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A semiconductor device includes a semiconductor layer over 
a Substrate; a gate insulating film covering the semiconductor 
layer; a gate wiring including a gate electrode, which is pro 
vided over the gate insulating film and is formed by Stacking 
a first conductive layer and a second conductive layer, an 
insulating film covering the semiconductor layer and the gate 
wiring including the gate electrode; and a source wiring 
including a source electrode, which is provided over the insu 
lating film, is electrically connected to the semiconductor 
layer, and is formed by stacking a third conductive layer and 
a fourth conductive layer. The gate electrode is formed using 
the first conductive layer. The gate wiring is formed using the 
first conductive layer and the second conductive layer. The 
Source electrode is formed using the third conductive layer. 
The Source wiring is formed using the third conductive layer 
and the fourth conductive layer. 
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SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to semiconductor 
devices, display devices, light-emitting devices, and manu 
facturing methods thereof. In particular, the present invention 
relates to semiconductor devices including circuits having 
thin film transistors (hereinafter referred to as TFTs) in which 
oxide semiconductor films are used for channel formation 
regions, and manufacturing methods thereof. For example, 
the present invention relates to electronic devices on which 
electro-optic devices typified by liquid crystal display panels 
or light-emitting display devices including organic light 
emitting elements are mounted as components. 
0003 2. Description of the Related Art 
0004. Thin film transistors (TFTs) in which silicon layers 
formed using amorphous silicon or the like are used as chan 
nel layers have been widely used as Switching elements in 
display devices typified by liquid crystal display devices. 
Although thin film transistors formed using amorphous sili 
con have low field effect mobility, the thin film transistors 
have an advantage that larger glass Substrates can be used. 
0005. Further, in recent years, attention has been drawn to 
a technique by which a thin film transistor is formed using a 
metal oxide having semiconductor properties and Such a tran 
sistor is used in an electronic device oran optical device. For 
example, it has been known that Some metal oxides such as 
tungsten oxide, tin oxide, indium oxide, and Zinc oxide have 
semiconductor properties. A thin film transistor in which a 
transparent semiconductor layer formed using Such a metal 
oxide is used for a channel formation region has been dis 
closed (Reference 1). 
0006. In addition, a technique for increasing aperture ratio 
by formation of a channel layer of a transistor with the use of 
a light-transmitting oxide semiconductor layer and formation 
of a gate electrode, a source electrode, and a drain electrode 
with the use of light-transmitting transparent conductive 
films has been studied (Reference 2). 
0007 When the aperture ratio is increased, light use effi 
ciency is improved, so that power consumption and the size of 
display devices can be reduced. On the other hand, from the 
viewpoint of an increase in the size of display devices and 
application to mobile devices, more reduction in power con 
Sumption and an increase in aperture ratio are demanded. 
0008. Note that as a method for providing a metal auxiliary 
wiring for a transparent electrode of an electro-optical ele 
ment, a method by which the metal auxiliary wiring is pro 
vided so as to overlap with an upper Surface of the transparent 
electrode or a lower surface of the transparent electrode and to 
be electrically connected to the transparent electrode has been 
known (for example, see Reference 3). 
0009. Note that a structure in which an additional capaci 
tor electrode provided for an active matrix substrate is formed 
using a transparent conductive film of ITO, SnO, or the like 
and an auxiliary wiring formed using a metal film is provided 
in contact with the additional capacitor electrode in order to 
lower the electric resistance of the additional capacitor elec 
trode has been known (for example, see Reference 4). 
0010 Note that it has been known that, as each of a gate 
electrode, a source electrode, and a drain electrode of a field 
effect transistor formed using an amorphous oxide semicon 
ductor film, a transparent electrode of indium tin oxide (ITO), 
indium zinc oxide, ZnO, SnO, or the like, a metal electrode 
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of Al, Ag, Cr, Ni, Mo, Au, Ti, Ta, or the like, or a metal 
electrode of an alloy containing any of the above elements can 
be used; and, by staking two or more of these layers, contact 
resistance may be lowered or interface intensity may be 
improved (for example, see Reference 5). 
0011 Note that it has been known that, as a material for 
each of a source electrode, a drain electrode, and a gate 
electrode of a transistor formed using an amorphous oxide 
semiconductor, and an auxiliary capacitor electrode, a metal 
Such as indium (In), aluminum (Al), gold (Au), or silver (Ag), 
or an oxide material such as indium oxide (In O), tin oxide 
(SnO), Zinc oxide (ZnO), cadmium oxide (CdO), cadmium 
indium oxide (CdInO), cadmium tin oxide (CdSnO), or 
Zinc tin oxide (Zn2SnO) can be used; and the same material 
or different materials may be used for the gate electrode, the 
Source electrode, and the drain electrode (for example, see 
References 6 and 7). 

REFERENCE 

0012 Reference 1: Japanese Published Patent Application 
No. 2004-103957 
0013 Reference 2: Japanese Published Patent Application 
No. 2007-08 1362 
0014 Reference 3: Japanese Published Patent Application 
No. 2-082221 
0015 Reference 4: Japanese Published Patent Application 
No. 2-310536 
0016 Reference 5: Japanese Published Patent Application 
No. 2008-243928 
0017 Reference 6: Japanese Published Patent Application 
No. 2007-1099.18 
0018 Reference 7: Japanese Published Patent Application 
No. 2007-115807 

SUMMARY OF THE INVENTION 

0019. It is an object of one embodiment of the present 
invention to provide a semiconductor device with low power 
consumption. Alternatively, it is an object of one embodiment 
of the present invention to provide a semiconductor device 
having low wiring resistance. Alternatively, it is an object of 
one embodiment of the present invention to provide a semi 
conductor device manufactured at low cost. Alternatively, it is 
an object of one embodiment of the present invention to 
provide a semiconductor device having high transmittance. 
Alternatively, it is an object of one embodiment of the present 
invention to provide a high-definition semiconductor device. 
Alternatively, it is an object of one embodiment of the present 
invention to provide a semiconductor device with high aper 
ture ratio. Alternatively, it is an object of one embodiment of 
the present invention to provide a semiconductor device hav 
ing high storage capacitance. Alternatively, it is an object of 
one embodiment of the present invention to provide a semi 
conductor device with less light leakage. Alternatively, it is an 
object of one embodiment of the present invention to provide 
a semiconductor device with low feedthrough voltage. Alter 
natively, it is an object of one embodiment of the present 
invention to provide a semiconductor device where a deple 
tion layer is easily formed. 
0020. One embodiment of the present invention is a semi 
conductor device which includes a semiconductor layer pro 
vided over a Substrate having an insulating Surface, a first 
wiring which is electrically connected to the semiconductor 
layer and includes a first electrode, an insulating film formed 
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So as to cover the semiconductor layer and the first electrode, 
and a second wiring which is provided over the semiconduc 
tor layer with the insulating film interposed therebetween and 
includes a second electrode. The first electrode includes a first 
conductive layer. The first wiring includes the first conductive 
layer and a second conductive layer. The second electrode 
includes a third conductive layer. The second wiring includes 
the third conductive layer and a fourth conductive layer. 
0021 One embodiment of the present invention is a semi 
conductor device which includes a semiconductor layer pro 
vided over a Substrate having an insulating Surface, a first 
wiring which is connected to the semiconductor layer and 
includes a first electrode, an insulating film formed so as to 
cover the semiconductor layer and the first electrode, a sec 
ond wiring which is provided over the semiconductor layer 
with the insulating film interposed therebetween and includes 
a second electrode, and a third wiring. The first electrode 
includes a first conductive layer. The first wiring includes the 
first conductive layer and a second conductive layer. The 
second electrode includes a third conductive layer. The sec 
ond wiring includes the third conductive layer and a fourth 
conductive layer. The third wiring includes a fifth conductive 
layer and a sixth conductive layer. 
0022. In the above, the first conductive layer and the third 
conductive layer preferably have light-transmitting proper 
ties. In addition, the electric conductivity of each of the sec 
ond conductive layer and the fourth conductive layer is pref 
erably higher than the electric conductivity of the first 
conductive layer, the third conductive layer, or a light-trans 
mitting conductive layer. Further, the second conductive layer 
and the fourth conductive layer preferably have light-block 
ing properties. 
0023. Further, in the above, the semiconductor layer is 
preferably an oxide semiconductor layer which contains 
indium, gallium, or zinc. 
0024 Note that as an example of an oxide semiconductor 
which can be used in this specification, there is an oxide 
semiconductor represented by InMO(ZnO), (mid-0). 
0.025 Here, M is one or more metal elements selected 
from gallium (Ga), iron (Fe), nickel (Ni), manganese (Mn), or 
cobalt (Co). For example, the case where Ga is selected as M 
includes not only the case where only Ga is used but also the 
case where Ga and the above metal element other than Ga, 
such as Nior Fe, are selected. Further, in the oxide semicon 
ductor, in Some cases, a transitional metal element such as Fe 
or Ni or an oxide of the transitional metal is contained as an 
impurity element in addition to the metal element contained 
as M. In this specification, among the oxide semiconductors, 
an oxide semiconductor containing at least gallium as M is 
referred to as an In-Ga—Zn-O-based oxide semiconduc 
tor, and a thin film formed using the material is referred to as 
an In-Ga—Zn-O-based non-single-crystal film in some 
CaSCS. 

0026. As well as the above oxide semiconductors, any of 
the following oxide semiconductors can be used as the oxide 
semiconductor: an In-Sn—Zn-O-based oxide semicon 
ductor; an In—Al-Zn-O-based oxide semiconductor, a 
Sn—Ga—Zn-O-based oxide semiconductor; an Al-Ga— 
Zn-O-based oxide semiconductor, a Sn—Al-Zn-O- 
based oxide semiconductor, an In-Zn-O-based oxide 
semiconductor, a Sn—Zn-O-based oxide semiconductor; 
an Al-Zn-O-based oxide semiconductor; an In-O-based 
oxide semiconductor, a Sn—O-based oxide semiconductor; 
and a Zn-O-based oxide semiconductor. By addition of an 
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impurity which Suppresses crystallization to keep an amor 
phous state to these oxide semiconductors, characteristics of 
thin film transistors can be stabilized. 
0027 Note that a semiconductor layer used in one 
embodiment of the present invention may have light-trans 
mitting properties. For example, an oxide semiconductor can 
be used for a light-transmitting semiconductor layer. Alter 
natively, as well as an oxide semiconductor, any of a crystal 
line semiconductor (a single crystal semiconductor or a poly 
crystalline semiconductor), an amorphous semiconductor, a 
microcrystalline semiconductor, an organic semiconductor, 
and the like may be used. 
0028. Further, in the above, with the use of a multi-tone 
mask for processing the first conductive layer, the second 
conductive layer, and the like, a light-transmitting region (a 
region with high transmittance) and a light-blocking region (a 
region with low transmittance) can be formed with one mask 
(reticle). Accordingly, the light-transmitting region (the 
region with high transmittance) and the light-blocking region 
(the region with low transmittance) can be formed without an 
increase in the number of masks. 
0029. Note that in this specification, a semiconductor 
device refers to all devices that can function by utilizing 
semiconductor properties, and semiconductor circuits, dis 
play devices, electro-optic devices, light-emitting display 
devices, and electronic devices are all semiconductor devices. 
0030 Note that in this specification, a display device 
refers to an image display device, a light-emitting device, or 
a light source (including a lighting device). Further, a module 
to which a connector such as a flexible printed circuit (FPC), 
a tape automated bonding (TAB) tape, or a tape carrier pack 
age (TCP) is attached; a module having a TAB tape or a TCP 
which is provided with a printed wiring board at an end 
thereof, and a module having an integrated circuit (IC) which 
is directly mounted on a display element by a chip on glass 
(COG) method are all display devices. 
0031. Note that a variety of switches can be used as a 
Switch. For example, an electrical Switch, a mechanical 
Switch, or the like can be used. That is, any element can be 
used as long as it can control a current flow, without limitation 
to a certain element. For example, a transistor (e.g., a bipolar 
transistor or a MOS transistor), a diode (e.g., a PN diode, a 
PIN diode, a Schottky diode, an MIM (metal insulator metal) 
diode, an MIS (metal insulator semiconductor) diode, or a 
diode-connected transistor), or the like can be used as a 
Switch. Alternatively, a logic circuit in which such elements 
are combined can be used as a Switch. 
0032. An example of a mechanical switch is a switch 
formed using a MEMS (micro electro mechanical system) 
technology, such as a digital micromirror device (DMD). 
Such a switch includes an electrode which can be moved 
mechanically, and operates by controlling conduction and 
non-conduction in accordance with movement of the elec 
trode. 

0033. In the case of using a transistor as a switch, the 
polarity (conductivity type) of the transistoris not particularly 
limited to a certain type because it operates just as a Switch. 
However, a transistor having polarity with smaller off-state 
current is preferably used when the amount of off-state cur 
rent is to be suppressed. Examples of a transistor with Smaller 
off-state current area transistor provided with an LDD region, 
a transistor with a multi-gate structure, and the like. Further, 
an n-channel transistor is preferably used when a potential of 
a source terminal of the transistor which is operated as a 
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Switch is close to a potential of a low-potential-side power 
supply (e.g., Vss, GND, or OV). On the other hand, a p-chan 
nel transistor is preferably used when the potential of the 
Source terminal is close to a potential of a high-potential-side 
power Supply (e.g., Vdd). This is because the absolute value 
of gate-source Voltage can be increased when the potential of 
the Source terminal of the n-channel transistor is close to a 
potential of a low-potential-side power Supply and when the 
potential of the source terminal of the p-channel transistor is 
close to a potential of a high-potential-side power Supply, so 
that the transistor can be more accurately operated as a 
switch. This is also because the transistor does not often 
perform source follower operation, so that reduction in output 
Voltage does not often occur. 
0034. Note that a CMOS switch may be used as a switch 
by using both an n-channel transistor and a p-channel tran 
sistor. By using a CMOS switch, the switch can be more 
accurately operated as a Switch because current can flow 
when either the p-channel transistor or the n-channel transis 
tor is turned on. For example, Voltage can be appropriately 
output regardless of whether Voltage of an input signal to the 
Switch is high or low. In addition, since the Voltage amplitude 
value of a signal for turning on or off the Switch can be made 
Smaller, power consumption can be reduced. 
0035. Note that when a transistor is used as a switch, the 
Switch includes an input terminal (one of a source terminal 
and a drain terminal), an output terminal (the other of the 
Source terminal and the drain terminal), and a terminal for 
controlling conduction (a gate terminal). On the other hand, 
when a diode is used as a Switch, the Switch does not include 
a terminal for controlling conduction in some cases. There 
fore, when a diode is used as a Switch, the number of wirings 
for controlling terminals can be further reduced as compared 
to the case of using a transistor. 
0036) Note that when it is explicitly described that “A and 
B are connected’, the case where A and B are electrically 
connected, the case where A and B are functionally con 
nected, and the case where A and B are directly connected are 
included therein. Here, each of A and B is an object (e.g., a 
device, an element, a circuit, a wiring, an electrode, a termi 
nal, a conductive film, or a layer). Accordingly, another ele 
ment may be interposed between elements having a connec 
tion relation illustrated in drawings and texts, without 
limitation to a predetermined connection relation, for 
example, the connection relation illustrated in the drawings 
and the texts. 

