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LIQUID CRYSTAL DISPLAY DEVICE,
SEMICONDUCTOR DEVICE, AND
ELECTRONIC APPLIANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/904,537, filed Oct. 14, 2010, now allowed,
which is a continuation of U.S. application Ser. No. 11/695,
898, filed Apr. 3, 2007, now U.S. Pat. No. 9,213,206, which
claims the benefit of a foreign priority application filed in
Japanas Serial No. 2006-105618 on Apr. 6, 2006, all of which
are incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device, a liquid crystal display device, and an electronic
appliance including them. In particular, the present invention
relates to a semiconductor device and a liquid crystal display
device in which an electric field generally parallel to a sub-
strate is generated to control liquid crystal molecules, and an
electronic appliance including the semiconductor device or
the liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] As one of plans for technical development of a lig-
uid crystal display device, to widen a viewing angle can be
given. As a technique for realizing a wide viewing angle, a
mode in which an electric field generally parallel to a sub-
strate is generated and liquid crystal molecules are moved in
a plane parallel to the substrate to control grayscale is
employed. As such amode, IPS (In-Plane Switching) and FFS
(Fringe-Field Switching) are given. In these modes, a first
electrode (such as a pixel electrode with which voltage is
controlled for each pixel) having a slit (an opening pattern) is
located under a liquid crystal and a second electrode (such as
acommon electrode with which common voltage is applied to
all pixels) is located under the first electrode. An electric field
is applied between the pixel electrode and the common elec-
trode, so that the liquid crystal is controlled. With such layout,
an electric field in a direction parallel to a substrate is applied
to the liquid crystal. Therefore, the liquid crystal molecules
can be controlled with the electric field. That is, the liquid
crystal molecules which are aligned parallel to the substrate
(so called homogeneous alignment) can be controlled in a
direction parallel to the substrate; therefore, viewing angle is
increased.

[0006] Conventionally, both common electrode and pixel
electrode are formed of ITO (indium tin oxide) (Patent Docu-
ment 1: Japanese Published Patent Application No. 2000-
89255 (FIGS. 5 and 14th paragraph)).

SUMMARY OF THE INVENTION

[0007] As described above, in the case of employing a
structure in which the second electrode (such as the common
electrode) is located under the first electrode (such as the pixel
electrode), both the common electrode and the pixel electrode
are formed of ITO conventionally. Accordingly, the numbers
of manufacturing steps and masks, and manufacturing cost
have been increased. The present invention is made in view of
the foregoing, and an object of the present invention is to
provide aliquid crystal display device and an electronic appli-
ance with wide viewing angle, having less numbers of manu-
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facturing steps and masks and low manufacturing cost com-
pared with a conventional device; and to provide a
manufacturing method of the liquid crystal display device.
[0008] To solve the aforementioned problems, a liquid
crystal display device according to the present invention
includes a first electrode formed over a substrate, an insulat-
ing film formed over the first electrode, a second electrode
formed over the insulating film, and a liquid crystal provided
over the second electrode; in which the second electrode has
an opening pattern and the first electrode has a semiconductor
film containing silicon.

[0009] A semiconductor device according to the present
invention includes a first electrode formed over a substrate, an
insulating film formed over the first electrode, and a second
electrode formed over the insulating film; in which the second
electrode has an opening pattern and the first electrode has a
semiconductor film containing silicon

[0010] A liquid crystal display device according to the
present invention includes a first electrode formed over a
substrate, an insulating film formed over the first electrode, a
second electrode formed over the insulating film, a liquid
crystal provided over the second electrode, and a transistor
formed over the substrate; in which the second electrode has
an opening pattern, the first electrode has a semiconductor
film containing silicon, the transistor has a semiconductor
film containing silicon, and the semiconductor film included
in the first electrode is formed at the same time as the semi-
conductor film included in the transistor.

[0011] A semiconductor device according to the present
invention includes a first electrode formed over a substrate, an
insulating film formed over the first electrode, a second elec-
trode formed over the insulating film, and a transistor formed
over the substrate; in which the second electrode has an
opening pattern, the first electrode has a semiconductor film
containing silicon, the transistor has a semiconductor film
containing silicon, and the semiconductor film included in the
first electrode is formed at the same time as the semiconductor
film included in the transistor.

[0012] Inthe liquid crystal display device and the semicon-
ductor device, the first electrode and the semiconductor film
included in the transistor are formed at the same time, and
then, etched and patterned at the same time. Accordingly, the
first electrode and the semiconductor film included in the
transistor contain the same material. In addition, an n-type
impurity or a p-type impurity is introduced thereto at the same
time in some cases. In such a case, they have a portion with
approximately the same concentration of the impurity. Note
that the transistor includes a portion to which the impurity is
introduced, a portion to which the impurity is slightly intro-
duced, a portion to which the impurity is hardly introduced,
and the like. The first electrode is generally in the same states
as the portion in the semiconductor film included in the tran-
sistor, to which the impurity is introduced in many cases.
Thus, the first electrode can be formed at the same time as the
transistor. Therefore, an additional step is not required to form
the first electrode. In addition, a liquid crystal display device
with wide viewing angle and low manufacturing cost com-
pared with a conventional device can be provided.

[0013] Note that the opening pattern includes not only a
closed opening pattern such as a slit, but also a space which is
located between the conductive patterns and in which the
conductive pattern is not formed, such as a space between the
comb-teeth of a comb-shaped electrode. The same can be
applied to description hereinafter.
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[0014] Note that in the aforementioned liquid crystal dis-
play device and the semiconductor device, a portion in which
first and second interlayer insulating films are provided
between the first electrode and the second electrode, and the
second electrode and the first electrode except for the opening
pattern are overlapped each other the first electrode; the first
interlayer insulating film, and the second electrode can func-
tion as a capacitor. In this case, storage capacitance can be
increased. Therefore, when a thin film transistor is turned off,
the potential of the pixel electrode can be easily kept.

[0015] A liquid crystal display device according to the
present invention includes a first electrode formed over a
substrate, an insulating film formed over the first electrode, a
second electrode formed over the insulating film, a liquid
crystal provided over the second electrode, and a transistor
formed over the substrate; in which the second electrode
includes an opening pattern, the first electrode includes a
semiconductor film containing silicon, the semiconductor
film included in the first electrode is formed at the same time
as the semiconductor film included in the transistor, and the
semiconductor film included in the first electrode and the
semiconductor film included in the transistor contain an
impurity having the same conductivity type.

[0016] A semiconductor device according to the present
invention includes a first electrode formed over a substrate, an
insulating film formed over the first electrode, a second elec-
trode formed over the insulating film, and a transistor formed
over the substrate; in which the second electrode includes
opening pattern, the first electrode includes a semiconductor
film containing silicon, the semiconductor film included in
the first electrode is formed at the same time as the semicon-
ductor film included in the transistor, and the semiconductor
film included in the first electrode and the semiconductor film
included in the transistor contain an impurity having the same
conductivity type.

[0017] When the first electrode and the transistor contain
the impurity having the same conductivity type (such as an
n-type or a p-type), the layout can be efficient. Accordingly,
the aperture ratio can be improved.

[0018] A liquid crystal display device according to the
present invention includes a transistor formed over a sub-
strate, a semiconductor film formed in the transistor, a first
electrode formed by a part of the semiconductor film, an
insulating film formed over the first electrode, a second elec-
trode formed over the insulating film, and a liquid crystal
provided over the second electrode; in which the second
electrode includes an opening pattern.

[0019] A semiconductor device according to the present
invention includes a transistor formed over a substrate, a
semiconductor film formed in the transistor, a first electrode
formed by a part of the semiconductor film, an insulating film
formed over the first electrode, and a second electrode formed
over the insulating film; in which the second electrode
includes an opening pattern.

[0020] When the first electrode and the semiconductor film
included in the transistor are formed in one island as
described above, the layout can be efficient. Accordingly, the
aperture ratio can be improved.

[0021] Inthe aforementioned structure of the liquid crystal
display device according to the present invention, the first
electrode is a pixel electrode and the second electrode is a
common electrode.
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[0022] Inthe aforementioned structure of the semiconduc-
tor device according to the present invention, the first elec-
trode is a pixel electrode and the second electrode is a com-
mon electrode.

[0023] Inthe aforementioned structure of the liquid crystal
display device according to the present invention, the first
electrode is acommon electrode and the second electrode is a
pixel electrode.

[0024] In the aforementioned structure of the semiconduc-
tor device according to the present invention, the first elec-
trode is a common electrode and the second electrode is a
pixel electrode.

[0025] Inthe aforementioned structure of the liquid crystal
display device according to the present invention, orientation
of the liquid crystal is controlled by an electric field between
the first electrode and the second electrode.

[0026] Note that a switch shown in the present invention
may be any switch such as an electrical switch or a mechani-
cal switch. That is, as long as current flow can be controlled,
any type of switch can be used without being limited to a
particular type. For example, a transistor, a diode (such as a
PN diode, a PIN diode, a Schottky diode, or a diode-con-
nected transistor), or a logic circuit that is a combination
thereof may be used. In the case of using a transistor as a
switch, a polarity (conductivity) type of the transistor is not
particularly limited because it operates as a mere switch.
However, when off current is preferred to be small, a transis-
tor of a polarity with smaller off current is desirably used. As
atransistor with small off current, a transistor havingan LDD
region, a transistor having a multigate structure, and the like
are given. Further, an N channel transistor is desirably used
when a potential of a source terminal of the transistor func-
tioning as a switch is close to a low potential side power
source (Vss, GND, 0V, or the like). On the other hand, a
P-channel transistor is desirably used when the potential of
the source terminal is close to a high potential side power
source (Vdd or the like). This is because it is easy for a
transistor to function as a switch when an absolute value of a
gate-source voltage is increased. Note that a CMOS switch
can also be applied by using both N-channel and P-channel
transistors. With a CMOS switch, an operation can be appro-
priately performed even when the situation changes such that
a voltage outputted through the switch (that is, an input volt-
age) is higher or lower than an output voltage. Although as a
switch in the present invention, a TFT controlling a pixel
electrode, a switch element used in a driver circuit portion,
and the like are given; a switch can be employed in another
part, if current flow is required to be controlled.

[0027] Inthe presentinvention, “beingconnected” includes
“being electrically connected” and “being directly con-
nected”. Here, “being electrically connected” refers to a state
in which an element capable of electric connection (such asa
switch, a transistor, a capacitor, an inductor a resistor, or a
diode) may be interposed in the predetermined connection. In
addition, “being directly connected” refers to only a specific
case of “being electrically connected”, where no element
capable of electric connection is interposed and direct con-
nection is achieved. That is, “being directly connected” spe-
cifically refers to “being electrically connected” without
another element interposed in the predetermined connection.
Note that the description “being directly connected” means
the same as “being connected in a direct manner” is also used.
[0028] Note that a display element, a display device, and a
light emitting device can employ various modes or can
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include various elements. For example, a display medium
whose contrast varies by an electromagnetic action can be
used, such as an EL element (an organic EL element, an
inorganic EL element, or an EL element including organic
and inorganic substances), an electron emitting element, a
liquid crystal element, electron ink, a grating light valve
(GLV), a plasma display panel (PDP), a digital micromirror
device (DMD), a piezoceramic display, or a carbon nanotube.
Note that a display device using an EL element includes an
EL display; a display device using an electron emitting ele-
ment includes a field emission display (FED), an SED flat
panel display (SED: Surface-conduction Electron-emitter
Display), and the like; a display device using a liquid crystal
element includes aliquid crystal display, a transmissive liquid
crystal display, a transflective liquid crystal display, and a
reflective liquid crystal display; and a display device using
electronic ink includes electronic paper. As an application of
the present invention other than a liquid crystal element, for
example, an electrode containing silicon is used for an elec-
trode in an EL element and the like. Therefore, an element
such as an EL, element can be manufactured at low cost. [nthis
case, an electrode may have an opening pattern, but not nec-
essarily. When an electrode containing silicon of the present
invention is used in an organic EL element, a structure in
which a layer containing an organic compound is interposed
between electrodes is favorably employed, but not necessar-
ily. On the other hand, when the electrode containing silicon
of the present invention is used in an inorganic EL element, a
structure in which a layer containing an inorganic compound
is interposed between electrodes may be employed, or astruc-
ture in which a layer containing an inorganic compound is
formed over the electrode may be employed; since AC drive
is possible in the inorganic EL element. In the latter structure,
light emission can be carried out with use of a lateral electric
field formed by a first electrode and a second electrode. With
such a structure, a component which attenuates light from the
electrode or the like is not necessarily provided on a light
emitting side, accordingly, luminance of the EL display
device is improved and deterioration of the EL display device
is suppressed.

[0029] Note that various types of transistors can be applied
to the present invention and an applicable type of the transis-
tor is not limited. Accordingly, the present invention can
employ a thin film transistor (TFT) using a non-single crys-
talline semiconductor film typified by amorphous silicon or
polycrystalline silicon, a transistor using a semiconductor
substrate or an SOI substrate, a MOS transistor, a junction
transistor, a bipolar transistor, a transistor using a compound
semiconductor such as ZnO or a-InGaZnQ, a transistor using
an organic semiconductor or a carbon nanotube, and the like.
In addition, a type of substrate on which a transistor is pro-
vided is not particularly limited. The transistor can be formed
on a single crystalline substrate, an SOI substrate, a glass
substrate, a plastic substrate, a paper substrate, a cellophane
substrate, a stone substrate, or the like. In addition, after
forming a transistor over a substrate, the transistors may be
transposed to another substrate to be located thereon.

[0030] Note that as described above, in the present inven-
tion, various types of transistor can be used and can be formed
over any substrate. Therefore, all circuits may be formed over
a glass substrate, a plastic substrate, a single crystalline sub-
strate, an SOI circuit, or any other circuit. When all circuits
are formed on one substrate, the cost can be reduced by
reducing the number of components and the reliability can be
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improved by reducing the number of connection to compo-
nents in the circuits. Alternatively, it is possible that some
circuits are formed on a substrate and some other circuits are
formed on another substrate. That is, all of the circuits are not
necessarily formed over one substrate. For example, some
circuits are formed over a glass substrate with a use of a
transistor while some other circuits are formed over a single
crystalline substrate, and the IC chip may be connected to the
glass substrate by COG (Chip On Glass) to be located there-
over. Alternatively, the IC chip may be connected to the glass
substrate by TAB (Tape Auto Bonding) or by using a printed
board. In this manner, when some circuits are formed over
one substrate, the cost can be reduced by reducing the number
of components and the reliability can be improved by reduc-
ing the number of connection to components in the circuits.
Further, when portions with high drive voltage or high drive
frequency, which consume more power, are not formed on
one substrate, increase in power consumption can be pre-
vented.

[0031] It is to be noted that a transistor can have various
structures and modes, and is not limited to a specific structure.
For example, a multigate structure which has two or more
gates may be employedas well. With a multigate structure, off
current can be reduced and reliability can be improved by
improving the pressure resistance of a transistor, and flat
characteristics can be obtained such that a drain-source cur-
rent hardly changes even when a drain-source voltage
changes in operation in a saturation region. Alternatively, a
structure in which gate electrodes may be provided over and
under a channel may be employed. With such a structure in
which gate electrodes are provided over and under a channel,
a current value can be easily increased since a channel form-
ing region increases, an S value (sub-threshold coefficient)
can be reduced since a depletion layer is easily formed. Fur-
ther alternatively, a structure in which a gate electrode is
provided over a channel or under the channel may be
employed. Also, a forward staggered structure or an inversed
staggered structure may be employed. A channel forming
region may be divided into a plurality of regions, connected in
parallel, or connected in series. Further, a source electrode or
a drain electrode may overlap with a channel (or a part
thereof). Accordingly, with such a structure in which a source
electrode or a drain electrode overlaps with a channel (or a
part of thereof), charges are accumulated in a part of the
channel and an unstable operation can be prevented. Further,
an LDD region may be provided. By providing an LDD
region, off current can be reduced and reliability can be
improved by improving the withstand voltage of a transistor,
and flat characteristics can be obtained such that a drain-
source current hardly changes even when a drain-source volt-
age changes in operation in a saturation region.

[0032] Note that in the present invention, one pixel corre-
sponds to one element which can control brightness. There-
fore, for example, one pixel shows one color element by
which brightness is expressed. Accordingly, in the case of a
color display device formed of color elements of R (red), G
(green), and B (blue), the smallest unit of an image includes
three pixels of an R pixel, a G pixel, and a B pixel. Note that
color elements are not limited to three colors and may be more
colors, and RGBW (W is white) or RGB to which another
color such as yellow, cyan, or magenta is introduced may be
used, for example. Further, when one color element is con-
trolled by using a plurality of regions, one of the regions
corresponds to one pixel. For example, in the case of perform-
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ing an area gray scale display, a plurality of regions are
provided for one color element to control the brightness,
which express gray scale as a whole. One of the regions to
control the brightness corresponds to one pixel. Therefore, in
that case, one color element includes a plurality of pixels. In
that case, a region which contributes to display an image may
differ in size depending on the pixels. Further, in a plurality of
regions controlling the brightness which are provided for one
color element, that is, in a plurality of pixels included in one
color element, signals provided to each pixel may slightly
differ from one another so that the viewing angle is expanded.
Note that the description “one pixel (for three colors)” corre-
sponds to three pixels of R, G, and B which are considered as
one pixel; while “one pixel (for one color)” corresponds to a
plurality of pixels provided for one color element which are
collectively considered as one pixel.

[0033] Note that in the present invention, there is a case
where pixels are arranged in matrix. The case where pixels are
arranged in matrix includes not only to a case where the pixels
are arranged in a stripe pattern, which is a so-called grid
configuration where longitudinal stripes and lateral stripes
cross each other, but also to a case where three color elements
are arranged in a so-called delta pattern when a full color
display is performed using three color elements (for example,
RGB). Further, a Bayer arrangement is also included. Note
that the color element is not limited to three colors and may
have more colors, for example, RGBW (W is white) or RGB
to which yellow, cyan, or magenta is added. The size of a light
emission area may be different depending on color elements.
[0034] A transistor is an element including at least three
terminals of a gate, a drain, and a source. A channel forming
region is provided between a drain region and a source region.
Here, it is difficult to determine which of two terminals is a
source or a drain since it depends on a structure, operating
condition, and the like of the transistor. Therefore, in the
present invention, regions which function as a source and a
drain are referred to as a first terminal and a second terminal,
respectively.

[0035] Note that a gate includes a gate electrode and a gate
wiring (also referred to as a gate line, a gate signal line, or the
like) or a part thereof. A gate electrode corresponds to a
conductive film a part of which overlaps with a semiconduc-
tor forming a channel forming region, an LDD (Lightly
Doped Drain) region, or the like, with a gate insulating film
interposed therebetween. A gate wiring cotresponds to a wit-
ing for connecting gate electrodes of each pixel and a wiring
for connecting a gate electrode and another wiring.

[0036] However, there is a part which functions as a gate
electrode and also as a gate wiring. Such a region may be
referred to as a gate electrode or a gate wiring. That is, there
is a region which cannot be distinguished as a gate electrode
or a gate wiring. For example, in a case where a channel
forming region overlaps with a gate wiring which is extended,
the overlapped region functions both as a gate wiringand as a
gate electrode. Therefore, such a region may be referred to as
a gate electrode or a gate wiring.

[0037] Further, a region which is formed of the same mate-
rial as a gate electrode and connected to the gate electrode
may be referred to as a gate electrode as well. Similarly, a
region which is formed of the same material as a gate wiring
and connected to the gate wiring may be referred to as a gate
wiring. In a strict sense, such a region does not overlap with a
channel forming region or does not have a function to connect
to another gate electrode in some cases. However, there is a
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region which is formed of the same material as a gate elec-
trode or a gate wiring and connected to the gate electrode or
the gate wiring due to manufacturing cost, reduction of steps,
layout, and the like. Therefore, such a region may also be
referred to as a gate electrode or a gate wiring.

[0038] For example, in a multigate transistor, gate elec-
trodes of one transistor and another transistor are often con-
nected through a conductive film formed of the same material
as the gate electrode. Such a region for connecting the gate
electrodes may be referred to as a gate wiring, or may be
referred to as a gate electrode when a multigate transistor is
considered as one transistor. That is, a component which is
formed of the same material as a gate electrode or a gate
wiring and connected to the gate electrode or the gate wiring
may be referred to as a gate electrode or a gate wiring. More-
over, for example, a portion of a conductive film which con-
nects a gate electrode and a gate wiring may also be referred
to as a gate electrode or a gate wiring.

[0039] Note that a gate terminal corresponds to a part of a
region of a gate electrode or a region electrically connected to
the gate electrode.

[0040] Note that a source includes a source region, a source
electrode, and a source wiring (also referred to as a source
line, a sourcesignal line, or the like) or a part thereof. A source
region corresponds to a semiconductor region which contains
a large amount of p-type impurities (boron, gallium, or the
like) or n-type impurities (phosphorus, arsenic, or the like).
Therefore, a region containing a small amount of p-type
impurities or n-type impurities, that is, an LDD (Lightly
Doped Drain) region is not included in a source region. A
source electrode corresponds to a conductive layer a part of
which is formed of a different material from a source region
and electrically connected to the source region. Note that a
source electrode including a source region is sometimes
referred to as a source electrode. A source wiring corresponds
to a wiring for connecting source electrodes of each pixel and
awiring for connecting a source electrode and another wiring.

[0041] However, there is a part which functions as a source
electrode and also as a source wiring. Such a region may be
referred to as a source electrode or a source wiring. That is,
there is a region which cannot be distinguished as a source
electrode or a source wiring. For example, when there is a
source region overlapping with a source wiring which is
extended, the region functions as a source wiring and also as
a source electrode. Therefore, such a region may be referred
to as a source electrode or a source wiring.

[0042] Further, a region which is formed of the same mate-
rial as a source electrode and connected to the source elec-
trode; or a part which connects one source electrode and
another source electrode may also be referred to as a source
electrode. Further, a part overlapping with a source region
may be referred to as a source electrode. Similarly, a region
which is formed of the same material as a source wiring and
connected to the source wiring may be referred to as a source
wiring. In a strict sense, there is a case where such a region
does not have a function to connect one source electrode to
another source electrode. However, there is a region which is
formed of the same material as a source electrode or a source
wiring and connected to the source electrode or the source
wiring due to manufacturing cost, reduction of steps, layout,
and the like. Therefore, such a region may also be referred to
as a source electrode or a source wiring.
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[0043] For example, a conductive film a part of which con-
nects a source electrode and a source wiring may be referred
to as a source electrode or a source wiring.

[0044] Note that a source terminal corresponds to a part of
a source region, a source electrode, or a region electrically
connected to a source electrode.

[0045]

[0046] Note that in the present invention, a semiconductor
device corresponds to a device including a circuit having a
semiconductor element (a transistor, a diode, or the like).
Further, a semiconductor device may correspond to a general
device which functions by utilizing semiconductor character-
istics. A display device corresponds to a device including a
display element (a liquid crystal element, a light emitting
element, or the like). Note that a display device may corre-
spond to a display panel itself in which a plurality of pixels
including display elements such as a liquid crystal element or
an EL element and a peripheral driver circuit for driving the
pixels are formed over a substrate. Moreover, a display device
may include a device provided with a flexible printed circuit
(FPC) or a printed wiring board (PWB). Further, a light
emitting device corresponds to a display device including a
self-luminous light emitting element such as an EL element
or an element used for an FED, in particular. A liquid crystal
display device corresponds to a display device including a
liquid crystal element.

[0047] Inthe presentinvention, an expression that an object
is formed on or formed over a different object does not nec-
essarily mean that the object is in direct contact with the
different object. The expression may include a case where
two objects are not in direct contact with each other, that is, a
case where another object is interposed therebetween.
Accordingly, for example, when it is described that a layer B
is formed on (orover) alayer A, it means either case where the
layer B is formed on and in direct contact with the layer A, or
where another layer (for example, a layer C or a layer D) is
formed on and in direct contact with the layer A and the layer
B is formed on and in direct contact with the layer C or D.
Similarly, when it is described that an object is formed above
a different object, it does not necessarily mean that the object
is in direct contact with the different object, and another
object may be interposed therebetween. Accordingly, for
example, when it is described that a layer B is formed above
alayer A, it means either case where the layer B is formed in
direct contact with the layer A, or where another layer (for
example, a layer C or a layer D) is formed in direct contact
with the layer A and the layer B is formed in direct contact
with the layer C or D. Similarly, when it is described that an
object is formed below or formed under a different object, it
means either case where the objects are in direct contact with
each other or not in contact with each other. In addition, ifnot
specifically limited, one surface of a substrate is referred to as
an upper direction, and the other surface of the substrate is
referred to as alower direction. That is, in a case where a layer
B is formed over a layer A in manufacturing steps, its struc-
ture can be considered as a structure where the layer B is
formed over the layer A, even when a completed product is
turned upside down. That is, an expression over or under only
refers to a side of an object to which another object is formed,
and does not have a general meaning of over or under, which
is “a direction with respect to gravity”. Needless to say, simi-
lar description can be applied to other directions such as left

Note that a drain is similar to a source.
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or light. Note that it is not limited thereto when it is particu-
larly specified, and the direction of gravity or the like may be
employed as a standard.

