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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device including a thin film transistor at least in a pixel
portion.

[0003] 2. Description of the Related Art

[0004] Inrecentyears, technology thatisusedto form a thin
film transistor using a semiconductor thin film (with a thick-
ness of from several nanometers to several hundreds of
nanometers, approximately) formed over a substrate that has
an insulating surface has been attracting attention. Thin film
transistors are applied to a wide range of electronic devices
like ICs and electro-optical devices, and prompt develop-
ment, of thin film transistors that are to be used as switching
elements in image display devices, in particular, is being
pushed.

[0005] For switching elements in image display devices, a
thin film transistor using an amorphous semiconductor film, a
thin film transistor using a polycrystalline semiconductor
film, and the like are used. As a method for forming a poly-
crystalline semiconductor film, technology is known in which
a pulsed excimer laser beam is processed into a linear shape
by an optical system and used to scan and irradiate an amor-
phous semiconductor film for crystallizing the amorphous
semiconductor film.

[0006] Also, as switching elements in image display
devices, a thin film transistor using a microcrystalline semi-
conductor film is used (Reference 1: Japanese Published
Patent Application No. H4-242724 and Reference 2: Japa-
nese Published Patent Application No. 2005-49832).

[0007] A known conventional method for manufacturing
the thin film transistor is that an amorphous silicon film is
formed over a gate insulating film; a metal film is formed
thereover; and the metal film is irradiated with a diode laser
beam to modify the amorphous silicon film into a microcrys-
talline silicon film (Reference 3: Toshiaki Arai et al., SID 07
DIGEST, 2007, pp. 1370-1373). According to this method,
the metal film formed over the amorphous silicon film is
provided to convert optical energy of the diode laser beam
into thermal energy and should be removed in a later step to
complete a thin film transistor. That is, the method is that an
amorphous semiconductor film is heated only by conduction
heating from a metal film to form a microcrystalline semi-
conductor film.

SUMMARY OF THE INVENTION

[0008] A thin film transistor using a polycrystalline semi-
conductor film has advantages in that its mobility is two or
more orders of magnitude greater than that of a thin film
transistor using an amorphous semiconductor film and a pixel
portion of a display device and peripheral driver circuits
thereof can be formed over the same substrate. However, the
process is more complex because of crystallization of a semi-
conductor film, compared to the case of using an amorphous
semiconductor film; accordingly, there are problems in that
the yield is decreased and the cost is increased.

[0009] In view of the above-mentioned problems, it is an
object of the present invention to propose a liquid crystal
display device including a thin film transistor with high elec-
tric characteristics and high reliability.

Jan. 22, 2009

[0010] As for a liquid crystal display device having an
inverted staggered thin film transistor of a channel stop type in
which a microcrystalline semiconductor film is used as a
channel formation region, the inverted staggered thin film
transistor is formed as follows: a gate insulating film is
formed over a gate electrode; a microcrystalline semiconduc-
tor film (also referred to as a semi-amorphous semiconductor
film) which functions as a channel formation region is formed
over the gate insulating film; a buffer layer is formed over the
microcrystalline semiconductor film; a channel protective
layer is formed over the buffer layer so as to overlap with the
channel formation region of the microcrystalline semicon-
ductor film; a pair of source and drain regions are formed over
the channel protective layer and the buffer layer; and a pair of
source and drain electrodes are formed in contact with the
source and drain regions.

[0011] The channel protective layer (also referred to as
simply a protective layer) is provided over the channel for-
mation region of the microcrystalline semiconductor film
with the buffer layer interposed therebetween. Thus, damage
which is caused in the manufacturing process to the buffer
layer over the channel formation region of the microcrystal-
line semiconductor film (such as reduction in film thickness
due to plasma or an etching agent in etching, or oxidation) can
be prevented. Therefore, reliability of the thin film transistor
can be improved. Further, since the buffer layer over the
channel formation region of the microcrystalline semicon-
ductor film is not etched, the buffer layer is not needed to be
formed thickly and film-formation time can be shortened.
Note that the channel protective layer functions as an etching
stopper in etching for forming the source region and the drain
region and can also be referred to as a channel stopper layer.

[0012] For the buffer layer, an amorphous semiconductor
film can be used. Preferably, an amorphous semiconductor
film containing at least one of nitrogen, hydrogen, and halo-
gen is used. When the amorphous semiconductor film con-
tains any one of nitrogen, hydrogen, and halogen, oxidation
of crystals included in the microcrystalline semiconductor
film can be reduced. While the microcrystalline semiconduc-
tor film has an energy gap of 1.1 eV to 1.5 eV, the buffer layer
has an energy gap as large as 1.6 eV to 1.8 eV and low
mobility. The typical mobility ofthe buffer layer is a fifthto a
tenth of that of the microcrystalline semiconductor film.
Thus, the channel formation region is formed with a microc-
rystalline semiconductor film, and the buffer layer serves a
high-resistance region. The concentration of each of carbon,
nitrogen, and oxygen contained in the microcrystalline semi-
conductor film is set at less than or equal to 3x10"° atoms/
cm’®, preferably, less than or equal to 5x10'® atoms/cm®. The
thickness of the microcrystalline semiconductor film is pref-
erably from 2 nm to 50 nm, more preferably, from 10 nm to 30
nm

[0013] The buffer layer can be formed by a plasma CVD
method, a sputtering method, or the like. After formation of
an amorphous semiconductor film, the surface of the amor-
phous semiconductor film can be nitrided, hydrogenated, or
halogenated through processing of the surface of the amor-
phous semiconductor film with nitrogen plasma, hydrogen
plasma, or halogen plasma.

[0014] By provision of the buffer layer over the surface of
the microcrystalline semiconductor film, oxidation of crystal
grains contained in the microcrystalline semiconductor film
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can be reduced. Accordingly, the degree of degradation of
electric characteristics of the thin film transistor can be low-
ered.

[0015] A microcrystalline semiconductor film can be
formed over a substrate directly as a microcrystalline semi-
conductor film, which is a different point from the case of a
polycrystalline semiconductor film. Specifically, a microc-
rystalline semiconductor film can be formed using silicon
hydride as a source gas by use of a microwave plasma CVD
apparatus with a frequency of greater than or equal to 1 GHz.
A microcrystalline semiconductor film formed by the above
method also includes a microcrystalline semiconductor film
which has crystal grains with a diameter of 0.5 nm to 20 nm
in an amorphous semiconductor. Therefore, a crystallization
process after formation of the semiconductor film is not nec-
essary, which is different from the case of the polycrystalline
semiconductor film; thus, the number of steps in manufactur-
ing a thin film transistor can be reduced, the yield of the liquid
crystal display device can be improved, and the cost can be
suppressed. In addition, since plasma generated by using
microwaves with a frequency of greater than or equal to 1
GHz has high electron density, silicon hydride which is a
source gas can be easily dissociated. Accordingly, compared
to the case of using a high-frequency plasma CVD method
with a frequency of several tens of MHz to several hundreds
of MHz, by use of a microwave plasma CVD apparatus with
a frequency of greater than or equal to 1 GHz, the microcrys-
talline semiconductor film can be easily formed, a film-for-
mation rate can be increased, and mass productivity of the
liquid crystal display device can be improved.

[0016] In addition, a thin film transistor (TFT) is manufac-
tured using the microcrystalline semiconductor film, and a
liquid crystal display device is manufactured using the thin
film transistor for a pixel portion, and further, for a driver
circuit. The thin film transistor using a microcrystalline semi-
conductor film has a mobility of 1 cm*/V-sec to 20 cm*/V sec,
which is 2 to 20 times higher than that of the thin film tran-
sistor using an amorphous semiconductor film. Therefore,
part of the driver circuit or the entire driver circuit can be
formed over the same substrate as that of the pixel portion, so
that a system-on-panel can be manufactured.

[0017] The gate insulating film, the microcrystalline semi-
conductor film, the buffer layer, the channel protective layer,
and the semiconductor film to which an impurity element
imparting one conductivity type is added which forms the
source and drain regions may be formed in one reaction
chamber, or different reaction chambers according to a kind
of a film.

[0018] Before a substrate is carried into a reaction chamber
to perform film formation, it is preferable to perform clean-
ing, flush (washing) treatment (hydrogen flush using hydro-
gen as a flush substance, silane flush using silane as a flush
substance, or the like), and coating by which the inner wall of
each reaction chamber is coated with a protective film (the
coating is also referred to as pre-coating treatment). Pre-
coating treatment is treatment in which plasma treatment is
performed by flowing of a deposition gas in a reaction cham-
ber to coat the inner wall of the reaction chamber with a thin
protective film which is a film to be formed, in advance. By
the flush treatment and the pre-coating treatment, a film to be
formed can be prevented from being contaminated by an
impurity element such as oxygen, nitrogen, or fluorine in the
reaction chamber.
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[0019] According to one aspect of the present invention, a
liquid crystal display device includes a gate electrode; a gate
insulating film over the gate electrode; a microcrystalline
semiconductor film including a channel formation region
over the gate insulating film; a buffer layer over the microc-
rystalline semiconductor film; a channel protective layer
which is provided over the buffer layer so as to overlap with
the channel formation region of the microcrystalline semi-
conductor film; a source region and a drain region over the
channel protective layer and the buffer layer; and a source
electrode and a drain electrode over the source region and the
drain region.

[0020] According to another aspect of the present inven-
tion, a liquid crystal display device includes a gate electrode;
a gate insulating film over the gate electrode; a microcrystal-
line semiconductor film including a channel formation region
over the gate insulating film; a buffer layer over the microc-
rystalline semiconductor film; a channel protective layer
which is provided over the buffer layer so as to overlap with
the channel formation region of the microcrystalline semi-
conductor film; a source region and a drain region over the
channel protective layer and the buffer layer; a source elec-
trode and a drain electrode over the source region and the
drain region; and an insulating film which covers part of the
channel protective layer, the source electrode, and the drain
electrode.

[0021] Inthe above structures, a pixel electrode is provided
to be electrically connected to the source electrode or the
drain electrode of the channel stop type thin film transistor,
and a liquid crystal element and the thin film transistor are
electrically connected to each other through the pixel elec-
trode.

[0022] The liquid crystal display device includes a display
element. As the display element, a liquid crystal element
(liquid crystal display element) can beused. Further, a display
medium whose contrast is changed by an electric effect, such
as an electronic ink, can be used.

[0023] In addition, the liquid crystal display device
includes a panel in which a liquid crystal element is sealed,
and a module in which an IC and the like including a control-
ler are mounted on the panel. The present invention further
relates to one mode of an element substrate before the liquid
crystal element is completed in a manufacturing process of
the liquid crystal display device, and the element substrate is
provided with a means to supply current to the liquid crystal
element in each of a plurality of pixels. Specifically, the
element substrate may be in a state provided with only a pixel
electrode of the liquid crystal element, a state after a conduc-
tive film to be a pixel electrode is formed and before the
conductive film is etched to form the pixel electrode, or other
states.

[0024] Note thata liquid crystal display device in this speci-
fication means an image display device, a display device, ora
light source (including a lighting device). Further, the liquid
crystal display device includes any of the following modules
in its category: a module to which a connector such as an FPC
(flexible printed circuit), TAB (tape automated bonding) tape,
or a TCP (tape carrier package) is attached; a module having
TAB tape or a TCP which is provided with a printed wiring
board at the end thereof; and a module having an IC (inte-
grated circuit) directly mounted on a substrate provided with
a display element by a COG (chip on glass) method.
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[0025] According to the present invention, a liquid crystal
display device including a thin film transistor with high elec-
tric characteristics and high reliability can be manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is an explanatory view of a liquid crystal
display device of the present invention.

[0027] FIGS.2A to 2D show a method for manufacturing a
liquid crystal display device of the present invention.

[0028] FIGS.3A to 3C show a method for manufacturing a
liquid crystal display device of the present invention.

[0029] FIGS. 4A to 4D show a method for manufacturing a
liquid crystal display device of the present invention.

[0030] FIG. 5 is an explanatory view of a liquid crystal
display device of the present invention.

[0031] FIGS. 6A to 6D show a method for manufacturing a
liquid crystal display device of the present invention.

[0032] FIGS. 7A to 7C show electronic devices to which
the present invention is applied.

[0033] FIG. 8 is a block diagram showing a main structure
of an electronic device to which the present invention is
applied.

[0034] FIGS.9A to 9C show a liquid crystal display device
of the present invention.

[0035] FIGS. 10A and 10B are plane views showing a
plasma CVD apparatus of the present invention.

[0036] FIGS. 11A and 11B show a liquid crystal display
device of the present invention.

[0037] FIG. 12 shows a liquid crystal display device of the
present invention.

[0038] FIG. 13 shows aliquid crystal display device of the
present invention.

[0039] FIG. 14 shows a liquid crystal display device of the
present invention.

[0040] FIG. 15 shows a liquid crystal display device of the
present invention.