0037 For example, in the case where A and B are electri 
cally connected, one or more elements which enable electri 
cal connection between A and B (e.g., a Switch, a transistor, a 
capacitor, an inductor, a resistor, and/or a diode) may be 
connected between A and B. Alternatively, in the case where 
A and B are functionally connected, one or more circuits 
which enable functional connection between A and B (e.g., a 
logic circuit such as an inverter, a NAND circuit, or a NOR 
circuit; a signal converter circuit Such as a DA converter 
circuit, an AD converter circuit, or a gamma correction cir 
cuit; a potential level converter circuit Such as a power Supply 
circuit (e.g., a dc-dc converter, a step-up dc-dc converter, or a 
step-down dc-dc converter) or a level shifter circuit for chang 
ing a potential level of a signal; a Voltage source; a current 
Source: a Switching circuit; an amplifier circuit Such as a 
circuit which can increase signal amplitude, the amount of 
current, or the like, an operational amplifier, a differential 
amplifier circuit, a source follower circuit, or a buffer circuit; 
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a signal generation circuit; a memory circuit; and/or a control 
circuit) may be connected between A and B. For example, in 
the case where a signal output from A is transmitted to B even 
when another circuit is interposed between A and B, A and B 
are functionally connected. 
0038. Note that when it is explicitly described that “A and 
B are electrically connected’, the case where A and B are 
electrically connected (i.e., the case where A and B are con 
nected with another element or another circuit interposed 
therebetween), the case where A and B are functionally con 
nected (i.e., the case where A and B are functionally con 
nected with another circuit interposed therebetween), and the 
case where A and B are directly connected (i.e., the case 
where A and B are connected without another element or 
another circuit interposed therebetween) are included therein. 
That is, when it is explicitly described that “A and B are 
electrically connected, the description is the same as the case 
where it is explicitly only described that “A and B are con 
nected'. 

0039. Note that a display element, a display device which 
is a device including a display element, a light-emitting ele 
ment, and a light-emitting device which is a device including 
a light-emitting element can employ various modes and can 
include various elements. For example, a display medium, 
whose contrast, luminance, reflectivity, transmittance, or the 
like changes by electromagnetic action, such as an EL (elec 
troluminescence) element (e.g., an EL element including 
organic and inorganic materials, an organic EL element, oran 
inorganic EL element), an LED (e.g., a white LED, a red 
LED, a green LED, or a blue LED), a transistor (a transistor 
which emits light depending on the amount of current), an 
electron emitter, a liquid crystal element, electronic ink, an 
electrophoretic element, a grating light valve (GLV), a plasma 
display panel (PDP), a digital micromirror device (DMD), a 
piezoelectric ceramic display, or a carbon nanotube can be 
used as a display element, a display device, a light-emitting 
element, or a light-emitting device. Note that display devices 
having EL elements include an EL display; display devices 
having electron emitters include a field emission display 
(FED), an SED-type flat panel display (SED: Surface-conduc 
tion electron-emitter display), and the like; display devices 
having liquid crystal elements include a liquid crystal display 
(e.g., a transmissive liquid crystal display, a transflective liq 
uid crystal display, a reflective liquid crystal display, a direct 
view liquid crystal display, or a projection liquid crystal dis 
play); display devices having electronic ink or electrophoretic 
elements include electronic paper. 
0040. Note that an EL element is an element including an 
anode, a cathode, and an EL layer interposed between the 
anode and the cathode. Note that as an EL layer, a layer 
utilizing light emission (fluorescence) from a singlet exciton, 
a layer utilizing light emission (phosphorescence) from a 
triplet exciton, a layer utilizing light emission (fluorescence) 
from a singlet exciton and light emission (phosphorescence) 
from a triplet exciton, a layer formed using an organic mate 
rial, a layer formed using an inorganic material, a layer 
formed using an organic material and an inorganic material, a 
layer including a high-molecular material, a layer including a 
low-molecular material, a layer including a high-molecular 
material and a low-molecular material, or the like can be used. 
Note that the present invention is not limited to this, and a 
variety of EL elements can be used as an EL element. 
0041. Note that an electron emitter is an element in which 
electrons are extracted by high electric field concentration on 
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a cathode. For example, as an electron emitter, a Spindt type, 
a carbon nanotube (CNT) type, a metal-insulator-metal 
(MIM) type in which a metal, an insulator, and a metal are 
stacked, a metal-insulator-semiconductor (MIS) type in 
which a metal, an insulator, and a semiconductor are stacked, 
a MOS type, a silicon type, a thin film diode type, a diamond 
type, a thin film type in which a metal, an insulator, a semi 
conductor, and a metal are stacked, a HEED type, an EL type, 
a porous silicon type, a surface-conduction (SCE) type, or the 
like can be used. Note that the present invention is not limited 
to this, and a variety of elements can be used as an electron 
emitter. 

0042. Note that a liquid crystal element is an element 
which controls transmission or non-transmission of light by 
optical modulation action of liquid crystals and includes a 
pair of electrodes and liquid crystals. Note that the optical 
modulation action of liquid crystals is controlled by an elec 
tric field applied to the liquid crystals (including a horizontal 
electric field, a vertical electric field, and a diagonal electric 
field). Note that the following can be used for a liquid crystal 
element: a nematic liquid crystal, a cholesteric liquid crystal, 
a Smectic liquid crystal, a discotic liquid crystal, athermotro 
pic liquid crystal, a lyotropic liquid crystal, a low-molecular 
liquid crystal, a high-molecular liquid crystal, a polymer dis 
persed liquid crystal (PDLC), a ferroelectric liquid crystal, an 
anti-ferroelectric liquid crystal, a main-chain liquid crystal, a 
side-chain high-molecular liquid crystal, a plasma addressed 
liquid crystal (PALC), abanana-shaped liquid crystal, and the 
like. In addition, the following can be used as a diving method 
of a liquid crystal: a TN (twisted nematic) mode, an STN 
(Super twisted nematic) mode, an IPS (in-plane-switching) 
mode, an FFS (fringe field switching) mode, an MVA (multi 
domain vertical alignment) mode, a PVA (patterned vertical 
alignment) mode, an ASV (advanced Super view) mode, an 
ASM (axially symmetric aligned microcell) mode, an OCB 
(optically compensated birefringence) mode, an ECB (elec 
trically controlled birefringence) mode, an FLC (ferroelectric 
liquid crystal) mode, an AFLC (anti-ferroelectric liquid crys 
tal) mode, a PDLC (polymer dispersed liquid crystal) mode, 
a guest-host mode, a blue phase mode, and the like. Note that 
the present invention is not limited to this, and a variety of 
liquid crystal elements and driving methods thereof can be 
used as a liquid crystal element and a driving method thereof. 
0043. Note that electronic paper corresponds to a device 
for displaying images by molecules (a device which utilizes 
optical anisotropy, dye molecular orientation, or the like), a 
device for displaying images by particles (a device which 
utilizes electrophoresis, particle movement, particle rotation, 
phase change, or the like), a device for displaying images by 
movement of one end of a film, a device for displaying images 
by using coloring properties or phase change of molecules, a 
device for displaying images by using optical absorption by 
molecules, or a device for displaying images by using self 
light emission by combination of electrons and holes. For 
example, the following can be used for a display method of 
electronic paper: microcapsule electrophoresis, horizontal 
electrophoresis, Vertical electrophoresis, a spherical twisting 
ball, a magnetic twisting ball, a columnar twisting ball, a 
charged toner, an electron powder and granular material, 
magnetic electrophoresis, a magnetic thermosensitive type, 
electro wetting, light-scattering (transparent-opaque 
change), a cholesteric liquid crystal and a photoconductive 
layer, a cholesteric liquid crystal device, a bistable nematic 
liquid crystal, a ferroelectric liquid crystal, a liquid crystal 
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dispersed type with a dichroic dye, a movable film, coloring 
and decoloring properties of a leuco dye, photochromism, 
electrochromism, electrodeposition, flexible organic EL, and 
the like. Note that the present invention is not limited to this, 
and a variety of electronic paper and display methods thereof 
can be used as electronic paper and a driving method thereof. 
Here, by using microcapsule electrophoresis, defects of elec 
trophoresis, which are aggregation and precipitation of 
phoresis particles, can be solved. Electron powder and granu 
lar material has advantages such as high-speed response, high 
reflectivity, wide viewing angle, low power consumption, and 
memory properties. 
0044) Note that a plasma display panel has a structure 
where a substrate having a surface provided with an electrode 
faces with a substrate having a Surface provided with an 
electrode and a minute groove in which a phosphor layer is 
formed at a narrow interval and a rare gas is sealed therein. 
Alternatively, the plasma display panel can have a structure 
where a plasma tube is sandwiched between film-form elec 
trodes from the top and the bottom. The plasma tube is formed 
by sealing a discharge gas, RGB fluorescent materials, and 
the like inside a glass tube. Note that the plasma display panel 
can perform display by application of Voltage between the 
electrodes to generate an ultraviolet ray So that a phosphor 
emits light. Note that the plasma display panel may be a 
DC-type PDP or an AC-type PDP. Here, as a driving method 
of the plasma display panel, AWS (address while sustain) 
driving, ADS (address display separated) driving in which a 
Subframe is divided into a reset period, an address period, and 
a Sustain period, CLEAR (high-contrast and low energy 
address and reduction of false contour sequence) driving, 
ALIS (alternate lighting of surfaces) method, TERES (tech 
nology of reciprocal Sustainer) driving, or the like can be 
used. Note that the present invention is not limited to this, and 
a variety of driving methods can be used as a driving method 
of a plasma display panel. 
0045. Note that electroluminescence, a cold cathode fluo 
rescent lamp, a hot cathode fluorescent lamp, an LED, a laser 
light source, a mercury lamp, or the like can be used as a light 
Source of a display device in which a light source is needed, 
Such as a liquid crystal display (e.g., a transmissive liquid 
crystal display, a transflective liquid crystal display, a reflec 
tive liquid crystal display, a direct-view liquid crystal display, 
ora projection liquid crystal display), a display device includ 
ing a grating light valve (GLV), or a display device including 
a digital micromirror device (DMD). Note that the present 
invention is not limited to this, and a variety of light Sources 
can be used as a light source. 
0046) Note that a variety of transistors can be used as a 
transistor, without limitation to a certain type. For example, a 
thin film transistor (TFT) including a single crystal semicon 
ductor film or a non-single-crystal semiconductor film typi 
fied by an amorphous silicon film, a polycrystalline silicon 
film, or a microcrystalline (also referred to as microcrystal, 
nanocrystal, or semi-amorphous) silicon film, or the like can 
be used. In the case of using the TFT, there are various 
advantages. For example, since the TFT can be formed at 
temperature which is lower than that of the case of using 
single crystal silicon, manufacturing cost can be reduced or a 
manufacturing apparatus can be made larger. Since the manu 
facturing apparatus can be made larger, the TFT can be 
formed using a large Substrate. Therefore, many display 
devices can be formed at the same time at low cost. In addi 
tion, since the manufacturing temperature is low, a Substrate 
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having low heat resistance can be used. Therefore, the tran 
sistor can beformed using a light-transmitting Substrate. Fur 
ther, transmission of light in a display element can be con 
trolled by using the transistor formed using the light 
transmitting Substrate. Alternatively, part of a film included in 
the transistor can transmit light because the thickness of the 
transistor is small. Therefore, the aperture ratio can be 
improved. 
0047. Note that by using a catalyst (e.g., nickel) in the case 
of forming polycrystalline silicon, crystallinity can be further 
improved and a transistor having excellent electrical charac 
teristics can be formed. Accordingly, a gate driver circuit 
(e.g., a scan line driver circuit), a source driver circuit (e.g., a 
signal line driver circuit), and/or a signal processing circuit 
(e.g., a signal generation circuit, a gamma correction circuit, 
or a DA converter circuit) can be formed using the same 
Substrate as a pixel portion. 
0048. Note that by using a catalyst (e.g., nickel) in the case 
of forming microcrystalline silicon, crystallinity can be fur 
ther improved and a transistor having excellent electrical 
characteristics can beformed. In this case, crystallinity can be 
improved by just performing heat treatment without perform 
ing laser irradiation. Accordingly, a gate driver circuit (e.g., a 
Scanline driver circuit) and part of a source driver circuit (e.g., 
an analog Switch) can be formed using the same Substrate as 
a pixel portion. In addition, in the case of not performing laser 
irradiation for crystallization, unevenness in crystallinity of 
silicon can be Suppressed. Therefore, high-quality images can 
be displayed. 
0049. Note that polycrystalline silicon and microcrystal 
line silicon can be formed without use of a catalyst (e.g., 
nickel). 
0050. Note that it is preferable that crystallinity of silicon 
be improved to polycrystal, microcrystal, or the like in the 
whole panel; however, the present invention is not limited to 
this. Crystallinity of silicon may be improved only in part of 
the panel. Selective improvement in crystallinity is possible 
by selective laser irradiation or the like. For example, only a 
peripheral driver circuit region excluding pixels may be irra 
diated with laser light. Alternatively, only a region of a gate 
driver circuit, a source driver circuit, or the like may be 
irradiated with laser light. Alternatively, only part of a source 
driver circuit (e.g., an analog Switch) may be irradiated with 
laser light. Accordingly, crystallinity of silicon can be 
improved only in a region in which a circuit needs to be 
operated at high speed. Since a pixel region is not particularly 
needed to be operated at high speed, even if crystallinity is not 
improved, the pixel circuit can be operated without problems. 
Since a region whose crystallinity is improved is Small, manu 
facturing steps can be decreased, throughput can be 
increased, and manufacturing cost can be reduced. Since the 
number of necessary manufacturing apparatus is Small, 
manufacturing cost can be reduced. 
0051 A transistor can be formed using a semiconductor 
substrate, an SOI substrate, or the like. Thus, a transistor with 
fewer variations in characteristics, sizes, shapes, or the like, 
with high current Supply capability, and with a small size can 
be formed. By using such a transistor, power consumption of 
a circuit can be reduced or a circuit can be highly integrated. 
0052 A transistor including a compound semiconductor 
or an oxide semiconductor, such as ZnO, a-InCaZnO, SiGe. 
GaAs, IZO, ITO, SnO, TiO, or A1ZnSnO (AZTO), a thin film 
transistor obtained by thinning such a compound semicon 
ductor or an oxide semiconductor, or the like can be used. 
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Thus, manufacturing temperature can be lowered and for 
example, such a transistor can be formed at room tempera 
ture. Accordingly, the transistor can be formed directly on a 
Substrate having low heat resistance, such as a plastic Sub 
strate or a film Substrate. Note that such a compound semi 
conductor oran oxide semiconductor can be used not only for 
a channel formation region of the transistor but also for other 
applications. For example, Such a compound semiconductor 
or an oxide semiconductor can be used for a resistor, a pixel 
electrode, or a light-transmitting electrode. Further, since 
Such an element can be formed at the same time as the tran 
sistor, cost can be reduced. 
0053 A transistor or the like formed by an inkjet method 
or a printing method can be used. Thus, a transistor can be 
formed at room temperature, can be formed at a low vacuum, 
or can be formed using a large Substrate. Since the transistor 
can beformed without use of a mask (reticle), the layout of the 
transistor can be easily changed. Further, since it is not nec 
essary to use a resist, material cost is reduced and the number 
of steps can be reduced. Furthermore, since a film is formed 
only in a necessary portion, a material is not wasted as com 
pared to a manufacturing method by which etching is per 
formed after the film is formed over the entire surface, so that 
cost can be reduced. 
0054. A transistor or the like including an organic semi 
conductor or a carbon nanotube can be used. Thus, such a 
transistor can be formed over a flexible substrate. A semicon 
ductor device formed using Such a substrate can resist shocks. 
0055. Further, transistors with a variety of structures can 
be used. For example, a MOS transistor, a junction transistor, 
a bipolar transistor, or the like can be used as a transistor. By 
using a MOS transistor, the size of the transistor can be 
reduced. Thus, a plurality of transistors can be mounted. By 
using a bipolar transistor, large current can flow. Thus, a 
circuit can be operated at high speed. 
0056. Note that a MOS transistor, a bipolar transistor, and 
the like may beformed over one substrate. Thus, reduction in 
power consumption, reduction in size, high-speed operation, 
and the like can be achieved. 