[0048] With the present invention, a semiconductor film in
atransistor and a first electrode for driving a liquid crystal can
be formed in the same step. As a result, the first electrode can
be manufactured without increasing the numbers of masks
(reticles) and manufacturing steps.

[0049] Accordingly, a liquid crystal display device with
wide viewing angle and low manufacturing cost compared
with a conventional device can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0050] FIG. 1A is a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 1B is a cross-sectional view along a line A-B of
FIG. 1A;

[0051] FIG. 2A is a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 2B is a cross-sectional view along a line A-B of
FIG. 24,

[0052] FIG. 3Ais a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 3B is a cross-sectional view along a line A-B of
FIG. 3A;

[0053] FIG. 4A is a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 4B is a cross-sectional view along a line A-B of
FIG. 4A;

[0054] FIG. 5Ais a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 5B is a cross-sectional view along a line A-B of
FIG. 5A;

[0055] FIG. 6A is a plan view for illustrating a structure of
aliquid crystal display device according to the present inven-
tion, and FIG. 6B is a cross-sectional view along a line A-B of
FIG. 6A;

[0056] FIG. 7A is a plan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 1,and FIG. 7B is a cross-sectional view along lines A-B
and C-D of FIG. 7A;

[0057] FIG. 8 illustrates another structure of FIG. 7B;
[0058] FIG. 9A is a plan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 2, and FIG. 9B is a cross-sectional view along lines A-B
and C-D of FIG. 9A;

[0059] FIG. 10A is a plan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 3, and FIG. 10B is a cross-sectional view along lines
A-B, C-D, and E-F of FIG. 10A;

[0060] FIG. 11Ais aplan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 4, and FIG. 11B is a cross-sectional view along lines
A-B and C-D of FIG. 11A;

[0061] FIG.12Ais a plan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 5, and FIG. 12B is a cross-sectional view along lines
A-B and C-D of FIG. 12A;

[0062] FIG.13A s aplan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 6, and FIG. 13B is a cross-sectional view along lines
A-B,C-D, and E-F of FIG. 13A;

[0063] FIG. 14Aisaplan view for illustrating a structure of
a liquid crystal display device according to Embodiment
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Mode 7, and FIG. 14B is a cross-sectional view along lines
A-B,C-D, and E-F of FIG. 14A;

[0064] FIG.15A1isaplanview forillustrating a structure of
a liquid crystal display device according to Embodiment
Mode 8, and FIG. 15B is a cross-sectional view along lines
A-B,C-D, and E-F of FIG. 15A;

[0065] FIG. 16A is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 9 and FIG.
16B is a circuit diagram of a liquid crystal display device
according to Embodiment Mode 10;

[0066] FIG. 17A is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 11 and FIG.
17B is a circuit diagram of a liquid crystal display device
according to Embodiment Mode 12;

[0067] FIG.18Aisaplan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 13, and FIG. 18B is a cross-sectional view along lines
A-B and C-D of FIG. 18A;

[0068] FIG. 19A is a cross-sectional view for illustrating a
structure of a liquid crystal display device according to
Embodiment Mode 14, and FIG. 19B is a cross-sectional
view for illustrating a structure of a liquid crystal display
device according to Embodiment Mode 15;

[0069] FIG. 20 is a cross-sectional view for illustrating a
structure of a liquid crystal display device according to
Embodiment Mode 16;

[0070] FIG. 21A is a plan view of a liquid crystal display
device shown in FIG. 20 and FIG. 21B is an enlarged view of
a pixel portion of FIG. 21A,;

[0071] FIG. 22A is a plan view of a liquid crystal display
device according to Embodiment Mode 17 and FIG. 22B is an
enlarged view of a pixel portion of FIG. 22A;

[0072] FIG. 23 is a cross-sectional view for illustrating a
structure of a liquid crystal display device according to
Embodiment Mode 18,

[0073] FIGS. 24A to 24D are plan views for illustrating
shapes of an electrode of an FFS mode liquid crystal display
device according to Embodiment Mode 19;

[0074] FIGS. 25A to 25D are plan views for illustrating
shapes of an electrode of an IPS mode liquid crystal display
device according to Embodiment Mode 20;

[0075] FIGS. 26A to 26E are cross-sectional views illus-
trating a manufacturing method of a liquid crystal display
module of Embodiment 1;

[0076] FIGS. 27A to 27D are cross-sectional views illus-
trating a manufacturing method of a liquid crystal display
module of Embodiment 1;

[0077] FIG. 28A is a plan view of a liquid crystal display
module of Embodiment 1 and FIG. 28B is a cross-sectional
view along a line K-L of FIG. 28A,;

[0078] FIGS. 29A and 29B are diagrams for illustrating a
liquid crystal display module according to Embodiment 2;
[0079] FIGS. 30A and 30B are diagrams for illustrating a
liquid crystal display module according to Embodiment 2;
[0080] FIGS.31A to 31H are perspective views illustrating
electronic appliances of Embodiment 3;

[0081] FIGS. 32A and 32B are cross-sectional views for
illustrating a structure of an inorganic EL element according
to Embodiment Mode 21;

[0082] FIG. 33 is a cross-sectional view for illustrating a
structure of an organic EL element according to Embodiment
Mode 22; and
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[0083] FIGS. 34 A to 34D are cross-sectional views for
illustrating a structure and manufacturing steps of a reflective
liquid crystal display device according to Embodiment Mode
23.

DETAILED DESCRIPTION OF THE INVENTION

[0084] Hereinafter, embodiment modes and embodiments
in the present invention are described with reference to the
accompanying drawings. However, the present invention can
be carried out with many different modes and it is easily
understood by those skilled in the art that modes and details
can be modified in various ways without departing from the
purpose and the scope of the present invention. Accordingly,
the present invention should not be interpreted as being lim-
ited to the description of the embodiment modes and embodi-
ments.

Embodiment Mode 1

[0085] FIGS. 1A and 1B illustrate a basic example of the
present invention. FIG. 1A is a plan view and FIG. 1B is a
cross-sectional view.

[0086] A firstelectrode 102 is formed over a substrate 100.
The first electrode 102 is formed with use of ITO (indium tin
oxide) conventionally.

[0087] In the present invention, the first electrode 102 is
formed of, for example, a semiconductor material containing
silicon, although not limited thereto. Alternatively, amor-
phous silicon may be used but in order to enhance conductiv-
ity, polysilicon (polycrystalline silicon), single crystalline
silicon, and the like may be used. Further, in many cases, the
first electrode contains an impurity (a p-type impurity or an
n-type impurity) such as phosphorus, boron, gallium, or
arsenic to further enhance the conductivity.

[0088] The reason of using a semiconductor material con-
taining silicon for the first electrode 102 is that silicon has
high transmittance. In addition, since the first electrode 102 is
thin, it can transmit light. The transmittance is preferably 50%
or more, more preferably, 80% or more, so that higher vis-
ibility can be achieved.

[0089] Note that an insulating layer or a conductive layer
may be provided between the substrate 100 and the first
electrode 102. For example, an insulating layer for blocking
an impurity intruding from the substrate 100, a gate electrode,
a gate wiring, a gate insulating film, and the like may be
provided.

[0090] An insulating film 106 is formed over the first elec-
trode 102. Note that the insulating film 106 may have a
single-layer structure or a stacked-layer structure.

[0091] An inorganic material or an organic material can be
used for the insulating film 106. As an organic material,
polyimide, acrylic, polyimide, polyimide amide, resist, silox-
ane, polysilazane, or the like can be used. As an inorganic
material, an insulating substance containing oxygen or nitro-
gen, such as silicon oxide (SiO,), silicon nitride (SiN ), sili-
con oxynitride (SiO,N,: x>y), or silicon nitride oxide
(8iN,O,; x>y) canbe used. Alternatively, a stacked-layer film
in which a plurality of these films are stacked may be used.
Further alternatively, a stacked-layer film in which an organic
material and an inorganic material are combined may be used.
[0092] Note that when an inorganic material is used for the
insulating film, intrusion of moisture or an impurity can be
prevented. In particular, a layer containing nitrogen can block
moisture or an impurity efficiently.
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[0093] Note that when an organic material is used for the
insulating film, a surface thereof can be planarized. Accord-
ingly, the insulating film can have a good effect on a layer
provided thereover. For example, the layer formed over the
organic material can be planarized, so that disturbance of
orientation of the liquid crystal can be prevented, cutting of a
wiring can be prevented, and a resist can be formed with
accuracy.

[0094] A second electrode 108 is formed overt the insulat-
ing film 106. The second electrode 108 may be formed of a
material with a high light-transmitting property. For example,
one or more elements selected from indium (In), tin (Sn), and
oxygen (O); or a compound or an alloy material containing
one or more of the aforementioned elements as a component
(such as indium tin oxide (ITO), indium zinc oxide (IZO), or
indium tin oxide doped with silicon oxide (ITSO)) are desit-
able. In particular, IZO is preferable since it is easy to be
patterned and formed into a minute shape with accuracy,
although it is not limited thereto.

[0095] Note that the second electrode 108 has an opening
pattern (slit). The opening pattern is for generating an electric
field in a direction generally parallel to the substrate, between
the first electrode 102 and the second electrode 108. Accord-
ingly, as long as an electric field having a part which is
generally parallel to the substrate can be generated, the open-
ing pattern can have various shapes. Here, “generally paral-
lel” refers to a parallel direction with small deviation. There-
fore, the direction may be deviated from the parallel direction
as long as the display is not disturbed. The direction may have
a deviation of for example, approximately £10°, or desirably,
approximately +5°.

[0096] The opening pattern includes not only a closed
opening patternsuch as aslit, but also a space which is located
between conductive patterns and in which the conductive
pattern is not formed, such as a space between comb-teeth of
a comb-shaped electrode. In other words, a gap or an inter-
space is needed between portions functioning as an electrode.
[0097] As described above, the electric field is generated
between the second electrode 108 and the first electrode 102,
so that an alignment state of liquid crystal molecules can be
controlled.

[0098] Note that in a case where electrodes are provided in
each pixel, an electrode to which a signal different among
pixels depending on an image signal is provided, that is, a
pixel electrode can be either the second electrode 108 or the
firstelectrode 102. Accordingly, it is possible to set the second
electrode 108 to be the pixel electrode and the first electrode
102 to be a common electrode. Alternatively, it is possible to
set the second electrode 108 to be the common electrode and
the first electrode 102 to be the pixel electrode.

[0099] Since the pixel electrode is connected to a source or
drain of a transistor in many cases, when the first electrode
102 or the second electrode 108 functions as the pixel elec-
trode, the structure can be simplified. Further, since the com-
mon electrodes in all pixels are connected to one another in
many cases, when the first electrode 102 or the second elec-
trode 108 functions as the common electrode, the structure
can be simplified.

[0100] FIG. 2A is a plan view and FIG. 2B is a cross-
sectional view of a case where a transistor 201 is provided.
The transistor 201 is located near the first electrode 102 and
the second electrode 108.

[0101] In this case, a film in the transistor 201 and the first
electrode 102 can be formed at the same time. As a result, the
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first electrode can be manufactured without increasing the
numbers of masks (reticles) and manufacturing steps.
[0102] Forexample, a semiconductor layer in the transistor
201 and the first electrode 102 can be formed at the same time.
The semiconductor layer in the transistor 201 and the first
electrode 102 can be formed at the same time and etched at the
same time, whereby patterning can be carried out at the same
time. Further, in the case where the semiconductor layer is
formed of polysilicon, the semiconductor layer and the first
electrode 102 are crystallized at the same time.

[0103] Accordingly, the semiconductor layer in the transis-
tor 201 and the first electrode 102 contain the same material.
[0104] Note that in a case of adding an impurity (a p-type
impurity or an n-type impurity) such as phosphorus, boron,
gallium, or arsenic to a part of the semiconductor layer in the
transistor 201, it is desirable that the impurity is also intro-
duced to the first electrode 102 at the same time. In a case of
adding the impurity at the same time to portions, the concen-
tration thereof 1s influenced by a thickness and a quality of a
material of a film over the portions. When being formed under
the similar layer structures, the semiconductor layer in the
transistor 201 and the first electrode 102 have the impurity (a
p-type impurity or an n-type impurity) at approximately the
same concentration, at least partially. For example, a layer
forming a source region or a drain region in the semiconduc-
tor layer in the transistor 201 and a semiconductor layer
forming the first electrode 102 have impurity regions at
approximately the same concentration.

[0105] Note that the semiconductor layer in the transistor
201 has a channel forming region in many cases. A gate
electrode is located over the channel forming region with a
gate insulating film therebetween. An impurity (a p-type
impurity or an n-type impurity) is not introduced to the chan-
nel forming region to form a high-concentration impurity
region, normally. However, there is a case where an impurity
(a p-type impurity or an n-type impurity) is introduced to the
channel forming region to form an extremely low-impurity
region in order to adjust a value of a threshold voltage. Fur-
ther, an impurity (a p-type impurity or an n-type impurity) is
introduced to the semiconductor layer in the transistor 201 to
form a low-concentration impurity region (LDD: Lightly
Doped Drain) in some cases. Accordingly, in many cases, the
semiconductor layer in the transistor 201 has a plurality of
regions where impurities (p-type impurities or n-type impu-
rities) are contained at various concentrations.

[0106] Note that in a case where an impurity (a p-type
impurity or an n-type impurity) is introduces to the semicon-
ductor layer in the transistor 201 and the first electrode 102 at
the same time, the semiconductor layer in the transistor 201
and the first electrode 102 may be located extremely close to
each other. Tt is because the same impurity (a p-type impurity
or an n-type impurity) is introduced thereto in many cases.
Thus, the layout of the transistor 201 and the first electrode
102 can be significantly effective, which leads to improve-
ment in aperture ratio.

[0107] Note that the conductivity of a part of the semicon-
ductor layer in the transistor 201 and that of the first electrode
102 may differ from each other. In such a case, an impurity (a
p-type impurity or an n-type impurity) is introduced to the
first electrode 102 at the same as a transistor other than the
transistor 201. Accordingly, in that case, the semiconductor
layer in the transistor other than the transistor 201 and the first
electrode 102 have the impurity (a p-type impurity or an
n-type impurity) at approximately the same concentration, at
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least partially. For example, the transistor other than the tran-
sistor 201 is provided as a part of a source signal line driver
circuit or a gate signal line driver circuit.

[0108] The transistor 201 and one of the first electrode 102
and the second electrode 108 are electrically connected in
many cases. In addition, the electrode which is electrically
connected to the transistor 201 functions as the pixel elec-
trode in many cases. The transistor 201 and one of the first
electrode 102 and the second electrode 108 are electrically
connected through a contact hole, a wiring, or the like.
[0109] Note that in FIGS. 2A and 2B, a case in which the
first electrode 102 is formed at the same time as the film in the
transistor 201 is described; however, it is not limited thereto.
The first electrode 102 may be formed at the same time as
another film, such as a film in a wiring, a resistor, or a capaci-
tor.

[0110] FIGS. 3A and 3B illustrate a case in which a tran-
sistor 301 is provided and a part of the transistor 301 and the
first electrode 102 are contiguous with each other to form one
island. FIG. 3A shows a plan view and FIG. 3B shows a
cross-sectional view. Note that in this specification, “contigu-
ous” refers to a case in which elements are formed continu-
ously.

[0111] At this time, a film in the transistor 301 and the first
electrode 102 are connected to each other as one film; there-
fore, they can be formed at the same time. As a result, the first
electrode can be manufactured without increasing the num-
bers of masks (reticles) and manufacturing steps.

[0112] Forexample, a semiconductor layer in the transistor
301 and the first electrode 102 are connected to each other and
can be formed at the same time. The semiconductor layer in
the transistor 301 and the first electrode 102 can be formed at
the same time and etched at the same time, whereby pattern-
ing can be carried out at the same time. Further, if the semi-
conductor layer is formed of polysilicon, the semiconductor
layer and the first electrode 102 are crystallized at the same
time. In this case, a crystal grain boundary of the semicon-
ductor layer in the transistor 301 and that of the semiconduc-
tor layer forming the first electrode 102 extend in substan-
tially the same direction. Here, the description “crystal grain
boundaries extend in substantially the same direction” refers
to a case in which, for example, grain boundaries with a
longitudinal direction and a direction perpendicular to the
longitudinal direction (also referred to as a short direction)
have uniform longitudinal direction alignment.

[0113] Accordingly, the semiconductor layer in the transis-
tor 301 and the first electrode 102 contain the same material.
[0114] Note that since the semiconductor layer in the tran-
sistor 301 and the first electrode 102 are contiguous and
connected to each other; therefore, in some cases, it is difficult
to clearly distinguish where the semiconductor layer in the
transistor 301 ends and where the first electrode 102 begins.
[0115] Note that in a case where an impurity (a p-type
impurity or an n-type impurity) such as phosphorus, boron,
gallium, or arsenic is introduced to a part of the semiconduc-
tor layer in the transistor 301, it is desirable that the impurity
is also introduced to the first electrode 102 at the same time.
When the impurity is introduced to the semiconductor layer
in the transistor 301 and the first electrode 102 at the same
time, since they are contiguous with each other, they can be
electrically connected to each other.

[0116] In that case, it is not necessary to provide a contact
hole and to use another wiring in order to connect the semi-
conductor layer in the transistor 301 and the first electrode
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102. Therefore, the layout can be significantly effective,
which leads to improvement in aperture ratio.

[0117] Note that since the transistor 301 and the first elec-
trode 102 are contiguous, they are electrically connected to
each other in many cases. The electrode which is electrically
connected to the transistor 301 functions as the pixel elec-
trode in many cases.

[0118] Note that in a case of adding the impurity at the same
time to portions, the concentration thereof is influenced by a
thickness or a quality of a material of a film over the portions.
When being formed under the similar layer structures, the
semiconductor layer in the transistor 301 and the first elec-
trode 102 have the impurity (a p-type impurity or an n-type
impurity) at approximately the same concentration, at least
partially.

[0119] Note that the semiconductor layer in the transistor
301 has a channel forming region in many cases. A gate
electrode is located over the channel forming region with a
gate insulating film therebetween. An impurity (a p-type
impurity or an n-type impurity) is not introduced to the chan-
nel forming region to form a high-concentration impurity
region, normally. However, there is a case where an impurity
(a p-type impurity or an n-type impurity) is introduced to the
channel forming region to form an extremely low-impurity
region in order to adjust a value of a threshold voltage. Fur-
ther, an impurity (a p-type impurity or an n-type impurity) is
introduced to the semiconductor layer in the transistor 301 to
form a low-concentration impurity region (LDD: Lightly
Doped Drain) in some cases. Accordingly, in many cases, the
semiconductor layer in the transistor 301 has a plurality of
regions where impurities (p-type impurities or n-type impu-
rities) are contained at various concentrations.

[0120] Note that the conductivity of a part of the semicon-
ductor layer in the transistor 301 and that of the first electrode
102 may differ from each other. In such a case, an impurity (a
p-type impurity or an n-type impurity) is introduced to the
first electrode 102 at the same as a transistor other than the
transistor 301. Accordingly, in that case, the semiconductor
layer in the transistor other than the transistor 301 and the first
electrode 102 have the impurity (a p-type impurity or an
n-type impurity) at approximately the same concentration, at
least partially. For example, the transistor other than the tran-
sistor 301 is provided as a part of a source signal line driver
circuit or a gate signal line driver circuit.

[0121] The transistor 301 and the first electrode 102 are
electrically connected in many cases. In addition, the elec-
trode which is electrically connected to the transistor 301, that
is, the first electrode 102 functions as the pixel electrode in
many cases. Accordingly, the electrode and the transistor can
be efficiently located, which is favorable.

[0122] Note that in FIGS. 3A and 3B, a case in which the
first electrode 102 is formed at the same time as the film in the
transistor 301 is described; however, it is not limited thereto.
The first electrode 102 may be formed at the same time as
another film, such as a film in a wiring, a resistor, a capacitor,
or the like.

[0123] Notethatin FIGS. 1A to 3B, acase in which only the
second electrode 108 has an opening pattern is described, but
itis not limited thereto. The first electrode 102 may also have
an opening pattern. Accordingly, an electric field generally
parallel to the substrate is generated, and orientation of the
liquid crystal molecules can be controlled. FIGS. 4A to 6B
show such cases. FIGS. 4A and 4B correspond to a case
shown in FIGS. 1A and 1B, in which the first electrode 102
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also has an opening pattern. FIGS. 5A and 5B correspond to
acase shownin FIGS. 2A and 2B, in which the first electrode
102 also has an opening pattern. FIGS. 6A and 6B correspond
to a case shown in FIGS. 3A and 3B, in which the first
electrode 102 also has an opening pattern.

[0124] When the first electrode 102 has an opening pattern
as shown in FIGS. 4A to 6B, the amount of light transmitting
through a portion of the opening pattern is increased. This is
because the first electrode 102 and the second electrode 108
are not overlapped with each other. When the first electrode
102 and the second electrode 108 are overlapped, the amount
of light transmitted therethrough is decreased unless the light
transmittance is 100%. On the other hand, in a portion where
the first electrode 102 and the second electrode 108 are not
overlapped, light does not attenuate, which leads to increase
in amount of light transmitted therethrough. As a result, it is
possibleto increase luminance and to reduce power consump-
tion.

[0125] FIG. 7A is a plan view for illustrating a structure of
a liquid crystal display device according to Embodiment
Mode 1 in the present invention. In FIG. 7A, one of a plurality
of pixels provided in the liquid crystal display device is illus-
trated. This liquid crystal display device is a device in which
an orientation of a liquid crystal is controlled by an FFS
mode. In FIG. 7A, a plurality of source wirings 107a are
located parallel to one another (extending up and down in
FIG. 7A) and separately from one another, whereas a plurality
of gate wirings 104¢ are located extending in a direction
generally perpendicular to the source wirings 107a (from side
to side in FIG. 7A) and are separated from one another.
Auxiliary wirings 1044 are located adjacent to each of the
plurality of gate wirings 104¢ and extended to a direction
generally parallel to the gate wirings 104c, that is, in a direc-
tion generally perpendicular (from side to side in FIG. 7A) to
the source wirings 107a. A space which is substantially rect-
angle is surrounded by the source wiring 1074, the auxiliary
wiring 1044, and the gate wiring 104¢. The pixel electrode of
the liquid crystal display device is located in the space. A thin
film transistor for driving the pixel electrode is located on the
upper-left corner of FIG. 7A.

[0126] Asamaterial to be used for the gate wiring 104¢, the
auxiliary wiring 1044, and the source wiring 107a, one or
more elements selected from aluminum (Al), tantalum (Ta),
titanium (T1), molybdenum (Mo), tungsten (W), neodymium
(Nd), chromium (Cr), nickel (Ni), platinum (Pt), gold (Au),
silver (Ag), copper (Cu), magnesium (Mg), scandium (Sc),
cobalt (Co), zinc (Zn), niobium (Nb), silicon (Si), phosphorus
(P), boron (B), arsenic (As), gallium (Ga), indium (In), tin
(Sn), and oxygen (O); a compound or an alloy material con-
taining one or more of the aforementioned elements (for
example, indium tin oxide (ITO), indium zinc oxide (IZ0),
indium tin oxide doped with silicon oxide (ITSO), zinc oxide
(Zn0), aluminum neodymium (Al—Nd), or magnesium sil-
ver (Mg—Ag)); a substance obtained by combining such
compounds; or the like can be given. Alternatively, a com-
pound (silicide) of silicon and the aforementioned material
(such as aluminum silicon, molybdenum silicon, or nickel
silicide) or a compound of nitride and the aforementioned
material (such as titanium nitride, tantalum nitride, or molyb-
denum nitride) can be used. Note that silicon (Si) may contain
a large amount of n-type impurities (phosphorus or the like)
or p-type impurities (boron or the like). When such an impu-
rity is contained, conductivity of silicon is improved and
silicon functions similarly to normal conductor, so that it
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becomes easy to use silicon as a wiring or an electrode.
Silicon may be single crystalline silicon, polycrystalline sili-
con (polysilicon), or amorphous silicon. When single crys-
talline silicon or polycrystalline silicon is used, resistance can
be reduced. When amorphous silicon is used, a manufactur-
ing process can be simplified. Aluminum and silver have high
conductivity, so that signal delay can be reduced, and minute
processing is possible since they are easy to be etched and
patterned. Copper has high conductivity, so that signal delay
can be reduced. Molybdenum is desirable because it can be
manufactured without a problem such as a defect of a mate-
rial, even if molybdenum is in contact with an oxide semi-
conductor such as ITO or IZO, or silicon; and because it is
easily patterned and etched, and has high heat resistance.
Titanium is desirable because it can be manufactured without
aproblem such as a defect of a material, even if titanium is in
contact with an oxide semiconductor such as ITO or IZO, or
silicon; and itis easily patterned and etched, and has high heat
resistance. Tungsten is desirable because it has high heat
resistance. Neodymium is desirable because it has high heat
resistance. In particular, an alloy of neodymium and alumi-
num is desirable because heat resistance is improved and
hillocks of aluminum are hardly generated. Silicon is desir-
able because it can be manufactured at the same time as the
semiconductor layer in the transistor and has high heat resis-
tance. Indium tin oxide (ITO), indium zinc oxide (IZO),
indium tin oxide doped with silicon oxide (ITSO), zinc oxide
(ZnO), and silicon (Si) are desirable because they have a
light-transmitting property and can be used for a portion
which is required to transmit light, such as the pixel electrode
and the common electrode.