[0041] FIG. 16 shows aliquid crystal display device of the
present invention.

[0042] FIG. 17 shows a liquid crystal display device of the
present invention.

[0043] FIG. 18 shows a liquid crystal display device of the
present invention.

[0044] FIG. 19 shows aliquid crystal display device of the
present invention.

[0045] FIG. 20 shows a liquid crystal display device of the
present invention.

[0046] FIG. 21 shows a liquid crystal display device of the
present invention.

[0047] FIG. 22 shows a liquid crystal display device of the
present invention.

[0048] FIG. 23 shows a liquid crystal display device of the
present invention.

[0049] FIG. 24 shows a liquid crystal display device of the
present invention.

[0050] FIG. 25 shows a liquid crystal display device of the
present invention.

[0051] FIG. 26 is an explanatory view of a liquid crystal
display device of the present invention.

[0052] FIG. 27 is an explanatory view of a liquid crystal
display device of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0053] Embodiment modes of the present invention will be
described in detail with reference to the accompanying draw-
ings. Note that the present invention is not limited to the
following description, and it is easily understood by those
skilled in the art that modes and details thereof can be modi-
fied in various ways without departing from the spirit and the
scope of the present invention. Therefore, the present inven-
tion should not be interpreted as being limited to the descrip-
tion of the embodiment modes to be given below. In the
structure of the present invention to be described below, the
same reference numerals are commonly given to the same
components or components having similar functions in dif-
ferent drawings, and repetitive description will be omitted.

Embodiment Mode 1

[0054] This embodiment mode will describe a thin film
transistor which is used for a liquid crystal display device and
a manufacturing process of the thin film transistor with ref-
erence to FIG. 1, FIGS. 2A to 2D, FIGS. 3A to 3C, and FIGS.
4A 10 4D. FIG. 1, FIGS. 2A to 2D, and FIGS. 3A to 3C are
cross-sectional views showing a thin film transistor and a
manufacturing process thereof, and FIGS. 4A to 4D are plane
views showing a region in a pixel where the thin film transis-
tor and a pixel electrode are connected to each other. FIG. 1,
FIGS. 2A to 2D, and FIGS. 3A to 3C are cross-sectional
views showing the thin film transistor in a cross section taken
along a line A-B in FIGS. 4A to 4D, and a manufacturing
process thereof.

[0055] As for a thin film transistor including a microcrys-
talline semiconductor film, an n-type thin film transistor has
higher mobility than a p-type thin film transistor; thus, an
n-type thin film transistor is more suitable for a driver circuit.
However, in the present invention, either an n-type or p-type
thin film transistor can be used. With any polarity of a thin
film transistor, it is preferable that all the thin film transistors
formed over one substrate have the same polarity so that the
number of manufacturing steps is reduced. Here, an n-chan-
nel thin film transistor will be described.

[0056] FIG. 1 shows a bottom gate thin film transistor 74 of
a channel stop type (also referred to as a channel protective
type) of this embodiment mode.

[0057] InFIG. 1, the channel stop type thin film transistor
74 is provided over a substrate 50. The channel stop type thin
film transistor 74 includes a gate electrode 51, gate insulating
films 52a and 524, a microcrystalline semiconductor film 61,
a buffer layer 62, a channel protective layer 80, source and
drain regions 72, and source and drain electrodes 71a, 715,
and 71c. A pixel electrode 77 is provided so as to be in contact
with the source or drain electrode 71¢. An insulating film 76
is provided so as to cover the thin film transistor 74 and part
ofthe pixel electrode 77. Note that FIG. 1 corresponds to FIG.
4D.

[0058] The channel protective layer 80 is provided over a
channel formation region of the microcrystalline semicon-
ductor film 61 with the buffer layer 62 interposed therebe-
tween. Thus, damage which is caused in the manufacturing
process to the buffer layer 62 over the channel formation
region of the microcrystalline semiconductor film 61 (such as
reduction in film thickness due to plasma or an etching agent
in etching, or oxidation) can be prevented. Therefore, reli-
ability of the thin film transistor 74 can be improved. Further,
the buffer layer 62 over the channel formation region of the
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microcrystalline semiconductor film 61 is not etched, so that
the buffer layer 62 is not needed to be formed thickly and
film-formation time can be shortened.

[0059] End portions of the microcrystalline semiconductor
film 61 are positioned more inwardly than those of the gate
electrode 51 with which the microcrystalline semiconductor
film 61 overlaps with the gate insulating films 52a and 525
interposed therebetween, so that the microcrystalline semi-
conductor film 61 is provided so as not to extend beyond the
gate electrode 51. Thus, the microcrystalline semiconductor
film 61 can be formed in a flat region over the gate electrode
51 and the gate insulating films 52¢ and 525, and can be a film
which covers the underlying layers adequately and has uni-
form characteristics (crystalline structure) throughout the
film.

[0060] Hereinafter, a manufacturing method will be
described in detail. The gate electrode 51 is formed over the
substrate 50 (FIG. 2A and FIG. 4A). FIG. 2A is a cross-
sectional view showing a cross section taken along a line A-B
in FIG. 4A. As the substrate 50, a plastic substrate having heat
resistance that can withstand a processing temperature of the
manufacturing process or the like as well as a non-alkaline
glass substrate manufactured by a fusion method or a float
method such as a substrate of a barium borosilicate glass, an
aluminoborosilicate glass, or an aluminosilicate glass, or a
ceramic substrate can be used. Alternatively, a metal substrate
such as a stainless steel alloy substrate, provided with an
insulating film over the surface, may also be used. As the
substrate 50, a substrate having a size of 320 mmx400 mm,
370 mmx470 mm, 550 mmx650 mm, 600 mmx720 mm, 680
mmx880 mm, 730 mmx920 mm, 1000 mmx1200 mm, 1100
mmx1250 mm, 1150 mmx1300 mm, 1500 mmx1800 mm,
1900 mmx2200 mm, 2160 mmx2460 mm, 2400 mmx2800
mm, 2850 mmx3050 mm, or the like can be used.

[0061] The gate electrode 51 is formed of a metal material
such as titanium, molybdenum, chromium, tantalum, tung-
sten, or aluminum, or an alloy material thereof. The gate
electrode 51 can be formed as follows: a conductive film is
formed over the substrate 50 by a sputtering method or a
vacuum evaporation method, a mask is formed by a photoli-
thography technique or an ink-jet method over the conductive
film, and the conductive film is etched using the mask. Alter-
natively, the gate electrode 51 can be formed by discharging
a conductive nanopaste of silver, gold, copper, or the like by
an ink-jet method and baking it. Note that a nitride film
formed of the above metal material may be provided between
the substrate 50 and the gate electrode 51 to improve adher-
ence of the gate electrode 51 to the substrate 50 and to prevent,
as abarrier metal, diffusion of impurities to a base film and the
substrate. The gate electrode 51 may have a layered structure,
and a structure can be used in which, from the substrate 50
side, an aluminum film and a molybdenum film are stacked, a
copper film and a molybdenum film are stacked, a copper film
and a titanium nitride film are stacked, a copper film and a
tantalum mitride film are stacked, or the like. In the above
layered structure, a molybdenum film or a nitride film such as
a titanium nitride film or a tantalum nitride film which is
formed in the upper layer has an effect as a barrier metal.

[0062] Since semiconductor films and wirings are formed
over the gate electrode 51, the gate electrode 51 is preferably
processed to have tapered end portions so that the semicon-
ductor films and the wirings thereover are not disconnected.
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Further, although not illustrated, wirings connected to the
gate electrode can also be formed at the same time when the
gate electrode is formed.

[0063] Next, the gate insulating films 52¢ and 525, a micro-
crystalline semiconductor film 53, and a buffer layer 54 are
formed in sequence over the gate electrode 51 (FIG. 2B).
[0064] Themicrocrystalline semiconductor film 53 may be
formed over the surface of the gate insulating film 524 which
is being (or which has been) affected by hydrogen plasma. By
formation of a microcrystalline semiconductor film over a
gate insulating film which has been affected by hydrogen
plasma, crystal growth of microcrystal can be accelerated. In
addition, lattice distortion at the interface between the gate
insulating film and the microcrystalline semiconductor film
can be decreased, and interface characteristics of the gate
insulating film and the microcrystalline semiconductor film
can be improved. Accordingly, electric characteristics and
reliability of the microcrystalline semiconductor film
obtained can be improved.

[0065] Note that the gate insulating films 52a and 525, the
microcrystalline semiconductor film 53, and the buffer layer
54 may be formed successively without being exposed to the
atmosphere. When the gate insulating films 52a and 525, the
microcrystalline semiconductor film 53, and the buffer layer
54 are formed successively without being exposed to the
atmosphere, an interface between the films can be formed
without being contaminated with atmospheric components or
impurity elements contained in the atmosphere. Thus, varia-
tion in characteristics of the thin film transistors can be
reduced.

[0066] The gate insulating films 52a and 524 can each be
formed using a silicon oxide film, a silicon nitride film, a
silicon oxynitride film, or a silicon nitride oxide film by a
CVD method, a sputtering method, or the like. In addition, the
gate insulating films 52a and 524 can be formed by stacking
a silicon nitride film or a silicon nitride oxide film, and a
silicon oxide film or a silicon oxynitride film in sequence.
Further, the gate insulating film can be formed with a three-
layer structure in which a silicon nitride film or a silicon
nitride oxide film, a silicon oxide film or a silicon oxynitride
film, and a silicon nitride film or a silicon nitride oxide film
are stacked in sequence from the substrate side instead of a
two-layer structure. In addition, the gate insulating film may
be formed with a single layer of a silicon oxide film, a silicon
nitride film, a silicon oxynitride film, or a silicon nitride oxide
film. Furthermore, it is preferable to form the gate insulating
film by use of a microwave plasma CVD apparatus with a
frequency of greater than or equal to 1 GHz. A silicon oxyni-
tride film or a silicon nitride oxide film formed by use of a
microwave plasma CVD apparatus has high resistance to
voltage, so that reliability of the thin film transistor formed
later can be improved.

[0067] As an example of the three-layer structure of the
gate insulating film, over the gate electrode, a silicon nitride
film or a silicon nitride oxide film may be formed as a first
layer, a silicon oxynitride film may be formed as a second
layer, and a silicon nitride film may be formed as a third layer,
and the microcrystalline semiconductor film may be formed
over the silicon nitride film that is a top layer. In this case, the
silicon nitride film or the silicon nitride oxide film in the first
layer is preferably thicker than 50 nm and has an effect as a
barrier which blocks impurities such as sodium, an effect of
preventing a hillock of the gate electrode, an effect of pre-
venting oxidation of the gate electrode, and the like. The
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silicon nitride film in the third layer has an effect ofimproving
adherence of the microcrystalline semiconductor film and an
effect of preventing oxidation in LP treatment in which the
microcrystalline semiconductor film is irradiated with a laser
beam.

[0068] When a nitride film such as a silicon nitride film
which is very thin is formed over the surface of the gate
insulating film in this manner, adherence of the microcrystal-
line semiconductor film can be improved. The nitride film
may be formed by a plasma CVD method, or by nitridation
treatment that is treatment with plasma which is generated by
microwaves and has high density and low temperature. In
addition, the silicon nitride film or the silicon nitride oxide
film may also be formed when a reaction chamber is subjected
to silane flush treatment.

[0069] Note that a silicon oxynitride film means a film that
contains more oxygen than nitrogen and includes oxygen,
nitrogen, silicon, and hydrogen at concentrations ranging
from 55 at. % to 65 at. %, 1 at. % to 20 at. %, 25 at. % to 35
at. %, and 0.1 at. % to 10 at. %, respectively. Further, a silicon
nitride oxide film means a film that contains more nitrogen
than oxygen and includes oxygen, nitrogen, silicon, and
hydrogen at concentrations ranging from 15 at. % to 30 at. %,
20 at. % to 35 at. %, 25 at. % to 35 at. %, and 15 at. % to 25
at. %, respectively.