0057. Furthermore, a variety of transistors can be used. 
0.058 Note that a transistor can be formed using a variety 
of Substrates, without limitation to a certain type. As the 
Substrate, a single crystal Substrate (e.g., a silicon Substrate), 
an SOI substrate, a glass Substrate, a quartz. Substrate, a plastic 
Substrate, a metal Substrate, a stainless steel Substrate, a Sub 
strate including stainless steel foil, a tungsten Substrate, a 
Substrate including tungsten foil, a flexible Substrate, or the 
like can be used, for example. As a glass Substrate, a barium 
borosilicate glass Substrate, an aluminoborosilicateglass Sub 
strate, or the like can be used, for example. For a flexible 
substrate, a flexible synthetic resin such as plastics typified by 
polyethylene terephthalate (PET), polyethylene naphthalate 
(PEN), and polyether sulfone (PES), or acrylic can be used, 
for example. Alternatively, an attachment film (formed using 
polypropylene, polyester, vinyl, polyvinyl fluoride, polyvinyl 
chloride, or the like), paper of a fibrous material, a base 
material film (formed using polyester, polyamide, polyimide, 
an inorganic vapor deposition film, paper, or the like), or the 
like can be used. Alternatively, the transistor may be formed 
using one substrate, and then, the transistor may be trans 
ferred to another substrate. A single crystal substrate, an SOI 
Substrate, a glass Substrate, a quartz. Substrate, a plastic Sub 
strate, a paper Substrate, a cellophane Substrate, a stone Sub 
strate, a wood Substrate, a cloth Substrate (including a natural 
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fiber (e.g., silk, cotton, or hemp), a synthetic fiber (e.g., nylon, 
polyurethane, or polyester), a regenerated fiber (e.g., acetate, 
cupra, rayon, or regenerated polyester), or the like), a leather 
Substrate, a rubber Substrate, a stainless steel Substrate, a 
Substrate including a stainless Steel foil, or the like can be used 
as a substrate to which the transistor is transferred. Alterna 
tively, a skin (e.g., epidermis or corium) or hypodermal tissue 
of an animal Such as a human being can be used as a substrate 
to which the transistor is transferred. Alternatively, the tran 
sistor may be formed using one substrate and the Substrate 
may be thinned by polishing. A single crystal Substrate, an 
SOI substrate, a glass Substrate, a quartz. Substrate, a plastic 
Substrate, a stainless steel Substrate, a Substrate including a 
stainless steel foil, or the like can be used as a substrate to be 
polished. By using Such a Substrate, a transistor with excellent 
properties or a transistor with low power consumption can be 
formed, a device with high durability and high heat resistance 
can be provided, or reduction in weight or thickness can be 
achieved. 

0059) Note that the structure of a transistor can be a variety 
of structures, without limitation to a certain structure. For 
example, a multi-gate structure having two or more gate 
electrodes can be used. By using the multi-gate structure, a 
structure where a plurality of transistors are connected in 
series is provided because channel regions are connected in 
series. With the multi-gate structure, the amount of off-state 
current can be reduced and the withstand voltage of the tran 
sistor can be increased (reliability can be improved). Further, 
with the multi-gate structure, drain-source current does not 
fluctuate very much even when drain-source Voltage fluctu 
ates when the transistor operates in a saturation region, so that 
a flat slope of Voltage-current characteristics can be obtained. 
By utilizing the flat slope of the voltage-current characteris 
tics, an ideal current source circuit oran active load having an 
extremely large resistance value can be realized. Accordingly, 
a differential circuit or a current mirror circuit having excel 
lent properties can be realized. 
0060. As another example, a structure where gate elec 
trodes are formed above and below a channel can be used. By 
using the structure where gate electrodes are formed above 
and below the channel, a channel region is increased, so that 
the amount of current can be increased. Alternatively, by 
using the structure where gate electrodes are formed above 
and below the channel, a depletion layer can be easily formed, 
so that subthreshold swing can be improved. Note that when 
the gate electrodes are formed above and below the channel, 
a structure where a plurality of transistors are connected in 
parallel is provided. 
0061. A structure where a gate electrode is formed above 
a channel region, a structure where a gate electrode is formed 
below a channel region, a staggered structure, an inverted 
staggered structure, a structure where a channel region is 
divided into a plurality of regions, or a structure where chan 
nel regions are connected in parallel or in series can be used. 
Alternatively, a structure where a source electrode or a drain 
electrode overlaps with a channel region (or part of it) can be 
used. By using the structure where the source electrode or the 
drain electrode overlaps with the channel region (or part of it), 
unstable operation due to accumulation of electric charge in 
part of the channel region can be prevented. Alternatively, a 
structure where an LDD region is provided can be used. By 
providing the LDD region, the amount of off-state current can 
be reduced or the withstand voltage of the transistor can be 
increased (reliability can be improved). Further, by providing 
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the LDD region, drain-source current does not fluctuate very 
much even when drain-source Voltage fluctuates when the 
transistor operates in the Saturation region, so that a flat slope 
of Voltage-current characteristics can be obtained. 
0062. Note that a variety of transistors can be used as a 
transistor, and the transistor can be formed using a variety of 
Substrates. Accordingly, all the circuits that are necessary to 
realize a predetermined function can be formed using the 
same Substrate. For example, all the circuits that are necessary 
to realize the predetermined function can be formed using a 
glass Substrate, a plastic Substrate, a single crystal Substrate, 
an SOI substrate, or any other substrate. When all the circuits 
that are necessary to realize the predetermined function are 
formed using the same Substrate, cost can be reduced by 
reduction in the number of components or reliability can be 
improved by reduction in the number of connections to circuit 
components. Alternatively, Some of the circuits which are 
necessary to realize the predetermined function can be 
formed using one Substrate and some of the circuits which are 
necessary to realize the predetermined function can be 
formed using another Substrate. That is, not all the circuits 
that are necessary to realize the predetermined function are 
required to be formed using the same Substrate. For example, 
Some of the circuits which are necessary to realize the prede 
termined function can be formed by transistors using a glass 
Substrate and some of the circuits which are necessary to 
realize the predetermined function can be formed using a 
single crystal Substrate, so that an IC chip formed by a tran 
sistor using the single crystal substrate can be connected to 
the glass substrate by COG (chip on glass) and the IC chip 
may be provided over the glass substrate. Alternatively, the IC 
chip can be connected to the glass substrate by TAB (tape 
automated bonding) or a printed wiring board. When some of 
the circuits are formed using the same Substrate in this man 
ner, cost can be reduced by reduction in the number of com 
ponents or reliability can be improved by reduction in the 
number of connections to circuit components. Alternatively, 
when circuits with high driving Voltage and high driving 
frequency, which consume large power, are formed using a 
single crystal Substrate instead of forming Such circuits using 
the same substrate, and an IC chip formed by the circuits is 
used, for example, the increase in power consumption can be 
prevented. 
0063) Note that one pixel corresponds to one element 
whose brightness can be controlled. Therefore, for example, 
one pixel corresponds to one color element and brightness is 
expressed with the one color element. Accordingly, in that 
case, in the case of a color display device having color ele 
ments of R (red), G (green), and B (blue), the minimum unit 
of an image is formed of three pixels of an R pixel, a G pixel, 
and a B pixel. Note that the color elements are not limited to 
three colors, and color elements of more than three colors 
may be used or a color other than RGB may be used. For 
example, RGBW (W corresponds to white) can be used by 
adding white. Alternatively, one or more colors of yellow, 
cyan, magenta, emerald green, Vermilion, and the like can be 
added to RGB. Alternatively, a color similar to at least one of 
R, G, and B can be added to RGB. For example, R, G, B1, and 
B2 may be used. Although both B1 and B2 are blue, they have 
slightly different frequencies. In a similar manner, R1, R2, G, 
and B can be used. By using Such color elements, display 
which is closer to the real object can be performed and power 
consumption can be reduced. As another example, in the case 
of controlling brightness of one color element by using a 
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plurality of regions, one region can correspond to one pixel. 
Therefore, for example, in the case of performing area ratio 
gray scale display or in the case of including a Subpixel, a 
plurality of regions which control brightness are provided in 
each color element and gray levels are expressed with the 
whole regions. In this case, one region which controls bright 
ness can correspond to one pixel. Thus, in that case, one color 
element includes a plurality of pixels. Alternatively, even 
when the plurality of regions which control brightness are 
provided in one color element, these regions may be collected 
and one color element may be referred to as one pixel. Thus, 
in that case, one color element includes one pixel. Alterna 
tively, in the case where brightness is controlled in a plurality 
of regions in each color element, the size of regions which 
contribute to display is varied depending on pixels in some 
cases. Alternatively, in the plurality of regions which control 
brightness in each color element, signals Supplied to each of 
the plurality of regions may be slightly varied so that the 
viewing angle is widened. That is, potentials of pixel elec 
trodes included in the plurality of regions provided in each 
color element can be different from each other. Accordingly, 
Voltage applied to liquid crystal molecules are varied depend 
ing on the pixel electrodes. Therefore, the viewing angle can 
be widened. 
0064. Note that explicit description “one pixel (for three 
colors)” corresponds to the case where three pixels of R, G, 
and B are considered as one pixel. Explicit description “one 
pixel (for one color) corresponds to the case where the 
plurality of regions are provided in each color element and 
collectively considered as one pixel. 
0065. Note that pixels are provided (arranged) in matrix in 
Some cases. Here, description that pixels are provided (ar 
ranged) in matrix includes the case where the pixels are 
arranged in a straight line and the case where the pixels are 
arranged in a jagged line, in a longitudinal direction or a 
lateral direction. Thus, for example, in the case of performing 
full color display with three color elements (e.g., RGB), the 
following cases are included: the case where the pixels are 
arranged in Stripes and the case where dots of the three color 
elements are arranged in a delta pattern. In addition, the case 
is also included in which dots of the three color elements are 
provided in Bayer arrangement. Note that the size of display 
regions may be different between dots of color elements. 
Thus, power consumption can be reduced or the life of a 
display element can be prolonged. 
0.066 Note that an active matrix method in which an active 
element is included in a pixel or a passive matrix method in 
which an active element is not included in a pixel can be used. 
0067. In an active matrix method, as an active element (a 
non-linear element), not only a transistor but also a variety of 
active elements (non-linear elements) can be used. For 
example, an MIM (metal insulator metal), a TFD (thin film 
diode), or the like can also be used. Since such an element has 
a small number of manufacturing steps, manufacturing cost 
can be reduced or yield can be improved. Further, since the 
size of the element is small, the aperture ratio can be 
improved, so that power consumption can be reduced or 
higher luminance can be achieved. 
0068. Note that as a method other than the active matrix 
method, a passive matrix method in which an active element 
(a non-linear element) is not used can be used. Since an active 
element (a non-linear element) is not used, the number of 
manufacturing steps is Small, so that manufacturing cost can 
be reduced or yield can be improved. Further, since an active 
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element (a non-linear element) is not used, the aperture ratio 
can be improved, so that power consumption can be reduced 
or higher luminance can be achieved. 
0069. Note that a transistor is an element having at least 
three terminals of a gate, a drain, and a source. The transistor 
has a channel region between a drain region and a source 
region, and current can flow through the drain region, the 
channel region, and the source region. Here, since the source 
and the drain of the transistor change depending on the struc 
ture, the operating condition, and the like of the transistor, it 
is difficult to define which is a source or a drain. Thus, a region 
which serves as a source and a drain is not referred to as a 
Source or a drain in Some cases. In that case, one of the source 
and the drain might be referred to as a first terminal and the 
other of the source and the drain might be referred to as a 
second terminal, for example. Alternatively, one of the Source 
and the drain might be referred to as a first electrode and the 
other of the source and the drain might be referred to as a 
second electrode. Alternatively, one of the source and the 
drain might be referred to as a first region and the other of the 
Source and the drain might be referred to as a second region. 
0070. Note that a transistor may be an element having at 
least three terminals of a base, an emitter, and a collector. In 
this case, in a similar manner, one of the emitter and the 
collector might be referred to as a first terminal and the other 
of the emitter and the collector might be referred to as a 
second terminal. 
0071 Note that a gate corresponds to all or some of a gate 
electrode and a gate wiring (also referred to as a gate line, a 
gate signal line, a scan line, a scan signal line, or the like). A 
gate electrode corresponds to part of a conductive film which 
overlaps with a semiconductor which forms a channel region 
with a gate insulating film interposed therebetween. Note that 
part of the gate electrode overlaps with an LDD (lightly doped 
drain) region or a source region (or a drain region) with the 
gate insulating film interposed therebetween in some cases. A 
gate wiring corresponds to a wiring for connecting gate elec 
trodes of transistors to each other, a wiring for connecting 
gate electrodes of pixels to each other, or a wiring for con 
necting a gate electrode to another wiring. 
0072 However, there is a portion (a region, a conductive 
layer, a wiring, or the like) which serves as both a gate elec 
trode and a gate wiring. Such a portion (a region, a conductive 
layer, a wiring, or the like) may be referred to as either a gate 
electrode or a gate wiring. That is, there is a region where a 
gate electrode and a gate wiring cannot be clearly distin 
guished from each other. For example, in the case where a 
channel region overlaps with part of an extended gate wiring, 
the overlapped portion (region, conductive layer, wiring, or 
the like) serves as both a gate wiring and a gate electrode. 
Thus, such a portion (a region, a conductive layer, a wiring, or 
the like) may be referred to as either a gate electrode or a gate 
wiring. 
0073. Note that a portion (a region, a conductive layer, a 
wiring, or the like) which is formed using the same material as 
a gate electrode, forms the same island as the gate electrode, 
and is connected to the gate electrode may be referred to as a 
gate electrode. In a similar manner, a portion (a region, a 
conductive layer, a wiring, or the like) which is formed using 
the same material as a gate wiring, forms the same island as 
the gate wiring, and is connected to the gate wiring may be 
referred to as a gate wiring. In a strict sense. Such a portion (a 
region, a conductive layer, a wiring, or the like) does not 
overlap with a channel region or does not have a function of 
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connecting the gate electrode to another gate electrode in 
Some cases. However, there is a portion (a region, a conduc 
tive layer, a wiring, or the like) which is formed using the 
same material as a gate electrode or a gate wiring, forms the 
same island as the gate electrode or the gate wiring, and is 
connected to the gate electrode or the gate wiring because of 
specifications or the like in manufacturing. Thus, Such a por 
tion (a region, a conductive layer, a wiring, or the like) may be 
referred to as either a gate electrode or a gate wiring. 
0074. Note that in a multi-gate transistor, for example, a 
gate electrode is connected to another gate electrode by using 
a conductive layer which is formed using the same material as 
the gate electrode in many cases. Since Such a portion (a 
region, a conductive layer, a wiring, or the like) is a portion (a 
region, a conductive layer, a wiring, or the like) for connect 
ing the gate electrode to another gate electrode, the portion 
may be referred to as a gate wiring, or the portion may be 
referred to as a gate electrode because a multi-gate transistor 
can be considered as one transistor. That is, a portion (a 
region, a conductive layer, a wiring, or the like) which is 
formed using the same material as a gate electrode or a gate 
wiring, forms the same island as the gate electrode or the gate 
wiring, and is connected to the gate electrode or the gate 
wiring may be referred to as either a gate electrode or a gate 
wiring. In addition, for example, part of a conductive layer 
which connects the gate electrode and the gate wiring and is 
formed using a material which is different from that of the 
gate electrode or the gate wiring may be referred to as either 
a gate electrode or a gate wiring. 
0075. Note that a gate terminal corresponds to part of a 
portion (a region, a conductive layer, a wiring, or the like) of 
a gate electrode or part of a portion (a region, a conductive 
layer, a wiring, or the like) which is electrically connected to 
the gate electrode. 
0076. In the case where a wiring is referred to as a gate 
wiring, a gate line, a gate signal line, a scan line, a scan signal 
line, or the like, a gate of a transistor is not connected to the 
wiring in some cases. In this case, the gate wiring, the gate 
line, the gate signal line, the scan line, or the scan signal line 
corresponds to a wiring formed in the same layer as the gate 
of the transistor, a wiring formed using the same material of 
the gate of the transistor, or a wiring formed at the same time 
as the gate of the transistor in Some cases. As examples, there 
are a wiring for a storage capacitor, a power Supply line, a 
reference potential Supply line, and the like. 
0077. Note that a source corresponds to all or some of a 
Source region, a source electrode, and a source wiring (also 
referred to as a source line, a source signal line, a data line, a 
data signal line, or the like). A source region corresponds to a 
semiconductor region containing a large amount of p-type 
impurities (e.g., boron or gallium) or n-type impurities (e.g., 
phosphorus or arsenic). Therefore, a region containing a 
Small amount of p-type impurities or n-type impurities, 
namely, an LDD (lightly doped drain) region is not included 
in the source region. A source electrode is part of a conductive 
layer which is formed using a material different from that of 
a source region and is electrically connected to the Source 
region. However, a source electrode and a source region are 
collectively referred to as a source electrode in some cases. A 
Source wiring corresponds to a wiring for connecting Source 
electrodes of transistors to each other, a wiring for connecting 
Source electrodes of pixels to each other, or a wiring for 
connecting a source electrode to another wiring. 
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0078 However, there is a portion (a region, a conductive 
layer, a wiring, or the like) which serves as both a source 
electrode and a source wiring. Such a portion (a region, a 
conductive layer, a wiring, or the like) may be referred to as 
either a source electrode or a source wiring. That is, there is a 
region where a source electrode and a source wiring cannot be 
clearly distinguished from each other. For example, in the 
case where a source region overlaps with part of an extended 
Source wiring, the overlapped portion (region, conductive 
layer, wiring, or the like) serves as both a source wiring and a 
Source electrode. Thus, such a portion (a region, a conductive 
layer, a wiring, or the like) may be referred to as either a 
Source electrode or a source wiring. 
0079. Note that a portion (a region, a conductive layer, a 
wiring, or the like) which is formed using the same material as 
a source electrode, forms the same island as the Source elec 
trode, and is connected to the Source electrode, or a portion (a 
region, a conductive layer, a wiring, or the like) which con 
nects a source electrode and another source electrode may be 
referred to as a source electrode. Further, a portion which 
overlaps with a source region may be referred to as a source 
electrode. In a similar manner, a region which is formed using 
the same material as a source wiring, forms the same island as 
the Source wiring, and is connected to the Source wiring may 
be referred to as a source wiring. In a strict sense, such a 
portion (a region, a conductive layer, a wiring, or the like) 
does not have a function of connecting the source electrode to 
another source electrode in some cases. However, there is a 
portion (a region, a conductive layer, a wiring, or the like) 
which is formed using the same material as a source electrode 
or a source wiring, forms the same island as the Source elec 
trode or the Source wiring, and is connected to the source 
electrode or the Source wiring because of specifications or the 
like in manufacturing. Thus, Such a portion (a region, a con 
ductive layer, a wiring, or the like) may be referred to as either 
a source electrode or a source wiring. 
0080 For example, part of a conductive layer which con 
nects the source electrode and the source wiring and is formed 
using a material which is different from that of the source 
electrode or the source wiring may be referred to as either a 
Source electrode or a source wiring. 
I0081. Note that a source terminal corresponds to part of a 
Source region, part of a source electrode, or part of a portion 
(a region, a conductive layer, a wiring, or the like) which is 
electrically connected to the source electrode. 
I0082 In the case where a wiring is referred to as a source 
wiring, a source line, a source signal line, a data line, a data 
signal line, or the like, a source (a drain) of a transistor is not 
connected to a wiring in Some cases. In this case, the source 
wiring, the source line, the Source signal line, the data line, or 
the data signal line corresponds to a wiring formed in the 
same layer as the Source (the drain) of the transistor, a wiring 
formed using the same material of the source (the drain) of the 
transistor, or a wiring formed at the same time as the Source 
(the drain) of the transistorin some cases. As examples, there 
are a wiring for a storage capacitor, a power Supply line, a 
reference potential Supply line, and the like. 
0083 
I0084. Note that a semiconductor device corresponds to a 
device having a circuit including a semiconductor element 
(e.g., a transistor, a diode, or a thyristor). The semiconductor 
device may also correspond to all devices that can function by 