[0127] Note that a wiring or an electrode may have a single
layer or a multilayer structure of these materials. If a single-
layer structure is employed, the manufacturing process can be
simplified and the number of steps can be reduced; which
leads to reduction in cost. If a multilayer structure is
employed, advantage of a material can be derived and disad-
vantage of the material can be reduced, so that a wiring and an
electrode with favorable characteristics can be formed. For
example, when a material with low resistance (such as alu-
minum) is included in the multilayer structure, the resistance
of the wiring can be reduced. In addition, if a material with
high heat resistance is used, for example, to be interposed
between a material with low heat resistance and another
advantage in a stacked-layer structure, the heat resistance of
wiring or electrode as a whole can be improved. For example,
a stacked-layer structure in which a layer containing alumi-
num is interposed between layers containing molybdenum or
titanium is desirable. In addition, there is a case in which a
material is directly in contact with another wiring or another
electrode of another material, so that the materials are
adversely affected. For example, a material may enter another
material and change its characteristics; therefore, the material
cannot serve its original purpose or a problem occurs in
manufacturing and the material cannot be manufactured nor-
mally. In such a case, a problem can be solved when the layer
is interposed between or covered with another layer. For
example, if indium tin oxide (ITO) and aluminum are
required to be in contact with each other, it 1s desirable that
titanium or molybdenum is interposed therebetween. Also, if
silicon and aluminum are required to be in contact with each
other, it is desirable that titanium or molybdenum is inter-
posed therebetween.
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[0128] Note that it is desirable that the material of the gate
wiring 104¢ and the auxiliary wiring 1045 have heat resis-
tance higher than that of the source wiring 107a. Tt is because
the gate wiring 104¢ and the auxiliary wiring 1045 are located
in a higher temperature in their manufacturing steps.

[0129] Note that it is desirable that the material of the
source wiring 107a has resistance lower than that of the gate
wiring 104c¢. It is because only signals of two values, that is,
High-signal and Low-signal are given to the gate wiring 104c,
whereas an analog signal which contributes display is intro-
duced to the source wiring 107a. Accordingly, it is desirable
that a material with low resistance is used for the source
wiring 107a so that a signal can be applied with accuracy
thereto.

[0130] Note that the auxiliary wiring 1045 is not necessar-
ily provided but a potential of the common electrode in each
pixel can be stabilized when the auxiliary wiring 1045 is
provided. Note that in FIGS. 7A and 7B, the auxiliary wiring
1045 and the gate wiring 104¢ are located to be generally
parallel to each other, but it is not limited thereto. The auxil-
iary wiring 1045 and the source wiring 107a may be located
to be generally parallel to each other. In this case, the auxiliary
wiring 1045 is desirably formed of a material with the same
quality as the source wiring 107a.

[0131] However, it is favorable that the auxiliary wiring
1045 is located generally parallel to the gate wiring 104¢
because an aperture ratio can be increased and the layout can
be efficient.

[0132] FIG. 7B is a cross-sectional view along a line A-B
and a line C-D in FIG. 7A. As shown in the drawing, a base
insulating film 101 is formed over the substrate 100 so as to
prevent diffusion of an impurity from the substrate 100. The
base insulating film 101 is formed of, for example, an insu-
lating substance containing oxygen or nitrogen, such as sili-
con oxide (Si0,), silicon nitride (SiN,), silicon oxynitride
(SiO,N,; x>y), or silicon nitride oxide (SiN,O,: x>y). Alter-
natively, a stacked-layer film including a plurality of films
thereof may be used.

[0133] Note that the substrate 100 is a glass substrate, a
quartz, substrate, a substrate formed of an insulator such as
alumina, a plastic substrate with enough heat resistance to
withstand a processing temperature of subsequent steps, a
silicon substrate, or a metal substrate. Alternatively, polysili-
con may be used.

[0134] Note that when the liquid crystal display device
functions as a transmissive display device, it is desirable that
the substrate 100 has a light-transmitting property.

[0135] A semiconductor film 102fand a first electrode 102¢
controlling the orientation of the liquid crystal are formed
over the base insulating film 101. The semiconductor film
102fand the first electrode 102¢ are, for example, polysilicon
films, which are formed by selectively etching a film in the
same step. In other words, the semiconductor film 102/ and
the first electrode 102¢ are formed over the baser film 101 and
in the same layer. However, the present invention is not lim-
ited to film formation at the same time and etching in one step.
In the semiconductor film 102/, an impurity region 1024 to be
a source region or a drain region and an impurity region 1025
to be a drain region or a source region of the thin film tran-
sistor are formed. The impurity regions 1024 and 1025 are
n-type impurity regions to which, for example, phosphorus or
arsenic is introduced, but the impurity regions may be p-type
impurity regions. An impurity for imparting n-type conduc-
tivity, phosphorus (P) and arsenic (As) are given as an
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example; and as an impurity for imparting p-type conductiv-
ity, boron (B) and gallium (Ga) are given as an example.
However, it is desirable that the impurity regions 1024 and
1025 are n-type impurity regions having high conductivity.
On the other hand, when a driver circuit only includes p-type
transistors, it is desirable that the impurity regions 1024 and
1025 also have p-type conductivity type so that the manufac-
turing cost can be reduced.

[0136] The first electrode 102¢ functions as the common
electrode to which common voltage which is same as other
pixels is applied and is formed of, for example, a polysilicon
film to which an impurity is introduced. The resistance of the
first electrode 102 is lowered since an impurity is introduced
thereto, and functions as an electrode. As shown in a dotted
line in FIG. 7A, the first electrode 102¢ has a rectangular
shape with a portion 1001 in which one corner (the upper-left
corner of the drawing) is lacked, and is formed over almost the
whole surface of the pixel. Note that in the portion 102¢ of
which one corner is lacked, a thin film transistor is located.
When a thin film transistor is located in the portion 102¢ in
which one corner is lacked, a region which can be used to
display can be formed more efficiently, which leads to
improvement in aperture ratio. The first electrode 102¢ has a
thickness of, for example, 45 nm to 60 nm, and has suffi-
ciently high light transmittance. In order to further improve
the light transmittance, it is desirable to set the thickness of
the first electrode 102 to be 40 nm or less.

[0137] Thefirstelectrode 102¢ is formed of polysilicon, for
example, but may be another semiconductor material such as
amorphous silicon, single crystalline silicon, organic semi-
conductor, or a carbon nanotube. In this case, an amorphous
silicon film, an organic semiconductor film, or the like is used
in the thin film transistor instead of the semiconductor film
1027, Note that the semiconductor film 102f and the first
electrode 102¢ forming the transistor are desirably formed by
selectively etching one film in the same step. In this case, the
numbers of masks (reticles) and steps can be reduced, so that
the manufacturing cost can be reduced. In addition, it is
desirable that impurity elements of the same type are intro-
duced to the impurity regions 1025 and 102d at the same time.
This is because when the impurity elements of the same type
are introduced, the impurity elements can be introduced with-
out a problem even if the impurity regions 1025 and 102d are
located close to each other, so that dense layout becomes
possible. It is desirable to add impurity elements of either
p-type or n-type because the manufacturing cost can be low
compared with a case in which impurity elements of different
types are introduced.

[0138] A gateinsulating film 103 in the transistor is formed
over the whole surface including over the semiconductor film
1021

[0139] However, there is a case in which the gate insulating
film 103 is located only in the vicinity of the channel forming
region and is not located in other parts. In addition, a thick-
ness or a stacked-layer structure of the gate insulating film
103 may differ according to location. For example, the gate
insulating film 103 may be thicker or include more layers in
the vicinity of the channel forming region and may be thinner
or include less layers in another location. Therefore, it
becomes easy to control the addition of an impurity to the
source region or the drain region. Further, when the thickness
or the number of layers of the gate insulating film 103 in the
vicinity of the channel forming region differs, the amount of
impurity introduced to the semiconductor layer can be differ-
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ent by location, so that an LDD region or the like can be
formed. When the LDD region is formed, leak current and
generation of hot carriers can be suppressed, which can
improve the reliability.

[0140] The gate insulating film 103 is formed of, for
example, an insulating substance containing oxygen or nitro-
gen, such as silicon oxide (Si0,), silicon nitride (SiN,), sili-
con oxynitride (SiON,: x>y), or silicon nitride oxide
(SiN,O,; x>y). Alternatively, a stacked-layer film including a
plurality of these films may be used. A gate electrode 104a is
formed over the gate insulating film 103 and is located above
the channel forming region 102a. As shown in FIGS. 7A and
7B, the gate electrode 104aq is in the same wiring layer as the
auxiliary wiring 1045 and the gate wiring 104¢, and is con-
nected to the gate wiring 104¢. In the semiconductor film
102/, a region 102a located under the gate electrode 104a
functions as a channel forming region. Note that, to a semi-
conductor region between the two channel forming regions
1024, an impurity which is the same as that in the impurity
regions 1025 and 1024 is introduced. Note that in this
embodiment mode, a multigate structure having two gate
electrodes is employed, but the present invention is not lim-
ited to this structure.

[0141] Aninsulating film 105 and a first interlayer insulting
film 1064 are sequentially formed over the gate insulating
film 103 and the gate electrode 104a.

[0142] Note that only one of the insulating film 105 and the
first interlayer insulating film 1064 may be formed, alterna-
tively, each of the insulating films has a multilayer structure.
An inorganic material or an organic material can be used for
the insulating films. As an organic material, polyimide,
acrylic, polyamide, polyimide amide, resist, siloxane, polysi-
lazane, or the like can be used. As an inorganic material, an
insulating substance containing oxygen or nitrogen, such as
silicon oxide (Si0,), silicon nitride (SiN, ), silicon oxynitride
(SiO,N,; x>y), or silicon nitride oxide (SiN,O,: x>y) can be
used. Alternatively, a stacked-layer film in which a plurality
of these films are stacked may be used. Further alternatively,
a stacked-layer film in which an organic material and an
inorganic material are combined may be used.

[0143] In the gate insulating film 103, the insulating film
105, and the first interlayer insulating film 1064, a contact
hole located over the impurity region 1024, a contact hole
located over the impurity region 1024, a contact hole located
over the first electrode 102¢, and a contact hole located over
the auxiliary wiring 1045 are formed. Over the first interlayer
insulating film 106a, the source wiring 107a, a drain wiring
1075, and a connection wiring 107¢ are formed. When an
organic material is used for the insulating film, intrusion of
moisture or an impurity can be prevented. In particular, a
layer containing nitrogen can block moisture or an impurity
efficiently.

[0144] Note that when an organic material is used for the
insulating film, a surface thereof can be planarized. Accord-
ingly, the insulating film can have a good effect on a layer
provided thereover. For example, the layer formed over the
organic material can be planarized, so that disturbance of
orientation of the liquid crystal can be prevented.

[0145] The source wiring 1074 is located above a source,
that is, the impurity region 102d, and has a part embedded in
the contact hole; therefore, the source wiring 1074 and the
impurity region 102d are electrically connected. Accordingly,
the source electrode functions as a part of the source wiring
107a. The drain wiring 1075 is located above a drain, that is,
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the impurity region 1024, and has a part embedded in the
contact hole; therefore, the drain wiring 1076 and the impu-
rity region 1025 are connected.

[0146] Theconnection wiring 107¢ is extended from above
the first electrode 102¢ to above the auxiliary wiring 1044.
The connection wiring 107¢ has a part embedded in the con-
tacthole; therefore, the connection wiring 107¢ is electrically
connected to both the first electrode 102¢ and the auxiliary
wiring 104h. When the connection wiring 107¢ is provided in
such a manner, the contact hole can be formed with accuracy
since it is not required to be deep.

[0147] In the example shown in FIG. 7B, the drain wiring
1075 is formed at the same time as the source wiring 107¢ and
the connection wiring 107¢. In this case, the contact hole in
which a part of the drain wiring 1075 is embedded and the
contact hole in which a part of the second electrode 108 is
embedded is not overlapped with each other. Thus, even if the
drain wiring 1075 and the second electrode 108 have depres-
sions over the contact holes, the depressions are not over-
lapped with each other. Therefore, a deep depressed portion is
not formed in the second electrode 108, so that generation of
a defect in shape of the resist pattern formed thereover can be
suppressed.

[0148] Note that as shown in FIG. 8, the second electrode
108 and the impurity region 1025 may be connected directly
without the drain wiring 1075. In this case, a contact hole for
connecting the second electrode 108 and the impurity region
1025 is required to be deep. Since the drain wiring 1075
shown in FIG. 7B is not required, a region for the connection
wiring can be utilized for displaying an image as an operning
region, which leads to improvement in aperture ratio and
reduction in power consumption.

[0149] As described above, the first electrode 102¢ is con-
nected to the auxiliary wiring 1045 through the connection
wiring 107¢. It is desirable that a plurality of connection
wirings 107¢ are provided in order to lower the resistance.
Thus, a potential of the first electrode 102¢ is stabilized. In an
example shown in FIG. 7A, the connection wirings 107¢ are
formed above three corners out of four corners of the first
electrode 102¢, except the one which is close to the thin film
transistor. When the connection is made in a plurality of
paths, generation of potential distribution in the first electrode
102¢ is suppressed. Further, when the first electrode 102¢ and
the auxiliary wiring 1045 are connected through the connec-
tion wiring 107¢, the number of forming the contact holes can
be reduced, which can simplify the process.

[0150] Note that the connection wiring 107¢ is formed at
the same time and with use of the same material as the source
wiring 107a, but it is not limited thereto. The connection
wiring 107¢ may be formed at the same time and with use of
the same material as the second electrode 108.

[0151] A second interlayer insulating film 1064 is formed
over the source wiring 1074, the drain wiring 1075, the con-
nection wiring 107¢, and the first interlayer insulating film
106a. Note that a structure in which the second interlayer
insulating film 1064 is not formed may be employed. An
inorganic material or an organic material can be used for the
second interlayer insulating film 1065. As an organic mate-
rial, polyimide, acrylic, polyamide, polyimide amide, resist,
siloxane, polysilazane, or the like can be used. As an inor-
ganic material, an insulating substance containing oxygen or
nitrogen, such as silicon oxide (Si0,), silicon nitride (SiN_),
silicon oxynitride (SiO,N,; x>y), or silicon nitride oxide
(8iN,O,; x>y) can be used. Alternatively, a stacked-layer film
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in which a plurality of these films are stacked may be used.
Further alternatively, a stacked-layer film in which an organic
material and an inorganic material are combined may be used.
In the second interlayer insulating film 1065, a contact hole is
formed over the drain wiring 107.

[0152] The second electrode 108 which controls the orien-
tation of the liquid crystal is formed over the interlayer insu-
lating film 1065. The second electrode 108 functions as a
pixel electrode to which voltage specific to each pixel is
applied. The second electrode 108 is formed of ITO (indium
tin oxide), ZnO (zinc oxide), IZO which is formed by using a
target in which ZnO of 2 to 20 wt % is mixed to indium oxide,
or the like. Note that the second electrode 108 and the impu-
rity region 10256 may be electrically connected through the
drain wiring 1075, or may be directly connected.

[0153] In a case where the connection wiring is not pro-
vided as shown in F1G. 8, the second electrode 108 is directly
connected to the impurity region 1025 in the thin film tran-
sistor.

[0154] As shown in FIGS. 7A and 8, the second electrode
108 is substantially rectangle and located above the first elec-
trode 102¢ and the surroundings thereof. The second elec-
trode 108 has a plurality of opening patterns 112 in a portion
located above the first electrode 102¢. The opening patterns
112, for example, include many slit-shaped opening patterns
parallel to each other. In the example shown in FIG. 7A, the
opening patterns are diagonal to the source wiring 107a.
Since the opening pattern 112 is provided, an electric field
having a component parallel to the substrate is generated
above the second electrode 108. Therefore, the orientation of
the liquid crystal described later can be controlled by control-
ling the potential of the second electrode 108. Note that a
shape of the opening pattern is not limited to that in this
embodiment mode. A shape of opening pattern described in
Embodiment Mode 2 or later can be employed. In other
words, the opening pattern includes a space where a conduc-
tive pattern is not formed, such as a space between the comb-
teeth of a comb-shaped electrode.

[0155] If opening patterns with different orientations are
provided, a plurality of regions with different moving direc-
tions of liquid crystal molecules can be provided. In other
word, a multidomain (also referred to as alignment division)
structure can be realized. When a multidomain structure is
employed, it can be prevented that an image cannot be dis-
played properly if seen from a certain direction. Accordingly,
the viewing angle can be improved.

[0156] As shown in FIG. 7A, a periphery of the first elec-
trode 102¢ functioning as the common electrode extends out
of the second electrode 108 functioning as the pixel electrode
when seen from a direction perpendicular to the substrate
100. Thus, the second electrode 108 which is in a floating
state after receiving a signal is less influenced by a signal
transmitted to another pixel through the source wiring 107a.
Accordingly, a defect of image quality, such as crosstalk can
be suppressed. Note that the present invention is not limited to
such an electrode structure and the first electrode 102¢ may
have a portion in which its periphery does not extend out of
the second electrode 108.

[0157] Next, an alignment film 1094 and a liquid crystal
110 are stacked over the second interlayer insulating film
1065 and the second electrode 108.

[0158] As the liquid crystal 110, a ferroelectric liquid crys-
tal (FLC), a nematic liquid crystal, a smectic liquid crystal, a
liquid crystal which is to be homogeneously aligned, a liquid
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crystal which is to be homeotropically aligned, or the like can
be used. An opposite substrate 111 provided with the second
alignment film 1095 is located over the liquid crystal 110.
Note that the opposite substrate 111 is provided with a color
filter in many cases. In addition, a polarizing plate is provided
on each outer side of the substrate 100 and the opposite
substrate 111. Note that a retardation plate or a quarter-wave
plate is provided as well as the polarizing plate in many cases.
[0159] Note that a stacked-layer structure according to the
present invention is not limited to the one described in this
embodiment mode.

[0160] An example of a manufacturing method of a semi-
conductor device or a liquid crystal display device is
described. First, the base insulating film 101 is formed over
the substrate 100. Subsequently, a semiconductor film such as
apolysilicon film or an amorphous silicon film is formed over
the base insulating film 101. A resist pattern (not shown) is
formed over the semiconductor film. Then, the semiconduc-
tor film is selectively etched with use of the resist pattern as a
mask. In such a manner, the semiconductor film 102f’and the
first electrode 102¢ are formed in the same step. The resist
pattern is removed thereafter.

[0161] Subsequently. the gate insulating film 103 is formed
over the semiconductor film 102/, the first electrode 102¢, and
the base insulating film 101. The gate insulating film 103 is,
for example, a silicon oxynitride film or a silicon oxide film,
and formed by a plasma CVD method. Note that the gate
insulating film 103 may be formed of a silicon nitride film, or
amultilayer film containing silicon nitride and silicon oxide.
Then, a conductive film is formed over the gate insulating film
103. The conductive film is selectively removed by etching
using a resist pattern as a mask, and is patterned. Thus, two
gate electrodes 104a are formed over the gate insulating film
103 which is located over the semiconductor film 102f In
addition, the auxiliary wiring 1045 and the gate wiring 104¢
are formed at the same time as the gate electrode 104a.
[0162] As described above, the potential of the first elec-
trode 102¢ and the second electrode 108 in each pixel can be
stabilized when the auxiliary wiring 1045 is provided. In
addition, the auxiliary wiring 1045 is not necessarily formed.
Alternatively, the auxiliary wiring 1045 may be formed in the
same layer as another layer (for example, in the same layer as
the source wiring 107a, in the same layer as the first electrode
102¢, orin the same layer as the second electrode 108) or may
be formed in a plurality of layers. In addition, although in
FIG. 7A, the auxiliary wiring 1045 extends in the direction
perpendicular to the source wiring 1074, a structure in which
the auxiliary wiring 1045 extends in the same direction as the
source wiring 107a may be employed.

[0163] As amaterial to be used for the conductive film, one
or more elements selected from aluminum (Al), tantalum
(Ta), titanium (T1), molybdenum (Mo), tungsten (W), neody-
mium (Nd), chromium (Cr), nickel (Ni), platinum (Pt), gold
(Au), silver (Ag), copper (Cu), magnesium (Mg), scandium
(Sc), cobalt (Co), zinc (Zn), niobium (Nb), silicon (Si), phos-
phorus (P), boron (B), arsenic (As), gallium (Ga), indium
(In), tin (Sn), and oxygen (O); a compound or an alloy mate-
rial containing one or more of the aforementioned elements
(for example, indium tin oxide (ITO), indium zinc oxide
(1Z0), indium tin oxide doped with silicon oxide (ITSO), zinc
oxide (Zn0), aluminum neodymium (Al—Nd), or magne-
sium silver (Mg—Ag)); a substance obtained by combining
such compounds; or the like can be given. Alternatively, a
compound (silicide) of silicon and the aforementioned mate-
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rial (such as aluminum silicon, molybdenum silicon, or nickel
silicide) or a compound of nitride and the aforementioned
material (such as titanium nitride, tantalum nitride, or molyb-
denum nitride) can be used. Note that silicon (Si) may contain
a large amount of n-type impurities (phosphorus or the like)
or p-type impurities (boron or the like).

[0164] Note that the wiring or the electrode may have a
single layer or a multilayer structure of these materials. If a
single-layer structure is employed, the manufacturing pro-
cess can be simplified and the number of steps can be reduced,
which leads to reduction in cost. If a multilayer structure is
employed, advantage of a material can be derived and disad-
vantage of the material can be reduced, so that a wiring and an
electrode with favorable characteristics can be formed. For
example, when a material with low resistance (such as alu-
minum) is included in the multilayer structure, the resistance
of the wiring can be reduced. In addition, if a material with
high heat resistance is used, for example, to be interposed
between a material with low heat resistance and another
advantage in a stacked-layer structure, the heat resistance of
the whole wiring or electrode can be improved. For example,
a stacked-layer structure in which a layer containing alumi-
num is interposed between layers containing molybdenum or
titanium is desirable. In addition, there is a case in which a
material is directly in contact with another wiring or another
electrode of another material, so that the materials are
adversely affected. For example, a material may enter another
material and change its characteristics; therefore, the material
cannot serve its original purpose or a problem occurs in
manufacturing of the material and the material cannot be
manufactured normally. In such a case, a problem can be
solved when the layer is interposed between or covered with
another layer. For example, if indium tin oxide (ITO) and
aluminum are in contact with each other, it is desirable that
titanium or molybdenum is interposed therebetween. Also, if
silicon and aluminum are in contact with each other, it is
desirable that titanium or molybdenum is interposed therebe-
tween.

[0165] Next, an impurity is injected into the semiconductor
film 102/ with use of the gate electrode 104a and a resist
pattern (not shown) as a mask. Therefore, the impurity
regions 1025 and 1024 and an impurity region between the
gate electrodes 1044 are formed. Note that an impurity ele-
ment of n-type or p-type may be injected. Alternatively, both
an n-type impurity element and a p-type impurity element
may be injected into a specific region. In the latter case, it is
set so that the injected amount of either the n-type impurity
element or the p-type impurity element is more than the other.
[0166] Note thatatthis time, an LDD region may be formed
by changing the thickness or the stacked-layer structure of the
gate insulating film 103. In order to form the LDD region, the
gate insulating film is thickened or the number of layers is
increased in a portion in which the LDD region is to be
formed. Accordingly, the injected amount of the impurity is
decreased, so that the LDD region can be easily formed.