[0070] Themicrocrystalline semiconductor film 53 is a film
which contains a semiconductor having an intermediate
structure between amorphous and crystalline structures (in-
cluding a single crystal and a polycrystal). This semiconduc-
tor is a semiconductor which has a third state that is stable in
terms of free energy, and is a crystalline semiconductor which
has short-range order and lattice distortion, and column-like
or needle-like crystals with a grain size, seen from the film
surface, of 0.5 nm to 20 nm grown in the direction of a normal
line with respect to the surface of the substrate. In addition, a
microcrystalline semiconductor and an amorphous semicon-
ductor are mixed. Microcrystalline silicon, which is a typical
example of a microcrystalline semiconductor, has a Raman
spectrum which is shifted to a lower wave number side than
521 cm™ thatis a feature of single crystalline silicon. That is,
the peak of a Raman spectrum of microcrystalline silicon is
within the range from 480 cm™ (that is a feature of amor-
phous silicon) to 521 cm™ (that is a feature of single crystal-
line silicon). In addition, microcrystalline silicon is made to
contain hydrogen or halogen of at least greater than or equal
to 1 at. % for termination of dangling bonds. Moreover,
microcrystalline silicon is made to contain a rare gas element
such as helium, argon, krypton, or neon to further enhance its
lattice distortion, whereby stability is increased and a favor-
able microcrystalline semiconductor film can be obtained.
Such a microcrystalline semiconductor film is disclosed in,
for example, U.S. Pat. No. 4,409,134,

[0071] The microcrystalline semiconductor film can be
formed by a high-frequency plasma CVD method with a
frequency of several tens of MHz to several hundreds of MHz
or by use of a microwave plasma CVD apparatus with a
frequency of greater than or equal to 1 GHz. The microcrys-
talline semiconductor film can be typically formed by a dilu-
tion of silicon hydride such as SiH,, Si,H,, SiH,Cl,, SiHCI,,
SiCl,, or SiF, with hydrogen. In addition, by a dilution with
one or plural kinds of rare gas elements selected from helium,
argon, krypton, and neon in addition to silicon hydride and
hydrogen, the microcrystalline semiconductor film can be
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formed. In that case, the flow rate ratio of hydrogen to silicon
hydride is set to be 5:1 to 200:1, preferably, 50:1 to 150:1,
more preferably, 100:1.

[0072] The microcrystalline semiconductor film has low
n-type conductivity when an impurity element for controlling
valence electrons is not added thereto intentionally. There-
fore, an impurity element imparting p-type conductivity may
be added to the microcrystalline semiconductor film which
functions as a channel formation region of a thin film transis-
tor at the same time as or after formation of the microcrystal-
line semiconductor film, so that the threshold voltage can be
controlled. A typical example of the impurity element impart-
ing p-type conductivity is boron, and an impurity gas such as
B,H, or BF; may be added to silicon hydride at 1 ppm to 1000
ppm, preferably 1 ppm to 100 ppm. The concentration of
boron s preferably set at 1x10'* atoms/cm? to 6x10'6 atoms/
cm’.

[0073] In addition, the oxygen concentration of the micro-
crystalline semiconductor film is preferably set at less than or
equal to 5x10*° atoms/cm?®, more preferably, less than or
equal to 1x10'® atoms/cm® and each of the nitrogen concen-
tration and the carbon concentration is preferably set at less
than or equal to 1x10"® atoms/cm’. By decreases in concen-
trations of oxygen, nitrogen, and carbon to be mixed into the
microcrystalline semiconductor film, the microcrystalline
semiconductor film can be prevented from being changed into
an n-type.

[0074] The microcrystalline semiconductor film 53 is
formed with a thickness of greater than 0 nm and less than or
equal to 50 nm, preferably, greater than 0 nm and less than or
equal to 20 nm.

[0075] The microcrystalline semiconductor film 53 func-
tions as a channel formation region of a thin film transistor to
be formed later. When the thickness of the microcrystalline
semiconductor film 53 is within the range described above, a
thin film transistor to be formed later is to be a fully depleted
type. Inaddition, because the microcrystalline semiconductor
film contains microcrystals, it has a lower resistance than an
amorphous semiconductor film. Therefore, a thin film tran-
sistor using the microcrystalline semiconductor film has cur-
rent-voltage characteristics represented by a curve with a
steep slope in a rising portion, has an excellent response as a
switching element, and can be operated at high speed. With
the use of the microcrystalline semiconductor film for a chan-
nel formation region of a thin film transistor, fluctuation of a
threshold voltage of a thin film transistor can be suppressed.
Therefore, a liquid crystal display device with less variation
of electric characteristics can be manufactured.

[0076] The microcrystalline semiconductor film has higher
mobility than an amorphous semiconductor film. Thus, with
the use of a thin film transistor, a channel formation region of
which is formed of the microcrystalline semiconductor film,
for switching of a display element, the area of the channel
formation region, that is, the area of the thin film transistor
can be decreased. Accordingly, the area occupied by the thin
film transistor in a single pixel is decreased, and an aperture
ratio of the pixel can be increased. As a result of this, a liquid
crystal display device with high resolution can be manufac-
tured.

[0077] Inaddition, the microcrystalline semiconductor film
has needle-like crystals which have grown longitudinally
from the lower side. The microcrystalline semiconductor film
has a mixed structure of amorphous and crystalline structures,
and it is likely that a crack is generated and a gap is formed
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between the crystalline region and the amorphous region due
to local stress. A new radical may be interposed into this gap
and cause crystal growth. Because the upper crystal face is
larger. a crystal is likely to grow upward into a needle shape.
Even if the microcrystalline semiconductor film grows lon-
gitudinally as described above, the growth rate is a tenth to a
hundredth of the film-formation rate of an amorphous semi-
conductor film.

[0078] Thebuffer layer 54 can be formed by a plasma CVD
method using a silicon gas (a silicon hydride gas or a silicon
halide gas) such as SiH,,, Si,H, SiH,Cl,, SiHCl,, SiCl,, or
SiF,. Alternatively, by a dilution of silane mentioned above
with one or plural kinds of rare gas elements selected from
helium, argon, krypton, and neon, an amorphous semicon-
ductor film can be formed. With the use of hydrogen at a flow
rate which is 1 to 20 times, preferably, 1 to 10 times, more
preferably, 1 to 5 times higher than that of silicon hydride, a
hydrogen-containing amorphous semiconductor film can be
formed. With the use of silicon hydride mentioned above and
nitrogen or ammonia, a nitrogen-containing amorphous
semiconductor film can be formed. With the use of silicon
hydride mentioned above and a gas containing fluorine, chlo-
rine, bromine, or iodine (F,, CL,, Br,, 1,, HF, HCI, HBr, HI, or
the like), an amorphous semiconductor film containing fluo-
rine, chlorine, bromine, or iodine can be formed.

[0079] Alternatively, as the buffer layer 54, an amorphous
semiconductor film can be formed by sputtering with hydro-
gen or a rare gas using an amorphous semiconductor as a
target. In this case, by inclusion of ammonia, nitrogen, or N,O
in an atmosphere, a nitrogen-containing amorphous semicon-
ductor film can be formed. Alternatively, by inclusion of a gas
containing fluorine, chlorine, bromine, oriodine (F,, Cl,, Br,,
L,, HF, HCI, HBr, HI, or the like) in an atmosphere, an amor-
phous semiconductor film containing fluorine, chlorine, bro-
mine, or iodine can be formed.

[0080] Still alternatively, the buffer layer 54 may be formed
by formation of an amorphous semiconductor film over the
surface of the microcrystalline semiconductor film 53 by a
plasma CVD method or a sputtering method and then by
hydrogenation, nitridation, or halogenation of the surface of
the amorphous semiconductor film through processing of the
surface of the amorphous semiconductor film with hydrogen
plasma, nitrogen plasma, halogen plasma, or plasma of a rare
gas (helium, argon, krypton, or neon).

[0081] The buffer layer 54 is preferably formed using an
amorphous semiconductor film. Therefore, when the buffer
layer 54 is formed by a high-frequency plasma CVD method
with a frequency of several tens of MHz to several hundreds
of MHz or a microwave plasma CVD method, formation
conditions are preferably controlled so that an amorphous
semiconductor film can be obtained.

[0082] The buffer layer 54 is preferably formed with a
thickness of 10 nm to 50 nm, inclusive. The total concentra-
tion of nitrogen, carbon, and oxygen contained in the buffer
layer is preferably set at 1x10*° atoms/cm?® to 15x10?° atoms/
em®. With this concentration, also the buffer layer 54 having
a thickness of 10 nm to 50 nm, inclusive can function as a
high-resistance region.

[0083] Alternatively, the buffer layer 54 may be formed
with a thickness of 150 nm to 200 nm, inclusive, and the
concentration of each of carbon, nitrogen, and oxygen con-
tained in the buffer layer 54 may be set at less than or equal to
3x10" atoms/cm?, preferably, less than or equal to 5x10*®
atoms/cm’,

Jan. 22, 2009

[0084] By formation of an amorphous semiconductor film
or an amorphous semiconductor film containing hydrogen,
nitrogen, or halogen over the surface of the microcrystalline
semiconductor film 53 as a buffer layer, the surfaces of crystal
grains contained in the microcrystalline semiconductor film
53 can be prevented from being naturally oxidized. Thatis, by
formation of the buffer layer over the surface of the microc-
rystalline semiconductor film 53, the microcrystal grains can
be prevented from being oxidized. Since the buffer layer
includes hydrogen and/or fluorine, oxygen can be prevented
from entering the microcrystalline semiconductor film.

[0085] The buffer layer 54 is formed using an amorphous
semiconductor film or an amorphous semiconductor film
containing hydrogen, nitrogen, or halogen, so that the buffer
layer 54 has higher resistance than the microcrystalline semi-
conductor film which functions as a channel formation
region. Therefore, in a thin film transistor to be formed later,
the buffer layer formed between source and drain regions and
the microcrystalline semiconductor film functions as a high-
resistance region. Accordingly, the off current of the thin film
transistor can be reduced. When the thin film transistor is used
as a switching element of a liquid crystal display device, the
contrast of the liquid crystal display device can be improved.

[0086] Next, the channel protective layer 80 is formed over
the buffer layer 54 so as to overlap with the channel formation
region of the microcrystalline semiconductor film 53 (FIG.
2C). The channel protective layer 80 may also be formed
successively after the gate insulating films 52a and 525, the
microcrystalline semiconductor film 53, and the buffer layer
54 are formed, without being exposed to the atmosphere.
When the thin films that are stacked are formed successively
without exposing the substrate to the atmosphere, the produc-
tivity can be improved.

[0087] Thechannel protective layer 80 can be formed using
an inorganic material (such as silicon oxide, silicon nitride,
silicon oxynitride, or silicon nitride oxide). A photosensitive
or non-photosensitive organic material (organic resin mate-
rial, e.g., polyimide, acrylic, polyamide, polyimideamide,
resist, or benzocyclobutene), a film made of plural kinds of
these materials, or a stacked film of them may also be used.
Alternatively, siloxane may be used. As a manufacturing
method of the channel protective layer 80, a vapor deposition
method such as a plasma CVD method or a thermal CVD
method, or a sputtering method can be used. A coating
method such as a spin coating method or a droplet discharging
method which is a wet method, a printing method (such as
screen printing or offset printing by which a pattern is
formed), or the like can also be used. The channel protective
layer 80 may be formed and then patterned by etching, or may
be formed as selected by a droplet discharging method.

[0088] Next, the microcrystalline semiconductor film 53
and the buffer layer 54 are patterned by etching, and a stack of
the microcrystalline semiconductor film 61 and the buffer
layer 62 is formed (FIG. 2D). The microcrystalline semicon-
ductor film 61 and the buffer layer 62 can be formed by
forming a mask by a photolithography technique or a droplet
discharging method and etching the microcrystalline semi-
conductor film 53 and the buffer layer 54 using the mask. FIG.
2D is a cross-sectional view of a cross section taken along a
line A-B in FIG. 4B.

[0089] The end portions of the microcrystalline semicon-
ductor film 61 and the buffer layer 62 can be etched to have a
tapered shape. The taper angle of the end portions is 30° to
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90°, preferably 45° to 80°. Thus, disconnection of a wiring
due to a step shape can be prevented.

[0090] Next, a semiconductor film 63 to which an impurity
element imparting one conductivity type is added (hereinaf-
ter, the semiconductor film 63) and conductive films 654 to
65¢ are formed over the gate insulating film 5254, the micro-
crystalline semiconductor film 61, the buffer layer 62, and the
channel protective layer 80 (FIG. 3A). A mask 66 is formed
over the semiconductor film 63 and the conductive films 654
to 65¢. The mask 66 is formed by a photolithography tech-
nique or an ink-jet method.

[0091] Inthe case where an n-channel thin film transistor is
formed using the semiconductor film 63, phosphorus may be
added as a typical impurity element to the semiconductor film
63, and an impurity gas such as PH; may be added to silicon
hydride. In addition, when a p-channel thin film transistor is
formed, boron may be added as a typical impurity element,
and an impurity gas such as B,H, may be added to silicon
hydride. The semiconductor film 63 can be formed using a
microcrystalline semiconductor film or an amorphous semi-
conductor film and may have a thickness of from 2 nm to 50
nm (preferably, from 10 nm to 30 nm).