Note that the same can be said for a drain. 
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utilizing semiconductor properties. In addition, the semicon 
ductor device corresponds to a device having a semiconduc 
tor material. 
0085. Note that a display device corresponds to a device 
having a display element. The display device may include a 
plurality of pixels each having a display element. Note that 
that the display device may include a peripheral driver circuit 
for driving the plurality of pixels. The peripheral driver circuit 
for driving the plurality of pixels may be formed using the 
same substrate as the plurality of pixels. The display device 
may include a peripheral driver circuit provided over a sub 
strate by wire bonding or bump bonding, namely, an IC chip 
connected by chip on glass (COG) or an IC chip connected by 
TAB or the like. The display device may include a flexible 
printed circuit (FPC) to which an IC chip, a resistor, a capaci 
tor, an inductor, a transistor, or the like is attached. Note that 
the display device may include a printed wiring board (PWB) 
which is connected through a flexible printed circuit (FPC) 
and to which an IC chip, a resistor, a capacitor, an inductor, a 
transistor, or the like is attached. The display device may 
include an optical sheet Such as a polarizing plate or a retar 
dation plate. The display device may include a lighting 
device, a housing, an audio input and output device, an optical 
sensor, or the like. 
I0086 Note that a lighting device may include a backlight 
unit, a light guide plate, a prism sheet, a diffusion sheet, a 
reflective sheet, a light source (e.g., an LED or a cold cathode 
fluorescent lamp), a cooling device (e.g., a water cooling 
device or an air cooling device), or the like. 
0087. Note that a light-emitting device corresponds to a 
device having a light-emitting element or the like. In the case 
where a light-emitting device includes a light-emitting ele 
ment as a display element, the light-emitting device is one of 
specific examples of a display device. 
0088. Note that a reflective device corresponds to a device 
having a light-reflective element, a light diffraction element, 
light-reflective electrode, or the like. 
0089. Note that a liquid crystal display device corresponds 
to a display device including a liquid crystal element. Liquid 
crystal display devices include a direct-view liquid crystal 
display, a projection liquid crystal display, a transmissive 
liquid crystal display, a reflective liquid crystal display, a 
transflective liquid crystal display, and the like. 
0090. Note that a driving device corresponds to a device 
having a semiconductor element, an electric circuit, or an 
electronic circuit. For example, a transistor which controls 
input of signals from a source signal line to pixels (also 
referred to as a selection transistor, a Switching transistor, or 
the like), a transistor which supplies Voltage or current to a 
pixel electrode, a transistor which Supplies Voltage or current 
to a light-emitting element, and the like are examples of the 
driving device. A circuit which Supplies signals to a gate 
signal line (also referred to as a gate driver, a gate line driver 
circuit, or the like), a circuit which Supplies signals to a source 
signal line (also referred to as a source driver, a source line 
driver circuit, or the like), and the like are also examples of the 
driving device. 
0091. Note that a display device, a semiconductor device, 
a lighting device, a cooling device, a light-emitting device, a 
reflective device, a driving device, and the like overlap with 
each other in some cases. For example, a display device 
includes a semiconductor device and a light-emitting device 
in some cases. Alternatively, a semiconductor device includes 
a display device and a driving device in some cases. 
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0092. Note that when it is explicitly described that “B is 
formed on A' or “B is formed over A', it does not necessarily 
mean that B is formed in direct contact with A. The descrip 
tion includes the case where A and B are not in direct contact 
with each other, i.e., the case where another object is inter 
posed between A and B. Here, each of A and B is an object 
(e.g., a device, an element, a circuit, a wiring, an electrode, a 
terminal, a conductive film, or a layer). 
0093. Accordingly, for example, when it is explicitly 
described that “a layer B is formed on (or over) a layer A', it 
includes both the case where the layer B is formed in direct 
contact with the layer A, and the case where another layer 
(e.g., 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 the layer D. Note that another layer (e.g., a layer C 
or a layer D) may be a single layer or a plurality of layers. 
0094. In a similar manner, when it is explicitly described 
that “B is formed above A', it does not necessarily mean that 
B is formed in direct contact with A, and another object may 
be interposed therebetween. Thus, for example, when it is 
described that “a layer B is formed above a layer A', it 
includes both the case where the layer B is formed in direct 
contact with the layer A, and the case where another layer 
(e.g., 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 the layer D. Note that another layer (e.g., a layer C 
or a layer D) may be a single layer or a plurality of layers. 
(0095. Note that when it is explicitly described that “B is 
formed on A. “B is formed over A, or “B is formed above 
A”, it includes the case where B is formed obliquely over/ 
above A. 
0096. Note that the same can be said when it is described 
that “B is formed under A or “B is formed below A. 
0097. Note that when an object is explicitly described in a 
singular form, the object is preferably singular. Note that the 
present invention is not limited to this, and the object can be 
plural. In a similar manner, when an object is explicitly 
described in a plural form, the object is preferably plural. 
Note that the present invention is not limited to this, and the 
object can be singular. 
0098. Note that size, the thickness of layers, or regions in 
the drawings are exaggerated for simplicity in some cases. 
Thus, the embodiments of the present invention are not lim 
ited to Such scales illustrated in the drawings. 
0099. Note that the drawings are perspective views of ideal 
examples, and shapes or values are not limited to those illus 
trated in the drawings. For example, the following can be 
included: Variation in shape due to a manufacturing tech 
nique; variation in shape due to an error; variation in signal, 
Voltage, or current due to noise; variation in signal, Voltage, or 
current due to a difference in timing: or the like. 
0.100 Note that technical terms are used in order to 
describe a specific embodiment, example, or the like in many 
cases. There are no limitations to terms. 
0101. Note that terms which are not defined (including 
terms used for Science and technology, Such as technical 
terms or academic parlance) can be used as terms which have 
meaning equal to general meaning that an ordinary person 
skilled in the art understands. It is preferable that terms 
defined by dictionaries or the like be construed as consistent 
meaning with the background of related art. 
0102. Note that terms such as “first”, “second, “third, 
and the like are used for distinguishing various elements, 
members, regions, layers, and areas from others. Therefore, 
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the terms such as “first', 'second, “third, and the like do not 
limit the number of the elements, members, regions, layers, 
areas, or the like. Further, for example, “first can be replaced 
with “second”, “third, or the like. 
0103) Note that terms for describing spatial arrangement, 
such as “over”, “above”, “under”, “below”, “laterally, 
“right”, “left”, “obliquely”, “behind”, and “front” are often 
used for briefly showing a relationship between an element 
and another element or between a feature and another feature 
with reference to a diagram. Note that the embodiments of the 
present invention are not limited to this, and Such terms for 
describing spatial arrangement can indicate not only the 
direction illustrated in a diagram but also another direction. 
For example, when it is explicitly described that “B is over 
A”, it does not necessarily mean that B is placed over A, and 
can include the case where B is placed under A because a 
device in a diagram can be inverted or rotated by 180°. 
Accordingly, “over can refer to the direction described by 
“under in addition to the direction described by “over'. Note 
that the embodiments of the present invention are not limited 
to this, and "over can refer to any of the other directions 
described by “laterally”, “right”, “left”, “obliquely”, 
"behind, and "front” in addition to the directions described 
by “over and “under because the device in the diagram can 
be rotated in a variety of directions. 
0104. In one embodiment of the present invention, a light 
transmitting transistor or a light-transmitting capacitor can be 
formed. Therefore, even in the case where a transistor or a 
capacitor is provided in a pixel, the aperture ratio can be 
improved because light can be transmitted also in a portion 
where the transistor and the capacitor are formed. Further, 
since a wiring for connecting the transistor and an element 
(e.g., a different transistor) to each other or a wiring for 
connecting the capacitor and an element (e.g., a different 
capacitor) can be formed using a material having low resis 
tivity and high electric conductivity, waveform distortion of a 
signal can be Suppressed and Voltage drop due to wiring 
resistance can be reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0105. In the accompanying drawings: 
0106 FIGS. 1A and 1B are a top view and a cross-sec 
tional view according to one embodiment of the present 
invention; 
0107 FIGS. 2A to 2H are cross-sectional views according 