[0167] Note that the resist pattern may be used as a mask in
this step.
[0168] Inaddition, in a step of forming the impurity region,

an impurity element may be injected into the first electrode
102¢. In such a manner, the first electrode 102¢ can be formed
at the same time as the impurity regions 1025 and 1024.
Therefore, the number of steps 1s not increased, so that the
manufacturing cost of the liquid crystal display device can be
low.
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[0169] Note that the injection of the impurity element into
the impurity region may be carried out before forming the
gate electrode 104a, for example, before or after forming the
gate insulating film 103. In that case, the impurity element is
injected with use of the resist pattern as a mask. At this time,
the impurity element may be injected into the first electrode
102¢. Alsoin this case, the step of forming the impurity region
in the transistor and the step of injecting the impurity element
into the first electrode 102¢ can be the same step. Accord-
ingly, the manufacturing cost of the liquid crystal display
device can be low.

[0170] Further, in this case, a capacitor can be formed
between an electrode in the same layer as the gate and the
semiconductor film into which the impurity is injected. Since
the gate insulating film is located between the electrode in the
same layer as the gate and the semiconductor film into which
the impurity is injected, a capacitor with thin thickness and
large capacity can be formed.

[0171] Then, thefirstinterlayer insulating film 1064 and the
contact holes are formed. Subsequently, a conductive film
(such as a metal film) is formed over the first interlayer
insulating film 106« and in the contact holes. The metal film
is patterned, in other words, selectively removed. Thus, the
source wiring 107a, the drain wiring 1075, and the connec-
tion wiring 107¢ are formed. As described above, the conduc-
tive film can be formed of various materials to have various
structures. For example, a film formed of aluminum (AI),
nickel (Ni), tungsten (W), molybdenum (Mo), titanium (T1),
tantalum (Ta), neodymium (Nd), platinum (Pt), gold (Au),
silver (Ag), or the like; a film formed of an alloy thereof; or a
stacked-layer film thereof can be used. Alternatively, silicon
(Si) to which an n-type impurity is introduced may be used.
[0172] Then, the second interlayer insulating film 1065 and
the contact holes are formed. Thereafter, an ITO film, an IZO
film, or a ZnO film is formed over the second interlayer
insulating film 1065 and in the contact holes. The film is
selectively etched with use of a resist pattern. Thus, the sec-
ond electrode 108 is formed.

[0173] Note that the contact hole in which a part of the drain
wiring 1075 is embedded and the contact hole in which a part
of the second electrode 108 is embedded are different from
each other in location. Thus, even if the drain wiring 1075 and
the second electrode 108 have depressions in portions located
over the contact holes, the depressions are not overlapped
with each other. Therefore, a deep depressed portion is not
formed in the second electrode 108, so that generation of a
defect in shape of the aforementioned resist pattern can be
suppressed. Thereafter, the resist pattern is removed.

[0174] However, the present invention is not limited
thereto. For example, the contact hole in which a part of the
drain wiring 1075 is embedded and the contact hole in which
a part of the second electrode 108 is embedded may be over-
lapped with each other. In this case, the contact holes can be
accommodated in one location, therefore the layout can be
efficient. Accordingly, the aperture ratio can be improved.
[0175] Subsequently. the first alignment film 109a is
formed, and the liquid crystal is sealed between the first
alignment film 109¢ and the opposite substrate 111 provided
with the second alignment film 1095. Thereafter, on a side of
the opposite substrate 111 or on a side of the substrate 100
which are not in contact with the liquid crystal 110 (that is, an
outer side of the liquid crystal display device), an optical film
or the like such as a polarizing plate, a retardation plate, a
quarter-wave plate, a diffusing plate, or a prism sheet is pro-
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vided. Further, a backlight or a frontlight is provided. As the
backlight, a direct type or a sidelight type can be used. As a
light source, a cold cathode tube or an LED (light emitting
diode) can be used. As the LED, white color LED or single
color LED (such as white, red, blue, green, cyan, magenta, or
yellow) may be combined to be used. When the LED is used,
color purity can be improved since the LED has a sharp peak
of light wavelength. In such a manner, a liquid crystal display
device is formed.

[0176] Note that a liquid crystal display device may only
refer to a substrate, an opposite substrate, and a liquid crystal
interposed therebetween. Alternatively, a liquid crystal dis-
play device may further include an optical film such as a
polarizing plate or a retardation plate. Further alternatively, a
liquid crystal display device may further include a diffusing
plate, a prism sheet, a light source (such as a cold cathode tube
or an LED), a light-guide plate, and the like.

[0177] According to Embodiment Mode 1 in the present
invention, in the liquid crystal display device in which the
alignment direction of the liquid crystal is controlled by an
FFS mode, the first electrode 102¢ is formed of a polysilicon
film to which an impurity is introduced, and formed in the
same step as the semiconductor film 102fincluding the source
region, the drain region, and the channel forming region of the
thin film transistor. Therefore, the number of manufacturing
steps and the manufacturing cost can be reduced compared
with a case in which the common electrode is formed of ITO.
[0178] Although the connection wiring 107¢ is located in
the same layer as the source wiring 107a and the drain wiring
1075 in this embodiment mode, the connection wiring 107¢
may be located in another wiring layer (for example, in the
same layer as the gate wiring 104c¢, the first electrode 102¢, or
the second electrode 108). In addition, the gate insulating film
103 is not necessarily formed over the whole surface.

[0179] The auxiliary wiring 1045 may be formed in the
same layer as the source wiring 107a. In this case, the auxil-
iary wiring 1045 may be located parallel to the gate wiring
104c, and the auxiliary wiring 1045 and the gate wiring 104¢
may be formed in the same layer only in a portion in which the
source wiring 107a and the auxiliary wiring 1046 are inter-
sected. Alternatively, the auxiliary wiring 1044 and the source
wiring 107a may be located in parallel.

[0180] The gate electrode 104a and the gate wiring 104¢
may be formed of different materials or in the different layers.
[0181] Although a so-called top gate thin film transistor in
which the gate electrode is located above the channel forming
region is described in this embodiment mode, the present
invention is not particularly limited thereto. A so-called bot-
tom gate thin film transistor in which the gate electrode is
located under the channel forming region or a transistor hav-
ing a structure in which the gate electrodes are located over
and under the channel forming region may be formed.

Embodiment Mode 2

[0182] FIG.9A is a plan view illustrating a structure of an
FFS mode liquid crystal display device according to Embodi-
ment Mode 2 in the present invention. FIG. 9B is a cross-
sectional view along a line A-B and a line C-D of FIG. 9A. A
structure of this embodiment mode is similar to that of
Embodiment Mode 1, except that the first electrode 102¢ is
electrically connected to the source wiring 1074 through the
transistor and functions as the pixel electrode, the second
electrode 108 is electrically connected to the auxiliary wiring
1045 and functions as the common electrode, a shape of the
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opening pattern 112 formed in the second electrode 108 is
different, and connection structures of the first electrode
102c, the second electrode 108, and the wirings are different.
Also, a manufacturing method of the liquid crystal display
device according to this embodiment mode is almost similar
to that in Embodiment Mode 1. Therefore, the description in
Embodiment Mode 1 can be applied to this embodiment
mode. Hereinafter, the component similar to that of Embodi-
ment Mode 1 is denoted by the same reference numeral and
description thereof is omitted.

[0183] The impurity region 102510 be a drain or a source of
the transistor is directly connected to the first electrode 102c¢.
In other words, the semiconductor layer in the transistor and
the first electrode 102¢ are contignous with each other to form
one island. In addition, unlike Embodiment Mode 1, the
contact hole located over the impurity region 1025 and the
contact hole located over the first electrode 102¢ are not
formed in the first interlayer insulating film 106a. Accord-
ingly, the region for the contact holes can be utilized for
displaying an image, which leads to improvement in aperture
ratio.

[0184] Note that since the impurity region 1024 function-
ing as the drain or the source of the transistor and the first
electrode 102 are contiguous and connected to each other;
therefore, in some cases, it is difficult to clearly see where the
impurity region 1024 in the transistor ends and where the first
electrode 102 begins.

[0185] Note that in a case where an impurity (a p-type
impurity or an n-type impurity) such as phosphorus, boron,
gallium, or arsenic is introduced to the impurity region to be
as the drain or the source of the transistor, it is desirable that
an impurity having the same conductivity is also introduced
to the first electrode 102¢ at the same time. When the impurity
is introduced to the impurity region and the first electrode
102¢ at the same time, since they are contiguous with each
other, they can be electrically connected to each other. At this
time, the concentration of the impurity introduced to portions
is influenced by a thickness or a quality of a material of the
film over the portions. When being formed under the similar
layer structures, the impurity region functioning as a drain or
a source of the transistor and the first electrode 102¢ have the
impurity (a p-type impurity or an n-type impurity ) at approxi-
mately the same concentration, at least partially.

[0186] A contact hole located over the connection wiring
107¢ is formed in the second interlayer insulating film 1065.
The second electrode 108 has a part embedded in the contact
hole, s0 as to be connected to the connection wiring 107¢.
[0187] Asshown in FIG. 9A, in this embodiment mode, the
second electrode 108 has two kinds of opening patterns 112a
and 112b. The opening pattern 112q¢ formed in an upper
region in the drawing and the opening pattern 1125 formed in
alower region in the drawing have different orientations from
each other.

[0188] If opening patterns 1124 and 1125 with different
orientations are provided, a plurality of regions with different
moving directions of liquid crystal molecules can be realized.
In other word, a multidomain structure can be employed.
When a multidomain structure is employed, it can be pre-
vented that an image cannot be displayed properly if seen
from a certain direction. Accordingly, the viewing angle can
be improved.

[0189] In addition, as shown in FIGS. 9A and 9B, the first
electrode 102¢ functions as the pixel electrode and the second
electrode 108 functions as the common electrode, and the
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liquid crystal is located closer to the common electrode than
to the pixel electrode. Accordingly, even if voltage of the pixel
electrode varies among pixels, an electric field in a portion
where the liquid crystal exists hardly changes due to an
image; therefore, adjacent pixels are less affected each other,
so that crosstalk can be reduced.

[0190] With this embodiment mode, an effect similar to
Embodiment Mode 1 can be obtained. In addition, the open-
ing patterns 112a and 11256 with different orientations are
formed in the second electrode 108. Therefore, the direction
of electrical field gradient generated between the first elec-
trode 102¢ and the second electrode 108 and in the liquid
crystal 110 can be divided into two in a plane parallel to the
substrate. Therefore, the viewing angle of the liquid crystal
display device can be further improved.

[0191] Note that in Embodiment Mode 1, the shape of the
second electrode 108 may be similar to that in this embodi-
ment mode. In addition, in this embodiment mode, the shape
of the opening pattern in the second electrode 108 may be
similar to that in Embodiment Mode 1. Although only one
pixel is shown in FIGS. 9A and 9B, a plurality of pixels are
arranged in matrix in practice. In practice, the second elec-
trodes 108 in pixels may be connected to each other through
the connection wiring 107¢. Accordingly, the resistance can
be lowered, so that the sufficient voltage can be applied to the
second electrode 108.

[0192] Note that this embodiment mode shows an example
in a case in which the description in Embodiment Mode 1 is
partially changed, improved, or transformed. Therefore, the
description in Embodiment Mode 1 can be applied to or
combined with this embodiment mode.

[0193] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 3

[0194] FIG. 10A is a plan view illustrating a structure of a
liquid crystal display device according to Embodiment Mode
3 in the present invention. FIG. 10B is a cross-sectional view
along a line A-B, a line C-D, and a line E-F of FIG. 10A. A
structure of this embodiment mode is similar to that of
Embodiment Mode 1, except that an opening pattern 115 is
formed in the first electrode 102¢ and except for the shape of
the opening pattern 112. In other words, the liquid crystal
display device according to this embodiment mode is a device
in which the alignment direction of the liquid crystal is con-
trolled by an IPS mode. The pixel portion and the common
electrode are alternately arranged and are generally in parallel
in a main portion, when seen from a direction perpendicular
to the substrate 100 of the liquid crystal display device. In the
aforementioned FFS mode, a lower electrode of the pixel
electrode and the common electrode does not have an opening
pattern. Note that a manufacturing method of the liquid crys-
tal display device according to this embodiment mode is
generally similar to that of Embodiment Mode 1. Accord-
ingly, the description in Embodiment Mode 1 can be applied
to this embodiment mode. Hereinafter, the component similar
to that of Embodiment Mode 1 is denoted by the same refer-
ence numeral and description thereof is omitted.

[0195] Theopening pattern 115 is located under a region of
the second electrode 108, in which the opening pattern 112 is
not formed, and the surroundings thereof. Accordingly, the
first electrode 102¢ functioning as the common electrode and
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the second electrode 108 functioning as the pixel electrode
are alternately arranged and generally parallel except in the
periphery portions. With the aforementioned electrode struc-
ture, an electric field parallel to the substrate can be generated
between the first electrode 102¢ and the second electrode 108,
and an effect such as improvement in viewing angle which is
characteristics of an TPS mode can be obtained. The opening
patterns 112 and 115 have wave-shapes in this embodiment
mode.

[0196] If the opening patterns are thus provided to have
different orientations, a plurality of regions with different
moving directions of liquid crystal molecules can be realized.
In other word, a multidomain structure can be employed.
When a multidomain structure is employed, it can be pre-
vented that an image cannot be displayed properly if seen
from a certain direction. Accordingly, the viewing angle can
be improved.

[0197] Inthis embodiment mode, a portion ofthe first elec-
trode 102¢ and a portion of the second electrode 108 (portions
denoted by reference numerals 120a and 1205) interpose the
gate insulating film 103, the insulating film 105, the first
interlayer insulating film 106a, and the second interlayer
insulating film 1064. Therefore, in each portion denoted by
the reference numerals 120a and 1205, the first electrode
102¢, the second electrode 108, and the insulating film ther-
ebetween function as a capacitor. With provision of the
capacitors 120a and 1205, the storage capacitance can be
increased. Therefore, when a thin film transistor is turned off,
the potential of the second electrode 108 can be easily kept.
[0198] With this embodiment mode, an effect similar to
Embodiment Mode 1 can be obtained. Note that in this
embodiment mode, the opening pattern 112 formed in the
second electrode 108 may have the shape of the opening
pattern 112 shown in FIGS. 7A and 7B or 9A and 9B. In this
case, the opening pattern 115 included in the first electrode
102c¢ has a shape similar to the opening pattern 112 shown in
FIGS. 7A and 7B, or 9A and 9B. Note that the opening
patterns 112 and 115 are required to be arranged so that the
first electrode 102¢ and the second electrode 108 are alter-
nately arranged and are generally in parallel except in the
periphery portions, when seen from the direction perpendicu-
lar to the substrate 100 of the liquid crystal display device.
[0199] In addition, in Embodiment Mode 1 or 2, the open-
ing pattern 112 may have a shape similar to that in this
embodiment mode. In this case, an FFS mode liquid crystal
display device in which the opening pattern 112 has the shape
shown in FIGS. 10A and 10B can be obtained.

[0200] Note that the first electrode 102¢ has the opening
pattern 115 in this embodiment mode. Therefore, in a portion
of the opening pattern, the amount of light transmitted there-
through is increased. This is because the first electrode 102 is
not provided in that portion. In a portion where the first
electrode 102 is provided, the amount of light transmitted
therethrough is decreased because the light transmittance is
not 100%. On the other hand, in a portion where the first
electrode 102 is not provided, the light does not attenuate,
which leads to increase in amount of light transmitted there-
through. As aresult, it is possible to increase luminance and to
reduce power consumption.

[0201] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 and
2 is partially changed, improved, or transformed. Therefore,
the description in Embodiment Modes 1 and 2 can be applied
to or combined with this embodiment mode.
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[0202] 1In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 4

[0203] FIG.11A is a plan view illustrating a structure of an
IPS mode liquid crystal display device according to Embodi-
ment Mode 4 in the present invention. FIG. 11B is a cross-
sectional view along a line A-B and a line C-D of FIG. 11A.
A structure in this embodiment mode is similar to Embodi-
ment Mode 2, except that the opening pattern 115 is formed in
the first electrode 102¢ and except for the shape of the open-
ing pattern 112. Also, a manufacturing method of the liquid
crystal display device according to this embodiment mode is
generally similar to that in Embodiment Mode 2. Accord-
ingly, the description in Embodiment Mode 2 can be applied
to this embodiment mode. Hereinafter, the component similar
to that of Embodiment Mode 2 is denoted by the same refer-
ence numeral and description thereof is omitted.

[0204] Theimpurity region 1025 to be a drain or a source of
the transistor is directly connected to the first electrode 102c¢.
In other words, the semiconductor layer in the transistor and
the first electrode 102¢ are contignous with each other to form
one island. In addition, unlike Embodiment Mode 1, the
contact hole located over the impurity region 1025 and the
contact hole located over the first electrode 102¢ are not
formed in the first interlayer insulating film 106a. Accord-
ingly, the region for the contact holes can be utilized for
displaying an image, which leads to improvement in aperture
ratio.

[0205] The opening pattern 115 is located under a region of
the second electrode 108, in which the opening pattern 112 is
not formed and the surroundings thereof. Accordingly, the
first electrode 102¢ functioning as the pixel electrode and the
second electrode 108 functioning as the common electrode
are alternately arranged and are generally in parallel exceptin
the periphery portions. With the aforementioned electrode
structure, a lateral electric field can be generated between the
first electrode 102¢ and the second electrode 108, and an
effect such as improvement in viewing angle which is char-
acteristics of an IPS mode can be obtained. The opening
patterns 112 and 115 are generally parallel to the source
wiring 107¢ in this embodiment mode.

[0206] Inthis embodiment mode, a portion ofthe first elec-
trode 102¢ and a portion of the second electrode 108 (portions
denoted by reference numerals 121a and 1215) interpose the
gate insulating film 103, the insulating film 105, the first
interlayer insulating film 106a, and the second interlayer
insulating film 1064. Therefore, in each portion denoted by
the reference numerals 121a and 1215, the first electrode
102¢, the second electrode 108, and the insulating film ther-
ebetween function as a capacitor. With provision of the
capacitors 121a and 1215, the storage capacitance can be
increased. Therefore, when a thin film transistor is turned off,
the potential of the first electrode 102¢ can be easily kept.
[0207] In this embodiment mode, an effect similar to
Embodiment Mode 1 can be obtained. Note that in this
embodiment mode, the opening patterns 112 and 115 may
have the shape shown in FIGS. 10A and 10B. Alternatively,
the opening pattern 112 may have the shape shown in FIGS.
7A and 7B, or 9A and 9B. In this case, the opening pattern 115
has a shape similar to the opening pattern 112 shown in FIGS.
7A and 7B, or 9A and 9B. Note that the opening patterns 112
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and 115 are required to be arranged so that the first electrode
102¢ and the second electrode 108 are alternately arranged
and are generally in parallel except in the periphery portions,
when seen from the direction perpendicular to the substrate
100 of the liquid crystal display device.

[0208] Inaddition, the opening patterns 112 and 115 in the
IFS mode liquid crystal display device shown in Embodiment
Mode 3 may have the shape shown in FIGS. 11A and 11B.
Alternatively, in Embodiment Mode 1 or 2, the opening pat-
tern 112 may have a shape similar to that in this embodiment
mode. In the latter case, an FFS mode liquid crystal display
device in which the opening pattern 112 has the shape shown
in FIGS. 11A and 11B can be obtained.

[0209] Note that the first electrode 102¢ has the opening
pattern 115 in this embodiment mode. Therefore, in a portion
of the opening pattern, the amount of light transmitted there-
through is increased. This is because the first electrode 102 is
not provided in that portion. In a portion where the first
electrode 102 is provided, the amount of light transmitted
therethrough is decreased because the light transmittance is
not 100%. On the other hand, in a portion where the first
electrode 102 is not provided, the light does not attenuate,
which leads to increase in the amount of light transmitted
therethrough. As a result, it is possible to increase luminance
and to reduce power consumption.

[0210] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 3
is partially changed, improved, or transformed. Therefore, the
description in Embodiment Modes 1 to 3 can be applied to or
combined with this embodiment mode.

[0211] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 5

[0212] FIG. 12A is a plan view illustrating a structure of an
FFS mode liquid crystal display device according to Embodi-
ment Mode 5 in the present invention. FIG. 12B is a cross-
sectional view along a line A-B and a line C-D of FIG. 12A.
A structure of this embodiment mode is similar to that of
Embodiment Mode 1, except that the second interlayer insu-
lating film 1065 is not formed, and the second electrode 108
is formed over the first interlayer insulating film 106a. A part
of the second electrode 108 is located over the drain wiring
1075 and the second electrode 108 and the drain wiring 1075
are directly connected therethrough.

[0213] The second electrode 108 is formed after the source
wiring 107a, the drain wiring 1075, and the connection wit-
ing 107¢ are formed. By forming the second electrode 108
after forming the drain wiring 107, residue of etching of the
drain wiring 1075 is prevented from remaining on a surface of
the second electrode 108, which can planarize the surface of
the second electrode 108. Note that a structure in which the
second electrode 108 covers the drain wiring 1075 may be
employed.

[0214] Note thatthe second electrode 108 may be formed at
the same time as the source wiring 107a and the drain wiring
1075. Thatis, they may be formed of a similar material and by
patterning at the same time. Accordingly, a step of forming a
light-transmitting electrode can be omitted, so that the cost
can be reduced.
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[0215] Therefore, the second electrode 108 does not nec-
essarily have a light-transmitting property. In other words, the
second electrode 108 may reflect light.

[0216] A manufacturing method of the liquid crystal dis-
play device according to this embodiment mode is generally
similar to that in Embodiment Mode 1, except that the step of
forming the second interlayer insulating film 1065 is omitted.
Therefore, the description in Embodiment Mode 1 can be
applied to this embodiment mode. Note that since the step of
forming the second interlayer insulating film 1065 is omitted,
the manufacturing cost of the liquid crystal display device is
lowered. Hereinafter, the component similar to that of
Embodiment Mode 1 is denoted by the same reference
numeral and description thereof is omitted.

[0217] With this embodiment mode, an effect similar to
Embodiment Mode 1 can be obtained. Note that in this
embodiment mode, the number of the interlayer insulating
films is smaller by one than that of Embodiment Mode 1, an
electrical field gradient between the first electrode 102¢ and
the second electrode 108 becomes large. Therefore, a poten-
tial gradient of the same level can be obtained with low
voltage, whereby power consumption of the liquid crystal
display device can be reduced. This effect is enhanced when
the first interlayer insulating film 1064 is formed of a material
with high dielectric constant (such as silicon nitride, alumi-
num oxide, hafnium oxide, or tantalum oxide). In the case of
forming the first interlayer insulating film 1064 of a material
with high dielectric constant, an effect in which storage
capacitance can be increased can be also obtained. In addi-
tion, since the step of forming the second interlayer insulating
film 1066 is omitted, the manufacturing cost is low compared
with Embodiment Mode 1.

[0218] Note thatinthis embodiment mode, a structure simi-
lar to Embodiment Mode 2 may be employed, in which the
first electrode 102¢ and the impurity region 1025 to be a drain
may be connected, so that the first electrode 102¢ may func-
tion as the pixel electrode. In this ease, there is an advantage
over Embodiment Mode 2 in that the second interlayer insu-
lating film 1065 is not required. In addition, the second elec-
trode 108 is directly connected to the connection wiring 107¢
in the same manner of the drain wiring 1075 and the second
electrode 108 in FIGS. 12A and 12B where the second elec-
trode 108 is partially located over the drain wiring 107.
Thus, the second electrode 108 functions as the common
electrode.

[0219] Inthis embodiment mode, the second electrode 108
and the opening pattern 112 may have the shapes shown in
FIGS. 9A and 9B, 10A and 10B, or 11A and 11B. If the
second electrode 108 and the opening pattern 112 have the
shapes shown in FIGS. 10A and 10B, or 11A and 11B, the
capacitors denoted by the reference numerals 120 and 1205
in FIGS. 10A and 10B or the capacitors denoted by the
reference numerals 121q and 1215 in FIGS. 11A and 11B are
formed, so that the storage capacitance can be increased.
Therefore, when a thin film transistor is turned off, the poten-
tial of the second electrode 108 can be easily kept.

[0220] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 4
is partially changed, improved, or transformed. Therefore, the
description in Embodiment Modes 1 to 4 can be applied to or
combined with this embodiment mode.

[0221] In addition, description is made with reference to
various drawings. One drawing includes various components.

Jun. 2, 2016

Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 6

[0222] FIG. 13A is a plan view illustrating a structure of an
IPS mode liquid crystal display device according to Embodi-
ment Mode 6 in the present invention. FIG. 13B is a cross-
sectional view along a line A-B, a line C-D, and a line E-F of
FIG. 13A. A liquid crystal display device according to this
embodiment mode is similar to that of Embodiment Mode 3,
except that a capacitor 114 connected to the second electrode
108 is provided. Note that as long as a structure in which the
capacitor is connected to the auxiliary wiring 1044 and the
second electrode 108, the present invention is not limited to
the structure shown in this embodiment mode. In addition, a
manufacturing method of the liquid crystal display device
according to this embodiment mode is generally similar to
that in Embodiment Mode 3. Therefore, the description in
Embodiment Mode 3 can be applied to this embodiment
mode. Hereinafter, the component similar to that of Embodi-
ment Mode 3 is denoted by the same reference numeral and
description thereof is omitted.