[0092] It is preferable that the conductive film be formed
using a single layer or a stacked layer of aluminum, copper, or
an aluminum alloy to which an element to improve resistance
to heat or an element which prevents a hillock such as silicon,
titanium, neodymium, scandium, or molybdenum is added.
Alternatively, the conductive film may have a layered struc-
ture in which a film on the side in contact with the semicon-
ductor film to which an impurity imparting one conductivity
type 1s added 1s formed of titanium, tantalum, molybdenum,
tungsten, or a nitride of any of these elements and an alumi-
num film or an aluminum alloy film is formed thereover. Still
alternatively, the conductive film may have a layered structure
in which an aluminum film or an aluminum alloy film is
sandwiched between upper and lower films of titanium, tan-
talum, molybdenum, tungsten, or a nitride of any of these
elements. Here, as the conductive film, a conductive film with
a three-layer structure in which the conductive films 65q to
65¢ are stacked is described. A layered conductive film in
which molybdenum films are used as the conductive films
65a and 65¢ and an aluminum film is used as the conductive
film 654, or a layered conductive film in which titanium films
are used as the conductive films 65a and 65¢ and an aluminum
film is used as the conductive film 655 can be given.

[0093] The conductive films 65a to 65¢ are formed by a
sputtering method or a vacuum evaporation method. Alterna-
tively, the conductive films 65a to 65¢ may be formed by
discharging a conductive nanopaste of silver, gold, copper, or
the like by a screen printing method, an ink-jet method, or the
like and baking it.

[0094] Next, the conductive films 65a to 65¢ are etched
using the mask 66 to form source and drain electrodes 71a to
T1¢ (FIG. 3B). When the conductive films 65a to 65¢ are
subjected to wet etching as in this embodiment mode as
shown in FIG. 3B, the conductive films 65a to 65¢ are isotro-
pically etched. Thus, end portions of the mask 66 and end
portions of the source and drain electrodes 71a to 71¢ are not
aligned, and the end portions of the source and drain elec-
trodes 71a to 71c further recede. After that, the semiconduc-
tor film 63 is etched using the mask 66 to form source and
drain regions 72 (FIG. 3C). Note that the buffer layer 62 is not
etched because the channel protective layer 80 functions as a
channel stopper.
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[0095] The end portions of the source and drain electrodes
71a to 7T1c are not aligned with the end portions of the source
and drain regions 72, and the end portions of the source and
drain regions 72 are formed outside of the end portions of the
source and drain electrodes 71a to 71c. After that, the mask 66
is removed. Note that FIG. 3C is a cross-sectional view of a
cross section taken along a line A-B in FIG. 4C. As shown in
FIG. 4C, it can be seen that the end portions of the source and
drain regions 72 are positioned outside of the end portions of
the source and drain electrodes 71¢. In other words, it can be
seen that an area of the source and drain regions 72 is larger
than that of the source and drain electrodes 71a to 71¢. One of
the source and drain electrodes also functions as a source or
drain wiring.

[0096] With such a shape as shown in FIG. 3C in which the
end portions of the source and drain electrodes 71a to 71c are
not aligned with the end portions of the source and drain
regions 72, the end portions ofthe source and drain electrodes
71a to 71c are more apart from each other; therefore, leakage
current and short circuit between the source and drain elec-
trodes can be prevented. In other words, it can be seen that the
source and drain regions extend beyond edges of the source
and drain electrodes, and a distance between edges of the
source and drain regions facing each other is shorter than a
distance between the edges of the source and drain electrodes
facing each other. Accordingly, a thin film transistor with high
reliability and high resistance to voltage can be manufac-
tured.

[0097] Through the above-described process, the channel
stop (protective) type thin film transistor 74 can be formed.
[0098] The buffer layer 62 below the source and drain
regions 72 and the buffer layer 62 over the channel formation
region of the microcrystalline semiconductor film 61 are a
continuous film formed using the same material at the same
time. The buffer layer 62 over the microcrystalline semicon-
ductor film 61 blocks external air and an etching residue with
hydrogen included therein and protects the microcrystalline
semiconductor film 61.

[0099] Thebuffer layer 62 which does notinclude an impu-
rity element imparting one conductivity type is provided,
whereby an impurity element imparting one conductivity
type, which is included in the source and drain regions, and an
impurity element imparting one conductivity type, which is
used for controlling threshold voltage of the microcrystalline
semiconductor film 61, can be prevented from being mixed to
each other. When impurity elements imparting one conduc-
tivity type are mixed with each other, a recombination center
is generated, which leads to flow of leakage current and loss
of the effect of reducing off current.

[0100] By provision of the buffer layer and the channel
protective layer as described above, a channel stop type thin
film transistor with high resistance to voltage, in which leak-
age current is reduced, can be manufactured. Accordingly, the
thin film transistor has high reliability and can be suitably
used for a liquid crystal display device to which a voltage of
15V is applied.

[0101] Next, the pixel electrode 77 is formed so as to be in
contact with the source or drain electrode 71c¢. The insulating
film 76 is formed over the source and drain electrodes 71a to
71c, the source and drain regions 72, the channel protective
layer 80, the gate insulating film 525, and the pixel electrode
77. The insulating film 76 can be formed in a manner similar
to the gate insulating films 524 and 524. Note that the insu-
lating film 76 prevents intrusion of a contaminating impurity
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such as an organic matter, a metal, or water vapor contained in
the atmosphere; thus, a dense film is preferably used for the
insulating film 76.

[0102] The buffer layer 62 is preferably formed with a
thickness of 10 nm to 50 nm, inclusive. The buffer layer 62
over the channel formation region of the microcrystalline
semiconductor film 61 is not etched, so that the buffer layer 62
1s not needed to be formed thickly and film-formation time
can be shortened. In addition, the total concentration of nitro-
gen, carbon, and oxygen contained in the buffer layer is
preferably set at 1x10°° atoms/cm® to 15x10*° atoms/cm?.
With the above concentration, also the buffer layer 62 having
a thickness of 10 nm to 50 nm, inclusive, can function as a
high-resistance region.

[0103] Alternatively, the buffer layer 62 may be formed
with a thickness of 150 nm to 200 nm, inclusive, and the
concentration of carbon, nitrogen, and oxygen contained in
the buffer layer 62 may be set at less than or equal to 3x10"°
atoms/cm?, preferably, less than or equal to 5x10™® atoms/
cnr®. In this case, when the insulating film 76 is formed of a
silicon nitride film, the oxygen concentration in the buffer
layer 62 can be set at less than or equal to 5x10*° atoms/cm®,
preferably, less than or equal to 1x10*° atoms/cm?®.

[0104] Next, the insulating film 76 is etched so that part of
the pixel electrode 77 is exposed. A liquid crystal element is
formed to be in contact with an exposed region of the pixel
electrode 77, so that the thin film transistor 74 and the liquid
crystal element can be electrically connected to each other.
For example, an alignment film is formed over the pixel
electrode 77, a counter electrode provided with another align-
ment film is made to face the alignment film over the pixel
electrode 77, and a liquid crystal layer is formed between the
alignment films.

[0105] For the pixel electrode 77, a conductive material
having a light-transmitting property, such as indium oxide
which contains tungsten oxide, indium zinc oxide which con-
tains tungsten oxide, indium oxide which contains titanium
oxide, indium tin oxide which contains titanium oxide,
indium tin oxide (hereinafter ITO), indium zinc oxide, or
indium tin oxide to which silicon oxide has been added can be
used.

[0106] The pixel electrode 77 can be formed using a con-
ductive composition containing a conductive high-molecular
compound (also referred to as a conductive polymer). It is
preferable that the pixel electrode formed using the conduc-
tive composition have a sheet resistance of less than or equal
to 10000 ©/square and a light transmittance of greater than or
equal to 70% at a wavelength of 550 nm. In addition, it is
preferable that the resistivity of the conductive high-molecu-
lar compound contained in the conductive composition be
less than or equal to 0.1Q-cm.

[0107] As a conductive high-molecular compound, a so-
called & electron conjugated conductive high-molecular com-
pound can be used. For example, polyaniline or a derivative
thereof, polypyrrole or a derivative thereof, polythiophene or
a derivative thereof, and a copolymer of two or more kinds of
them can be given.

[0108] Theend portions of the source and drain regions and
the end portions of the source and drain electrodes may be
aligned with each other. FIG. 26 shows a thin film transistor
79 of a channel stop type in which the end portions of the
source and drain regions and the end portions of the source
and drain electrodes are aligned with each other. When the
source and drain electrodes and the source and drain regions
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are subjected to dry etching, a shape like the thin film tran-
sistor 79 can be obtained. Alternatively, also when the semi-
conductor film to which an impurity element imparting one
conductivity type is added is etched using the source and
drain electrodes as a mask to form the source and drain
regions, a shape like the thin film transistor 79 can be
obtained.

[0109] When the thin film transistor is formed as a channel
stop type thin film transistor, reliability of the thin film tran-
sistor can be improved. By formation of a channel formation
region with a microcrystalline semiconductor film, a field-
effect mobility of 1 cm®/V-sec to 20 em*/V-sec can be
achieved. Accordingly, this thin film transistor can be used as
a switching element of a pixel in a pixel portion and as an
element included in a scanning line (gate line) driver circuit.
[0110] According to this embodiment mode, a liquid crys-
tal display device including a thin film transistor with high
electric characteristics and high reliability can be manufac-
tured.

Embodiment Mode 2

[0111] This embodiment mode will describe an example of
a thin film transistor whose shape is different from that of
Embodiment Mode 1. Except the shape, the thin film transis-
tor can be formed in a similar manner to Embodiment Mode
1; thus, repetitive description of the same components or
components having similar functions as in Embodiment
Mode 1 and manufacturing steps for forming those compo-
nents will be omitted.

[0112] This embodiment mode will describe a thin film
transistor which is used for a liquid crystal display device and
a manufacturing process of the thin film transistor with ref-
erence to FIG. 5, FIGS. 6A to 6D, and FIG. 27. FIG. 5 and
FIG. 27 are cross-sectional views showing a thin film transis-
tor and a pixel electrode, and FIGS. 6 A to 6D are plane views
showing a region in a pixel where the thin film transistor and
the pixel electrode are connected to each other. FIG. 5 and
FIG. 27 are cross-sectional views showing the thin film tran-
sistor in a cross section taken along a line Q-R in FIGS. 6A to
6D, and a manufacturing process thereof.

[0113] FIG. 5and FIGS. 6A to 6D show a bottom gate thin
film transistor 274 of a channel stop type (also referred to as
a channel protective type) of this embodiment mode.

[0114] In FIG. 5, the channel stop type thin film transistor
274 is provided over a substrate 250. The channel stop thin
film transistor 274 includes a gate electrode 251, gate insu-
lating films 252a and 25254, a microcrystalline semiconductor
film 261, a buffer layer 262, a channel protective layer 280,
source and drain regions 272, and source and drain electrodes
271a,271b,and 271¢. Aninsulating film 276 is provided so as
to cover the thin film transistor 274. A pixel electrode 277 is
provided so as to be in contact with the source or drain
electrode 271c in a contact hole formed in the insulating film
276. Note that FIG. 5 corresponds to FIG. 6D.

[0115] The channel protective layer 280 is provided over a
channel formation region of the microcrystalline semicon-
ductor film 261 with the buffer layer 262 interposed therebe-
tween. Thus, damage which is caused in the manufacturing
process to the buffer layer 262 over the channel formation
region of the microcrystalline semiconductor film 261 (such
as reduction in film thickness due to radicals in plasma or an
etching agent in etching, or oxidation) can be prevented.
Therefore, reliability of the thin film transistor 274 can be
improved. The buffer layer 262 over the channel formation
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region of the microcrystalline semiconductor film 261 is not
etched, so that the buffer layer 262 is not needed to be formed
thickly and film-formation time can be shortened.

[0116] Hereinafter, a manufacturing method will be
described with reference to FIGS. 6A to 6D. The gate elec-
trode 251 is formed over the substrate 250 (FIG. 6A). The gate
insulating films 252a and 25256 are formed over the gate
electrode 251, and the microcrystalline semiconductor film
261 and the buffer layer 262 are formed thereover. Over the
bufferlayer 262, the channel protective layer 280 is formed so
as to overlap with the channel formation region of the micro-
crystalline semiconductor film (FIG. 6B).

[0117] Embodiment Mode 1 shows an example in which,
after formation of the channel protective layer 80, the micro-
crystalline semiconductor film 53 and the buffer layer 54 are
processed into the island-shaped microcrystalline semicon-
ductor film 61 and the island-shaped buffer layer 62, respec-
tively, by etching. However, this embodiment mode shows an
example in which the microcrystalline semiconductor film
and the buffer layer are etched at the same time when a
conductive film to be the source and drain electrodes and a
semiconductor film to which an impurity element imparting
one conductivity type is added are etched. Therefore, the
microcrystalline semiconductor film, the buffer layer, the
semiconductor film to which an impurity element imparting
one conductivity type is added, and the conductive film to be
the source and drain electrodes are etched using the same
mask. When the microcrystalline semiconductor film, the
buffer layer, the semiconductor film to which an impurity
element imparting one conductivity type is added, and the
conductive film to be the source and drain electrodes are
etched by one etching process, the manufacturing process can
be simplified, and the number of masks used in the etching
process can be reduced.