to one embodiment of the present invention; 
0108 FIGS. 3A to 3F are cross-sectional views according 

to one embodiment of the present invention; 
0109 FIGS. 4A to 4F are cross-sectional views according 

to one embodiment of the present invention; 
0110 FIGS.5A to 5F are cross-sectional views according 

to one embodiment of the present invention; 
0111 FIGS. 6A to 6C are cross-sectional views according 

to one embodiment of the present invention; 
0112 FIGS. 7A to 7C are a top view and cross-sectional 
views according to one embodiment of the present invention; 
0113 FIGS. 8A to 8C are a top view and cross-sectional 
views according to one embodiment of the present invention; 
0114 FIG.9 is a top view according to one embodiment of 
the present invention; 
0115 FIGS. 10A and 10B are a top view and a cross 
sectional view according to one embodiment of the present 
invention; 
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0116 FIGS. 11A and 11B are a top view and a cross 
sectional view according to one embodiment of the present 
invention; 
0117 FIG. 12 is a top view according to one embodiment 
of the present invention; 
0118 FIGS. 13A and 13B are a top view and a cross 
sectional view according to one embodiment of the present 
invention; 
0119 FIGS. 14A and 14B are a top view and a cross 
sectional view according to one embodiment of the present 
invention; 
I0120 FIG. 15 is a top view according to one embodiment 
of the present invention; 
I0121 FIGS. 16A and 16B are a top view and a cross 
sectional view according to one embodiment of the present 
invention; 
0.122 FIGS. 17A to 17F are cross-sectional views accord 
ing to one embodiment of the present invention; 
(0123 FIGS. 18A to 18F are cross-sectional views accord 
ing to one embodiment of the present invention; 
0.124 FIGS. 19A to 19D are cross-sectional views accord 
ing to one embodiment of the present invention; 
0.125 FIGS. 20A to 20F are cross-sectional views accord 
ing to one embodiment of the present invention; 
0.126 FIGS. 21A to 21D are cross-sectional views accord 
ing to one embodiment of the present invention; 
0127 FIGS. 22A-1 to 22B-2 illustrate multi-tone masks: 
0.128 FIGS. 23A to 23C are cross-sectional views accord 
ing to one embodiment of the present invention; 
I0129 FIGS. 24A and 24B are block diagrams according to 
one embodiment of the present invention; 
0.130 FIGS. 25A and 25B are cross-sectional views 
according to one embodiment of the present invention; 
I0131 FIGS. 26A and 26B are circuit diagrams of a semi 
conductor device according to one embodiment of the present 
invention; 
(0132 FIGS. 27A to 27C are cross-sectional views of dis 
play devices according to one embodiment of the present 
invention; 
(0.133 FIGS. 28A and 28B are a top view and a cross 
sectional view of a display device according to one embodi 
ment of the present invention; 
I0134 FIGS. 29A-1 to 29B are top views and a cross 
sectional view according to one embodiment of the present 
invention; 
0.135 FIG. 30 is a diagram illustrating a display device 
according to one embodiment of the present invention; 
0.136 FIG.31 is a diagram illustrating an electronic device 
according to one embodiment of the present invention; 
I0137 FIGS. 32A to 32D are diagrams illustrating elec 
tronic devices according to one embodiment of the present 
invention; 
I0138 FIGS. 33A and 33B are diagrams illustrating elec 
tronic devices according to one embodiment of the present 
invention; 
0.139 FIGS. 34A and 34B are diagrams illustrating elec 
tronic devices according to one embodiment of the present 
invention; 
0140 FIGS. 35A and 35B are cross-sectional views 
according to one embodiment of the present invention; 
0141 FIG. 36 is a top view according to one embodiment 
of the present invention; 
0.142 FIGS. 37A to 37G are diagrams illustrating circuits 
according to one embodiment of the present invention; 
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0143 FIGS. 38A to 38D are diagrams illustrating circuits 
according to one embodiment of the present invention; 
014.4 FIGS. 39A to 39D are diagrams illustrating circuits 
according to one embodiment of the present invention; 
0145 FIGS. 40A to 40F are diagrams showing potentials 
of a display element according to one embodiment of the 
present invention; and 
0146 FIGS. 41A to 41C are diagrams showing display 
screens according to one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0147 Hereinafter, embodiments of the present invention 
will be described in detail with reference to the drawings. 
Note that the present invention is not limited to the following 
description. It will be readily appreciated by those skilled in 
the art that modes and details can be changed in various ways 
without departing from the spirit and scope of the present 
invention. Therefore, the present invention should not be 
construed as being limited to the following description of the 
embodiments. 
0148. In this specification, a film refers to what is formed 
over an entire Surface and is not patterned. In addition, a layer 
refers to what is patterned into a desired shape with a resist 
mask or the like. Note that this distinction between “film' and 
“layer is for convenience, and they are used without any 
distinction in Some cases. Also as for each layer of a stacked 
film, a film and a layer are used without any distinction in 
SOC CSCS. 

0149. Note that in this specification, ordinal numbers such 
as “first', 'second, and “third are used for convenience in 
order to distinguish elements and do not limit the number, 
arrangement, and the order of steps. 
0150. Note that a content (or may be part of the content) 
described in one embodiment may be applied to, combined 
with, or replaced by a different content (or may be part of the 
different content) described in the embodiment and/or a con 
tent (or may be part of the content) described in one or a 
plurality of different embodiments. 
0151. Note that in each embodiment, a content described 
in the embodiment is a content described with reference to a 
variety of diagrams or a content described with a text 
described in this specification. 
0152. Note that by combining a diagram (or may be part of 
the diagram) illustrated in one embodiment with another part 
of the diagram, a different diagram (or may be part of the 
different diagram) illustrated in the embodiment, and/or a 
diagram (or may be part of the diagram) illustrated in one or 
a plurality of different embodiments, much more diagrams 
can be formed. 
0153. Note that in a diagram or a text described in one 
embodiment, part of the diagram or the text is taken out, and 
one embodiment of the invention can be constituted. Thus, in 
the case where a diagram or a text related to a certain portion 
is described, the context taken out from part of the diagram or 
the text is also disclosed as one embodiment of the invention, 
and one embodiment of the invention can be constituted. 
Therefore, for example, in a diagram (e.g., a cross-sectional 
view, a plan view, a circuit diagram, a block diagram, a flow 
chart, a process diagram, a perspective view, a cubic diagram, 
a layout diagram, a timing chart, a structure diagram, a sche 
matic view, a graph, a list, a ray diagram, a Vector diagram, a 
phase diagram, a waveform chart, a photograph, or a chemical 
formula) or a text in which one or more active elements (e.g., 
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transistors or diodes), wirings, passive elements (e.g., capaci 
tors or resistors), conductive layers, insulating layers, semi 
conductor layers, organic materials, inorganic materials, 
components, Substrates, modules, devices, Solids, liquids, 
gases, operating methods, manufacturing methods, or the like 
are described, part of the diagram or the text is taken out, and 
one embodiment of the invention can be constituted. 

Embodiment 1 

0154. In this embodiment, semiconductor devices and 
manufacturing steps thereofare described with reference to 
FIGS. 1A and 1B, FIGS. 2A to 2H, FIGS. 3A to 3F, FIGS. 4A 
to 4F, FIGS.5A to 5F, FIGS. 6A to 6C, FIGS. 7A to 7C, FIGS. 
8A to 8C, FIG. 9, FIGS. 10A and 10B, FIGS. 11A and 11B, 
FIG. 12, FIGS. 13A and 13B, FIGS. 14A and 14B, and FIG. 
15. 
0155 FIGS. 1A and 1B illustrate a semiconductor device 
in this embodiment. FIG. 1A is a top view, and FIG. 1B is a 
cross-sectional view taken along line A-B in FIG. 1A. 
0156 The semiconductor device illustrated in FIG. 1A 
includes a pixel portion which has a plurality of wirings (e.g., 
gate wirings and capacitor wirings) disposed in a first direc 
tion, a plurality of wirings (e.g., Source wirings) disposed in a 
second direction, and a plurality of transistors disposed 
around intersections of the wirings. Note that the wirings 
disposed in the first direction and the wirings disposed in the 
second direction are preferably orthogonal to each other. Note 
that in this specification, a pixel portion refers to a region 
surrounded by a plurality of gate wirings and a plurality of 
Source wirings. 
0157. A transistor 150 illustrated in FIGS. 1A and 1B 
includes a semiconductor layer 103a over a substrate 100 
having an insulating Surface, conductive layers 106a and 
106bwhich are provided over the semiconductor layer 103a 
and function as a source electrode and a drain electrode, a gate 
insulating film 110 which is provided over the conductive 
layers 106a and 106b functioning as the source electrode and 
the drain electrode, and a conductive layer 113a which is 
provided over the gate insulating film 110 and functions as a 
gate electrode provided between the conductive layers 106a 
and 106b. Thus, the transistor 150 is a so-called top-gate 
transistor. However, the gate electrode may be provided 
below a channel (the semiconductor layer 103a). The semi 
conductor layer 103a preferably contains an oxide; however, 
this embodiment is not limited to this. It is acceptable for the 
semiconductor layer not to contain an oxide. For example, the 
semiconductor layer 103a can be formed using silicon, gal 
lium arsenide, a compound semiconductor, an organic semi 
conductor, a carbon nanotube, or the like. 
0158. Further, parts orall of the semiconductor layer 103a, 
the conductive layer 113a functioning as the gate electrode, 
the conductive layer 106a and 106b functioning as the source 
electrode and the drain electrode, and the like which are 
included in the transistor 150 are formed using light-trans 
mitting materials. By forming parts or all of the semiconduc 
tor layer, the conductive layers, and the like which are 
included in the transistor 150 with the use of light-transmit 
ting materials in this manner, light can be transmitted in a 
portion where the transistor is formed. Thus, the aperture 
ration of the pixel portion can be improved. 
0159. In general, a wiring for connecting elements such as 
transistors to each other is formed by extending conductive 
layers used foragate electrode, a Source electrode, and a drain 
electrode, so that the wiring is formed in the same island as the 
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conductive layers in many cases. Accordingly, a wiring for 
connecting a gate of a transistor to a gate of a different 
transistor (such a wiring is referred to as a gate wiring) is 
formed using the same layer structure or material as a gate 
electrode of the transistor in many cases; and a wiring for 
connecting a source of the transistor to a source of the differ 
ent transistor (Such a wiring is referred to as a source wiring) 
is formed using the same layer structure or material as a 
Source electrode of the transistorin many cases. Therefore, in 
the case where the gate electrode, the source electrode, and 
the drain electrode are formed using light-transmitting mate 
rials, the gate wiring and the Source wiring are formed using 
light-transmitting materials, like the gate electrode, the 
source electrode, and the drain electrode. 
0160. As compared to a material having light-blocking 
properties and reflecting properties, such as aluminum, 
molybdenum, titanium, tungsten, neodymium, copper, silver, 
or chromium, a light-transmitting material Such as indium tin 
oxide, indium Zinc oxide, or indium tin Zinc oxide tends to 
have lower electric conductivity. Accordingly, when a wiring 
is formed using a light-transmitting material, wiring resis 
tance becomes high. For example, in the case where a large 
display device is manufactured, wiring resistance becomes 
extremely high because a wiring is long. As wiring resistance 
increases, the waveform of a signal which is transmitted 
through the wiring is distorted, so that Voltage which is Sup 
plied is lowered by Voltage drop due to the wiring resistance. 
Therefore, it is difficult to Supply accurate Voltage and cur 
rent, so that it might be difficult to perform normal display and 
operation. 
0161 Thus, a gate wiring which is electrically connected 

to the gate electrode of the transistor 150 is formed by stack 
ing the light-transmitting conductive layer 113a and a light 
blocking conductive layer 116a. In addition, a source wiring 
which is electrically connected to the source electrode or the 
drain electrode of the transistor 150 is formed by stacking the 
light-transmitting conductive layer 106a and a light-blocking 
conductive layer 109a. That is, the gate electrode of the tran 
sistor 150 is formed using part of the light-transmitting con 
ductive layer 113a. Further, the source electrode or the drain 
electrode of the transistor 150 is formed using part of the 
light-transmitting conductive layer 106a. 
0162. It is preferable that the transmittance of the conduc 