[0223] An electrode 113 for the capacitor which is located
above the auxiliary wiring 1045 is formed over the first inter-
layer insulating film 106a. The electrode 113 for the capacitor
is located in the same layer as the source wiring 107a and
formed in the same step as the source wiring 107a. The
capacitor 114 includes the auxiliary wiring 1045 and the
electrode 113 for the capacitor with the insulating film 105
and the first interlayer insulating film 106a therebetween.
Since the capacitor is formed above the auxiliary wiring
1045, an area of the opening portion is not reduced. There-
fore, in a case of providing the capacitor, the aperture ratio is
not decreased.

[0224] A contact hole located over the electrode 113 for the
capacitor is formed in the second interlayer insulating film
1065. The second electrode 108 has a part embedded in the
contact hole, so as to be connected to the electrode 113 for the
capacitor.

[0225] With this embodiment mode, an effect similar to
Embodiment Mode 3 can be obtained. In addition, since the
capacitor 114 is connected between the second electrode 108
functioning as a pixel electrode and the auxiliary wiring 1045,
the voltage ofthe second electrode 108 is easily kept when the
thin film transistor is turned off.

[0226] Note that in this embodiment mode, the opening
patterns 112 and 115 may have the shape shown in FIGS. 11A
and 11B. Alternatively, the opening pattern 112 may have the
shape shown in FIGS. 7A and 7B, or 9A and 9B. In this case,
the opening pattern 115 in the first electrode 102¢ may have a
shape similar to the opening pattern 112 shown in FIGS. 7A
and 7B, or 9A and 9B. Note that the opening patterns 112 and
115 are required to be arranged so that the first electrode 102¢
and the second electrode 108 are alternately arranged and are
generally in parallel except in the periphery portions, when
seen from the direction perpendicular to the substrate 100 of
the liquid crystal display device.

[0227] InEmbodiment Mode 1 showninFIGS. 7A and 7B,
an effect similar to this embodiment mode can be obtained if
the capacitor 114 is formed and connected to the second
electrode 108. In addition, if the electrode 113 for the capaci-
tor 1s located above the gate wiring 104c, a similar effect can
be obtained because the potential of the gate wiring 104c is
substantially constant when the pixel is not selected. The
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capacitor may keep the potential of the pixel electrode; there-
fore, the capacitor is preferably formed between the pixel
electrode and a wiring with a constant potential. It is more
preferable that the gate wiring 104¢ connected to the capaci-
tor is the gate wiring in one preceding row because the poten-
tial thereof is substantially constant since its selected state is
finished.

[0228] If the opening patterns are thus provided to have
different orientations and shapes, a plurality of regions with
different moving directions of liquid crystal molecules can be
provided. In other word, a multidomain structure can be real-
ized. When a multidomain structure is employed, it can be
prevented that an image cannot be displayed properly if seen
from a certain direction. Accordingly, the viewing angle can
be improved.

[0229] Note that the first electrode 102¢ has the opening
pattern 115 in this embodiment mode. Therefore, in a portion
of the opening pattern, the amount of light transmitted there-
through is increased. This is because the first electrode 102 is
not provided in that portion. In a portion where the first
electrode 102 is provided, the amount of light transmitted
therethrough is decreased because the light transmittance is
not 100%. On the other hand, in a portion where the first
electrode 102 is not provided, light does not attenuate, which
leads to increase in amount of light transmitted therethrough.
As aresult, it is possible to increase luminance and to reduce
power consumption.

[0230] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 5
is partially changed, improved, or transformed. Therefore, the
description in Embodiment Modes 1 to 5 can be applied to or
combined with this embodiment mode.

[0231] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 7

[0232] FIG. 14A is a plan view illustrating a structure of an
IPS mode liquid crystal display device according to Embodi-
ment Mode 7 in the present invention. FIG. 14B is a cross-
sectional view along a line A-B, a line C-D, and a line E-F of
FIG. 14A. A structure in this embodiment mode is similar to
that ofthe IPS mode liquid crystal display device according to
Embodiment Mode 4, except that the opening patterns 115
and 112 have a substantially V-shape and the capacitor 117
electrically connected to the first electrode 102¢, and the
auxiliary wiring 104b is provided. Accordingly, the descrip-
tion in Embodiment Mode 4 can be applied to this embodi-
ment mode. Hereinafter, the component similar to that of
Embodiment Mode 4 is denoted by the same reference
numeral and description thereof is omitted.

[0233] The capacitance 117 is formed when a part of the
first electrode 102¢ (a lower end in FIG. 14A) 1s located under
the auxiliary wiring 104b. In other words, the capacitance 117
includes the first electrode 102¢, the auxiliary wiring 1045,
and the gate insulating film 103 therebetween.

[0234] A manufacturing method of a liquid crystal display
device according to this embodiment mode is similar to
Embodiment Mode 3, except that the impurity is injected into
the first electrode 102¢ before forming a conductive film to be
the auxiliary wiring 1045, and the impurity is injected into the
semiconductor film 102/ after forming the gate electrode
104a, the auxiliary wiring 1045, and the like. Accordingly, the
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resistance of a whole part of the first electrode 102¢, which
forms the capacitor 117, is lowered and the capacitor 117
operates only by changing the potential of the first electrode
102¢ with respect to the auxiliary wiring 1045.

[0235] With this embodiment mode, an effect similar to
Embodiment Mode 4 can be obtained. In addition, since the
capacitor 117 is connected between the first electrode 102¢
functioning as the pixel electrode and the auxiliary wiring
1045, the voltage of the second electrode 102c¢ is easily kept
when the thin film transistor is turned off.

[0236] Note that the capacitor 117 may be provided in
Embodiment Mode 2. In this case, an effect similar to this
embodiment mode can be obtained.

[0237] Inthis embodiment mode, the opening patterns 112
and 115 may have the shape shown in FIGS. 10A and 10B, or
11A and 11B. Alternatively, the opening pattern 112 may
have the shape shown in FIGS. 7A and 7B, or 9A and 9B. In
this case, the opening pattern 115 has the shape of the opening
pattern 112 shown in FIGS. 7A and 7B, or 9A and 9B. Note
that the opening patterns 112 and 115 are required to be
arranged so that the first electrode 102¢ and the second elec-
trode 108 are alternately arranged and generally in parallel
except in the periphery portions, when seen from the direction
perpendicular to the substrate 100 of the liquid crystal display
device.

[0238] In the IPS mode liquid crystal display device
according to Embodiment mode 3, 4, or 6, the opening pat-
terns 112 and 115 may have the shape shown in FIGS. 14A
and 14B. In addition, in the FFS mode liquid crystal display
device according to Embodiment mode 1, 2, or 5, the opening
pattern 112 may have the shape shown in FIGS. 14A and 14B.
[0239] Theimpurity region 1025 functioning as adrainora
source of the transistor is directly connected to the first elec-
trode 102¢. In other words, the semiconductor layer in the
transistor and the first electrode 102¢ are contiguous with
each other to form one island. In addition, unlike Embodi-
ment Mode 1, the contact hole located over the impurity
region 1025 and the contact hole located over the first elec-
trode 102¢ are not formed in the first interlayer insulating film
106a. Accordingly, the region for the contact holes can be
utilized for displaying an image, which leads to improvement
in aperture ratio.

[0240] If the opening patterns are thus provided to have
different orientations, a plurality of regions with different
moving directions of liquid crystal molecules can be pro-
vided. In other word, a multidomain structure can be realized.
When a multidomain structure is employed, it can be pre-
vented that an image cannot be displayed properly if seen
from a certain direction. Accordingly, the viewing angle can
be improved.

[0241] Note that the first electrode 102¢ has the opening
pattern 115 in this embodiment mode. Therefore, in a portion
of the opening pattern, the amount of light transmitted there-
through is increased. This is because the first electrode 102 is
not provided in that portion. In a portion where the first
electrode 102 is provided, the amount of light transmitted
therethrough is decreased because the light transmittance is
not 100%. On the other hand, in a portion where the first
electrode 102 is not provided, light does not attenuate, which
leads to increase in amount of light transmitted therethrough.
As aresult, it is possible to increase luminance and to reduce
power consumption.

[0242] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 6
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is partially changed, improved, or transformed. Therefore, the
description in Embodiment Modes 1 to 6 can be applied to or
combined with this embodiment mode.

[0243] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 8

[0244] FIG. 15A is a plan view illustrating a structure of an
IPS mode liquid crystal display device according to Embodi-
ment Mode 8 in the present invention. FIG. 15B is a cross-
sectional view along a line A-B, a line C-D, and a line E-F of
FIG. 15A. A structure in this embodiment mode is similar to
that ofthe TIPS mode liquid crystal display device according to
Embodiment Mode 3, except that a capacitor 118 is provided
instead of the capacitor 1204, a second auxiliary wiring 104e
1s formed, and the opening patterns 112 and 115 have sub-
stantially V-shapes. Accordingly. the description in Embodi-
ment Mode 3 can be applied to this embodiment mode. Here-
inafter, the component similar to that of Embodiment Mode 3
is denoted by the same reference numeral and description
thereof is omitted.

[0245] The capacitor 118 is connected between the second
electrode 108 and the second auxiliary wiring 104e. The
capacitor 118 includes the semiconductor film 102e located
over the base insulating film 101, the gate insulating film 103
located over the semiconductor film 102e, and a conductive
pattern 1044 which is formed over the gate insulating film 103
and located above a part of the semiconductor film 102e. The
capacitor 118 is located so as not to overlap with the first
electrode 102¢. The semiconductor film 102¢ and the con-
ductive pattern 1044 are rectangles and are located adjacent to
and generally parallel to the auxiliary wiring 1045. The same
impurity as in the first electrode 102¢ is introduced to the
semiconductor film 102e except in the region under the con-
ductive pattern 1044.

[0246] The contact hole located above the conductive pat-
tern 1044 and the contact hole located above the semiconduc-
tor film 102e are formed in the first interlayer insulating film
106a. Conductive patterns 1074 and 107e are formed over the
first interlayer insulating film 106a. The conductive pattern
107d is electrically connected to the conductive pattern 1044
through the contact hole, and the conductive pattern 107e is
electrically connected to the region of the semiconductor film
102e, in which an impurity is introduced, through the contact
hole. The conductive pattern 1074 is an elongated rectangle
and is located generally parallel to the auxiliary wiring 1045.
The conductive pattern 107e has a substantially frame shape
and surrounds the conductive pattern 1074.

[0247] The contact hole located above the conductive pat-
tern 1074 is formed in the second interlayer insulating film
1060. The second electrode 108 is electrically connected to
the conductive patterns 1074 and 1044 through the contact
hole.

[0248] The second auxiliary wiring 104e is formed over the
gate insulating film 103. The second auxiliary wiring 104e is
located adjacent to the auxiliary wiring 104 and extended
parallel to the auxiliary wiring 1045. A plurality of contact
holes located over the second auxiliary wiring 104e are
formed in the first interlayer insulating film 106a. The con-
ductive pattern 107e is electrically connected to the second
auxiliary wiring 104e through the contact hole.
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[0249] The second auxiliary wiring 104e is located in the
same layer as the conductive pattern 1044 but is separated. In
a region in which the second auxiliary wiring 104e is sepa-
rated, the conductive pattern 1044 is located. The separated
portions of the second auxiliary wiring 104e are electrically
connected to each other through the conductive pattern 107e.
In the case where an n-type impurity is introduced to the
semiconductor film 102e the potential of the second auxiliary
wiring 104e is lower than the lowest potential of the source
wiring 107a. In the case where a p-type impurity is introduced
to the semiconductor film 102e, the potential of the second
auxiliary wiring 104e is higher than the highest potential of
the source wiring 107a.

[0250] Intheliquid crystal display device with such a struc-
ture, when a driving thin film transistor is turned on, charge is
accumulated in a part of the conductive pattern 104e, which is
located under the conductive pattern 1044. The capacitor 118
functions in such a manner.

[0251] The semiconductor film 102e is formed in the same
step as the semiconductor film 102/. The conductive pattern
1044 and the second auxiliary wiring 104e are formed in the
same step as the auxiliary wiring 1045. In a step of forming
the impurity regions 1025 and 1024 by injecting an impurity
into the semiconductor film 102/, the impurity is injected into
aregion in the semiconductor film 102e which is not covered
with the conductive pattern 104d. The conductive patterns
107d and 107e are formed in the same step as the source
wiring 107a. In addition, the contact holes formed in the first
interlayer insulating film 106« are formed in the same step,
and the contact holes formed in the second interlayer insulat-
ing film 1064 are formed in the same step. Other steps of the
manufacturing steps of the liquid crystal display device are
similar to those of the liquid crystal display device according
to Embodiment Mode 3.

[0252] With this embodiment mode, an effect similar to
Embodiment Mode 3 can be obtained. In addition, since the
capacitor 118 is connected between the second electrode 108
functioning as the pixel electrode and the second auxiliary
wiring 104e, the voltage of the second electrode 108 is easily
kept when the thin film transistor is turned off. In addition, in
the step of forming the impurity regions 1025 and 1024 by
injecting an impurity into the semiconductor film 102/, since
the impurity is injected into a region in the semiconductor
film 102e, which is not covered with the conductive pattern
1044 and the impurity is not required to be injected into a
region in the semiconductor film 102¢, which is covered with
the conductive pattern 1044; the number of manufacturing
steps is not necessarily increased.

[0253] Note that the capacitor 118 may be provided in
Embodiment Mode 1. In that case, an effect similar to this
embodiment mode can be obtained.

[0254] Inembodiment mode, the opening patterns 112 and
115 may have the shape shown in FIGS. 10A and 10B, or 11A
and 11B. Alternatively, the opening pattern 112 may have the
shape shown in FIGS. 7A and 7B, or 9A and 9B. In this case,
the opening pattern 115 has a shape of the opening pattern 112
shown in FIGS. 7A and 7B, or 9A and 9B. Note that the
opening patterns 112 and 115 are required to be arranged so
that the first electrode 102¢ and the second electrode 108 are
alternately arranged and are generally in parallel except in the
periphery portions, when seen from the direction perpendicu-
lar to the substrate 100 of the liquid crystal display device.
[0255] Theimpurity region 1025 functioning as adrainora
source of the transistor is directly connected to the first elec-
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trode 102¢. In other words, the semiconductor layer in the
transistor and the first electrode 102¢ are contiguous with
each other to form one island. In addition, unlike Embodi-
ment Mode 1, the contact hole located over the impurity
region 1025 and the contact hole located over the first elec-
trode 102¢ are not formed in the first interlayer insulating film
106a. Accordingly, the region for the contact holes can be
utilized for displaying an image, which leads to improvement
in aperture ratio.

[0256] If the opening patterns are thus provided to have
different orientations, a plurality of regions with different
moving directions of liquid crystal molecules can be pro-
vided. In other word, a multidomain structure can be realized.
When a multidomain structure is employed, it can be pre-
vented that an image cannot be displayed properly if seen
from a certain direction. Accordingly, the viewing angle can
be improved.

[0257] Note that the first electrode 102¢ has the opening
pattern 115 in this embodiment mode. Therefore, in a portion
of the opening pattern, the amount of light transmitted there-
through is increased. This is because the first electrode 102 is
not provided in that portion. In a portion where the first
electrode 102 is provided, the amount of light transmitted
therethrough is decreased because the light transmittance is
not 100%. On the other hand, in a portion where the first
electrode 102 is not provided, light does not attenuate, which
leads to increase in amount of light transmitted therethrough.
As aresult, it is possible to increase luminance and to reduce
power consumption.

[0258] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 7
is partially changed, improved, or transformed. Therefore, the
description in Embodiment Modes 1 to 7 can be applied to or
combined with this embodiment mode.

[0259] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 9

[0260] FIG. 16A is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 9. In the
liquid crystal display device according to this embodiment
mode, a plurality of pixels are arranged in matrix. A structure
of each pixel is similar to the structure of the liquid crystal
display device according to Embodiment Mode 7, except that
a second auxiliary wiring 104/ extended in a longitudinal
direction is formed. The second auxiliary wiring 104f is
formed in the same layer as the auxiliary wiring 1045 and is
electrically connected to the auxiliary wirings 1045 at each
intersection with the auxiliary wirings 1045.

[0261] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 7 can be obtained. Further, by
provision of the second auxiliary wiring 104/, the potential of
the common electrode can be easily held at the same value in
all pixels. Note that the liquid crystal display device accord-
ing to this embodiment mode may be the FFS mode or the IPS
mode. Although opening patterns included in the pixel elec-
trode and the common electrode may have a shape similar to
those shown in Embodiment Modes 1 to 8, it is not limited
thereto.

[0262] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 8
is partially changed, improved, transformed, or is described
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from a different perspective. Therefore, the description in
Embodiment Modes 1 to 8 can be applied to or combined with
this embodiment mode.

[0263] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 10

[0264] FIG. 16B is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 10. In the
liquid crystal display device according to this embodiment
mode, a plurality of pixels are arranged in matrix. A structure
of each pixel is similar to the structure of the liquid crystal
display device according to Embodiment Mode 8.

[0265] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 8 can be obtained. Note that the
liquid crystal display device according to this embodiment
mode may be the FFS mode or the IPS mode. Although
opening patterns included in the pixel electrode and the com-
mon electrode may have a shape similar to those shown in
Embodiment Modes 1 to 8, it is not limited thereto.

[0266] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 9
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 9 can be applied to or combined with
this embodiment mode.

[0267] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 11

[0268] FIG. 17A is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 11. The lig-
uid crystal display device according to this embodiment mode
is the FFS mode or the IPS mode, and one pixel includes a
plurality of (for example, two) subpixels. A structure of each
subpixel is similar to any of the structures of the pixel shown
in Embodiment Modes 1 to 10. Therefore, the description in
Embodiment Modes 1 to 10 can be applied to this embodi-
ment mode. FIG. 17A shows an example where the pixel has
a structure similar to that shown in Embodiment Mode 7.
Hereinafter, the component similar to that of Embodiment
Mode 7 is denoted by the same reference numeral and
description thereof is omitted.

[0269] A plurality of subpixels forming one pixel are elec-
trically connected to the same gate wiring 104¢ and are elec-
trically connected to the different auxiliary wirings 1045
from each other.

[0270] According to this embodiment mode, an effect simi-
lar to the liquid crystal display device shown in Embodiment
Modes 1 to 10 can be obtained. Furthermore, since one pixel
includes a plurality of subpixels, a viewing angle can be
further increased. Effects in which the pixel can have redun-
dancy and area gray scale display can be realized can be
obtained as well.

[0271] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 10
is partially changed, improved, transformed, or is described
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from a different perspective. Therefore, the description in
Embodiment Modes 1 to 10 can be applied to or combined
with this embodiment mode.

[0272] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 12

[0273] FIG. 17B is a circuit diagram of a liquid crystal
display device according to Embodiment Mode 12. The lig-
uid crystal display device according to this embodiment mode
is the FFS mode or the IPS mode. A structure is similar to that
of Embodiment Mode 11, except that a plurality of subpixels
forming one pixel are electrically connected to the different
gate wirings 104¢ from each other and are electrically con-
nected to the same auxiliary wiring 104b. A structure of each
of subpixels is similar to any of the structures of the pixel
shown in Embodiment Modes 1 to 10. Therefore, the descrip-
tion in Embodiment Modes 1 to 10 can be applied to this
embodiment mode. FIG. 17B shows an example where the
pixel has a structure similar to that shown in Embodiment
Mode 7. Hereinafter, the component similar to that of
Embodiment Mode 7 is denoted by the same reference
numeral and description thereof is omitted. According to this
embodiment mode, an effect similar to Embodiment Mode 11
can be obtained.

[0274] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 11
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 11 can be applied to or combined
with this embodiment mode.

[0275] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 13

[0276] FIG. 18A is a plan view illustrating a structure of a
liquid crystal display device according to Embodiment Mode
13 in the present invention. FIG. 18B is a cross-sectional view
along a line A-B and a line C-D of FIG. 18A. A structure of
this embodiment mode is similar to that of Embodiment
Mode 1, except that a transistor for driving a pixel is a bottom
gate transistor and the base insulating film 101 is not formed.
That is, the liquid crystal display device in this embodiment
mode is the FFS mode. Therefore, the description in Embodi-
ment Mode 1 can be applied to this embodiment mode. Here-
inafter, the component similar to that of Embodiment Mode 1
is denoted by the same reference numeral and description
thereof is omitted.

[0277] In this embodiment mode, the gate electrode 104a,
the auxiliary wiring 1045, and the gate wiring 104¢ are
formed over the substrate 100. The gate insulating film 103 is
formed over the substrate 100, the gate electrode 104a, the
auxiliary wiring 1045, and the gate wiring 104¢. The semi-
conductor film 102f'and the first electrode 102¢ are formed
over the gate insulating film 103.

[0278] A manufacturing method of the liquid crystal dis-
play device according to this embodiment mode is as follows.
First, a conductive film is formed over the substrate 100 and
is selectively etched. Therefore, the two gate electrodes 104a,
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the auxiliary wiring 1045, and the gate wiring 104¢ are
formed over the substrate 100. Note that as the conductive
film, a film formed of aluminum (Al), nickel (Ni), tungsten
(W), molybdenum (Mo), titanium (T1), tantalum (Ta), neody-
mium (Nd), platinum (Pt), gold (Au), silver (Ag), or the like;
a film formed of an alloy thereof; or a stacked-layer film
thereof can be used. Alternatively, silicon (Si) in which an
n-type impurity is introduced may be used. Next, the gate
insulating film 103 is formed.

[0279] Next, a polysilicon film is formed over the gate
insulating film 103, and a resist pattern is formed over the
polysilicon film. Next, the polysilicon film is etched with use
of the resist pattern as a mask. In this manner, the semicon-
ductor film 102fand the first electrode 102¢ are formed in the
same step. Thereafter, the resist pattern is removed.

[0280] Next, a mask pattern is formed over the semicon-
ductor film 102/, and an impurity is injected into the semi-
conductor film 102f'with use of the mask pattern as a mask.
Therefore, the impurity regions 1025 and 1024 and an impu-
rity region between the gate electrodes 104a are formed. Note
that by this treatment, the impurity is also injected into the
first electrode 102¢. In a case where the substrate 100 is
formed using a light-transmitting material such as glass, a
mask may be formed by light exposure from a rear face of the
substrate 100 with use of the gate wiring as a light exposure
pattern, without using a light exposure mask. In this case, the
number of steps can be reduced since a light exposure mask is
not used, so that manufacturing cost can be reduced. Further,
there is an advantage in that a mask pattern can be formed in
a self-aligned manner, so that deviation of a mask pattern is
reduced and the deviation is not required to be considered.
Subsequent steps are similar to those in Embodiment Mode 1.
[0281] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 1 can be obtained. Note that in the
FFS mode liquid crystal display device shown in Embodi-
ment Mode 2 or 5, the transistor for driving a pixel may be a
bottom gate transistor having a structure similar to this
embodiment mode. Further, in the TIPS mode liquid crystal
display device shown in any one of Embodiment Modes 3, 4,
and 6 to 12, the transistor for driving a pixel may be a bottom
gate transistor having a structure similar to this embodiment
mode. In this manner, in any of the aforementioned FFS mode
liquid crystal display devices and IPS mode liquid crystal
display devices, the bottom gate transistor can be adopted.
[0282] Inthe liquid crystal display device according to this
embodiment mode, or in the liquid crystal display device in
any of Embodiment Modes 1 to 12, of which transistor for
driving the pixel is a bottom gate transistor having a structure
similar to this embodiment mode, the gate insulating layer
103 over the substrate 100 may be removed except in a por-
tion around the gate electrode 104a before the polysilicon
film is formed over the gate insulating layer 103. In this case,
the first electrode 102¢ is formed directly on the substrate
100.

[0283] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 12
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 12 can be applied to or combined
with this embodiment mode.

[0284] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.
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Embodiment Mode 14

[0285] FIG. 19A is a cross-sectional view illustrating a
structure of a liquid crystal display device according to
Embodiment Mode 14 in the present invention. The cross-
sectional view corresponds to a cross section A-B and a cross
section C-D of FIGS. 12A and 12B. A structure of this
embodiment mode is similar to that of the FFS mode liquid
crystal display device in Embodiment Mode 5, except that all
parts of the second electrode 108 are provided over the first
interlayer insulating film 106« and a part of the drain wiring
1075 is provided over the second electrode 108. In this
embodiment mode, the drain wiring 1075 is formed after the
second electrode 108 is formed. Breakage of the second elec-
trode 108 can be prevented by such a structure. That is, if the
second electrode 108 is formed over the drain wiring 1075 as
shown in Embodiment Mode 5, the drain wiring 1075 is often
made thicker than the second electrode 108, so that breakage
of the second electrode 108 might be caused at an end portion
of the drain wiring 1075. On the other hand, when the second
electrode 108 is formed under the drain wiring 1075 as shown
in this embodiment mode, the breakage of the second elec-
trode 108 can be prevented. Note that since the drain wiring
1075 1s often formed to be thick, breakage of the drain wiring
1075 is unlikely to be caused.