[0118] Themicrocrystalline semiconductor film, the buffer
layer, the semiconductor film to which an impurity element
imparting one conductivity type is added, and the conductive
film are etched, so that the microcrystalline semiconductor
film 261, the buffer layer 262, the source and drain regions
272, and the source and drain electrodes 271a to 271c are
formed. In this manner, the channel stop type thin film tran-
sistor 274 is formed (FIG. 6C). The insulating film 276 is
formed so as to cover the thin film transistor 274, and the
contact hole which exposes the source or drain electrode 271¢
is formed. The pixel electrode 277 is formed in the contact
hole, so that the thin film transistor 274 and the pixel electrode
277 are electrically connected to each other (FIG. 6D).
[0119] Theend portions of the source and drain regions and
the end portions of the source and drain electrodes may be
aligned with each other. FIG. 27 shows a thin film transistor
279 of a channel stop type in which the end portions of the
source and drain regions and the end portions of the source
and drain electrodes are aligned with each other. When the
source and drain electrodes and the source and drain regions
are subjected to dry etching, a shape like the thin film tran-
sistor 279 can be obtained. Alternatively, also when the semi-
conductor film to which an impurity element imparting one
conductivity type is added is etched using the source and
drain electrodes as a mask to form the source and drain
regions, a shape like the thin film transistor 279 can be
obtained.

[0120] When the thin film transistor is formed as a channel
stop type thin film transistor, reliability of the thin film tran-
sistor can be improved. By formation of a channel formation
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region with a microcrystalline semiconductor film, a field-
effect mobility of 1 cm*V-sec to 20 cm*/V-sec can be
achieved. Accordingly, this thin film transistor can be used as
a switching element of a pixel in a pixel portion and as an
element included in a scanning line (gate line) driver circuit.
[0121] According to this embodiment mode, a liquid crys-
tal display device including a thin film transistor with high
electric characteristics and high reliability can be manufac-
tured.

Embodiment Mode 3

[0122] This embodiment mode will describe an example of
a manufacturing process in which a microcrystalline semi-
conductor film is irradiated with a laser beam.

[0123] A gate electrode is formed over a substrate, and a
gate insulating film is formed so as to cover the gate electrode.
Then, a microcrystalline silicon (SAS) film is formed as a
microcrystalline semiconductor film over the gate insulating
film. The thickness of the microcrystalline semiconductor
film is greater than or equal to 1 nm and less than 15 nm,
preferably 2 nm to 10 nm, inclusive. In particular, the micro-
crystalline semiconductor film with a thickness of 5 nm (4 nm
to 8 nm) has high absorptance of a laser beam and improves
productivity.

[0124] Inthe case where the microcrystalline semiconduc-
tor film is formed over the gate insulating film by a plasma
CVD method or the like, near the interface between the gate
insulating film and a semiconductor film which contains crys-
tals, a region which contains more amorphous components
than the semiconductor film which contains crystals (here
such aregion s referred to as an interface region) is formed in
some cases. In addition, in the case where an ultra-thin micro-
crystalline semiconductor film with a thickness of about less
than or equal to 10 nm is formed by a plasma CVD method or
the like, although a semiconductor film which contains
microcrystal grains can be formed, it is difficult to obtain a
semiconductor film which contains microcrystal grains
which has high quality uniformly throughout the film. In
these cases, a laser process of irradiation with a laser beam to
be described below is effective.

[0125] Next, the surface of the microcrystalline silicon film
is irradiated with a laser beam having such an energy density
that the microcrystalline silicon film is not melted. This laser
process (hereinafter also referred to as “LP”) of this embodi-
ment mode involves solid-phase crystal growth which is per-
formed by radiation heating without the microcrystalline sili-
con film being melted. That is, the process utilizes a critical
region where a deposited semi-amorphous silicon film is not
brought into a liquid phase, and in that sense, the process can
also be referred to as “critical growth”.

[0126] The laser beam can affect a region to the interface
between the microcrystalline silicon film and the gate insu-
lating film. Accordingly, using the crystals on the surface side
of the microcrystalline silicon film as nuclei, solid-phase
crystal growth advances from the surface toward the interface
with the gate insulating film, and roughly column-like crys-
tals grow. The solid-phase crystal growth by the LP process is
not to increase the size of crystal grains but rather to improve
crystallinity in a film thickness direction.

[0127] In the LP process, for example, a microcrystalline
silicon film over a glass substrate of 730 mmx920 mm can be
processed by a single laser beam scan, by collecting a laser
beam into a long rectangular shape (a linear laser beam). In
this case, the proportion of overlap of linear laser beams (the
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overlap rate) is set to be 0% to 90% (preferably, 0% to 67%).
Accordingly, processing time for each substrate can be short-
ened, and the productivity can be increased. The shape of the
laser beam is not limited to a linear shape, and similar pro-
cessing can be conducted using a planar laser beam. In addi-
tion, the LP process of this embodiment mode is not limited to
be used for the glass substrate of the above size and can be
used for substrates of various sizes.

[0128] The LP process has effects in improving crystallin-
ity of an interface region with the gate insulating film and
improving electric characteristics of a thin film transistor
having a bottom gate structure like the thin film transistor of
this embodiment mode.

[0129] In such critical growth, there is also a feature in that
unevenness (a projecting body called a ridge), which is
observed on the surface of conventional low-temperature
polysilicon, is not formed and the smoothness of silicon sur-
face is maintained after the LP process.

[0130] A crystalline silicon film which is obtained by the
action of the laser beam directly on the microcrystalline sili-
con film after the formation as in this embodiment mode is
distinctly different in growth mechanism and film quality
from a conventional microcrystalline silicon film which is
obtained by being just deposited and a microcrystalline sili-
con film which is modified by conduction heating (the one
disclosed in Reference 1). In this specification, a crystalline
semiconductor film which is obtained through LP process
performed to a microcrystalline semiconductor film after the
formation is referred to as an LPSAS film.

[0131] After the microcrystalline semiconductor film such
as an LPSAS film is formed, an amorphous silicon (a-Si:H)
film is formed as a buffer layer by a plasma CVD method at
300° C. to 400° C. By formation of the amorphous silicon
film, hydrogen is supplied to the LPSAS film, and the same
effect as in the case of hydrogenation of the LPSAS film can
be achieved. In other words, by formation of the amorphous
silicon film over the LPSAS film, hydrogen is diffused into
the LPSAS film, so that a dangling bond can be terminated.
[0132] Subsequent manufacturing steps are similar to those
in Embodiment Mode 1. A channel protective layer is formed,
and a mask is formed thereover. Next, the microcrystalline
semiconductor film and the buffer layer are etched using the
mask. Then, a semiconductor film to which an impurity ele-
ment imparting one conductivity type is added and a conduc-
tive film are formed, and a mask is formed over the conductive
film. The conductive film is etched using the mask, so that
source and drain electrodes are formed. Further, using the
same mask, the semiconductor film to which an impurity
element imparting one conductivity type is added is etched
using the channel protective layer as an etching stopper, so
that source and drain regions are formed.

[0133] Through the above process, a channel stop type thin
film transistor can be formed, and a liquid crystal display
device including the channel stop type thin film transistor can
be manufactured.

[0134] This embodiment mode can be freely combined
with Embodiment Mode 1 or 2.

Embodiment Mode 4

[0135] This embodiment mode will describe an example of
a manufacturing process of a liquid crystal display device in
Embodiment Modes 1 to 3 in detail. Therefore, repetitive
description of the same components or components having

Jan. 22, 2009

similar functions as in Embodiment Modes 1 to 3 and manu-
facturing steps for forming those components will be omitted.

[0136] InEmbodiment Modes 1 to 3, before the microcrys-
talline semiconductor film is formed, a reaction chamber may
be subjected to cleaning and flush (washing) treatment (hy-
drogen flush using hydrogen as a flush substance, silane flush
using silane as a flush substance, or the like). By the flush
treatment, a film to be formed can be prevented from being
contaminated by an impurity such as oxygen. nitrogen, or
fluorine in a reaction chamber.

[0137] By the flush treatment, an impurity element such as
oxygen, nitrogen, or fluorine in a reaction chamber can be
removed. For example, silane flush treatment is performed in
the following manner: a plasma CVD apparatus is used, and
monosilane is used as a flush substance and introduced to a
chamber at a gas flow rate of 8 SLM to 10 SLM for 5 to 20
minutes, preferably 10 to 15 minutes. Note that 1 SLM is
1000 scem, that is, 0.06 m>/h.

[0138] The cleaning can be performed with the use of, for
example, fluorine radicals. Note that a reaction chamber can
be cleaned with the use of fluorine radicals in the following
manner: carbon fluoride, nitrogen fluoride, or fluorine is
introduced to a plasma generator provided outside the reac-
tion chamber and the gas is dissociated, and the fluorine
radials are introduced to the reaction chamber.

[0139] The flush treatment may also be performed before
the gate insulating film, the buffer layer, the channel protec-
tive layer, and the semiconductor film to which an impurity
element imparting one conductivity type is added are formed.
Note that the flush treatment is effective when it is performed
after cleaning.

[0140] Before a substrate is carried into a reaction chamber
to perform film formation, the inner wall of each reaction
chamber may be coated with a protective film that is a film to
be formed (this coating is also referred to as pre-coating
treatment). Pre-coating treatment is treatment in which
plasma treatment is performed by flowing of'a deposition gas
in a reaction chamber to coat the inner wall of the reaction
chamber with a thin protective film in advance. For example,
before a microcrystalline silicon film is formed as the micro-
crystalline semiconductor film, pre-coating treatment may be
performed in which the inner wall of the reaction chamber is
coated with an amorphous silicon film with a thickness 0£0.2
pm to 0.4 pm. Flush treatment may be performed after pre-
coating treatment (hydrogen flush, silane flush, or the like). In
the case of performing cleaning and pre-coating treatment, it
is necessary that a substrate be carried out from a reaction
chamber. However, in the case of performing flush treatment
(hydrogen flush, silane flush, or the like), a substrate may be
in a reaction chamber because plasma treatment is not per-
formed.

[0141] A protective film formed of an amorphous silicon
film is formed on the inner wall of a reaction chamber in
which a microcrystalline silicon film is formed, and hydrogen
plasma treatment is performed before film formation. In this
case, the protective film is etched and an extremely small
amount of silicon is deposited on a substrate. The silicon can
be a nucleus of crystal growth.

[0142] By the pre-coating treatment, a film to be formed
can be prevented from being contaminated by an impurity
such as oxygen, nitrogen, or fluorine in a reaction chamber.
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[0143] The pre-coating treatment may be performed before
formation of a gate insulating film and a semiconductor film
to which an impurity element imparting one conductivity type
is added.

[0144] An example of a method for forming a gate insulat-
ing film, a microcrystalline semiconductor film, and a buffer
layer is described in detail.

[0145] FIGS. 10A and 10B each show an example of a
plasma CVD apparatus which can be used for the present
invention. FIGS. 10A and 10B each show a microwave
plasma CVD apparatus which can perform successive film
formation. FIGS. 10A and 10B are plane views each sche-
matically showing a microwave plasma CVD apparatus. A
loading chamber 1110, an unloading chamber 1115, and reac-
tion chambers (1) 1111 to (4) 1114 are provided around a
common chamber 1120. Gate valves 1122 to 1127 are pro-
vided between the common chamber 1120 and each chamber
so that treatment in each chamber does not have influence on
treatment in other chambers. Note that the number of reaction
chambers is not limited to four, and the number of reaction
chambers may be more than four or less than four. When the
number of reaction chambers is large, reaction chambers can
be allocated according to a kind of a film to be formed; thus,
the number of cleaning of the reaction chamber can be
reduced. FIG. 10A shows an example of a microwave plasma
CVD apparatus provided with four reaction chambers, and
FIG. 10B shows an example of a microwave plasma CVD
apparatus provided with three reaction chambers.

[0146] An example is described in which a gate insulating
layer, a microcrystalline semiconductor film, a buffer layer,
and a channel protective layer are formed using a plasma
CVD apparatus shown in FIGS. 10A and 10B. Substrates are
set in a cassette 1128 and a cassette 1129 of the loading
chamber 1110 and the unloading chamber 1115, and trans-
ferred to the reaction chambers (1) 1111 to (4) 1114 by a
transfer unit 1121 of the common chamber 1120. In this
apparatus, reaction chambers can be allocated according to
the films to be deposited, and a plurality of different films can
be formed successively without being exposed to the atmo-
sphere. In addition, the reaction chamber is also used as a
reaction chamber for performing an etching process or laser
irradiation process, in addition to a film-formation process.
When reaction chambers for various processes are provided,
various processes can be performed without exposing the
substrate to the atmosphere.