tive layer 113a be sufficiently high. Further, the transmittance 
of the conductive layer 113a is preferably higher than the 
transmittance of the conductive layer 116a. 
0163. It is preferable that the resistivity of the conductive 
layer 116a be sufficiently low and the electric conductivity of 
the conductive layer 116a be sufficiently high. In addition, the 
resistivity of the conductive layer 116a is preferably lower 
than the resistivity of the conductive layer 113a. Note that 
since the conductive layer 116.a functions as a conductive 
layer, the resistivity of the conductive layer 116a is preferably 
lower than the resistivity of an insulating layer. 
0164. When the gate wiring or the source wiring is formed 
by stacking the light-transmitting conductive layer and the 
light-blocking conductive layer, wiring resistance can be low 
ered. In addition, by lowering the wiring resistance, wave 
form distortion of a signal can be Suppressed and Voltage drop 
due to the wiring resistance can be reduced. Further, by reduc 
ing the Voltage drop due to the wiring resistance, accurate 
Voltage and current can be supplied. Thus, a large display 
device can be manufactured. Furthermore, since the gate wir 
ing or the source wiring is formed using the light-blocking 
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conductive layer, a space between pixels can be shielded from 
light. That is, with the gate wiring disposed in a row direction 
and the Source wiring disposed in a column direction, the 
space between the pixels can be shielded from light without 
use of a black matrix. However, a black matrix can be used. 
0.165. In addition, in terms of display performance, large 
capacitors and higheraperture ratio are demanded for pixels. 
Pixels each having high aperture ratio improve light use effi 
ciency, so that power saving and miniaturization of a display 
device can be achieved. In recent years, the size of pixels has 
been made Smaller and higher-definition images have been 
demanded. However, the decrease in the size of pixels results 
in a large formation area for transistors and wirings, which 
occupies one pixel, so that the aperture ratio of the pixel is 
lowered. Thus, in order to obtain high aperture ratio in each 
pixel in a specified size, it is necessary to lay out components 
needed for the circuit structure of the pixel efficiently. 
0166 A capacitor wiring according to one embodiment of 
the present invention is disposed in the same direction as the 
gate wiring and is preferably formed using a light-transmit 
ting conductive layer 113b in the pixel region. In addition, 
part of the capacitor wiring, which overlaps with the Source 
wiring, may be formed by Stacking the light-transmitting 
conductive layer 113b and a light-blocking conductive layer 
116b in order to increase electric conductivity. Further, a 
storage capacitor portion 160 is formed in the capacitor wir 
ing. The storage capacitor portion 160 is connected to one of 
the source electrode and the drain electrode of the transistor 
150 (the conductive layer 106b). The storage capacitor por 
tion 160 includes the gate insulating film 110 as a dielectric, 
and the conductive layers 106b and 113b functioning as the 
electrodes. Note that since a capacitor is also formed between 
a pixel electrode and the conductive layer 113b, the capacitor 
also can be used as a storage capacitor. 
0167. In this embodiment, an example is described in 
which the width of the capacitor wiring and the width of the 
gate wiring are the same; however, the width of the capacitor 
wiring and the width of the gate wiring may be different from 
each other. The width of the capacitor wiring is preferably 
larger than the width of the gate wiring. When the width of the 
capacitor wiring is made larger, the area of the storage capaci 
torportion 160 can be increased. 
0168 By forming the storage capacitor portion 160 with 
the use of the light-transmitting conductive layers 106b and 
113b as described above, light can be transmitted also in a 
portion where the storage capacitor portion 160 is formed. 
Thus, the aperture ratio can be improved. In addition, by 
forming the storage capacitor portion 160 with the use of the 
light-transmitting conductive layers, the storage capacitor 
portion 160 can be made larger without a decrease in the 
aperture ratio. Thus, even when the transistor is turned off, 
potential holding properties of the pixel electrode is improved 
and display quality is improved. Further, a feedthrough 
potential can be lowered. Alternatively, since noise immunity 
is improved, crosstalk can be reduced. Further, since accurate 
voltage can be supplied, flickers can be reduced. Efficient 
layout of circuit components needed for the circuit structure 
of the pixel is possible. 
(0169. Further, the transistor 150 illustrated in FIGS. 1A 
and 1B can be used as a pixel transistor provided in a pixel 
portion of a liquid crystal display device or a light-emitting 
display device typified by an EL display device. Therefore, in 
FIGS. 1A and 1B, a contact hole 130 is provided in the gate 
insulating film 110 and an insulating film 117: pixel electrode 
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layers (light-transmitting conductive layers 119a and 119C) 
are provided over the insulating film 117; and the pixel elec 
trode layer (the light-transmitting conductive layer 119a) and 
the conductive layer 106b are connected to each other through 
the contact hole 130 provided in the gate insulating film 110 
and the insulating film 117. 
0170 Next, an example of a manufacturing process of a 
semiconductor device is described with reference to FIGS. 
2A to 2H, FIGS. 3A to 3F, FIGS. 4A to 4F, and FIGS. 5A to 
SF. 

0171 First, an oxide semiconductor film 101 is formed 
over the substrate 100 having an insulating surface (see FIGS. 
2A and 2B). 
0172. As the substrate 100 having an insulating surface, 
for example, a glass Substrate which has visible-light-trans 
mitting properties and is used in a liquid crystal display 
device or the like can be used. The glass substrate is prefer 
ably an alkali-free glass Substrate. The non-alkali glass Sub 
strate is formed using a glass material Such as aluminosilicate 
glass, aluminoborosilicate glass, or barium borosilicate glass, 
for example. Alternatively, as the substrate 100 having an 
insulating Surface, an insulating Substrate formed using an 
insulator, such as a ceramic Substrate, a quartz Substrate, or a 
Sapphire Substrate; a semiconductor Substrate which is 
formed using a semiconductor material Such as silicon and 
has a Surface covered with an insulating material; a conduc 
tive Substrate which is formed using a conductor Such as 
metal or stainless steel and has a surface covered with an 
insulating material; or the like can be used. Note that a plastic 
substrate formed using polyethylene terephthalate (PET) or 
the like can be used. 

0173 An insulating film which serves as a base film may 
be provided over the substrate 100 having an insulating sur 
face. The insulating film has a function of preventing diffu 
sion of an impurity Such as analkali metal (e.g., Li, Cs, or Na), 
an alkaline earth metal (e.g., Ca or Mg), or a different metal 
element from the substrate 100. Note that the concentration of 
Na is 5x10'/cm or lower, preferably 1x10"/cm or lower. 
The insulating film can be formed to have a single-layer 
structure of a silicon nitride film, a silicon oxide film, a silicon 
nitride oxide film, a silicon oxynitride film, an aluminum 
oxide film, an aluminum nitride film, an aluminum oxynitride 
film, or an aluminum nitride oxide film; or a layered structure 
of any of the above films. A silicon oxide film is preferably 
provided over a silicon nitride film. With the silicon nitride 
film, diffusion of an impurity can be prevented sufficiently. 
Further, by providing a silicon oxide film thereover, the sili 
con nitride film can be prevented from being in contact with 
the semiconductor layer. This is because if the silicon nitride 
film is in contact with the semiconductor layer, the semicon 
ductor layer might be hydrogenated. Note that this embodi 
ment is not limited to this, and the silicon nitride film can be 
in contact with the semiconductor layer. 
0174 As an oxide semiconductor contained in the oxide 
semiconductor film 101, it is preferable to use an oxide semi 
conductor whose structural formula is represented by InMO 
(ZnO) (m-0). In particular, it is preferable to use an 
In Ga—Zn O-based oxide semiconductor. Note that M is 
one or more metal elements selected from gallium (Ga), iron 
(Fe), nickel (Ni), manganese (Mn), or cobalt (Co). For 
example, M is Ga in Some cases; meanwhile, Ga and the 
above metal element other than Ga, such as Ni or Fe, are 
contained in Some cases. Further, in the oxide semiconductor, 
in Some cases, a transitional metal element Such as Fe or Nior 
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an oxide of the transitional metal is contained as an impurity 
element in addition to the metal element contained as M. In 
this specification, among the oxide semiconductors whose 
structural formulas are represented by InMO(ZnO), (mid-0), 
an oxide semiconductor whose structural formula includes at 
least Ga as M is referred to as an In Ga—Zn O-based 
oxide semiconductor, and a thin film containing the 
In-Ga—Zn-O-based oxide semiconductor is also referred 
to as an In-Ga—Zn-O-based non-single-crystal film. 
0.175. By X-ray diffraction (XRD) spectrometry, an amor 
phous structure is observed as the crystal structure of the 
In Ga—Zn Obased non-single-crystal film. Note that the 
In-Ga—Zn-O-based non-single-crystal film used as the 
sample in spectrometry is subjected to heat treatment at 200 to 
500° C., typically 300 to 400° C., for 10 to 100 minutes after 
the film is formed by sputtering. 
0176 By using the In Ga—Zn O-based non-single 
crystal film for an active layer of a thin film transistor, a thin 
film transistor having electrical characteristics of an on/off 
ratio of 10 or more and a mobility of 10 cm/V's or more at 
a gate voltage of +20 V can be formed. 
0177. However, the oxide semiconductor film 101 is not 
limited to the oxide semiconductor film whose structural 
formula is represented by InMO(ZnO), (mo-0). For 
example, an oxide semiconductor film containing indium 
oxide (InC), Zinc oxide (ZnO), tin oxide (SnO), indium zinc 
oxide (IZO), indium tin oxide (ITO), indium tin oxide con 
taining silicon oxide (ITSO), Zinc oxide to which gallium is 
added (GZO), or the like may be used. 
0.178 The thickness of the oxide semiconductor film 101 
is 50 nm or more, preferably 60 to 150 nm Further, the oxide 
semiconductor film 101 might include a region whose thick 
ness is Smaller than those of regions where parts of the oxide 
semiconductor film 101 overlap with the conductive layers 
106a and 106b. The region whose thickness is smaller is 
provided between the conductive layers 106a and 106b which 
are formed later and function as the source electrode and the 
drain electrode. This region is generated because part of the 
semiconductor layer 103a is etched when the conductive 
layers 106a and 106b are etched. Thus, when the thickness of 
the oxide semiconductor film 101 is 50 nm or more, a channel 
formation region can be prevented from being etched away. 
0179 The range of the carrier concentration of the oxide 
semiconductor film 101 is preferably lower than 1x10''/cm 
(more preferably 1x10''/cm or higher). When the carrier 
concentration of the oxide semiconductor film 101 exceeds 
the above range, the thin film transistormight be normally on. 
0180. An insulating impurity may be contained in the 
oxide semiconductor film 101. As the impurity, an insulating 
oxide typified by silicon oxide, germanium oxide, aluminum 
oxide, or the like; an insulating nitride typified by silicon 
nitride, aluminum nitride, or the like; or an insulating oxyni 
tride Such as silicon oxynitride or aluminum oxynitride is 
used. 

0181. The insulating oxide, the insulating nitride, or the 
insulating oxynitride is added to the oxide semiconductorata 
concentration at which an electrical conducting property of 
the oxide semiconductor does not deteriorate. 

0182. When the insulating impurity is contained in the 
oxide semiconductor film 101, crystallization of the oxide 
semiconductor film 101 can be suppressed. By Suppressing 
the crystallization of the oxide semiconductor film 101, char 
acteristics of the thin film transistor can be stabilized. 
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0183 For example, when an impurity such as siliconoxide 
is contained in the In—Ga—Zn-O-based oxide semicon 
ductor, crystallization of the oxide semiconductor or genera 
tion of microcrystal grains can be prevented even when heat 
treatment at 300 to 600° C. is performed. 
0184. In the manufacturing process of a thin film transistor 
in which an In-Ga—Zn-O-based oxide semiconductor is 
used for its channel formation region, an S value (a subthresh 
old swing value) or field effect mobility can be improved by 
heat treatment. Even in Such a case, the thin film transistorican 
be prevented from being normally on. Further, even in the 
case where heat stress or bias stress is applied to the thin film 
transistor, variations in the threshold Voltage can be pre 
vented. 

0185. As well as the above oxide semiconductors, any of 
the following oxide semiconductors can be used as the oxide 
semiconductor used for the oxide semiconductor film 101: an 
In—Sn-Zn-O-based oxide semiconductor; an In Al 
Zn-O-based oxide semiconductor, a Sn—Ga—Zn-O- 
based oxide semiconductor; an Al-Ga—Zn-O-based 
oxide semiconductor; a Sn—Al-Zn-O-based oxide semi 
conductor; an In-Zn-O-based oxide semiconductor, a 
Sn-Zn-O-based oxide semiconductor; an Al-Zn-O- 
based oxide semiconductor, an In-O-based oxide semicon 
ductor; a Sn-O-based oxide semiconductor, and a Zn-O- 
based oxide semiconductor. Further, by addition of an 
impurity which suppresses crystallization to keep an amor 
phous state to these oxide semiconductors, characteristics of 
the thin film transistor can be stabilized. 