[0286] In addition, a manufacturing method of the liquid
crystal display device according to this embodiment mode is
generally similar to that of Embodiment Mode 5. Therefore,
the description in Embodiment mode 5 can be applied to this
embodiment mode. Hereinafter, a component same as
Embodiment Mode 5 is denoted by the same reference
numeral and description thereof is omitted. Note that
although the opening pattern 112 included in the second
electrode 108 can have a shape shown in any of Embodiment
Modes 1 to 4 and 7, it is not limited thereto.

[0287] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 5 can be obtained. Note that an
opening pattern parallel to the opening pattern 112 included
in the second electrode 108 may be formed in the first elec-
trode 102¢, so that the IPS mode liquid crystal display device
can be realized. The opening pattern can have a shape shown
in any of Embodiment Modes 1 to 4 and 7. Note that the
opening pattern in the first electrode 102¢ and the opening
pattern 112 are required to be arranged so that the first elec-
trode 102¢ and the second electrode 108 are alternately
arranged and generally in parallel except in the peripheral
portions when seen from the direction perpendicular to the
substrate 100 of the liquid crystal display device.

[0288] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 13
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 13 can be applied to or combined
with this embodiment mode.

[0289] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 15

[0290] FIG. 19B is a cross-sectional view illustrating a
structure of a liquid crystal display device according to
Embodiment Mode 15 in the present invention. The cross-
sectional view corresponds to a cross section A-B and a cross
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section C-D of FIGS. 7A and 7B. A structure of this embodi-
ment mode is similar to that of the FFS mode liquid crystal
display device in Embodiment Mode 1, except that a second
drain wiring 116 is formed over the second interlayer insu-
lating film 1065 and the second electrode 108 is formed so as
to cover the second drain wiring 116. Note that the second
electrode 108 may partially overlap the second drain wiring
116. In addition, a manufacturing method of the liquid crystal
display device according to this embodiment mode is genet-
ally similar to that of Embodiment Mode 1. Therefore, the
description in Embodiment mode 1 can be applied to this
embodiment mode. Hereinafter, a component same as
Embodiment Mode 1 is denoted by the same reference
numeral and description thereof is omitted. Note that
although the opening pattern 112 included in the second
electrode 108 can have a shape shown in any of Embodiment
Modes 1 to 4 and 7, it is not limited thereto.

[0291] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 1 can be obtained. Note that the
opening pattern parallel to the opening pattern 112 included
in the second electrode 108 may be formed in the first elec-
trode 102¢, so that the IPS mode liquid crystal display device
can be realized. The opening pattern can have a shape shown
in any of Embodiment Modes 1 to 4 and 7. Note that the
opening pattern in the first electrode 102¢ and the opening
pattern 112 are required to be arranged so that the first elec-
trode 102¢ and the second electrode 108 are alternately
arranged and generally in parallel except in the peripheral
portions when seen from the direction perpendicular to the
substrate 100 of the liquid crystal display device.

[0292] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 14
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 14 can be applied to or combined
with this embodiment mode.

[0293] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 16

[0294] FIG. 20 is a cross-sectional view illustrating a struc-
ture of a pixel portion in an FFS mode liquid crystal display
device according to Embodiment Mode 16 in the present
invention. A structure of the pixel portion of the liquid crystal
display device according to this embodiment mode is gener-
ally similar to that of the liquid crystal display device in
Embodiment Mode 1, except that a red color filter 1307, a
green color filter 130g, and a blue color filter 1305 are pro-
vided instead of the first interlayer insulating film 106a.
Therefore, the description in Embodiment mode 1 can be
applied to this embodiment mode. Hereinafter, the compo-
nent similar to that of Embodiment Mode 1 is denoted by the
same reference numeral and description thereof is omitted.
Note that since the insulating film 105 is provided between
the semiconductor film 102/and the color filters 1307, 130g,
and 130, it also functions to suppress diffusion of impurities
from each color filter to the semiconductor film 102/

[0295] A manufacturing method of the liquid crystal dis-
play device according to this embodiment mode is similar to
that of Embodiment Mode 1, except that a step of forming the
color filters 1307, 130g, and 1304 is added instead of a step of
forming the first interlayer insulating film 106a. The color
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filters 1307, 130g, and 1305 are formed by repeating the
following steps three times: a step of forming a color filter
layer, a step of forming a resist pattern over the color filter
layer, and a step of selectively dry-etching the color filter
layer with use of the resist pattern as a mask. Note that the
second interlayer insulating film 1065 is embedded in a space
which is generated between color filters. Alternatively, the
color filters 1307, 130g, and 1305 can be formed by using a
droplet discharging method (such as an ink-jet method).
[0296] Accordingly, the number of manufacturing steps
can be reduced. Further, since the color filter is provided on
the substrate 100 side, reduction in an aperture ratio can be
suppressed even when misalignment with the opposite sub-
strate is caused, as compared with a case where a color filter
is provided on the opposite substrate side. That is, a margin
for the misalignment of the opposite substrate is increased.
[0297] Note that colors of the color filter may be a color
other than red, blue, and green; or may be more than three
colors, for example, four colors or six colors. For example,
yellow, cyan, magenta, or white may be added. Further, a
black matrix (also called a black mask) may be provided in
addition to the color filters.

[0298] FIG. 21A is a plan view of the liquid crystal display
device shown in FIG. 20. As shown in FIG. 21A, in the liquid
crystal display device, a source line driver circuit 160 and a
gate line driver circuit 170, which are peripheral driver cir-
cuits, are provided in the periphery ofa pixel portion 150. The
red color filter 1307 is provided over each of the source line
driver circuit 160 and the gate line driver circuit 170. By
provision of the red color filter 130r, light degradation of an
active layer in a thin film transistor included in the source line
driver circuit 160 and the gate line driver circuit 170 is pre-
vented, and planarization is realized.

[0299] FIG. 21B is an enlarged view of a part of the pixel
portion 150 (three rowsxthree columns) in FIG. 21A. In the
pixel portion 150, the red color filter 130r, the blue color filter
1305, and the green color filter 130g are alternately arranged
in stripes. Further, the red color filter 1307 is provided over a
thin film transistor included in each pixel.

[0300] Since a source wiring (not shown) and a gate wiring
(not shown) are arranged so as to overlap with the space
between each color filter, light leakage is suppressed.

[0301] Since the color filter 1307 functions as a black mask
in this manner, a step of forming a black mask, which is
conventionally required, can be omitted.

[0302] As described above, according to this embodiment
mode, an effect similar to Embodiment Mode 1 can be
obtained. Further, since the color filters 1307, 1304, and 130g
are provided instead of the first interlayer insulating film
1064, the number of manufacturing steps of the liquid crystal
display device can be reduced. Moreover, reduction in an
aperture ratio can be suppressed even when misalignment
with the opposite substrate is caused, as compared with a case
where the color filter is provided on the opposite substrate
side. That is, a margin for the misalignment of the opposite
substrate is increased.

[0303] Note that in the FFS mode or the IPS mode liquid
crystal display devices shown in Embodiment Modes 2 to 4,
610 13, and 15, the color filters 1307, 1305, and 130g may be
provided instead of the first interlayer insulating film 106a
similar to this embodiment mode. In this case, an effect simi-
lar to this embodiment mode can be obtained.

[0304] Note that although a color filter may be provided
between the gate electrode and the source wiring, it is not
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limited thereto. The color filter may be provided between the
source wiring and the second electrode 108.

[0305] Further, a black matrix may be provided in addition
to a color filter.
[0306] Note that an insulating film of an inorganic material

may be provided between the color filter and the source
wiring, or between the color filter and the second electrode
108. The inorganic matetial is formed of an insulating sub-
stance containing oxygen or nitride, such as silicon oxide
(8i0,), silicon nitride (SiN,), silicon oxynitride (SiO,N;:
x>y), or silicon nitride oxide (SiN,O,: x>y). In order to block
intrusion of impurities, a material containing a large amount
of nitrogen is preferably employed.

[0307] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 15
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 15 can be applied to or combined
with this embodiment mode.

[0308] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 17

[0309] FIG. 22A is a plan view illustrating a structure of an
FFS mode liquid crystal display device according to Embodi-
ment Mode 17 in the present invention. FIG. 22B is an
enlarged view illustrating a structure of a pixel portion in FIG.
22A. A structure of the liquid crystal display device according
to this embodiment mode is similar to that of Embodiment
Mode 16, except for the layout of the color filters 1307, 1305,
and 130g. Therefore, the description in Embodiment mode 16
can be applied to this embodiment mode. Hereinafter, the
component similar to that of Embodiment Mode 16 is
denoted by the same reference numeral and description
thereof is omitted.

[0310] In this embodiment mode, the pixels provided with
the color filter 1307, 1305, or 130g are arranged in matrix so
that the color filters 1307, 1305, and 130g are alternately
arranged. Specifically, the red color filter 1307 is provided so
as to fill a gap between the blue color filter 1305 and the green
color filter 130g. Further, the red color filter 130~ is also
provided over the source line driver circuit 160 and the gate
line driver circuit 170, which are peripheral driver circuits;
and provided in spaces between the pixel portion 150 and
each of the source line driver circuit 160 and the gate line
driver circuit 170. Therefore, generation of a space between
color filters is suppressed.

[0311] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 16 can be obtained. Note that after
the first interlayer insulating film 106a is formed, the color
filters 1307, 1305, and 130g may be provided instead of the
second interlayer insulating film 1064. In this case, an effect
similar to this embodiment mode can be obtained.

[0312] Note that in the FFS mode or the IPS mode liquid
crystal display devices shown in Embodiment Modes 2 to 4,
61013, and 15, the color filters 1307, 1305, and 130g may be
provided instead of the first interlayer insulating film 1064
similar to this embodiment mode. In this case, an effect simi-
lar to this embodiment mode can be obtained.

[0313] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 16
is partially changed, improved, transformed, or is described
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from a different perspective. Therefore, the description in
Embodiment Modes 1 to 16 can be applied to or combined
with this embodiment mode.

[0314] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 18

[0315] FIG. 23 is across-sectional view illustrating a struc-
ture of an FFS mode liquid crystal display device according to
Embodiment Mode 18 in the present invention. A structure of
the liquid crystal display device according to this embodi-
ment mode is similar to that in Embodiment Mode 5, except
that the color filters 1307, 1305, and 130g are provided instead
of the first interlayer insulating film 106a. The layout of the
color filters 1307, 1305, and 130g in this embodiment mode is
similar to that of Embodiment Mode 17. Therefore, the
description in Embodiment modes 5 and 17 can be applied to
this embodiment mode. Hereinafter, the component similar to
that of Embodiment Modes 5 and 17 is denoted by the same
reference numeral and description thereof is omitted.

[0316] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 17 can be obtained. Note that in the
FFS mode liquid crystal display devices shown in Embodi-
ment Mode 14, the color filters 130, 1305, and 130g may be
provided instead of the first interlayer insulating film 106a
similar to this embodiment mode. In this case, an effect simi-
lar to this embodiment mode can be obtained.

[0317] Note that the layout of the color filters 1307, 1305,
and 130g is not limited to those shown in Embodiment Modes
16 to 18, and various layouts such as a triangle mosaic
arrangement, an RGBG four pixel arrangement, oran RGBW
four pixel arrangement may be employed. In these cases, the
red color filter 1307 is preferably provided above an active
layer of a thin film transistor.

[0318] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 17
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 17 can be applied to or combined
with this embodiment mode.

[0319] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 19

[0320] Each of FIGS. 24 A to 24D is a plan view illustrating
a structure of an electrode of an FFS mode liquid crystal
display device according to Embodiment Mode 19 in the
present invention. Since a structure shown in each drawing is
similar to the FFS mode liquid crystal display device accord-
ing to Embodiment Mode 1, except for a shape of the second
electrode 108, components other than the first electrode 102¢
and the second electrode 108 are not shown in the drawing.
[0321] In FIG. 24A, the second electrode 108 has a comb
shape. A space between each comb-tooth functions as the
opening pattern 112 shown in Embodiment Mode 1.

[0322] InFIG.24B, the second electrode 108 has a shape in
which a plurality of electrodes each having a shape along a
circumference of a circle, of which radius is different from
each other, are arranged in a concentric pattern and is con-
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nected to each other. A space between each electrode func-
tions as the opening pattern 112 shown in Embodiment Mode
1.

[0323] InFIG. 24C, the second electrode 108 has a shape in
which a plurality of linear electrodes extended in a long side
direction of the rectangular first electrode 102¢ are arranged
over the first electrode 102¢ so as not to overlap with each
other; and each of the linear electrodes has its upper portion
connected to an upper portion of an adjacent linear electrode
and its lower end portion connected to an lower end portion of
the other adjacent linear electrode. That is, the second elec-
trode 108 has a shape in which an elongated electrode is led
up and down repeatedly over the first electrode 102¢, and its
one end portion is arranged nearest to one long side of the first
electrode 102¢ (in FIG. 24C, along side on the right side) and
is connected nowhere. Further, a space between each linear
electrode functions as the opening pattern 112 shown in
Embodiment Mode 1.

[0324] InFIG. 24D, the second electrode 108 has a shape in
which in the second electrode 108 shown in FIG. 24C, the end
portion nearest to one long side of the first electrode 102¢ (in
FIG. 24C, the long side on the right side) is further extended
and led along a short side of the first electrode 102¢ (in FIG.
24D, a short side on the upper side), and connected to a
portion nearest to the other long side of the first electrode
102¢ (in FIG. 24C, the long side on the left side). Since both
the end portions of the second electrode 108 are connected to
each other, a potential of the second electrode 108 can be
easily kept constant as compared with the shape shown in
FIG. 24C.

[0325] A manufacturing method of the liquid crystal dis-
play device according to this embodiment mode is generally
similar to that of Embodiment Mode 1 in each case. There-
fore, the description in Embodiment mode 1 can be applied to
this embodiment mode.

[0326] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 1 can be obtained. Note that in
Embodiment Modes 2, 5, and 13 to 18, the second electrode
108 may have a shape shown in any of FIGS. 24A to 24D.
[0327] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 18
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 18 can be applied to or combined
with this embodiment mode.

[0328] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 20

[0329] Each of FIGS. 25A to 25D is a plan view illustrating
a structure of an electrode of an IPS mode liquid crystal
display device according to Embodiment Mode 20 in the
present invention. Since a structure of this embodiment mode
is similar to that of Embodiment Mode 3, except for the shape
of the first electrode 102¢ and the second electrode 108,
components other than the first electrode 102¢ and the second
electrode 108 are not shown in the drawing.

[0330] InFIG.25A, each ofthe first electrode 102¢ and the
second electrode 108 has a comb shape, and is arranged to
face opposite directions from each other. Comb-teeth are
alternately arranged.
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[0331] In FIG. 25B, the first electrode 102¢ has a shape in
which the circular opening pattern 115 is provided at the
center of its rectangular body; and in the opening pattern 115,
a plurality of electrodes each having a shape along a circum-
ference of a circle, of which radius are different from each
other, are arranged concentrically with the opening pattern
115 and each electrode having a shape along the circumfer-
ence of the circle is connected to the body by one linear
electrode. The second electrode 108 has a shape in which the
circular opening pattern 112 is provided at the center of the
rectangular body; and in the opening pattern 112, an electrode
having a shape along the circumference of the circle is
arranged concentrically with the opening pattern 112 and the
electrode and the body are connected by a linear electrode.
Note that the electrode having a shape along the circumfer-
ence of the circle included in the second electrode 108 may be
plural.

[0332] Since the opening patterns 112 and 115 are concen-
tric with each other, the electrode having a shape along the
circumference of the circle included in the first electrode 102¢
and the electrode having a shape along the circumference of
the circle included in the second electrode 108 are concentric
with each other. Note that the electrode having a shape along
the circumference of the circle included in the first electrode
102c¢ and the electrode having a shape along the circumfer-
ence of the circle included in the second electrode 108 have
different radiuses from each other, so that they are alternately
arranged in parallel with each other.

[0333] In FIG. 25C, the first electrode 102¢ has a shape in
whicha plurality of linear electrodes extended up and down in
the drawing are arranged in parallel with each other and each
of upper end portions or lower end portions thereof is con-
nected by alinear electrode extended in the lateral direction in
the drawing. The second electrode 108 has a comb shape, and
comb-teeth are provided in a space between the linear elec-
trodes forming the first electrode 102c.

[0334] InFIG. 25D, the first electrode 102¢ and the second
electrode 108 have a shape in which a plurality of linear
electrodes extended up and down in the drawing are arranged
in parallel with each other so as not to overlap with each other;
and each of the linear electrodes has its upper portion con-
nected to an upper portion of an adjacent linear electrode and
its lower end portion connected to an lower end portion of the
other adjacent linear electrode. That is, the second electrode
108 has a shape in which an elongated electrode is led up and
down repeatedly over the first electrode 102¢. Further, in the
first electrode 102¢ and the second electrode 108, portions
extended up and down in the drawing are alternately arranged
in parallel with each other, and portions extended in the lateral
direction do not overlap with each other.

[0335] A manufacturing method of the liquid crystal dis-
play device according to this embodiment mode is generally
similar to that of Embodiment Mode 3 in each case. There-
fore, the description in Embodiment mode 3 can be applied to
this embodiment mode.

[0336] According to this embodiment mode, an effect simi-
lar to Embodiment Mode 3 can be obtained. Note that in
Embodiment Modes 4, and 6 to 12, the first electrode 102¢
and the second electrode 108 may have a shape shown in any
of FIGS. 25A to 25D.

[0337] In addition, in each embodiment mode described
above, another semiconductor film (for example, an organic
semiconductor film or an amorphous silicon film) may be
used instead of the semiconductor film 102f. In this case, the
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first electrode 102¢ may also be formed of the aforemen-
tioned another semiconductor film.

[0338] Note that this embodiment mode shows an example
in a case where the description in Embodiment Modes 1 to 19
is partially changed, improved, transformed, or is described
from a different perspective. Therefore, the description in
Embodiment Modes 1 to 19 can be applied to or combined
with this embodiment mode.

[0339] In addition, description is made with reference to
various drawings. One drawing includes various components.
Therefore, another structure can be made by combining com-
ponents selected from different drawings.

Embodiment Mode 21

[0340] FIGS. 32A and 32B are cross-sectional views illus-
trating a structure of an inorganic EL element using the
present invention. The inorganic EL element according to the
present invention has a structure using a bottom gate transis-
tor, and the structure is similar to the liquid crystal display
device according to Embodiment Mode 13 in that the first
electrode 102¢ and the second electrode 108 are used. A
structure of a transistor, an electrode, or the like is not limited
to that shown in this embodiment mode; and a top gate tran-
sistor or a structure of an electrode shown in another embodi-
ment mode may be used. Although only one transistor is
shown in the cross-sectional views shown in this embodiment
mode, a structure where a plurality of transistors, such as a
driving transistor, a selection transistor, or a transistor for
controlling current, are included in one pixel may be
employed. As a material to be used for the second electrode,
one or more elements selected from aluminum (Al), tantalum
(Ta), titanium (T1), molybdenum (Mo), tungsten (W), neody-
mium (Nd), chromium (Cr), nickel (Ni), platinum (Pt), gold
(Au), silver (Ag), copper (Cu), magnesium (Mg), scandium
(Sc), cobalt (Co), zinc (Zn), niobium (Nb), silicon (Si), phos-
phorus (P), boron (B), arsenic (As), gallium (Ga), indium
(In), and tin (Sn); a compound or an alloy material containing
one or more of the aforementioned elements (such as indium
tin oxide (ITO), indium zinc oxide (IZ0), indium tin oxide
doped with silicon oxide (ITSO), zinc oxide (ZnO), alumi-
num neodymium (Al—Nd), or magnesium silver (Mg—
Ag)); asubstance obtained by combining such compounds; or
the like may be employed. Alternatively, a compound (sili-
cide) of silicon and the aforementioned material (such as
aluminum silicon, molybdenum silicon, or nickel silicide) or
a compound of nitride and the aforementioned material (such
as titanium nitride, tantalum nitride, or molybdenum nitride)
canbe used. Note that silicon (S1) may contain a large amount
of n-type impurities (phosphorus or the like) or p-type impu-
rities (boron or the like).

[0341] Inorganic EL elements are classified into a disper-
sion-type inorganic EL element and a thin-film type inorganic
EL element, according to the structure of the element. These
differ in that the former includes a layer including a light
emitting material, in which particles of the light emitting
material are dispersed in a binder, and the latter includes a
layer including a light emitting material formed as a thin film.
However, the dispersion-type inorganic EL, element and the
thin-film type inorganic EL element are common in that elec-
trons accelerated by a high electric field are required. In this
embodiment mode, a layer 501 including a light emitting
material is provided above the second electrode 108. In a case
of a dispersion-type inorganic EL element, a structure where
the layer 501 including the light emitting material is provided
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on and in contact with the second electrode 108 (see FIG.
32A) is preferably employed; however, it is not limited
thereto. In a case of a thin-film type inorganic EL element, a
structure where a dielectric 502 is formed over the second
electrode 108 and the layer 501 including the light emitting
material is provided over the dielectric 502 (see FIG. 32B) is
preferably employed; however, it is not limited thereto.
[0342] As a mechanism of light emission, donor-acceptor
recombination emission in which a donor level and an accep-
tor level are utilized, and local emission in which inner shell
electron transition in a metal ion is utilized are known. Gen-
erally, the dispersion-type inorganic EL element typically
employs donor-acceptor recombination emission and the
thin-film type inorganic EL element typically employs local
emission.

[0343] The layer 501 including the light emitting material
includes a base material and an impurity element to be a
luminescent center. By change of the impurity element to be
included, various colors of light emission can be obtained. As
a manufacturing method of the light emitting material, a
spraying thermal decomposition method, a double decompo-
sition method, a method by thermal decomposition reaction
of a precursor, a reversed micelle method, a method in which
these methods and high temperature firing are combined, a
freeze-drying method, or the like can be used.

[0344] The solid phase method is a method in which a
compound including a base material and an impurity element
or a compound including the impurity element are weighed,
mixed in a mortar, heated in an electric-furnace, and baked to
react so that the impurity element is included in the base
material. The baking temperature is preferably 700 to 1500°
C. This is because solid-phase reaction does not proceed
when the temperature is too low, and the base material is
decomposed when the temperature is too high. Note that
although baking may be performed in a powder state, it is
preferably performed in a pellet state. It is suitable for mass-
production since it is a simple method with high productivity
even though baking at a comparatively high temperature is
required.

[0345] The liquid phase method (the coprecipitation
method) is a method in which a base material or a compound
including the base material, and an impurity element or a
compound including the impurity element are reacted in a
solution, dried, and then baked. The particles of the light
emitting material are dispersed uniformly, and the reaction
can be advanced even if the particles are small and baking
temperature is low.

[0346] As thebase material to be used for the light emitting
material, a sulfide, an oxide, or a nitride can be used. As a
sulfide, zinc sulfide (ZnS), cadmium sulfide (CdS), calcium
sulfide (CaS), yttrium sulfide (Y,S;), gallium sulfide
(Ga,S,), strontium sulfide (Sr8), barium sulfide (BaS), or the
like can be used, for example. As an oxide, zinc oxide (Zn0),
yttrium oxide (Y,0,), or the like can be used, for example.
[0347] In addition, as a nitride, aluminum nitride (AIN),
gallium nitride (GaN), indium nitride (InN), or the like can be
used, for example. Alternatively, zinc selenide (ZnSe), zinc
telluride (ZnTe), or the like; or a ternary mixed crystal such as
calcium sulfide-gallium (CaGa,S,), strontium sulfide-gal-
lium (SrGa,S,,), or barium sulfide-gallium (BaGa,S ,) may be
used.

[0348] As a luminescent center of local emission, manga-
nese (Mn), copper (Cu), samarium (Sm), terbium (Tb),
erbium (Er), thulium (Tm), europium (Eu), cerium (Ce),
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praseodymium (Pr), or the like can be used. For charge com-
pensation, a halogen element such as fluorine (F) or chlorine
(C1) may be added.

[0349] On the other hand, as a luminescent center of donor-
acceptor recombination emission, a light emitting material
including a first impurity element forming a donor level and a
second impurity element forming an acceptor level can be
used. As the first impurity element, fluorine (F), chlorine (Cl),
aluminum (Al), or the like can be used, for example. As the
second impurity element, copper (Cu), silver (Ag), or the like
can be used, for example.