[0147] In each of the reaction chambers (1) to (4), the gate
insulating film, the microcrystalline semiconductor film, the
buffer layer, and the channel protective layer are stacked. In
this case, the plurality of different kinds of films can be
stacked successively by changing source gases. Further, in
this case, after the gate insulating film is formed, silicon
hydride such as silane is introduced to the reaction chamber
so that an oxygen residue is reacted with silicon hydride, and
the reactant is ejected outside the reaction chamber; thus, the
concentration of an oxygen residue in the reaction chamber
can be reduced. Accordingly, the concentration of oxygen
contained in the microcrystalline semiconductor film can be
reduced. In addition, crystal grains included in the microc-
rystalline semiconductor film can be prevented from being
oxidized.

[0148] Further, in a plasma CVD apparatus, films of one
kind may be formed in a plurality of reaction chambers in
order to improve productivity. When films of one kind can be
formed in a plurality of reaction chambers, films can be
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concurrently formed over a plurality of substrates. For
example, in F1G. 10A, the reaction chambers (1) and (2) are
used as reaction chambers in each of whicha microcrystalline
semiconductor film is formed, the reaction chamber (3) is
used as a reaction chamber in which an amorphous semicon-
ductor film is formed, and the reaction chamber (4) is used as
a reaction chamber in which a channel protective layer is
formed. In the case where a plurality of substrates is concur-
rently treated as described above, a plurality of reaction
chambers is provided, in each of which a film with a low
deposition rate is formed, so that productivity can be
improved.

[0149] Before a substrate is carried into a reaction chamber
to perform film formation, it is preferable to perform clean-
ing, flush (washing) treatment (hydrogen flush, silane flush,
or the like), and coating by which the inner wall of each
reaction chamber is coated with a protective film thatis a film
to be formed (this coating is also referred to as pre-coating
treatment). Pre-coating treatment is treatment in which
plasma treatment is performed by flowing of'a deposition gas
in a reaction chamber to coat the inner wall of the reaction
chamber with a thin protective film in advance. For example,
before a microcrystalline silicon film is formed as the micro-
crystalline semiconductor film, pre-coating treatment may be
performed in which the inner wall of the reaction chamber is
coated with an amorphous silicon film with a thickness 0f 0.2
pmto 0.4 pm. Flush treatment (hydrogen flush, silane flush, or
the like) may be performed after pre-coating treatment. In the
case of performing cleaning and pre-coating treatment, it is
necessary that the substrate be carried out from a reaction
chamber. However, in the case of performing flush treatment
(hydrogen flush, silane flush, or the like), a substrate may be
in a reaction chamber because plasma treatment is not pet-
formed.

[0150] A protective film formed of an amorphous silicon
film is formed on the inner wall of a reaction chamber in
which a microcrystalline silicon film is formed, and hydrogen
plasma treatment is performed before film formation. In this
case, the protective film is etched and an extremely small
amount of silicon is deposited on a substrate. The silicon can
be a nucleus of crystal growth.

[0151] In this manner, with use of the microwave plasma
CVD apparatus in which the plurality of chambers is con-
nected, the gate insulating film, the microcrystalline semicon-
ductor film, the buffer layer, the channel protective layer, and
the semiconductor film to which an impurity element impart-
ing one conductivity type is added can be concurrently
formed; thus, the mass productivity can be enhanced. Further,
also when one reaction chamber is being subjected to main-
tenance or cleaning, the films can be formed in other reaction
chambers, and the films can be formed efficiently. In addition,
an interface between the films can be formed without being
contaminated by atmospheric components or impurity ele-
ments contained in the atmosphere; thus, variation in charac-
teristics of the thin film transistors can be reduced.

[0152] With use of the microwave plasma CVD apparatus
having such a structure, films of similar kinds or one kind can
be formed in each reaction chamber, and the films can be
successively formed without being exposed to the atmo-
sphere. Thus, an interface between the films can be formed
without being contaminated by a residue of another film
which has already been formed or impurity elements con-
tained in the atmosphere.
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[0153] Further, a microwave generator and a high fre-
quency wave generator may be provided; thus, the gate insu-
lating film, the microcrystalline semiconductor film, the
channel protective layer, and the semiconductor film to which
an impurity element imparting one conductivity type is added
may be formed by a microwave plasma CVD method, and the
buffer layer may be formed by a high frequency plasma CVD
method.

[0154] Although the microwave plasma CVD apparatus in
FIGS. 10A and 10B is provided with the loading chamber and
the unloading chamber separately, a loading chamber and an
unloading chamber may be combined and a loading/unload-
ing chamber may be provided. In addition, the microwave
plasma CVD apparatus may be provided with a spare cham-
ber. By pre-heating of the substrate in the spare chamber, it is
possible to shorten heating time before formation of the film
in each reaction chamber, so that the throughput can be
improved. In the film-formation treatment, a gas supplied
from a gas supply portion may be selected in accordance with
its purpose.

[0155] This embodiment mode can be combined with the
structure disclosed in other embodiment modes, as appropri-
ate.

Embodiment Mode 5

[0156] This embodiment mode will describe examples of
liquid crystal display devices including the thin film transis-
tors described in Embodiment Modes 1 to 4 with reference to
FIGS. 12 to 25. A TFT 628 and a TFT 629 used for liquid
crystal display devices shown in FIGS. 12 to 25 can be manu-
factured in a similar manner to the thin film transistor
described in Embodiment Mode 1 or 2 and have high electric
characteristics and high reliability. The TFT 628 and the TFT
629 include a channel protective layer 608 and a channel
protective layer 611, respectively, and are inverted staggered
thin film transistors including microcrystalline semiconduc-
tor films as channel formation regions.

[0157] First, a vertical alignment (VA) liquid crystal dis-
play device is described. The VA liquid crystal display device
has a kind of form in which alignment of liquid crystal mol-
ecules of a liquid crystal display panel is controlled. The VA
liquid crystal display device has a form in whichliquid crystal
molecules are vertical to a panel surface when voltage is not
applied. In particular, in this embodiment mode, it is devised
that a pixel is divided into several regions (sub-pixels) so that
molecules are aligned in different directions in the respective
regions. This is referred to as domain multiplication or multi-
domain design. In the following description, a liquid crystal
display device with multi-domain design is described.
[0158] FIG. 13 and FIG. 14 show a pixel electrode and a
counter electrode, respectively. FIG. 13 is a plane view of a
side of a substrate provided with the pixel electrode. FIG. 12
shows a cross-sectional structure along a line G-H in F1G. 13.
FIG. 14 is a plane view of a side of a substrate provided with
the counter electrode. Hereinafter, description is made with
reference to these drawings.

[0159] FIG. 12 shows a state in which a substrate 600
provided with a TFT 628, a pixel electrode 624 connected to
the TFT 628, and a storage capacitor portion 630 overlaps
with a counter substrate 601 provided with a counter elec-
trode 640 and the like, and liquid crystal is injected therebe-
tween.

[0160] At the position where the counter substrate 601 is
provided with a spacer 642, a light-blocking film 632, a first
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color film 634, a second color film 636, a third color film 638,
and the counter electrode 640 are formed. With this structure,
the height of a projection 644 for controlling alignment of the
liquid crystal and the height of the spacer 642 vary. An align-
ment film 648 is formed over the pixel electrode 624. Simi-
larly, the counter electrode 640 is also provided with an align-
ment film 646. A liquid crystal layer 650 is formed between
the alignment films 646 and 648.

[0161] Although a columnar spacer is used for the spacer
642 in this embodiment mode, bead spacers may be dis-
persed. Further, the spacer 642 may also be formed over the
pixel electrode 624 provided over the substrate 600.

[0162] The TFT 628, the pixel electrode 624 connected to
the TFT 628, and the storage capacitor portion 630 are formed
over the substrate 600. The pixel electrode 624 is connected to
a wiring 618 via a contact hole 623 which penetrates an
insulating film 620 which covers the TFT 628, the wiring 618,
and the storage capacitor portion 630 and also penetrates a
third insulating film 622 which covers the insulating film 620.
The thin film transistor described in Embodiment Mode 1 can
be used as the TFT 628 as appropriate. The storage capacitor
portion 630 includes a first capacitor wiring 604 which is
formed in a similar manner to a gate wiring 602 of the TFT
628, a gate insulating film 606, and a second capacitor wiring
617 which is formed in a similar manner to a wiring 616 and
the wiring 618. In FIGS. 12, 13, 14, and 15, in the TFT 628,
a microcrystalline semiconductor film, a buffer layer, semi-
conductor films to which an impurity element imparting one
conductivity type is added and which function as source and
drain regions, and wirings which also function as source and
drain electrodes are patterned by the same etching process
and stacked with almost the same shape.

[0163] Aliquid crystal element is formed by overlapping of
the pixel electrode 624, the liquid crystal layer 650, and the
counter electrode 640.

[0164] FIG. 13 shows a structure over the substrate 600.
The pixel electrode 624 is formed using the material
described in Embodiment Mode 1. The pixel electrode 624 is
provided with a slit 625. The slit 625 is for controlling align-
ment of the liquid crystal.

[0165] A TFT 629, a pixel electrode 626 connected to the
TFT 629, and a storage capacitor portion 631 shown in FIG.
13 can be formed in a similar manner to the TF T 628, the pixel
electrode 624, and the storage capacitor portion 630, respec-
tively. Both the TFT 628 and the TFT 629 are connected to the
wiring 616. A pixel of this liquid crystal display panel
includes the pixel electrodes 624 and 626. Each of the pixel
electrodes 624 and 626 is in a sub-pixel.

[0166] FIG. 14 shows a structure of the counter substrate
side. The counter electrode 640 is formed over the light-
blocking film 632. The counter electrode 640 is preferably
formed using a material similar to that of the pixel electrode
624. The projection 644 for controlling alignment of the
liquid crystal is formed over the counter electrode 640. More-
over, the spacer 642 is formed corresponding to the position
of the light-blocking film 632.

[0167] FIG. 15 shows an equivalent circuit of this pixel
structure. Both the TFT 628 and the TFT 629 are connected to
the gate wiring 602 and the wiring 616. In this case, when
potentials of the capacitor wiring 604 and a capacitor wiring
605 are different from each other, operations of liquid crystal
elements 651 and 652 can vary. That is, alignment of the
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liquid crystal is precisely controlled and a viewing angle is
increased by individual control of potentials of the capacitor
wirings 604 and 605.

[0168] When voltage is applied to the pixel electrode 624
provided with the slit 625, electric field distortion (an oblique
electric field) is generated near the slit 625. The slit 625 and
the projection 644 on the counter substrate 601 side are alter-
nately arranged in an engaging manner, and thus, an oblique
electric field is effectively generated to control alignment of
the liquid crystal, so that a direction of alignment of the liquid
crystal varies depending on location. That is, a viewing angle
of the liquid crystal display panel is increased by domain
multiplication.

[0169] Next, another VA liquid crystal display device,
which is different from the above-described device, is
described with reference to FIG. 16, FIG. 17, FIG. 18, and
FIG. 19.

[0170] FIG. 16 and FI1G. 17 each show a pixel structure of
a VA liquid crystal display panel. FIG. 17 is a plane view of a
substrate 600. FIG. 16 shows a cross-sectional structure along
a line Y-Z in FIG. 17. Hereinafter, description is made with
reference to these drawings.

[0171] Inthis pixel structure, a plurality of pixel electrodes
is included in one pixel, and a TFT is connected to each pixel
electrode. Each TFT is driven by a different gate signal. That
is, this is a structure in which a signal supplied to each pixel
electrode is individually controlled in a multi-domain pixel.
[0172] Via a contact hole 623, a pixel electrode 624 is
connected to a TFT 628 through a wiring 618. Via a contact
hole 627, a pixel electrode 626 is connected to a TFT 629
through a wiring 619. A gate wiring 602 of the TFT 628 and
a gate wiring 603 of the TFT 629 are separated so that differ-
ent gate signals can be given thereto. In contrast, a wiring 616
functioning as a data line is used in common for the TFTs 628
and 629. As each of the TFTs 628 and 629, the thin film
transistor described in Embodiment Mode 1 can be used as
appropriate. Also, a capacitor wiring 690 is provided. In
FIGS. 16 to 25, in the TFT 628 and the TFT 629, semicon-
ductor films to which an impurity element imparting one
conductivity type is added and which function as source and
drain regions and wirings which also function as source and
drain electrodes are patterned by the same etching process
and stacked with almost the same shape.

[0173] The pixel electrodes 624 and 626 have different
shapes and are separated by the slit 625. The pixel electrode
626 is formed so as to surround the external side of the pixel
electrode 624 which is spread into a V shape. Timing of
voltage application is made to vary between the pixel elec-
trodes 624 and 626 by the TFTs 628 and 629 in order to
control alignment of the liquid crystal. FIG. 19 shows an
equivalent circuit of this pixel structure. The TFT 628 is
connected to the gate wiring 602. The TFT 629 is connected
to the gate wiring 603. When different gate signals are sup-
plied to the gate wirings 602 and 603, operation timings of the
TFTs 628 and 629 can vary.