0186. A semiconductor layer used in one embodiment of 
the present invention may have light-transmitting properties. 
As well as an oxide semiconductor, any of a crystalline semi 
conductor (a single crystal semiconductor or a polycrystalline 
semiconductor), an amorphous semiconductor, a microcrys 
talline semiconductor, an organic semiconductor, and the like 
may be used. 
0187. Note that in the case where the insulating film is 
formed over the substrate 100, plasma treatment may be 
performed on a surface of the insulating film before the oxide 
semiconductor film 101 is formed. By performing plasma 
treatment, dust (e.g., a particle) attached to the Surface of the 
insulating film can be removed. 
0188 Note that when a pulsed direct current (DC) power 
Source is used when the plasma treatment is performed, dust 
can be reduced and the thickness is made uniform, which is 
preferable. Further, by forming the oxide semiconductor film 
101 without being exposed to the air after the plasma treat 
ment is performed, attachment of dust or moisture to an 
interface between the insulating film and the oxide semicon 
ductor film 101 can be suppressed. 
0189 Alternatively, a multi-target sputtering apparatus in 
which a plurality of targets formed using different materials 
can be set may be used as a sputtering apparatus. In a multi 
target sputtering apparatus, a stack of different films can be 
formed in one chamber, or one film can be formed by sput 
tering using plural kinds of materials concurrently in one 
chamber. Alternatively, a method using a magnetron Sputter 
ing apparatus in which a magnetic field generating system is 
provided inside a chamber (magnetron Sputtering). ECR sput 
tering in which plasma generated by using a microwave is 
used, or the like may be employed. Alternatively, reactive 
sputtering in which a target Substance and a sputtering gas 
component chemically react with each other to form a com 
pound thereof at the time of deposition, bias Sputtering in 
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which Voltage is applied also to a substrate at the time of 
deposition, or the like may be employed. 
0190. Next, a resist mask 102 is formed over the oxide 
semiconductor film 101 and the oxide semiconductor film 
101 is selectively etched using the resist mask 102, so that the 
island-shaped semiconductor layer 103a is formed (see 
FIGS. 2C and 2D). In the case of forming the resist mask by 
spin coating, large quantities of resist materials and a large 
amount of developing Solutions are used in order to improve 
the uniformity of a resist film; thus, large quantities of surplus 
materials are consumed. In a deposition method using spin 
coating, an increase in the size of a Substrate is particularly 
disadvantageous in mass production because a mechanism 
for rotating a large Substrate is made larger and a loss and 
waste amount of a material liquid are large. Further, when a 
film is formed by spin-coating a rectangular substrate, circu 
lar unevenness with a rotating axis as a center is likely to 
appear in the film. Thus, it is preferable that a resist material 
film be selectively formed by a screen printing method or a 
droplet discharge method Such as an inkjet method, and then 
a resist mask be formed through exposure. By forming the 
resist material film selectively, cost can be greatly reduced 
because reduction in consumption of the resist material can 
be achieved, and such a large substrate having a size of 1000 
mmx1200 mm, 1100 mmX1250 mm, or 1150 mm x 1300 mm 
can be used. However, this embodiment is not limited to this. 
0191 Wet etching or dry etching can be used as etching in 
this case. Here, an unnecessary portion of the oxide semicon 
ductor film 101 is removed by wet etching using a mixed 
Solution of acetic acid, nitric acid, and phosphoric acid, so 
that the island-shaped semiconductor layer 103a is formed. 
Note that after the etching, the resist mask 102 is removed. 
Further, an etchant used for the wet etching is not limited to 
the above as long as it can etch the oxide semiconductor film 
101. When dry etching is performed, a gas containing chlo 
rine or a gas containing chlorine, to which oxygen is added, is 
preferably used. This is because, by using a gas containing 
chlorine and oxygen, the etching selectivity of the oxide 
semiconductor film 101 to the insulating film serving as the 
base film is likely to be high, and the insulating film can be 
Sufficiently prevented from being damaged. 
0.192 In addition, as an etching apparatus used for the dry 
etching, an etching apparatus using reactive ion etching (RIE) 
or a dry etching apparatus using a high-density plasma Source 
such as ECR (electron cyclotron resonance) or ICP (induc 
tively coupled plasma) can be used. Furthermore, as a dry 
etching apparatus by which electric discharge is likely to be 
homogeneous in a large area as compared to an ICP etching 
apparatus, there is an ECCP (enhanced capacitively coupled 
plasma) mode etching apparatus in which an upper electrode 
is grounded, a high-frequency power source of 13.56MHz is 
connected to a lower electrode, and a low-frequency power 
source of 3.2 MHZ is connected to the lower electrode. This 
ECCP mode etching apparatus can be applied, for example, 
even when a substrate of the tenth generation with a size 
larger than 3 m is used. 
0193 After that, heat treatment is preferably performed at 
200 to 600° C., typically 300 to 500° C. Here, heat treatment 
is performed at 350° C. for 1 hour in a nitrogen atmosphere. 
Through this heat treatment, rearrangement at the atomic 
level is caused in the In-Ga—Zn-O-based oxide semicon 
ductor included in the semiconductor layer 103a. This heat 
treatment (including light annealing or the like) is important 
because the strain which inhibits the movement of carriers in 
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the semiconductor layer 103a can be released. Note that 
timing at which the heat treatment is performed is not par 
ticularly limited to certain timing as long as it is after the 
formation of the semiconductor layer 103a. 
0194 Next, a conductive film 104 is formed over the 
island-shaped semiconductor layer 103a (see FIGS. 2E and 
2F). 
(0195 As the conductive film 104, indium tin oxide (ITO), 
indium tin oxide containing silicon oxide (ITSO), organoin 
dium, organotin, Zinc oxide (ZnO), titanium nitride, or the 
like can be used. Alternatively, indium zinc oxide (IZO) con 
taining Zinc oxide, Zinc oxide containing gallium (Ga), tin 
oxide (SnO), indium oxide containing tungsten oxide, 
indium Zinc oxide containing tungsten oxide, indium oxide 
containing titanium oxide, indium tin oxide containing tita 
nium oxide, or the like may be used. The conductive film 104 
can be formed to have a single-layer structure or a layered 
structure of such a material by Sputtering. Note that in the case 
of the layered structure, the transmittance of each of a plural 
ity of films is preferably high enough. 
0196. Next, resist masks 105a and 105b are formed over 
the conductive film 104 and the conductive film 104 is selec 
tively etched using the resist masks 105a and 105b, so that the 
conductive layers 106a and 106b functioning as the source 
electrode and the drain electrode are formed (see FIGS. 2G 
and 2H). Note that the resist masks 105a and 105b are 
removed after the etching. In this case, in order to improve 
coverage with the gate insulating film 110 which is formed 
later and to prevent breakage, the etching is preferably per 
formed so that end portions of the conductive layers 106a and 
106b functioning as the source electrode and the drain elec 
trode are tapered. Note that the source electrode or the drain 
electrode includes the electrode and the wiring formed using 
the conductive film, Such as the Source wiring. 
0.197 Next, a conductive film 107 is formed over the 
island-shaped semiconductor layer 103a and the conductive 
layers 106a and 106b (see FIGS. 3A and 3B). 
0198 The conductive film 107 can be formed to have a 
single-layer structure or a layered structure of a metal mate 
rial Such as aluminum (Al), tungsten (W), titanium (Ti), tan 
talum (Ta), molybdenum (Mo), nickel (Ni), platinum (Pt), 
copper (Cu), gold (Au), silver (Ag), manganese (Mn), neody 
mium (Nd), chromium (Cr), antimony (Sb), niobium (Nb), or 
cerium (Ce); an alloy material containing any of the above 
metal materials as its main component; or a nitride containing 
any of the above metal materials as its component. The con 
ductive film 107 is preferably formed using a low-resistant 
conductive material Such as aluminum. 

(0199. In the case where the conductive film 107 is formed 
over the conductive layers 106a and 106b (or the conductive 
film 104), both the films react with each other in some cases. 
For example, in the case where the conductive layers 106a 
and 106b are formed using ITO and the conductive film 107 is 
formed using aluminum, chemical reaction occurs therebe 
tween in some cases. Accordingly, in order to avoid Such 
chemical reaction, a high-melting point material is preferably 
used between the conductive layers 106a and 106b and the 
conductive film 107. For example, as the high-melting point 
material, molybdenum, titanium, tungsten, tantalum, chro 
mium, or the like can be used. Further, it is preferable to form 
the conductive layers 106a and 106b as a multi-layer film by 
using a material having high electric conductivity over the 
film formed using the high-melting point material. As the 
material having high electric conductivity, aluminum, copper, 
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silver, or the like can be used. For example, in the case where 
the conductive layers 106a and 106b are formed to have a 
layered structure, a stack of molybdenum as a first layer, 
aluminum as a second layer, and molybdenum as a third layer, 
or a stack of molybdenum as a first layer, aluminum contain 
ing a small amount of neodymium as a second layer, and 
molybdenum as a third layer can be used. With such a struc 
ture, generation of hillocks can be prevented. Note that the 
thickness of the light-transmitting conductive layer is prefer 
ably smaller than the thickness of the light-blocking conduc 
tive layer. However, this embodiment is not limited to this. 
0200. Next, a resist mask 108 is formed over the conduc 
tive film 107 and the conductive film 107 is selectively etched 
using the resist mask 108, so that the conductive layer 109a is 
formed (see FIGS. 3C and 3D). After the etching, the resist 
mask 108 is removed. Accordingly, part of the conductive 
film 107, over which the resist mask 108 is not formed, is 
removed, so that the conductive layer 106a is exposed. Thus, 
the surface areas of the conductive layer 109a and the con 
ductive layer 106a are different from each other. That is, the 
surface area of the conductive layer 106a is larger than the 
surface area of the conductive layer 109a. Alternatively, as for 
the conductive layers 109a and 106a, there area region where 
the conductive layers 109a and 106a overlap with each other 
and a region where the conductive layers 109a and 106a do 
not overlap with each other. 
0201 In the region where the conductive layers 109a and 
106a overlap with each other, the conductive layers 106a and 
109a function as the source wiring. In the region where the 
conductive layers 106a and 109a do not overlap with each 
other, the conductive layer 106.a functions as the source elec 
trode or the drain electrode. By forming the conductive layer 
106.a functioning as the source electrode or the drain elec 
trode with the use of a light-transmitting conductive material, 
light can be transmitted also in a portion where the Source 
electrode or the drain electrode is formed; therefore, the aper 
ture ratio of a pixel can be improved. In addition, by forming 
the conductive layer 109a with the use of a material which has 
higher electric conductivity than a material used for the con 
ductive layer 106a, wiring resistance of the source wiring can 
be reduced, and power consumption can be reduced. Further, 
since the Source wiring is formed using the light-blocking 
conductive layer, a space between pixels can be shielded from 
light. Further, contrast can be improved. 
0202) Note that although the step in which the conductive 
layer 109a is formed after the conductive layers 106a and 
106b are formed is described, the order of formation may be 
inverted. In other words, after the conductive layer 109a 
which is part of the source wiring is formed, the conductive 
layers 106a and 106b which function as the source electrode 
and the drain electrode can be formed (see FIG. 7B). 
0203 Further, the conductive layer 106b functions also as 
an electrode of the storage capacitor portion 160. 
0204 Next, after the gate insulating film 110 is formed so 
as to cover the conductive layers 106a and 106b, a conductive 
film 111 is formed (see FIGS. 3E and 3F). 
0205 The gate insulating film 110 can be formed to have 
a single layer or a stacked layer of a silicon oxide film, a 
silicon oxynitride film, a silicon nitride film, a silicon nitride 
oxide film, an aluminum oxide film, an aluminum nitride film, 
an aluminum oxynitride film, an aluminum nitride oxide film, 
or a tantalum oxide film. The gate insulating film 110 can be 
formed to a thickness of 50 to 250 nm by sputtering, CVD, or 
the like. For example, as the gate insulating film 110, a 100 
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nm-thick silicon oxide film can be formed by Sputtering. 
Alternatively, a 100-nm-thick aluminum oxide film can be 
formed by sputtering. 
0206 By forming the gate insulating film 110 as a dense 
film, moisture or oxygen can be prevented from entering the 
semiconductor layer 103a from the substrate 100 side. In 
addition, an impurity included in the substrate 100, such as an 
alkali metal (e.g., Li, Cs, or Na), an alkaline earth metal (e.g., 
Ca or Mg), or a different metal element, can be prevented 
from entering the semiconductor layer 103a. Note that the 
concentration of Na is 5x10'/cm or lower, preferably 
1x10"/cm or lower. Therefore, variations in semiconductor 
properties of the semiconductor device in which an oxide 
semiconductor is used can be suppressed. Further, reliability 
of the semiconductor device can be improved. 
0207. The gate insulating film 110 can be formed to have 
a single-layer structure or a layered structure of any of an 
insulating film containing oxygen and/or nitrogen, Such as 
silicon oxide, silicon nitride, silicon oxynitride, or silicon 
nitride oxide; a film containing carbon Such as DLC (dia 
mond-like carbon); and a film formed using an organic mate 
rial Such as epoxy, polyimide, polyamide, polyvinyl phenol, 
benzocyclobutene, or acrylic, or a siloxane material Such as a 
siloxane resin. 

0208. Note that the gate insulating film 110 preferably has 
light-transmitting properties. 
0209. The conductive film 111 is preferably formed using 
a material which is Substantially the same as the material used 
for the conductive film 104. However, this embodiment is not 
limited to this. Substantially the same material is a material 
whose element of a main component is the same as that of the 
material used for the conductive film 104. In terms of impu 
rities, the kind and the concentration of elements contained 
are different from each other in some cases. In the case where 
the conductive film 111 is formed using the material which is 
substantially the same as the material used for the conductive 
film 104 by sputtering, evaporation, or the like in this manner, 
there is an advantage that the material can be shared between 
the conductive films 111 and 104. In the case where the 
material is shared between the conductive films 111 and 104, 
the same manufacturing apparatus can be used, manufactur 
ing steps can proceed Smoothly, and throughput can be 
improved, which leads to reduction in cost. 
0210. Next, resist masks 112a and 112b are formed over 
the conductive film 111 and the conductive film 111 is selec 
tively etched using the resist masks 112a and 112b, so that 
conductive layers 113a and 113b are formed (see FIGS. 4A 
and 4B). Note that after the etching, the resist masks 112a and 
112b are removed. 

0211 Next, a conductive film 114 is formed over the con 
ductive layers 113a and 113b and the gate insulating film 110 
(see FIGS. 4C and 4D). 
0212. The conductive film 114 can be formed to have a 
single-layer structure or a layered structure of a metal mate 
rial Such as aluminum (Al), tungsten (W), titanium (Ti), tan 
talum (Ta), molybdenum (Mo), nickel (Ni), platinum (Pt), 
copper (Cu), gold (Au), silver (Ag), manganese (Mn), neody 
mium (Nd), chromium (Cr), antimony (Sb), niobium (Nb), or 
cerium (Ce); an alloy material containing any of the above 
metal materials as its main component; or a nitride containing 
any of the above metal materials as its component. The con 
ductive film 114 is preferably formed using a low-resistant 
conductive material Such as aluminum. 
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0213 Further, the conductive film 114 is preferably 
formed using a material which is different from the material 
used for the conductive film 107. Alternatively, the conduc 
tive film 114 is preferably formed to have a layered structure 
which is different from the layered structure of the conductive 
film 107. This is because in manufacturing steps of the semi 
conductor device, temperatures of heat applied to the conduc 
tive film 114 and the conductive film 107 are different from 
each other in many cases. In general, the conductive film 107 
tends to have higher temperature. Accordingly, the conduc 
tive film 107 is preferably formed using a material or a layered 
structure having higher melting point. Alternatively, the con 
ductive film 107 is preferably formed using a material or a 
layered structure in which hillocks are less likely to occur. 
Alternatively, since the conductive film 114 is included in a 
signal line through which a video signal is Supplied in some 
cases, the conductive film 114 is preferably formed using a 
material or a layered structure having wiring resistance lower 
than the conductive film 107. Note that the thickness of the 
light-transmitting conductive layer is preferably smaller than 
the thickness of the light-blocking conductive layer. 
0214. As in the case where the conductive film 107 is 
formed over the conductive layers 106a and 106b (or the 
conductive film 104), in the case where the conductive film 
114 is formed over the conductive layers 113a and 113b (or 
the conductive film 111), both the films react with each other 
in Some cases. Accordingly, also in the case where the con 
ductive film 114 is formed over the conductive layers 113a 
and 113b, a high-melting point material is preferably used 
between the conductive layers 113a and 113b and the con 
ductive film 114. For example, as the high-melting point 
material, molybdenum, titanium, tungsten, tantalum, chro 
mium, or the like can be used. Further, it is preferable to form 
the conductive film 114 as a multi-layer film by using a 
material having high electric conductivity over the film 
formed using the high-melting point material. As the material 
having high electric conductivity, aluminum, copper, silver, 
or the like can be used. 