[0350] Note thatin the inorganic EL light emitting element,
a voltage is applied between a pair of electrodes so that light
emission can be obtained. Inthis embodiment mode, AC drive
is preferably used since an electric field formed by the first
electrode 102¢ and the second electrode 108 is used for light
emission in the inorganic EL light emitting element shown in
this embodiment mode. Note that the electric field formed for
light emission is similar to the electric field in the liquid
crystal display device shown in other embodiment modes.
[0351] As a binder which can be used in this embodiment
mode, an organic or inorganic insulating material, or a mixed
material of an organic material and an inorganic material can
be used. As the organic insulating material, the following
resin can be used: a polymer having a comparatively high
dielectric constant such as a cyanoethyl cellulose based resin;
or aresin such as polyethylene, polypropylene, a polystyrene
based resin, a silicone resin, an epoxy resin, or vinylidene
fluoride. Further, a heat-resistant high-molecular material
such as aromatic polyimide or polybenzimidazole, or a silox-
ane resin may also be used.

[0352] Alternatively, the following resin material may also
be used: a vinyl resin such as polyvinyl alcohol or polyvinyl-
butyral, a phenol resin, a novolac resin, an acrylic resin, a
melamine resin, a urethane resin, an oxazole resin (polyben-
zoxazole), or the like. Further, a photo-curable resin or the
like can be used. Fine particles having a high dielectric con-
stant such as barium titanate (BaTiO,) or strontium titanate
(SrTi0,) may be mixed to these resins as appropriate, so that
a dielectric constant can be adjusted.

[0353] As the inorganic material used for the binder, silicon
oxide (Si0,), silicone nitride (SiN, ), silicon containing oxy-
gen and nitrogen, aluminum nitride (AIN), aluminum con-
taining oxygen and nitrogen, aluminum oxide (Al,O,), tita-
nium oxide (TiO,), BaTiOj;, SrTiO,, lead titanate (PbTiO;),
potassium niobate (KNbO,), lead niobate (PbNbO,), tanta-
lum oxide (Ta,Qs), barium tantalate (BaTa,Oy), lithium tan-
talate (LiTaO;), yttrium oxide (Y,O;), zirconium oxide
(Zr0,), ZnS, or a material selected from a substance includ-
ing other inorganic materials can be employed. By adding the
inorganic material having a high dielectric constant in the
organic material (by doping or the like), the dielectric con-
stant of a layer including a light emitting substance formed of
the light emitting material and the binder can be controlled,
and the dielectric constant can be further increased.

[0354] As shown in this embodiment mode, an electrode
containing silicon is used as an electrode of the inorganic EL
element, so that the inorganic EL element can be manufac-
tured at low cost. By the structure shown in this embodiment
mode, various electrode materials can be applied since
attenuation by the electrode is not required to be considered.
For example, the second electrode may be formed using a
metal material so as to be thick. Further, since a layer includ-
ing a light emitting material is not required to be provided



US 2016/0154283 Al

between the first electrode and the second electrode, lumi-
nance as a display device can be improved; a load for the EL
element can be reduced; and deterioration of the element can
be reduced.

Embodiment Mode 22

[0355] FIG. 33 is a cross-sectional view illustrating a struc-
ture of an organic EL element which uses an electrode con-
taining silicon in the present invention. The organic EL ele-
ment according to this embodiment mode has a structure
where a bottom gate transistor 600 is used. In this embodi-
ment mode, a layer 601 including an organic compound is
interposed between the first electrode 102¢ and a second
electrode 602. A structure of a transistor is not limited to that
shown in this embodiment mode, and a top gate transistor
may be used. As a material used for the second electrode, one
or more elements selected from aluminum (AI), tantalum
(Ta), titanium (T1), molybdenum (Mo), tungsten (W), neody-
mium (Nd), chromium (Cr), nickel (Ni), platinum (Pt), gold
(Auw), silver (Ag), copper (Cu), magnesium (Mg), scandium
(Sc), cobalt (Co), zinc (Zn), niobium (Nb), silicon (Si), phos-
phorus (P), boron (B), arsenic (As), gallium (Ga). indium
(In), tin (Sn), and oxygen (O); a compound or an alloy mate-
rial containing one or more of the aforementioned elements
(such as indium tin oxide (ITO), indium zinc oxide (IZ0),
indium tin oxide doped with silicon oxide (ITSO), zinc oxide
(Zn0), aluminum neodymium (Al—Nd), or magnesium sil-
ver (Mg—Ag)); a substance obtained by combining such
compounds; or the like may be employed. Alternatively, a
compound (silicide) of silicon and the aforementioned mate-
rial (such as aluminum silicon, molybdenum silicon, or nickel
silicide) or a compound of nitride and the aforementioned
material (such as titanium nitride, tantalum nitride, or molyb-
denum nitride) can be used. Note that silicon (Si) may contain
a large amount of n-type impurities (phosphorus or the like)
or p-type impurities (boron or the like).

[0356] The layer 601 including the organic compound
includes at least a layer (light emitting layer) including a
material with a high light emitting property. There is no
particular limitation on the light emitting layer; however, a
layer functioning as the light emitting layer has roughly two
modes. One is a host-guest type layer which includes a light
emitting substance dispersed in a layer formed of a material
(host material) having an energy gap larger than an energy
gap ofa substance (light emitting substance or guest material)
to be aluminescent center. The other is a layer in which a light
emitting layer includes only a light emitting material. The
former is preferable since concentration quenching hardly
occurs. As the light emitting substance, the following can be
employed: 4-dicyanomethylene-2-methyl-6-(1,1,7,7-tetram-
ethyljulolidyl-9-enyl)-4H-pyran (abbreviation: DCJT); 4-di-
cyanomethylene-2-t-butyl-6-(1,1,7,7-tetramethyljulaidyl-9-
enyl)-4H-pyran; periflanthene; 2,5-dicyano-1,4-bis[2-(10-
methoxy-1,1,7,7-tetramethyljulolidyl-9-enyl)|benzene;
N,N'-dimethylquinacridone (abbreviation: DMQd); cou-
marin 6; coumarin 545T; tris(8-quinolinolato)aluminum (ab-
breviation: Alq,); 9,9'-bianthryl; 9,10-diphenylanthracene
(abbreviation: DPA); 9,10-bis(2-naphthyl)anthracene (ab-
breviation: DNA); 2,5,8,11-tetra-t-butylperylene (abbrevia-
tion: TBP); or the like. As the host material, the following can
be used: an anthracene derivative such as 9,10-di(2-naph-
thyl)-2-tert-butylanthracene (abbreviation: t-BuDNA); a car-
bazole derivative such as 4,4'-bis(N-carbazolyl)biphenyl (ab-
breviation: CBP); or a metal complex such as tris(8-
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quinolinolato)aluminum (abbreviation: Alg,), tris(4-methyl-
8-quinolinolato)aluminum (abbreviation: Almg,); bis(10-
hydroxybenzo[h]-quinolinato)beryllium (abbreviation:
BeBq,); bis(2-methyl-8-quinolinolato)-4-phenylphenolato-
aluminum (abbreviation: BAlq); bis[2-(2-hydroxyphenyl)
pyridinato]zinc (abbreviation: Znpp,); or bis[2-(2-hydrox-
yphenyl)benzoxazolate]zince (abbreviation: ZnBOX). As a
material which is a light transmitting substance capable of
forming the light emitting layer alone, tris(8-quinolinolato)
aluminum (abbreviation: Alqg;), 9,10-bis(2-naphthyl)an-
thracene (abbreviation: DNA), bis(2-methyl-8-quinolino-
lato)-4-phenylphenolato-aluminum (abbreviation: BAlq), or
the like can be used. Note that as a layer including an organic
compound, a layer such as a hole injecting layer, a hole
transporting layer, an electron transporting layer, or an elec-
tron injecting layer may be included.

[0357] Note that an organic EL light emitting element can
obtain light emission when a voltage is applied between a pair
of electrodes. In the organic EL light emitting element shown
in this embodiment mode, light is emitted by a current gen-
erated by the first electrode 102¢ and the second electrode
602.

[0358] As shown in this embodiment mode, the electrode
containing silicon is used as an electrode of the organic EL
element, so that the organic EL element can be manufactured
at low cost.

Embodiment Mode 23

[0359] FIGS. 34A to 34D are cross-sectional views illus-
trating a reflection type liquid crystal display device using a
single crystalline silicon substrate, and a manufacturing
method thereof. Hereinafter, the manufacturing method is
briefly described. First, oxygen ions are implanted into a
single crystalline silicon substrate 700 with constant accel-
eration (see FIG. 34A). Thereafter, by heating at a high tem-
perature, a silicon oxide layer 702 is formed, while a single
crystalline silicon layer 701 remains on a surface of the single
crystalline silicon substrate 700 (see FIG. 34B). Next, the
single crystalline silicon layer 701 is etched into an island
shape so as to form a transistor 703. In this case, the first
electrode 102¢ is formed at the same time (see FIG. 34C).
Note that an impurity element is added to source and drain
regions 704 of the transistor 703 so as to have conductivity. As
the impurity element, elements shown in other embodiment
modes can be used. Further, an electrode, a wiring, or the like
can be formed using a material shown in other embodiment
modes.

[0360] Next, an interlayer insulating film 705 is formed
(see FIG. 34C). Since the interlayer insulating film can be
formed using a material shown in other embodiment modes
and embodiments, detailed description is omitted here. Note
that in this embodiment mode, although the interlayer insu-
lating film has a single-layer structure, it may have a stacked-
layer structure of two or more layers. After the interlayer
insulating film 705 is formed, a contact hole is formed and a
second electrode 706 to be a pixel electrode is formed (see
FIG. 34D). In this embodiment mode, as a material for the
second electrode 706, a material having high visible light
reflectivity is preferably used since a reflection type liquid
crystal display device is formed; it is not limited thereto. As a
material having high reflectivity, a metal material such as
aluminum (Al), tantalum (Ta), titanium (Ti), molybdenum
(Mo), tungsten (W), neodymium (Nd), chromium (Cr), nickel
(Ni), platinum (Pt), gold (Au), silver (Ag), copper (Cu), mag-
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nesium (Mg), scandium (Sc), cobalt (Co), zinc (Zn), niobium
(Nb), silicon (Si), phosphorus (P), boron (B), arsenic (As),
gallium (Ga), iridium (In), or tin (Sn) can be taken as an
example. Note that a wiring 707 for connection is preferably
formed at the same time as the electrode 706.

[0361] Thereafter, an alignment film, a liquid crystal, an
opposite substrate, and the like are provided so that the reflec-
tion type liquid crystal display device is completed. In the
liquid crystal display device in this embodiment mode, light
from an upper surface (on an opposite substrate side) is
reflected by the first electrode 102¢ or the second electrode
706 so that an image is seen. Therefore, a material having high
reflectivity is preferably used for the second electrode 706.
Crystal silicon which is a material of the first electrode 102¢
has, depending on a state of a surface thereof, reflectivity
higher than a certain value; therefore, it can be used as a
reflective film of the reflection type liquid crystal display
device. Note that a structure of a reflection type liquid crystal
display device is not limited to that of this embodiment mode,
and various structures can be used. For example, in this
embodiment mode, a top gate transistor is used as the tran-
sistor 703; however, a bottom gate transistor may be used.
Further, an electrode formed of a metal material may be
employed as the first electrode 102c.

[0362] As shown in this embodiment mode, by use of a
single crystalline silicon substrate, a liquid crystal display
device suitable for usage requiring high-speed operation can
be manufactured. That is, a driver circuit can be manufactured
directly on a substrate, and high-speed operation of the driver
circuit and the like can be achieved. Needless to say, not only
the driver circuit but also other circuits can be formed using
single crystalline silicon, so that a display device in which all
circuits are mounted on one substrate can be formed.

Embodiment 1

[0363] Embodiment 1 of the present invention is described
with reference to FIGS. 26 A to 28B. In aliquid crystal display
module according to this embodiment, a pixel portion has a
structure similar to that of the liquid crystal display device
shown in any of Embodiment Modes 1 to 20. Therefore,
manufacturing cost can be lowered as compared with a con-
ventional device.

[0364] First, as shown in FIG. 26A, a base film 802 is
formed over a substrate 801. The substrate 801 is a glass
substrate, a quartz substrate, a substrate formed of an insula-
tor such as alumina, a plastic substrate with enough heat
resistance to withstand a processing temperature of subse-
quent steps, a silicon substrate, or a metal plate. Further, the
substrate 801 may be a substrate in which an insulating film of
silicon oxide, silicon nitride, or the like is formed over a
surface of a metal substrate such as a stainless steel substrate
or a surface of a semiconductor substrate. Note that when a
plastic substrate is used for the substrate 801, plastic with a
comparatively high glass transition point, such as PC (poly-
carbonate), PES (polyethersulfone), PET (polyethylene
terephthalate), or PEN (polyethylene naphthalate) is prefer-
ably used.

[0365] The base film 802 has a stacked-layer structure
where a silicon oxide (SiO,) film is formed over a silicon
nitride (SiN)) film, for example; other insulators (such as
silicon oxynitride (SiO,N,) (x>y>0) or silicon nitride oxide
(SiN,0,) (x>y>0)) may also be used. Alternatively, the base
film 802 may be formed by high-density plasma treatment on
a surface of the substrate 801. High-density plasma is gener-

Jun. 2, 2016

ated by using a microwave at, for example, 2.45 GHz, and has
electron density of 1x10"'" to 1x10'*/cm?, electron tempera-
ture of 2 €V or less, and ion energy of 5 eV or less. Such
high-density plasma has low kinetic energy of active species,
and a film with less plasma damage and fewer defects com-
pared with conventional plasma treatment can be formed. The
distance between the substrate 801 and an antenna for gener-
ating the microwave is set to 20 to 80 mm, preferably 20 to 60
mm.

[0366] The surface of the substrate 801 can be nitrided by
performing the aforementioned high-density plasma treat-
ment in a nitrogen atmosphere, for example, in an atmosphere
including nitrogen and a rare gas, an atmosphere including
nitrogen, hydrogen, and a rare gas, or an atmosphere includ-
ing ammonia and a rare gas. When a glass substrate, a quartz
substrate, a silicon wafer, or the like is used as the substrate
801 and nitriding treatment is performed by the aforemen-
tioned high-density plasma, a nitride film formed on the sur-
face of the substrate 801 contains silicon nitride as its main
component, so that the nitride film can be used as the base film
802. A silicon oxide film or a silicon oxynitride film may be
formed over the nitride film by a plasma CVD method so that
the base film 802 includes a plurality of layers.

[0367] Inaddition, anitride film can be formed on a surface
of the base film 802 including a silicon oxide film, a silicon
oxynitride film, or the like by similarly performing nitriding
treatment with high-density plasma on the surface of the base
film 802. The nitride film can suppress diffusion of impurities
from the substrate 801 and can be formed to be very thin,
therefore, influence of stress upon a semiconductor layer to be
formed thereover can be reduced.

[0368] Next, as shown in FIG. 26B, a crystalline semicon-
ductor film (such as a polysilicon film) is formed over the base
film 802. As a forming method of the crystalline semiconduc-
tor film, a method in which the crystalline semiconductor film
is formed directly on the base film 802, and a method in which
an amorphous semiconductor film is formed over the base
film 802 and subsequently crystallized can be taken as an
example.

[0369] As a method of crystallizing the amorphous semi-
conductor film, the following can be used: a crystallization
method by laser light irradiation; a crystallization method by
heating using an element (for example, a metal element such
as nickel) which promotes crystallization of the semiconduc-
tor film; or a crystallization method by heating using an
element which promotes crystallization of the semiconductor
film and subsequently irradiating the semiconductor film with
laser light. Needless to say, a method of thermally crystalliz-
ing the amorphous semiconductor film without using the
aforementioned element can be used as well. However, in this
case, the substrate is required to be a quartz substrate, a silicon
wafer, or the like which can withstand the high temperature.
[0370] When laser irradiation is used, a continuous wave
laser beam (CW laser beam) or a pulsed laser beam (pulse
laser beam) can be used. Here, a laser beam emitted from one
or plural kinds of a gas laser such as an Ar laser, a Kr laser, or
an excimer laser; a laser using, as a medium, single crystalline
YAG, YVO,, forsterite (Mg,Si0,), YAIO,, or GdVO,, or
polycrystalline (ceramic) YAG, Y,0;, YVO,, YAIO,, or
GdVO, doped with one or more of Nd, Yb, Cr, Ti, Ho, Er, Tm,
and Ta as a dopant; a glass laser; a ruby laser; an alexandrite
laser; a Ti:sapphire laser; a copper vapor laser; and a gold
vapor laser can be used. By irradiation with a laser beam
having a fundamental wave of such laser beams or one of the
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second to fourth harmonics of the fundamental wave, a crystal
with a large grain size can be obtained. For example, the
second harmonic (532 nm) or the third harmonic (355 nm) of
an Nd:YVO, laser (fundamental wave of 1064 nm) can be
used. In this case, the energy density of approximately 0.01 to
100 MW/cm? (preferably, 0.1 to 10 MW/cm?) is required for
the laser. The scanning rate is set at approximately 10 to 2000
cmy/sec to irradiate the semiconductor film.

[0371] Note that a laser using, as a medium, single crystal-
line YAG, YVOQ,, forsterite (Mg,Si0,), YAIO;, or GAVO,, or
polycrystalline (ceramic) YAG, Y,0,, YVO,, YAIO,, or
GdVO, doped with one or more of Nd, Yb, Cr, Ti, Ho, Er, Tm,
and Ta as a dopant; an Ar ion laser; and a Ti:sapphire laser are
capable of continuous oscillation. Further, pulse oscillation
thereof can be performed at a repetition rate of 10 MHz or
more by carrying out Q switch operation or mode locking.
When a laser beam is emitted at a repetition rate of 10 MHz or
more, a semiconductor film is irradiated with a next pulse
after being melted by the laser beam and before being solidi-
fied. Therefore, unlike a case of using a pulsed laser with a
low repetition rate, a solid-liquid interface can be continu-
ously moved in the semiconductor film; therefore, crystal
grains which continuously grow in a scanning direction can
be obtained.

[0372] When ceramic (polycrystal) is used as a medium,
the medium can be formed to have a desired shape for a short
time and at low cost. When a single crystalline is used, a
columnar medium with several mm in diameter and several
tens of mm in length is used. When the ceramic is used, a
medium larger than the case of using the single crystalline can
be formed.

[0373] A concentration of a dopant such as Ndor Ybin a
medium, which directly contributes to light emission, cannot
be changed largely in either case of the single crystalline or
the polycrystal; therefore, there is some limitation on
improvement in output of a laser by increasing the concen-
tration of the dopant. However, in the case of ceramic, the size
of amedium can be significantly increased as compared with
the case of the single crystalline; therefore, drastic improve-
ment in output of a laser can be expected.

[0374] Further, in the case of ceramic, a medium with a
parallelepiped shape or a rectangular parallelepiped shape
can be easily formed. When a medium having such a shape is
used and oscillated light is made travel in a zigzag manner
inside the medium, a path of the oscillated light can be made
long. Therefore, amplification is increased and a laser beam
can be oscillated at high output. Furthermore, since a cross
section of a laser beam emitted from the medium having such
a shape has a quadrangular shape, it has an advantage over a
circular beam in being shaped into a linear beam. By shaping
a laser beam emitted in the aforementioned manner by using
an optical system, a linear beam having a length of 1 mm or
less on a lateral side and a length of several mm to several m
on a longitudinal side can be easily obtained. In addition,
when a medium is uniformly irradiated with excited light,
energy distribution of a linear beam becomes uniform in a
longitudinal direction.

[0375] A semiconductor film is irradiated with this linear
beam, so that the whole surface of the semiconductor film can
be annealed more uniformly. When uniform annealing is
required from one end to the other end of the linear beam,
ingenuity such as arrangement in which slits are provided in
ends of the linear beam to shield light at a portion where
energy is attenuated is required.
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[0376] When a semiconductor film is annealed using the
thus obtained linear beam having uniform intensity and an
electronic appliance is manufactured by using this semicon-
ductor film, characteristics of the electronic appliance are
good and uniform.

[0377] As the method for crystallizing the amorphous
semiconductor film by heating with an element which pro-
motes crystallization of the semiconductor film, a technique
described in Japanese Published Patent Application No.
HS8-78329 can be used. In the technique in the patent appli-
cation publication, an amorphous semiconductor film (also
referred to as an amorphous silicon film) is doped with ametal
element which promotes crystallization of the semiconductor
film, and then heat treatment is performed so that the amor-
phous semiconductor film is crystallized with the doped
region as a nucleus.

[0378] Alternatively, an amorphous semiconductor film
can be crystallized by performing irradiation with strong light
instead of heat treatment. In this case, one of or a combination
of infrared light, visible light, and ultraviolet light can be
used. Typically, light emitted from a halogen lamp, a metal
halide lamp, a xenon arc lamp, a carbon arc lamp, a high
pressure sodium lamp, or a high pressure mercury lamp is
used. A lamp light source is lighted for 1 to 60 seconds,
preferably 30 to 60 seconds, and such lighting is repeated 1 to
10 times, preferably 2 to 6 times. The light emission intensity
of the lamp light source is arbitrary, but the semiconductor
film is required to be instantaneously heated up to approxi-
mately 600 to 1000° C. Note that if necessary, heat treatment
may be performed in order to discharge hydrogen contained
in the amorphous semiconductor film having an amorphous
structure before the irradiation with the strong light. Alterna-
tively, crystallization may be performed by both heat treat-
ment and irradiation with strong light.

[0379] After the heat treatment, in order to increase the
degree of crystallinity of the crystalline semiconductor film
(rate of area occupied by crystalline components against the
whole volume of the film) and to correct defects which remain
in crystalline grains, the crystalline semiconductor film may
be irradiated with the laser light in the atmospheric air or an
oxygen atmosphere. The laser light may be selected from the
aforementioned laser light.

[0380] The doped elements are required to be removed
from the crystalline semiconductor film, and the method is
described below. First, a surface of the crystalline semicon-
ductor film is treated with a solution containing ozone (typi-
cally, ozone water), so that a barrier layer formed of an oxide
film (called chemical oxide) is formed on the surface of the
crystalline semiconductor film to have a thickness of 1 to 10
nm. The barrier layer functions as an etching stopper when
only a gettering layer is selectively removed in a subsequent
step.

[0381] Then, a gettering layer containing a rare gas element
is formed as a gettering site over the barrier layer. Here, a
semiconductor film containing a rare gas element is formed as
the gettering layer by a CVD method or a sputtering method.
When the gettering layer is formed, the sputtering conditions
are controlled as appropriate so that a rare gas element is
added to the gettering layer. The rare gas element may be one
or more of helium (He), neon (Ne), argon (Ar), krypton (Kr),
or xenon (Xe).

[0382] Note that when the gettering layer is formed by
using a source gas containing phosphorus which is an impu-
rity element or by using a target containing phosphorus, get-
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tering can be performed by utilizing the coulomb force of
phosphorus in addition to the gettering using the rare gas
element. In gettering, a metal element (such as nickel) tends
to move to a region having a high concentration of oxygen;
therefore, the concentration of oxygen contained in the get-
tering layer is preferably set at, for example, 5x10*%/cm= or
higher.

[0383] Next, the crystalline semiconductor film, the barrier
layer, and the gettering layer are subjected to thermal treat-
ment (such as heat treatment or irradiation with strong light),
and thereby the metal element (such as nickel) is gettered, so
that the metal element in the crystalline semiconductor film is
lowered in concentration or removed.

[0384] Next, a known etching method is performed using
the barrier layer as an etching stopper so that only the getter-
ing layer is selectively removed. After that, the barrier layer
formed of an oxide film is removed, for example, using an
etchant containing hydrofluoric acid.

[0385] Here, impurity ions may be added in consideration
of threshold characteristics of a to be manufactured.

[0386] Next, a photo resist film (not shown) is applied over
the crystalline semiconductor film, and is exposed to light and
developed. Therefore, a resist pattern is formed over the crys-
talline semiconductor film. Next, the crystalline semiconduc-
tor film is etched using the resist pattern as a mask. Therefore,
a crystalline semiconductor film 803 to be included in a thin
film transistor and a crystalline semiconductor film 803a to be
a common electrode are formed over the base film §02.
[0387] Next, after surfaces of the crystalline semiconductor
films 803 and 803a are cleaned with an etchant containing
hydrofluoric acid, a gate insulating film 804 is formed to have
a thickness of 10 to 200 nm over the crystalline semiconduc-
tor film 803. The gate insulating film 804 is formed of an
insulating film containing silicon as a main component, such
as a silicon oxide film, a silicon nitride film, a silicon oxyni-
tride film, or a silicon nitride oxide film. Further, the gate
insulating film may have a single layer or a stacked-layer film.
Note that the gate insulating film 804 is also formed over the
crystalline semiconductor film 803a and the base film 802.
[0388] Next, as shown in FIG. 26C, after the gate insulating
film 804 is cleaned, a first conductive film and a second
conductive film are formed in this order over the gate insu-
lating film 804. For example, the first conductive film is a
tungsten film and the second conductive film is a tantalum
nitride film.