[0174] A counter substrate 601 is provided with a light-
blocking film 632, a second color film 636, and a counter
electrode 640. Moreover, a planarization film 637 is formed
between the second color film 636 and the counter electrode
640 to prevent alignment disorder of the liquid crystal. FIG.
18 shows a structure of the counter substrate side. A slit 641
is formed in the counter electrode 640, which is used in
common between different pixels. The slit 641 and the slit
625 on the pixel electrodes 624 and 626 side are alternately
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arranged in an engaging manner; thus, an oblique electric
field is effectively generated, and alignment of the liquid
crystal can be controlled. Accordingly, a direction in which
the liquid crystal is aligned can vary depending on location,
and a viewing angle is increased.

[0175] A first liquid crystal element is formed by overlap-
ping of the pixel electrode 624, aliquid crystal layer 650, and
the counter electrode 640. A second liquid crystal element is
formed by overlapping of the pixel electrode 626, the liquid
crystal layer 650, and the counter electrode 640. This is a
multi-domain structure in which the first liquid crystal ele-
ment and the second liquid crystal element are included in one
pixel.

[0176] Next,ahorizontal electric field liquid crystal display
device is described. The horizontal electric field mode is a
mode in which an electric field is horizontally applied to
liquid crystal molecules in a cell, whereby the liquid crystal is
driven to express a gray scale. By this method, a viewing
angle can be increased to approximately 180 degrees. Here-
inafter, aliquid crystal display device employing the horizon-
tal electric field mode is described.

[0177] FIG. 20 shows a state in which a substrate 600
provided with a TFT 628 and a pixel electrode 624 connected
to the TFT 628 overlaps with a counter substrate 601, and
liquid crystal is injected therebetween. The counter substrate
601 is provided with a light-blocking film 632, a second color
film 636, a planarization film 637, and the like. The pixel
electrode is provided on the substrate 600 side, and it is not
provided on the counter substrate 601 side. A liquid crystal
layer 650 is formed between the substrate 600 and the counter
substrate 601.

[0178] A first pixel electrode 607, a capacitor wiring 604
connected to the first pixel electrode 607, and the TFT 628
described in Embodiment Mode 1 are formed over the sub-
strate 600. The first pixel electrode 607 can be formed using
amaterial similar to that of the pixel electrode 77 described in
Embodiment Mode 1. The first pixel electrode 607 is formed
into a shape which is compartmentalized roughly into a pixel
shape. Note that a gate insulating film 606 is formed over the
first pixel electrode 607 and the capacitor wiring 604.
[0179] Wirings 616 and 618 ofthe TFT 628 are formed over
the gate insulating film 606. The wiring 616 serves as a data
line extending in one direction, through which a video signal
is transmitted in a liquid crystal display panel, and is con-
nected to a source region of the TFT 628 and serves as one of
a source electrode and a drain electrode. The wiring 618
serves as the other of the source electrode and the drain
electrode, and is connected to a second pixel electrode 624.
[0180] A second insulating film 620 is formed over the
wirings 616 and 618. Over the insulating film 620, the second
pixel electrode 624 connected to the wiring 618 via a contact
hole formed in the insulating film 620 is formed. The pixel
electrode 624 is formed using a material similar to that of the
pixel electrode 77 described in Embodiment Mode 1.

[0181] Insuch amanner, the TFT 628 and the second pixel
electrode 624 connected to the TFT 628 are formed over the
substrate 600. Note that a storage capacitor is formed between
the first pixel electrode 607 and the second pixel electrode
624.

[0182] FIG. 21 is a plane view showing a structure of the
pixel electrode. FIG. 20 shows a cross-sectional structure
taken along a line O-P in FIG. 21. The pixel electrode 624 is
provided with a slit 625. The slit 625 is for controlling align-
ment of the liquid crystal. In this case, an electric field is
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generated between the first pixel electrode 607 and the second
pixel electrode 624. The thickness of the gate insulating film
606 formed between the first pixel electrode 607 and the
second pixel electrode 624 is 50 nm to 200 nm, which is thin
enough compared to the liquid crystal layer with a thickness
of 2 yum to 10 um. Accordingly, an electric field is generated
substantially in parallel (in a horizontal direction) to the sub-
strate 600. Alignment of the liquid crystal is controlled by the
electric field. The liquid crystal molecules are horizontally
rotated using the electric field which is approximately parallel
to the substrate. In this case, since the liquid crystal molecules
are parallel to the substrate in any state, contrast or the like is
less affected by change in angle of viewing, and a viewing
angle is increased. Further, since both the first pixel electrode
607 and the second pixel electrode 624 are light-transmitting
electrodes, an aperture ratio can be increased.

[0183] Next, another example of a horizontal electric field
liquid crystal display device is described.

[0184] FIG. 22 and FIG. 23 each show a pixel structure of
an IPS liquid crystal display device. FIG. 23 is a plane view.
FIG. 22 shows a cross-sectional structure along a line I-J in
FIG. 23. Hereinafter, description is made with reference to
these drawings.

[0185] FIG. 22 shows a state in which a substrate 600
provided with a TFT 628 and a pixel electrode 624 connected
to the TFT 628 overlaps with a counter substrate 601, and
liquid crystal is injected therebetween. The counter substrate
601 is provided with a light-blocking film 632, a second color
film 636, a planarization film 637, and the like. The pixel
electrode is provided on the substrate 600 side, and it is not
provided on the counter substrate 601 side. A liquid crystal
layer 650 is formed between the substrate 600 and the counter
substrate 601.

[0186] A common potential line 609 and the TFT 628
described in Embodiment Mode 1 are formed over the sub-
strate 600. The common potential line 609 can be formed at
the same time as a gate wiring 602 of the TFT 628. A first pixel
electrode 607 is formed into a shape which is compartmen-
talized roughly into a pixel shape.

[0187] Wirings 616 and 618 of the TFT 628 are formed over
a gateinsulating film 606. The wiring 616 serves as a data line
extending in one direction, through which a video signal is
transmitted in a liquid crystal display panel, and is connected
to asourceregion of the TFT 628 and serves as one ofa source
electrode and a drain electrode. The wiring 618 serves as the
other of the source electrode and the drain electrode, and is
connected to a second pixel electrode 624.

[0188] A second insulating film 620 is formed over the
wirings 616 and 618. Over the insulating film 620, the second
pixel electrode 624 connected to the wiring 618 via a contact
hole 623 formed in the insulating film 620 is formed. The
pixel electrode 624 is formed using a material similar to that
of the pixel electrode 77 described in Embodiment Mode 1.
Note that as shown in FIG. 23, the pixel electrode 624 is
formed so as to generate a horizontal electric field with a
comb-shaped electrode which is formed at the same time as
the common potential line 609. Moreover, the pixel electrode
624 is formed so that comb-teeth portions of the pixel elec-
trode 624 are alternately engaged with the comb-shaped elec-
trode which is formed at the same time as the common poten-
tial line 609.

[0189] Alignment of the liquid crystal is controlled by an
electric field generated between a potential applied to the
pixel electrode 624 and a potential of the common potential
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line 609. The liquid crystal molecules are horizontally rotated
using the electric field which is approximately parallel to the
substrate. In this case, since the liquid crystal molecules are
parallel to the substrate in any state, contrast or the like is less
affected by change in angle of viewing, and a viewing angle
is increased.

[0190] In such a manner, the TFT 628 and the pixel elec-
trode 624 connected to the TFT 628 are formed over the
substrate 600. A storage capacitor is formed by the common
potential line 609, a capacitor electrode 615, and the gate
insulating film 606 provided therebetween. The capacitor
electrode 615 and the pixel electrode 624 are connected via a
contact hole 633.

[0191] Next,amode ofa TN liquid crystal display device is
described.
[0192] FIG. 24 and FIG. 25 each show a pixel structure of

a TN liquid crystal display device. FIG. 25 is a plane view.
FIG. 24 shows a cross-sectional structure along a line K-L in
FIG. 25. Hereinafter, description is made with reference to
these drawings.

[0193] A pixel electrode 624 is connected to a TFT 628
through a wiring 618 via a contact hole 623. A wiring 616
functioning as a data line is connected to the TFT 628. As the
TFT 628, any of the TFTs described in Embodiment Mode 1
can be used.

[0194] The pixel electrode 624 is formed using the pixel
electrode 77 described in Embodiment Mode 1.

[0195] A counter substrate 601 is provided with a light-
blocking film 632, a second color film 636, and a counter
electrode 640. A planarization film 637 is formed between the
second color film 636 and the counter electrode 640 to pre-
vent alignment disorder of liquid crystal. A liquid crystal
layer 650 is formed between the pixel electrode 624 and the
counter electrode 640, with alignment films 648 and 649
interposed.

[0196] Aliquid crystal element is formed by overlapping of
the pixel electrode 624, the liquid crystal layer 650, and the
counter electrode 640.

[0197] The substrate 600 or the counter substrate 601 may
also be provided with a color filter, a blocking film (a black
matrix) for preventing disclination, or the like. Further, a
polarizing plate is attached to a surface of the substrate 600,
which is opposite to a surface on which the thin film transistor
is formed. Moreover, a polarizing plate is attached to a surface
of the counter substrate 601, which is opposite to a surface on
which the counter electrode 640 is formed.

[0198] Through the above-described steps, the liquid crys-
tal display device can be formed. Since a thin film transistor
with small off current, high electric characteristics, and high
reliability is used for the liquid crystal display device of this
embodiment mode, the liquid crystal display device has high
contrast and high visibility.

Embodiment Mode 6

[0199] This embodiment mode will describe below a struc-
ture of a liquid crystal display panel (also referred to as a
liquid crystal panel) which is one mode of the liquid crystal
display device of the present invention.

[0200] FIG. 9A shows a mode of a liquid crystal display
panel in which a pixel portion 6012 formed over a substrate
6011 is connected to a signal line driver circuit 6013 which is
separately formed. The pixel portion 6012 and a scanning line
driver circuit 6014 are each formed with a thin film transistor
which uses a microcrystalline semiconductor film. By form-
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ing the signal line driver circuit with a thin film transistor by
whichhigher mobility can be obtained compared to a thin film
transistor using the microcrystalline semiconductor film,
operation of the signal line driver circuit which demands a
higher driving frequency than that of the scanning line driver
circuit can be stabilized. Note that the signal line driver circuit
6013 may be formed with a transistor using a single-crystal-
line semiconductor, a thin film transistor using a polycrystal-
line semiconductor, or a thin film transistor using SOI. The
pixel portion 6012, the signal line driver circuit 6013, and the
scanning line driver circuit 6014 are each supplied with
potential of a power source, a variety of signals, and the like
via an FPC 6015.

[0201] Note that the signal driver circuit and the scanning
line driver circuit may both be formed over the same substrate
as that of the pixel portion.

[0202] Also, when the driver circuit is separately formed, a
substrate provided with the driver circuit is not always
required to be attached to a substrate provided with the pixel
portion, and may be attached to, for example, the FPC. FIG.
9B shows a mode of a liquid crystal display panel in which a
signal line driver circuit 6023 is separately formed and con-
nected to a pixel portion 6022 and a scanning line driver
circuit 6024 which are formed over a substrate 6021. The
pixel portion 6022 and the scanning line driver circuit 6024
are each formed with a thin film transistor which uses a
microcrystalline semiconductor film. The signal line driver
circuit 6023 is connected to the pixel portion 6022 via an FPC
6025. The pixel portion 6022, the signal line driver circuit
6023, and the scanning line driver circuit 6024 are each sup-
plied with potential of a power source, a variety of signals,
and the like via the FPC 6025.

[0203] Also, part of the signal line driver circuit or part of
the scanning line driver circuit may be formed over the same
substrate as that of the pixel portion using the thin film tran-
sistor which uses a microcrystalline semiconductor film, and
the rest may be formed separately and electrically connected
to the pixel portion. FIG. 9C shows a mode of a liquid crystal
display panel in which an analog switch 60334 included in the
signal line driver circuit is formed over a substrate 6031, over
which a pixel portion 6032 and a scanning line driver circuit
6034 are formed, and a shift register 60334 included in the
signal line driver circuit is formed over a different substrate
separately and then attached to the substrate 6031. The pixel
portion 6032 and the scanning line driver circuit 6034 are
each formed with the thin film transistor which uses a micro-
crystalline semiconductor film. The shift register 60335
included in the signal line driver circuit is connected to the
pixel portion 6032 via an FPC 6035. The pixel portion 6032,
the signal line driver circuit, and the scanning line driver
circuit 6034 are each supplied with potential of a power
source, a variety of signals, and the like via the FPC 6035.
[0204] As shown in FIGS. 9A to 9C, in the liquid crystal
display device of the present invention, an entire driver circuit
or part thereof can be formed over the same substrate as that
of a pixel portion, using the thin film transistor which uses a
microcrystalline semiconductor film.

