108. subject to be irradiated, 2109. suction stage, 2110. X stage, 2111. Y
stage, 2201. source signal line, 2202. gate signal line, 2203. current supply line, 2204.
switching TFT, 2205. driving TFT, 2206. capacitor, 2207. light-emitting element, 3001.
substrate, 3002. base insulating film, 3003. semiconductor film, 3004. oxide film, 3005.
resist mask, 3006. semiconductor film, 3007. gate insulating film, 3008. quasi-single
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crystalline semiconductor film, 4001. substrate, 4002. base insulating film, 4003.

amorphous silicon film, 4004. amorphous silicon film, 4005. insulating film, 4006. light

absorption layer, 4007. quasi-single crystal, 4008. gate electrode, 4009. spray nozzle,

4010. conductive film, 5001. substrate, 5002. base insulating film, 5003. amorphous '
silicon film, 5004, cap film, 5005. quasi-single crystal, 5006. gate insulating film, 5007.

source region, 5008. drain region, 5009. wiring, 5010. gate electrode, 6000. substrate,
6001. base insulating film, 6002. amorphous semiconductor film, 6003. cap film, 6004.
stage, 6005. nozzle, 6006. gas supply tube, 6007. gas exhaust means, 7000. substrate,
' 7001a. base insulating film, 7001b. base insulating film, 7002. quasi-single crystallized
-semiconductor film. 7003. quasi-single crystallized semiconductor film, 7004.
quasi-single crystallized semiconductor film, 7005. quasi-single crystallized
semiconductor film, 7006. gate insulating film, 7007. gate electrode, 7008. gate
electrode, 7009. gate electrode, 7010. gate electrode, 7011. insulating film
(hydrogenation film), 7012. interlayer insulating film, 7013. wiring, 7014. connection
portion, 7015. insulating film, 7016. insulating film, 7017. first electrode, 7018.
terminal electrode, 7019. light-emitting layer, 7020. second electrode, 7021. counter
substrate, 7022. sealant, 7023. terminal, 7024. flexible printed circuit, 7025. driving TFT,
7026. switching TFT, 7028. filling material, 7029. first passivation film, 7030.
peripheral border of insulating film 7015, 7031. terminal portion, 7032. driver circuit
portion, 7033. pixel portion, 8000. first substrate, 8002. insulating film, 8004. peeling
layer, 8006. insulating film, 8008. semiconductor film, 8009. cap film, 8010.
quasi-single crystalline film, 8012. first semiconductor film,” 8014. second
semicondictor film, 8016. resist mask, 8018..first insulating film, 8020. first insulating
film, 8022. second insulating film, 8024. third insulating film; 8026. conductive film,
8026a. first conductive film, 8026b. second conductive film, 8028. conductive film,
8028a. first conductive film, 8028b. second conductive film, 8030. insulating film, 8032.
conductive film, 8034. thin film transistor, 8036. thin film transistor, 8038. insulating
film, 8040. conductive film, 8042. insulating film, 8044. element group, 8046. opening
portion, 8048. first sheet material, 8050. second sheet material, 8052. third sheet
material, 9001. wireless IC tag, 9002. power supply circuit, 9003. clock generation
circuit, 9004. clock generation circuit, 9005. control circuit, 9006. interface circuit, 9007.
memory, 9008. data bus, 9009. antenna, 9010. reader/writer, 9020. display portion, 9021.
portable terminal, 9022. reader/writer, 9024. article, 9026. wireless IC tag, 9030. article,
9032. reader/writer, 9034. wireless IC tag, 10001. housing, 10002. supporting base,
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10003. display portion, 10004. speaker portion, 10005. video input terminal, 10011.
housing, 10012. display portion, 10013. keffbpard, 10014. external connection port,
10015. pointing mouse, 10021. housing, 10022: display portion, 10023. operation key,
10024. sensor portion, 10031. housing, 10032. display portion, 10033. lens, 10034.
operation key, 10035. shutter, 10041. main body, 10042. display portion, 10043.
housing, 10044. external connection port, 10045. remote control receiving portion,
10046. image receiving portion, 10047. battery, 10048. audio input portion, 10049.
operation key, and 10050. eyepiece portion. - \
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national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be COI}SldEWd_ to involve an inventive step when the document is
means combined with one or more other such documents, such

“P” document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed “&” document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. {7 Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. {7 Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

317 Claims Nos.:
because they are dependent claims and are not dratted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet

L. {™ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. 7 As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ¥ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-15 and 30-47

Remark on Protest {7 The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

{7 The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

{7 No protest accompanied the payment of additional search fees.
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Continuation of Box No. III

The “special technical features” of claim 1-15 and 30-47 relates to
“in the plane orientation of the semiconductor filmin the first plane,
a ratio of an orientation {211} is greater than or equal to 0.4 within
the range of an angle fluctuation of *10°”.

The “special technical features” of claim 16-20 and 48-53 relates to
“in the plane orientation of the semiconductor film in the second
plane, a ratio of an orientation {110} is greater than or equal to
0.5 within the range of an angle fluctuation of +10°” and “in the plane
orientation of the semiconductor film in the third plane, a ratio of
an orientation {111} is greater than or equal to 0.4 within the range
of an angle fluctuation of +10°”.

The “special technical features” of claim 21-29 relates to
“crystallizing the semiconductor film by irradiating the
semiconductor film with a laser beam through the cap”.

There is no technical relationship among those inventions involving
one or more of the same or corresponding technical features. Therefore,
these groups of inventions are not so linked as to forma single general
inventive concept.
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