[0389] Next, a photo resist film (not shown) is applied over
the second conductive film, and is exposed to light and devel-
oped. Therefore, a resist pattern is formed over the second
conductive film. Next, by using the resist pattern as a mask,
the first conductive film and the second conductive film are
etched under a first condition, and further, the second con-
ductive film is etched under a second condition. Thus, first
gate electrodes 8054 and 8056 and second gate electrodes
806a and 8065 are formed over the crystalline semiconductor
film 803. The first gate electrodes 805a and 8055 are sepa-
rated from each other. The second gate electrode 806a is
provided over the first gate electrode 8054, and the second
gate electrode 8065 is provided over the first gate electrode
806h. Inclined angles of side surfaces of each of the first gate
electrodes 8054 and 8055 are more moderate than inclined
angles of side surfaces of each of the second gate electrodes
8064 and 8065.

[0390] By the etching treatment, a first wiring 807 and a
second wiring 808 provided over the first wiring 807 are
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formed near the crystalline semiconductor film 803a. Here,
each of the aforementioned gate electrodes and wirings is
preferably led so as to have a round corner when seen from a
direction perpendicular to the substrate 801. By making the
corners round, dust or the like can be prevented from remain-
ing at the corners of the wiring; therefore, the number of
defects generated due to dust can be reduced and yield can be
improved. Thereafter, the photo resist film is removed.
[0391] Next, as shownin FIG. 26D, a first conductivity type
(for example, n-type) impurity element (for example, phos-
phorus) is injected into the crystalline semiconductor film
803 by using the first gate electrodes 8054 and 8055 and the
second gate electrodes 8064 and 8065 as masks. Therefore,
first impurity regions 810a, 8105, and 810¢ are formed in the
crystalline semiconductor film 803. The first impurity region
810¢ is provided in a region to be a source of the thin film
transistor. The first impurity region 810c¢ is provided in a
region to be a drain of the thin film transistor. The impurity
region 8104 is provided between the first gate electrodes 805a
and 8055,

[0392] Note that in this treatment, the first conductivity
type impurity element is also injected into the crystalline
semiconductor film 8034 to be a common electrode to lower
resistance.

[0393] Next, as shown in FIG. 26E, a photo resist film is
applied over the whole surface including over the first gate
electrodes 805a and 8055 and the second gate electrodes
806a and 8064, and is exposed to light and developed. There-
fore, each of top surfaces of the first gate electrode 8054 and
the second gate electrode 806a and their surroundings are
covered with a resist pattern 8124, and each of top surfaces of
the first gate electrode 8055 and the second gate electrode
8064 and their surroundings are covered with a resist pattern
812h. Next, by using the resist patterns 812a and 8125 as
masks, a first conductivity type impurity element 811 (for
example, phosphorus) is injected into the crystalline semi-
conductor film 803. Therefore, the first conductivity type
impurity element 811 is further injected into a part of each of
the first impurity regions 810a, 8105, and 810c, so that second
impurity regions 813a, 8134, and 813¢ are formed.

[0394] Further, the first conductivity type impurity element
is further injected into the crystalline semiconductor film
8034 to be the common electrode to lower resistance. Note
that the other parts of the first impurity regions 810a, 8105,
and 810c¢ remain as third impurity regions 814a, 8145, 814c,
and 8144.

[0395] Thereafter, as shown in FIG. 27A, the resist patterns
812a and 8125 are removed. Next, an insulating film (not
shown) covering almost all surface is formed. The insulating
film is, for example, a silicon oxide film formed by a plasma
CVD method.

[0396] Next, heat treatment is performed on the crystalline
semiconductor films 803 and 803a to activate the impurity
elements doped therewith. The heat treatment is performed
by a rapid thermal annealing method (RTA method) using a
lamp light source, irradiation of a YAG laser or an excimer
laser from the back surface, or heat treatment using a furnace,
or by a combination of a plurality of these methods.

[0397] By the aforementioned treatment, the impurity ele-
ments are activated, and simultaneously the element (for
example, a metal element such as nickel), which is used as a
catalyst for crystallizing the crystalline semiconductor film
803, is gettered in the second impurity regions 813a to 813¢
including a high concentration impurity (such as phospho-
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rus), and a nickel concentration mainly in a region to be a
channel forming region of the crystalline semiconductor film
803 is reduced. As a result, crystallinity of the channel form-
ing region is improved. Accordingly, an off-current value of a
TFT is reduced and high electron field-effect mobility can be
obtained. Therefore, a TFT having favorable characteristics
can be obtained.

[0398] Next, an insulating film 815 is formed over the
whole surface including above the crystalline semiconductor
films 803 and 803a. The insulating film 815 is, for example, a
silicon nitride film formed by a plasma CVD method. Next, a
planarizing film to be an interlayer insulating film 816 is
formed over the insulating film 815. As the interlayer insu-
lating film 816, a light-transmitting inorganic material (sili-
con oxide, silicon nitride, silicon nitride containing oxygen,
or the like); a photosensitive or non-photosensitive organic
material (polyimide, acrylic, polyamide, polyimide amide, a
resist, or benzocyclobutene); a stacked-layer structure
thereof; or the like is used. Alternatively, as another light-
transmitting film used for the planarizing film, an insulating
film formed of a SO, film containing an alkyl group obtained
by a coating method, for example, an insulating film using
silica glass, alkyl siloxane polymers, alkylsilsesquioxane
polymers, hydrogen silsesquioxane polymers, hydrogen
alkylsilsesquioxane polymers, or the like can be used. As an
example of siloxane-based polymers, there are coating insu-
lating film materials such as PSB-K1 and PSB-K31 (product
of Toray industries, Inc.) and ZRS-5PH (product of Catalysts
& Chemicals Industries Co., Ltd.). The interlayer insulating
film may be a single-layer film or a multi-layer film.

[0399] Next, a photo resist film (not shown) is applied over
the interlayer insulating film 816, and is exposed to light and
developed. Therefore, a resist pattern is formed over the inter-
layer insulating film 816. Next, the interlayer insulating film
816, the insulating film 815, and the gate insulating film 804
are etched using the resist pattern as a mask. Therefore, con-
tact holes 817a, 8174, 817¢, and 817d are formed in the
interlayer insulating film 816, the insulating film 815, and the
gate insulating film 804. The contact hole 8174 is provided
over the second impurity region 813a, which is the source of
the transistor. The contact hole 8175 is provided over the
second impurity region 813¢, which is the drain of the tran-
sistor. The contact hole 817¢ is provided over the second
wiring 808. The contact hole 8174 is provided over the crys-
talline semiconductor film 803a, which is the common elec-
trode. Thereafter, the resist pattern is removed.

[0400] Next, as shown in FIG. 27B, a first conductive film
818 is formed in each of the contact holes 8174 to 8174 and
over the interlayer insulating film 816. The first conductive
film 818 is a light-transmitting conductive film, such as an
ITO film, a film of indium tin oxide containing a Si element,
or a film of IZO (indium zinc oxide) formed by using a target
in which zinc oxide (ZnO) of 2 to 20 wt % is mixed with
indium oxide. Next, a second conductive film 819 is formed
over the first conductive film 818. The second conductive film
819 is, for example, a metal film.

[0401] Next, a photo resist film 820 is applied over the
conductive film 819. Next, a reticle 840 is provided above the
photo resist film 820. The reticle 840 has a structure where
semi-transmitting film patterns 842a, 8425, 842¢, and 8424
are formed over a glass substrate and light shielding patterns
841a, 8415, and 841c are formed over a part of the semi-
transmitting film patterns 842a to 842d. The semi-transmit-
ting film pattern 8424 and the light shielding pattern 841a are
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provided above the contact hole 817a. The semi-transmitting
film pattern 8426 and the light shielding pattern 8415 are
provided above the contact hole §175. The semi-transmitting
film pattern 842¢ and the light shielding pattern 841c¢ are
provided above the contact holes 817¢ and 8174. The semi-
transmitting film pattern 842d is provided above the crystal-
line semiconductor film 803a.

[0402] Next, the photo resist film 820 is exposed to light
using the reticle 840 as a mask. Therefore, the photo resist
film 820 is exposed to light except for a portion below the
light shielding patterns 841a to 841c and a lower layer of a
portion below the semi-transmitting film patterns 842q to
842d. Note that portions which are not exposed to light are
denoted by reference numerals 821a, 8215, 821c¢, and 821d.
[0403] Next, as shown in FIG. 27C, the photo resist film
820 is developed. Therefore, portions exposed to light in the
photo resist film 820 are removed, and resist patterns 8224,
822b, 822¢, and 822d are formed. The resist pattern 822a is
provided above the contact hole 817a. The resist pattern 8225
is provided above and around the contact hole 8175. The
resist pattern 822¢ is provided above and between the contact
holes 817¢ and 817d. The resist pattern 822d is provided
above the crystalline semiconductor film 8034 to be the com-
mon electrode. Note that portions of the resist pattern 8226,
except for a portion above the contact hole 8175, and the resist
pattern 822d are thinner than other resist patterns.

[0404] Next, as shown in F1G. 27D, the first conductive film
818 and the second conductive film 819 are etched using the
resist patterns 822a to 8224 as masks. Thus, the first conduc-
tive film 818 and the second conductive film 819 in regions
which are not covered with the resist patterns 822a to 822d are
removed.

[0405] Further, since the resist patterns 822q to 822d are
also gradually etched, in the etching treatment, a thin portion
(specifically, the portions of the resist pattern 8224, except for
a portion above the contact hole 8174, and the resist pattern
817d) of the resist pattern is removed. Therefore, in each of
regions below the portion of the resist pattern 8224 except for
a portion above the contact hole 8175, and the resist pattern
8174, the second conductive film 819 is removed and only the
first conductive film 818 remains. Thereafter, the resist pat-
terns 822a to 822c¢ are removed.

[0406] As described above, with one resist pattern and one
etching treatment, source wirings 823a and 824a, drain wir-
ing 8234 and 8245, connection wirings 823¢ and 824¢, and a
pixel electrode 8234 are formed. The source wirings 823a and
824a and the drain wiring 8235 and 8245 form a thin film
transistor 8§25 along with the crystalline semiconductor film
803, impurity regions formed in the crystalline semiconduc-
tor film 803, the gate insulating film 804, the first gate elec-
trodes 805a and 8055, and the second gate electrodes 806a
and 806b. The connection wirings 823¢ and 824¢ connect the
second wiring 808 and the crystalline semiconductor film
803a.

[0407] Thereafter, a first alignment film 826 is formed.
Thus, an active matrix substrate is formed. Note that with the
treatments shown in FIGS. 26A to 27D, thin film transistors
827 and 829 (shown in F1G. 28B) are formed in a gate signal
line driver circuit region 854 of aliquid crystal display device
shown in FIGS. 28A and 28B.

[0408] Further, with the treatments shown in FIGS. 2'7B to
27D, a first terminal electrode 838a and a second terminal
electrode 8385 (shown in FIG. 28B) which connect the active
matrix substrate and the outside are formed.
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[0409] Thereafter, as shown in a plan view of FIG. 28A and
a cross-sectional view along a line K-L of FIG. 28B, an
organic resin film such as an acrylic resin film is formed over
the active matrix substrate, and patterning is performed on the
organic resin film. Thus, a columnar spacer 833 is formed
over the active matrix substrate. Next, after a sealing material
834 is formed in a sealing region 853, a liquid crystal is
dropped on the active matrix substrate. Before the liquid
crystal is dropped, a protective film may be formed over the
sealing material to prevent the sealing material and the liquid
crystal from reacting with each other.

[0410] Thereafter, an opposite substrate 830 provided with
acolor filter 832 and a second alignment film 831 is provided
opposed to the active matrix substrate, and these two sub-
strates are attached by the sealing material 834. In this case,
the active matrix substrate and the opposite substrate 830 are
attached by the spacer 833 to have a uniformed space. Next,
the space between the substrates is completely sealed. Thus,
the liquid crystal is sealed between the active matrix substrate
and the opposite substrate.

[0411] Next, if required, one or both the active matrix sub-
strate and the opposite substrate are cut into a desired shape.
Further, polarizing plates 835« and 8355 are provided. Next,
a flexible printed circuit (hereinafter referred to as an FPC)
837 is connected to the second terminal electrode 8385 pro-
vided in an external terminal connection region 852, through
an anisotropy conductive film 836.

[0412] A structure of the liquid crystal display module
formed in this manner is described. A pixel region 856 is
provided at the center of the active matrix substrate. A plu-
rality of pixels are formed in the pixel region 856. In FIG.
28A, the gate signal line driver circuit regions 854 for driving
a gate signal line are provided above and below the pixel
region 856. A source signal line driver circuit region 857 for
driving a source signal line is provided in a region between the
pixel region 856 and the FPC 837. The gate signal line driver
circuit region 854 may be provided either above and below
the pixel region 856, which may be selected by a designer as
appropriate in accordance with substrate size in the liquid
crystal display module, or the like. Note that when operation
reliability, efficiency of driving, and the like of the circuits are
considered, the gate signal line driver circuit regions 854 are
preferably provided symmetrically with the pixel region 856
therebetween. Signals to each driver circuit are inputted from
the FPC 837.

Embodiment 2

[0413] A liquid crystal display module according to
Embodiment 2 of the present invention is described with
reference to FIGS. 29A to 30B. In each drawing, a structure of
a pixel portion 930 is similar to that of the pixel region 856
shown in Embodiment 1, and a plurality of pixels are formed
over the substrate 100.

[0414] FIG.29Aisaschematic plan view of aliquid crystal
display module. FIG. 29B is a diagram illustrating a circuit
structure of a source driver 910. As an example of FIGS. 29A
and 29B, both a gate driver 920 and the source driver 910 are
formed over the substrate 100 same as the pixel portion 930 as
shown in FIG. 29A. The source driver 910 includes a plurality
of thin film transistors 912 for selecting the source signal line
to which an inputted video signal is transmitted; and a shift
register 911 for controlling the plurality of thin film transis-
tors 912.
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[0415] FIG. 30A is a schematic plan view of a liquid crystal
display module. FIG. 30B is a diagram illustrating a circuit
structure of a source driver. As an example of FIGS. 30A and
30B, the source driver includes a thin film transistor group
940 formed over the substrate 100; and an IC 950 formed
separately from the substrate 100. The IC 950 and the thin
film transistor group 940 are electrically connected by an FPC
960, for example.

[0416] The IC 950 is formed using a single crystalline
silicon substrate, for example. The IC 950 controls the thin
film transistor group 940 and inputs a video signal to the thin
film transistor group 940. The thin film transistor group 940
selects the source signal line to which an inputted video signal
is transmitted, based on a control signal from the IC.

[0417] According to Embodiment 2, manufacturing cost of
a liquid crystal display module can be reduced.

Embodiment 3

[0418] Anelectric appliance according to Embodiment 3 of
the present invention is described with reference to FIGS.
31A to 31H. An electric appliance includes a light emitting
device of the present invention and is provided with a module
such as examples shown in the aforementioned embodiments.
[0419] The electronic appliances include cameras such as a
video camera and a digital camera, a goggle-type display
(head mounted display), a navigation system, an audio repro-
ducing device (such as a car audio component stereo), a
computer, a game machine, a portable information terminal
(such as a mobile computer, a mobile phone, a mobile game
machine, and an electronic book), an image reproducing
device provided with a recording medium (specifically, a
device for reproducing a recording medium such as a digital
versatile disc (DVD) and having a display for displaying the
reproduced image) and the like. FIGS. 31A to 31H show
specific examples of these electric appliances.

[0420] FIG. 31A shows a monitor of a television receiving
device or a personal computer, which includes a housing
2001, a supporting base 2002, a display portion 2003, a
speaker portion 2004, a video input terminal 2005, and the
like. As the display portion 2003, the liquid crystal display
device shown in any of Embodiment Modes 1 to 20 is used.
Since the monitor of the television receiving device or the
personal computer includes the liquid crystal display device,
manufacturing cost thereof can be reduced.

[0421] FIG. 31B shows a digital camera. An image receiv-
ing portion 2103 is provided in the front side of a main body
2101. A shutter 2106 is provided at the upper portion of the
main body 2101. A display portion 2102, operation keys
2104, and an external connection port 2105 are provided at
the backside of the main body 2101. As the display portion
2103, the liquid crystal display device shown in any of
Embodiment Modes 1 to 20 is used. Since the digital camera
includes the liquid crystal display device, manufacturing cost
thereof can be reduced.

[0422] FIG. 31C shows a notebook computer. A main body
2201 is provided with a keyboard 2204, an external connec-
tion port 2205, and a pointing device 2206. A housing 2202
including a display portion 2203 is attached to the main body
2201. As the display portion 2203, the liquid crystal display
device shown in any of Embodiment Modes 1 to 20 is used.
Since the notebook computer includes the liquid crystal dis-
play device, manufacturing cost thereof can be reduced.
[0423] FIG. 31D shows a mobile computer, which includes
a main body 2301, a display portion 2302, a switch 2303,
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operation keys 2304, an infrared port 2305, and the like. An
active matrix display device is provided for the display por-
tion 2302. As the display portion 2303, the liquid crystal
display device shown in any of Embodiment Modes 1 to 201s
used. Since the mobile computer includes the liquid crystal
display device, manufacturing cost thereof can be reduced.
[0424] FIG. 31E shows an image reproducing device. A
main body 2401 is provided with a display portion B 2404, a
recording medium reading portion 2405, and an operation
key 2406. A housing 2402 including a speaker portion 2407
and a display portion A 2403 is attached to the main body
2401. As each of the display portion A 2403 and the display
portion B 2404, the liquid crystal display device shown in any
of Embodiment Modes 1 to 20 is used. Since the image
reproducing device includes the liquid crystal display device,
manufacturing cost thereof can be reduced.

[0425] FIG. 31F shows an electronic book. A main body
2501 is provided with an operation key 2503. A plurality of
display portions 2502 are attached to the main body 2501. As
the display portions 2502, the liquid crystal display device
shown in any of Embodiment Modes 1 to 20 is used. Sincethe
electronic book includes the liquid crystal display device,
manufacturing cost thereof can be reduced.

[0426] FIG. 31G shows a video camera. A main body 2601
is provided with an external connection port 2604, a remote
control receiving portion 2605, an image receiving portion
2606, a battery 2607, an audio input portion 2608, operation
keys 2609, and an eyepiece portion 2610. A housing 2603
including a display portion 2602 is attached to the main body
2601. As the display portions 2602, the liquid crystal display
device shown in any of Embodiment Modes 1 to 20 is used.
Since the video camera includes the liquid crystal display
device, manufacturing cost thereof can be reduced.

[0427] FIG. 31H shows a mobile phone, which includes a
main body 2701, a housing 2702, a display portion 2703, an
audio input portion 2704, an audio output portion 2705, an
operation key 2706, an external connection port 2707, an
antenna 2708, and the like. As the display portions 2703, the
liquid crystal display device shown in any of Embodiment
Modes 1 to 20 is used. Since the mobile phone includes the
liquid crystal display device, manufacturing cost thereof can
be reduced.

[0428] As described above, the application range of the
present invention is so wide that the present invention can be
applied to electronic appliances of various fields.

[0429] This application is based on Japanese Patent Appli-
cation serial No. 2006-105618 filed in Japan Patent Office on
Apr. 6, 2006, the entire contents of which are hereby incor-
porated by reference.

1. (canceled)

2. A display device comprising:

a substrate;

a first pixel, a second pixel, and a third pixel over the
substrate, each of the first pixel, the second pixel, and the
third pixel comprising:

a transistor comprising:
a gate electrode on and in contact with the substrate;
a first insulating film over the gate electrode; and
a compound semiconductor film overlapping with the
gate electrode with the first insulating film inter-
posed therebetween, the compound semiconductor
film comprising In, Ga, and Zn;
a second insulating film over the compound semicon-
ductor film;
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awiringon and in contact with the second insulating film
and electrically connected to the compound semicon-
ductor film;

a first conductive film on and in contact with the second
insulating film;

a pixel electrode over the second insulating film and
electrically connected to the compound semiconduc-
tor film via the first conductive film;

a capacitor electrically connected to the pixel electrode,
the capacitor comprising:

a second conductive film on and in contact with the
substrate;

the second insulating film over the second conductive
film; and

a third conductive film on and in contact with the
second insulating film and overlapping with the
second conductive film with the second insulating
film interposed therebetween,

wherein the second insulating film comprises silicon

oxide,

wherein the first pixel comprises a red color filter between

the second insulating film and the pixel electrode of the

first pixel,

wherein the second pixel comprises a green color filter

between the second insulating film and the pixel elec-

trode of the second pixel,

wherein the third pixel comprises a blue color filter

between the second insulating film and the pixel elec-

trode of the third pixel, and

wherein the red color filter overlaps with the compound

semiconductor film in each of the first pixel, the second

pixel, and the third pixel.

3. The display device according to claim 2, wherein the
wiring is a source wiring.

4. The display device according to claim 2, wherein the
second conductive film is an auxiliary wiring.

5. The display device according to claim 2, comprising:

an alignment film over the pixel electrode; and

a liquid crystal over the alignment film.

6. The display device according to claim 2, wherein each of
the red color filter, the green color filter, and the blue color
filter is on and in contact with the second insulating film.

7. The display device according to claim 2,

wherein the pixel electrode of the first pixel is on and in

contact with the red color filter,

wherein the pixel electrode of the second pixel is on and in

contact with the green color filter, and

wherein the pixel electrode of the third pixel is on and in

contact with the blue color filter.

8. The display device according to claim 2, wherein the
pixel electrode is on and in contact with the first conductive
film.

9. The display device according to claim 2, wherein the
pixel electrode is electrically connected to the third conduc-
tive film.

10. The display device according to claim 2, wherein the
pixel electrode comprises a slit.

11. The display device according to claim 2, comprising a
common electrode on and in contact with the first insulating
film.

12. The display device according to claim 2, wherein the
second insulating film is an interlayer insulating film.
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13. A display device comprising:

a substrate;

a first pixel, a second pixel, and a third pixel over the
substrate, each of the first pixel, the second pixel, and the
third pixel comprising:

a transistor comprising:

a gate electrode on and in contact with the substrate;

a first insulating film over the gate electrode; and

a compound semiconductor film overlapping with the
gate electrode with the first insulating film inter-
posed therebetween, the compound semiconductor
film comprising In, Ga, and Zn;

a second insulating film over the compound semicon-
ductor film;

awiring on and in contact with the second insulating film
and electrically connected to the compound semicon-
ductor film;

a first conductive film on and in contact with the second
insulating film;

a pixel electrode over the second insulating film and
electrically connected to the compound semiconduc-
tor film via the first conductive film;

a capacitor electrically connected to the pixel electrode,
the capacitor comprising;

a second conductive film on and in contact with the
substrate;

the second insulating film over the second conductive
film; and

a third conductive film on and in contact with the
second insulating film and overlapping with the
second conductive film with the second insulating
film interposed therebetween,

wherein the compound semiconductor film comprises an
impurity region

wherein the second insulating film comprises silicon
oxide,

wherein the first pixel comprises a red color filter between
the second insulating film and the pixel electrode of the
first pixel,

Jun. 2, 2016

wherein the second pixel comprises a green color filter
between the second insulating film and the pixel elec-
trode of the second pixel,

wherein the third pixel comprises a blue color filter

between the second insulating film and the pixel elec-
trode of the third pixel, and

wherein the red color filter overlaps with the compound

semiconductor film in each of the first pixel, the second
pixel, and the third pixel.

14. The display device according to claim 13, wherein the
wiring is a source wiring.

15. The display device according to claim 13, wherein the
second conductive film is an auxiliary wiring.

16. The display device according to claim 13, comprising:

an alignment film over the pixel electrode; and

a liquid crystal over the alignment film.

17. The display device according to claim 13, wherein each
of the red color filter, the green color filter, and the blue color
filter is on and in contact with the second insulating film.

18. The display device according to claim 13,

wherein the pixel electrode of the first pixel is on and in

contact with the red color filter,

wherein the pixel electrode of the second pixel is on and in

contact with the green color filter, and

wherein the pixel electrode of the third pixel is on and in

contact with the blue color filter.

19. The display device according to claim 13, wherein the
pixel electrode is on and in contact with the first conductive
film.

20. The display device according to claim 13, wherein the
pixel electrode is electrically connected to the third conduc-
tive film.

21. The display device according to claim 13, wherein the
pixel electrode comprises a slit.

22. The display device according to claim 13, comprising a
common electrode on and in contact with the first insulating
film.

23. The display device according to claim 13, wherein the
second insulating film is an interlayer insulating film.
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