[0205] Note that there are no particular limitations on a
connection method of a separately formed substrate, and a
known method such as a COG method, a wire bonding
method, or a TAB method can be used. Further, a connection
position is not limited to the position shown in FIGS. 9A to
9C, as long as electrical connection is possible. Also, a con-
troller, a CPU, a memory, or the like may be formed sepa-
rately and connected.

[0206] Note that the signal line driver circuit used in the
present invention is not limited to a mode including only a
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shift register and an analog switch. In addition to the shift
register and the analog switch, another circuit such as a buffer,
alevel shifter, or a source follower may be included. Also, the
shift register and the analog switch are not always required to
be provided, and for example, a different circuit such as a
decoder circuit by which selection of signal lines is possible
may be used instead of the shift register, and alatch or the like
may be used instead of the analog switch.

[0207] Then, anexternal view and a cross section of a liquid
crystal display panel which is one mode of the liquid crystal
display device of the present invention will be described with
reference to FIGS. 11A and 11B. FIG. 11A is a top view of a
panel in which a thin film transistor 4010 including a micro-
crystalline semiconductor film and a liquid crystal element
4013 which are formed over a first substrate 4001 are sealed
between the first substrate 4001 and a second substrate 4006
with a sealant 4005, and FIG. 11B corresponds to a cross-
sectional view of a cross section taken along a line M-N in
FIG. 11A.

[0208] The sealant 4005 is provided so as to surround a
pixel portion 4002 and a scanning line driver circuit 4004
which are provided over the first substrate 4001. The second
substrate 4006 is provided over the pixel portion 4002 and the
scanning line driver circuit 4004. Therefore, the pixel portion
4002 and the scanning line driver circuit 4004 as well as a
liquid crystal 4008 are sealed between the first substrate 4001
and the second substrate 4006 with the sealant 4005. A signal
line driver circuit 4003 formed over a substrate, which is
prepared separately, using a polycrystalline semiconductor
film is mounted at a region different from the region sur-
rounded by the sealant 4005 over the first substrate 4001. This
embodiment mode will describe an example of attaching the
signal line driver circuit 4003 including a thin film transistor
formed using a polycrystalline semiconductor film to the first
substrate 4001. Alternatively, a signal line driver circuit
including a thin film transistor, which is formed using a
single-crystalline semiconductor film, may be attached to the
first substrate 4001. FIG. 11B exemplifies a thin film transis-
tor 4009 formed using a polycrystalline semiconductor film,
which is included in the signal line driver circuit 4003.
[0209] The pixel portion 4002 and the scanning line driver
circuit 4004 which are provided over the first substrate 4001
each include a plurality of thin film transistors. FIG. 11B
exemplifies the thin film transistor 4010 included in the pixel
portion 4002. The thin film transistor 4010 corresponds to a
thin film transistor which uses a microcrystalline semicon-
ductor film and can be formed through the manufacturing
steps shown in Embodiment Modes 1 to 4.

[0210] Inaddition, reference numeral 4013 denotes aliquid
crystal element. A pixel electrode 4030 of the liquid crystal
element 4013 is electrically connected to the thin film tran-
sistor 4010 through a wiring 4040. A counter electrode 4031
of the liquid crystal element 4013 is formed on the second
substrate 4006. The liquid crystal element 4013 corresponds
to a region where the pixel electrode 4030 and the counter
electrode 4031 sandwich the liquid crystal 4008.

[0211] Note that as the first substrate 4001 and the second
substrate 4006, glass, metal (typically, stainless steel), ceram-
ics, or plastic can be used. As for plastic, an FRP (fiberglass-
reinforced plastics) plate, a PVF (polyvinyl fluoride) film, a
polyester film, or an acrylic resin film can be used. In addi-
tion, a sheet with a structure in which an aluminum foil is
sandwiched by a PVF film or a polyester film can be used.
[0212] A spherical spacer 4035 is provided to control a
distance (a cell gap) between the pixel electrode 4030 and the
counter electrode 4031. A spacer which is obtained by etching
an insulating film as selected may also be used.
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[0213] A variety of signals and potential are supplied to the
signal line driver circuit 4003 which is formed separately, the
scanning line driver circuit 4004, or the pixel portion 4002 via
wirings 4014 and 4015 from an FPC 4018.

[0214] In this embodiment mode, a connecting terminal
4016 is formed of the same conductive film as that of the pixel
electrode 4030 included in the liquid crystal element 4013. In
addition, the wirings 4014 and 4015 are formed of the same
conductive film as that of the wiring 4041.

[0215] The connecting terminal 4016 is electrically con-
nected to a terminal included in the FPC 4018 through an
anisotropic conductive film 4019.

[0216] Although not illustrated, the liquid crystal display
device shown in this embodiment mode includes an align-
ment film, a polarizing plate, and further, may include a color
filter and a light-blocking film.

[0217] Note that FIGS. 11A and 11B show an example in
which the signal line driver circuit 4003 is formed separately
and mounted on the first substrate 4001, but this embodiment
mode is not limited to this structure. The scanning line driver
circuit may be separately formed and then mounted, or only
part of the signal line driver circuit or part of the scanning line
driver circuit may be separately formed and then mounted.
[0218] This embodiment mode can be implemented in
combination with the structures of other embodiment modes.

Embodiment Mode 7

[0219] Liquid crystaldisplay devices and the like which are
obtained according to the present invention can be used for
liquid crystal display modules (also referred to as liquid crys-
tal modules). That is, the present invention can be imple-
mented in all electronic devices in which these modules are
incorporated into a display portion.

[0220] As those kinds of electronic devices, cameras such
as video cameras and digital cameras; displays that can be
mounted on a person’s head (goggle-type displays); car navi-
gation systems; projectors; car stereos; personal computers;
portable information terminals (such as mobile computers,
cellular phones, and electronic book readers); and the like can
be given. Examples of these devices are shown in FIGS. 7A to
7C.

[0221] FIG. 7A shows a television device. A television
device can be completed by incorporation of a liquid crystal
display module into a chassis as shown in FIG. 7A. A liquid
crystal display panel including components up to an FPC is
also referred to as a liquid crystal display module. A main
screen 2003 is formed with a liquid crystal display module,
and speaker units 2009, operation switches, and the like are
provided as accessory equipment. In this manner, a television
device can be completed.

[0222] As shown in FIG. 7A, a liquid crystal display panel
2002 using liquid crystal elements is incorporated into a
chassis 2001, and in addition to reception of general televi-
sion broadcast by a receiver 2005, communication of infor-
mation in one direction (from a transmitter to a receiver) or in
two directions (between a transmitter and a receiver or
between receivers) can be performed by connection to a wired
or wireless communication network via a modem 2004.
Operations of the television device can be carried out using
switches that are incorporated into the chassis or by a remote
control device 2006 provided separately, and a display por-
tion 2007 that displays information to be output may be
provided for the remote control device.

[0223] Furthermore, in a television device, a sub-screen
2008 may be formed using a second liquid crystal display
panel and used to display channel number, volume, and the
like, in addition to the main screen 2003.
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[0224] FIG. 8 shows a block diagram showing the main
structure of atelevision device. A pixel portion 901 is formed
in the liquid crystal display panel. A signal line driver circuit
902 and a scanning line driver circuit 903 may be mounted on
the liquid crystal display panel by a COG method.

[0225] As another external circuit, a video signal amplifier
circuit 905 which amplifies a video signal among signals
received by a tuner 904, a video signal processing circuit 906
which converts the signals output from the video signal
amplifier circuit 905 into chrominance signals corresponding
to red, green, and blue, a control circuit 907 which converts
the video signal into an input specification of the driver IC,
and the like are provided on an input side of the video signal.
The control circuit 907 outputs signals to a scanning line side
and a signal line side. In the case of digital driving, a signal
dividing circuit 908 may be provided on the signal line side
and an input digital signal may be split into m pieces to be
supplied.

[0226] Among signals received by the tuner 904, an audio
signal is transmitted to an audio signal amplifier circuit 909,
and the output thereof is supplied to a speaker 913 through an
audio signal processing circuit 910. A control circuit 911
receives control information of a receiving station (reception
frequency) or sound volume from an input portion 912 and
transmits signals to the tuner 904 and the audio signal pro-
cessing circuit 910.

[0227] The present invention is not limited to the television
device and is also applicable to various usages such as display
mediums having a large area, for example, a monitor of a
personal computer, an information display board at a railway
station, an airport, or the like, or an advertisement display
board on the street.

[0228] FIG. 7B shows an example of a cellular phone 2301.
This cellular phone 2301 has a display portion 2302, an
operation portion 2303, and the like. When the liquid crystal
display device described in the preceding embodiment modes
is applied to the display portion 2302, reliability and mass
productivity of the cellular phone 2301 can be improved.
[0229] A portable computer shown in FIG. 7C includes a
main body 2401, a display portion 2402, and the like. When
the liquid crystal display device described in the preceding
embodiment modes is applied to the display portion 2402,
reliability and mass productivity of the portable computer can
be improved.

[0230] This application is based on Japanese Patent Appli-
cation Serial No. 2007-190219 filed with Japan Patent Office
on Jul. 20, 2007, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a gate electrode;

a gate insulating film formed over the gate electrode;

a microcrystalline semiconductor film including a channel
formation region formed over the gate insulating film;

a buffer layer formed over the microcrystalline semicon-
ductor film;

a channel protective layer which is formed over the buffer
layer to overlap with the channel formation region of the
microcrystalline semiconductor film;

a source region and a drain region formed over the channel
protective layer and the buffer layer; and

a source electrode and a drain electrode formed over the
source region and the drain region.

2. The liquid crystal display device according to claim 1,

further comprising a pixel electrode which is electrically
connected to the source electrode or the drain electrode.



US 2009/0021664 A1l
17

3. The liquid crystal display device according to claim 1,
wherein the buffer layer is formed using an amorphous semi-
conductor film.

4. The liquid crystal display device according to claim 1,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing nitrogen.

5. The liquid crystal display device according to claim 1,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing hydrogen.

6. The liquid crystal display device according to claim 1,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing fluorine, chlorine, bromine, or
iodine.

7. The liquid crystal display device according to claim 1,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing nitrogen, carbon, and oxygen at a
total concentration of greater than or equal to 1x10*° atoms/
em? and less than or equal to 15x10%° atoms/cm?.

8. The liquid crystal display device according to claim 1,
wherein end portions of the microcrystalline semiconductor
film which is formed to overlap with the gate electrode are
positioned more inwardly than end portions of the gate elec-
trode.

9. The liquid crystal display device according to claim 1,
wherein the source and drain regions extend beyond edges of
the source and drain electrodes, and

wherein a distance between edges of the source and drain

regions facing each other is shorter than a distance
between the edges of the source and drain electrodes
facing each other.

10. The liquid crystal display device according to claim 1,
wherein the buffer layer has a thickness within a range from
10 nm to 50 nm.

11. A liquid crystal display device comprising:

a gate electrode;

a gate insulating film formed over the gate electrode;

amicrocrystalline semiconductor film including a channel

formation region formed over the gate insulating film;

a buffer layer formed over the microcrystalline semicon-

ductor film;

a channel protective layer which is formed over the buffer

layer to overlap with the channel formation region of the
microcrystalline semiconductor film;
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a source region and a drain region formed over the channel

protective layer and the buffer layer;

a source electrode and a drain electrode formed over the

source region and the drain region; and

an insulating film formed over the channel protective layer,

the source electrode, and the drain electrode.

12. The liquid crystal display device according to claim 11,
further comprising a pixel electrode formed over the insulat-
ing film, wherein the pixel electrode is electrically connected
to the source electrode or the drain electrode.

13. The liquid crystal display device according to claim 11,
wherein the buffer layer is formed using an amorphous semi-
conductor film.

14. The liquid crystal display device according to claim 11,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing nitrogen.

15. The liquid crystal display device according to claim 11,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing hydrogen.

16. The liquid crystal display device according to claim 11,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing fluorine, chlorine, bromine, or
iodine.

17. The liquid crystal display device according to claim 11,
wherein the buffer layer is formed using an amorphous semi-
conductor film containing nitrogen, carbon, and oxygen at a
total concentration of greater than or equal to 1x10%° atoms/
cm? and less than or equal to 15x10%° atoms/cm?.

18. The liquid crystal display device according to claim 11,
wherein end portions of the microcrystalline semiconductor
film which is formed to overlap with the gate electrode are
positioned more inwardly than end portions of the gate elec-
trode.

19. The liquid crystal display device according to claim 11,
wherein the source and drain regions extend beyond edges of
the source and drain electrodes, and

wherein a distance between edges of the source and drain

regions facing each other is shorter than a distance
between the edges of the source and drain electrodes
facing each other.

20. The liquid crystal display device according to claim 11,
wherein the buffer layer has a thickness within a range from
10 nm to 50 nm.
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