0215 Next, a resist mask 115 is formed over the conduc 
tive film 114 and the conductive film 114 is selectively etched 
using the resist mask 115, so that the conductive layer 116a is 
formed (see FIGS. 4E and 4F). After the etching, the resist 
mask 115 is removed. Accordingly, part of the conductive 
film 114, over which the resist mask 115 is not formed, is 
removed, so that the conductive layer 113a is exposed. Thus, 
the surface areas of the conductive layer 116a and the con 
ductive layer 113a are different from each other. That is, the 
surface area of the conductive layer 113a is larger than the 
surface area of the conductive layer 116a. Alternatively, as for 
the conductive layers 116a and 113a, there area region where 
the conductive layers 116a and 113a overlap with each other 
and a region where the conductive layers 116a and 113a do 
not overlap with each other. 
0216. In the region where the conductive layers 113a and 
116a overlap with each other, the conductive layers 113a and 
116a function as the gate wiring. In the region where the 
conductive layers 113a and 116a do not overlap with each 
other, the conductive layer 113a functions as the gate elec 
trode. By forming the conductive layer 113a functioning as 
the gate electrode with the use of a light-transmitting conduc 
tive material, light can be transmitted also in a portion where 
the gate electrode is formed; therefore, the aperture ratio of 
the pixel can be improved. In addition, by forming the con 
ductive layer 116.a functioning as the gate wiring with the use 
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of a material which has higher electric conductivity than a 
material used for the conductive layer 113a, wiring resistance 
can be reduced, and power consumption can be reduced. 
Further, since the source wiring is formed using the light 
blocking conductive layer 116a, the space between the pixels 
can be shielded from light. That is, with the gate wiring 
disposed in the row direction and the source wiring disposed 
in the column direction, the space between the pixels can be 
shielded from light without use of a black matrix. 
0217 Note that although the step in which the conductive 
layer 116a is formed after the conductive layers 113a and 
113b are formed is described, the order of formation may be 
inverted. In other words, after the conductive layer 116a 
functioning as the gate wiring is formed, the conductive layer 
113a functioning as the gate electrode can be formed (see 
FIGS. 7A to 7C). 
0218. Further, the capacitor wiring is provided in the same 
direction as the gate wiring. In a pixel region, the capacitor 
wiring is preferably formed using the light-transmitting con 
ductive layer 113b, however, in a region where part of the 
capacitor wiring overlaps with the Source wiring, the conduc 
tive layer 113b and the conductive layer 116b may be stacked. 
By stacking the conductive layer 113b and the conductive 
layer 116b which has higher electric conductivity than the 
conductive layer 113b, resistance can be lowered (see FIG. 
1A). 
0219. In this embodiment, an example is described in 
which the width of the capacitor wiring and the width of the 
gate wiring are the same; however, the width of the capacitor 
wiring and the width of the gate wiring may be different from 
each other. The width of the capacitor wiring is preferably 
larger than the width of the gate wiring. The surface area of 
the storage capacitor portion 160 can be increased. 
0220. By forming the storage capacitor portion 160 with 
the use of the light-transmitting conductive layers as 
described above, light can be transmitted also in a portion 
where the storage capacitor portion 160 is formed. Thus, the 
aperture ratio can be improved. In addition, by forming the 
storage capacitor portion 160 with the use of the light-trans 
mitting conductive materials, the storage capacitor portion 
160 can be made larger. Thus, even when the transistor is 
turned off, potential holding properties of the pixel electrode 
is improved and display quality is improved. Further, a 
feedthrough potential can be lowered. 
0221. In this manner, the transistor 150 and the storage 
capacitor portion 160 can be formed. Further, the transistor 
150 and the storage capacitor portion 160 can be light-trans 
mitting elements. 
0222 Note that treatment for increasing electric conduc 

tivity in part of or whole regions of the semiconductor layer 
103a may be performed after formation of the semiconductor 
layer 103a, after formation of the source electrode and the 
Source wiring, after formation of the gate insulating film, or 
after formation of the gate electrode and the gate wiring. For 
example, hydrogenation treatment or the like can be used as 
the treatment for increasing electric conductivity. By provid 
ing silicon nitride containing hydrogen over the semiconduc 
tor layer 103a and applying heat, the semiconductor layer 
103a can be hydrogenated. Alternatively, by applying heat in 
a hydrogen atmosphere, hydrogenation can be performed. 
Alternatively, as illustrated in FIG. 6A, by forming a channel 
protective layer 120a in a region overlapping with a channel 
formation region of the semiconductor layer 103a of a tran 
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sistor 151, regions 121a and 121b whose electric conductivity 
is increased can be selectively formed in the semiconductor 
layer 103a. 
0223) The channel protective layer 120a is preferably 
formed using silicon oxide. By forming the channel protec 
tive layer 120a with the use of silicon oxide, hydrogen can be 
prevented from entering the channel formation portion of the 
semiconductor layer 103a. Note that the channel protective 
layer 120a may be removed after the treatment for increasing 
electric conductivity is performed. Alternatively, the channel 
protective layer 120a can be formed using a resist (see FIG. 
6B). In this case, the resist is preferably removed after hydro 
genation treatment. By performing treatment for increasing 
electric conductivity on an oxide semiconductor layer as 
described above, current can flow through a transistor easily, 
and resistance of a capacitor can be lowered. 
0224. Although FIG. 6A illustrates an example in which 
the channel protective layer 120a of the transistor 151 is 
formed in contact with the semiconductor layer 103a, the 
channel protective layer 120a may be provided over the gate 
insulating film 110. Further, by adjusting the shapes of the 
channel protective layer and the conductive layer functioning 
as the gate electrode so that the channel protective layer is 
larger than the conductive layer, an offset region can be 
formed. 
0225. With the channel protective layer 120a, the semi 
conductor layer 103a can be prevented from being etched 
when the conductive layers 106a and 106b are etched. Thus, 
the thickness of the semiconductor layer 103a can be made 
smaller. When the semiconductor layer 103a is thin, a deple 
tion layer is easily formed. Therefore, a subthreshold swing 
value can be decreased. The amount of off-state current can 
be made smaller. 
0226. Alternatively, as illustrated in FIG. 6C, a transistor 
152 having the regions 121a and 121b whose electric con 
ductivity is made higher than that of the semiconductor layer 
103a can be provided over the semiconductor layer 103a. 
0227 Next, after the insulating film 117 is formed, a resist 
mask (not illustrated) is formed over the insulating film 117 
and the insulating film 117 is etched using the resist mask, so 
that the contact hole 130 is formed in the insulating film 117 
(see FIGS.5A and 5B). The insulating film 117 functions as 
an insulating film for flattening a surface over which the 
transistor 150, the storage capacitor portion 160, the wirings, 
and the like are formed. Since the transistor 150 and the 
storage capacitor portion 160 can be formed as light-trans 
mitting elements, regions where they are provided can also be 
used as opening regions. Therefore, it is advantageous to 
relieve unevenness due to the transistor 150, the storage 
capacitorportion 160, the wirings, or the like, so that an upper 
portion over which these elements are formed is flattened. 
0228. Further, the insulating film 117 can function as an 
insulating film which protects the transistor 150 from impu 
rities or the like. The insulating film 117 can beformed using, 
for example, a film containing silicon nitride. A film contain 
ing silicon nitride is preferable because it is highly effective in 
blocking impurities. Alternatively, the insulating film 117 
may beformed using a film containing an organic material. As 
the organic material, acrylic, polyimide, polyamide, or the 
like is preferable. Such organic materials are preferable in 
terms of high functionality of flattening unevenness. Accord 
ingly, in the case where the insulating film 117 is formed to 
have a layered structure of a film containing silicon nitride 
and a film containing an organic material, it is preferable to 
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provide the film containing silicon nitride and the film con 
taining an organic material on the lower side and on the upper 
side, respectively. Note that in the case where the insulating 
film 117 is formed to have a layered structure, the transmit 
tance of each of the films is preferably high enough. Alterna 
tively, a photosensitive material can be used. In this case, it is 
not necessary to etch the insulating film 117 to form a contact 
hole. 
0229. Note that the insulating film 117 may have a func 
tion as a color filter. When a color filter is provided on the 
substrate 100 side, it is not necessary to provide a color filter 
on the counter Substrate side. Therefore, a margin for adjust 
ing the positions of the two Substrates is not necessary, which 
can facilitate manufacture of a panel. Note that the insulating 
film 117 is not necessarily formed. The pixel electrode may be 
formed over the same layer as the gate electrode and the gate 
wiring. 
0230. Next, a conductive film 118 is formed over the insu 
lating film 117 and the contact hole 130 (see FIGS. 5C and 
5D). The conductive film 118 is preferably formed using a 
material which is substantially the same as the materials of the 
conductive film 104 and the conductive film 111. When the 
conductive film 118 is formed using the material which is 
substantially the same as the materials of the conductive film 
104 and the conductive film 111 by sputtering or evaporation 
in this manner, there is an advantage that the material can be 
shared among the conductive films 104 and 111 and the 
conductive film 118. When the material can be shared, the 
same manufacturing apparatus can be used, manufacturing 
steps can proceed Smoothly, and throughput can be improved, 
which leads to reduction in cost. Note that the conductive film 
118 may be formed using a material which is different from 
the materials of the conductive film 104 and the conductive 
film 111. 

0231. Next, a resist mask (not illustrated) is formed over 
the conductive film 118 and the conductive film 118 is selec 
tively etched using the resist mask, so that conductive layers 
119a, 119b, and 119C are formed (see FIGS.5E and 5F). Note 
that the resist mask is removed after the etching. 
0232. The conductive layers 119a, 119b, and 119C func 
tion as pixel electrodes. Further, the conductive layers 119a, 
119b, and 119C can connect the source wiring, the source 
electrode, the gate wiring, the gate electrode, the pixel elec 
trode, the capacitor wiring, the electrode of the storage 
capacitor portion, and the like to each other through the 
contact hole 130. Therefore, the conductive layers 119a, 
119b, and 119C can function as wirings for connecting con 
ductors. The thickness of each of the conductive layers 119a, 
119b, and 119C is preferably smaller than the thickness of the 
light-transmitting conductive layer used for the Source wiring 
including the source electrode or the thickness of the light 
transmitting conductive layer used for the gate wiring includ 
ing the gate electrode. However, one embodiment of the 
present invention is not limited to this. The thickness of each 
of the conductive layers 119a, 119b, and 119C may be larger 
than the thickness of the light-transmitting conductive layer 
used for the Source wiring including the Source electrode or 
the thickness of the light-transmitting conductive layer used 
for the gate wiring including the gate electrode. 
0233. Through the above steps, the semiconductor device 
shown in FIGS. 1A and 1B can be manufactured. By the 
manufacturing method described in this embodiment, the 
light-transmitting transistor 150 and the light-transmitting 
storage capacitor portion 160 can beformed. Therefore, even 
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in the case where a transistor or a capacitor is provided in a 
pixel, the aperture ratio can be improved because light can 
also be transmitted in a portion where the transistor and the 
capacitor are formed. Further, since a wiring for connecting 
the transistor and an element (e.g., a different transistor) to 
each other can be formed using a material having low resis 
tivity and high electric conductivity, waveform distortion of a 
signal can be Suppressed and Voltage drop due to wiring 
resistance can be reduced. 

0234 Next, a different example of a semiconductor device 
is described with reference to FIGS. 7A to 7C, FIGS. 8A to 
8C, FIG.9, FIGS. 10A and 10B, FIGS. 11A and 11B, FIG. 12, 
FIGS. 13A and 13B, FIGS. 14A and 14B, and FIG. 15. Note 
that many portions are common between the semiconductor 
device illustrated in FIGS. 7A to 7C, FIGS. 8A to 8C, FIG.9, 
FIGS. 10A and 10B, FIGS. 11A and 11B, FIG. 12, FIGS. 13A 
and 13B, FIGS. 14A and 14B, and FIG. 15 and the semicon 
ductor device in FIGS. 1A and 1B. Therefore, description of 
common portions is omitted and differences are described. 
0235 FIG. 7A is a plan view, FIG. 7B is a cross-sectional 
view taken along line A-B in FIG. 7A, and FIG. 7C is a 
cross-sectional view taken along line C-D in FIG. 7A. In 
FIGS. 1A and 1B, an example is described in which the gate 
wiring and the Source wiring are each formed by Stacking a 
light-blocking conductive layer overalight-transmitting con 
ductive layer; however, the gate wiring and the source wiring 
may be each formed by Stacking a light-blocking conductive 
layer and a light-transmitting conductive layer in that order 
(see FIGS. 7A to 7C). The light-transmitting conductive layer 
113a functioning as the gate electrode may be connected to 
the light-blocking conductive layer 116.a functioning as the 
gate wiring. Further, the light-transmitting conductive layer 
106.a functioning as the source electrode or the drain elec 
trode may be connected to the light-blocking conductive layer 
109a functioning as the source wiring. 
0236 FIG. 8A is a plan view, FIG. 8B is a cross-sectional 
view taken along line A-B in FIG. 8A, and FIG. 8C is a 
cross-sectional view taken along line C-D in FIG. 8A. In 
FIGS. 1A and 1B, an example is described in which the gate 
wiring and the Source wiring are each formed by Stacking a 
light-transmitting conductive layer and a light-blocking con 
ductive layer in that order; however, the gate wiring and the 
Source wiring may be each formed using a light-blocking 
conductive layer (see FIGS. 8A to 8C). The light-transmitting 
conductive layer 113a functioning as the gate electrode may 
be connected to the light-blocking conductive layer 116a 
functioning as the gate wiring. Further, the light-transmitting 
conductive layer 106.a functioning as the source electrode or 
the drain electrode may be connected to the light-blocking 
conductive layer 109a functioning as the source wiring. 
FIGS. 7A to 7C illustrate an example in which a light-block 
ing conductive layer and a light-transmitting conductive layer 
are stacked in that order, and FIGS. 8A to 8C illustrate an 
example in which the gate wiring and the source wiring are 
each formed using a light-blocking conductive layer; how 
ever, a light-transmitting conductive layer and a light-block 
ing conductive layer can be stacked in that order. 
0237. In addition, in this embodiment, since the transistor 
can beformed in a pixel, the size of the transistor can be made 
larger. For example, as illustrated in FIG.9, a transistor whose 
channel width W or channel length L is larger than the width 
of the gate wiring can be formed. By making a transistor 
larger, its current Supply capability can be sufficiently high, 
and a writing time of a signal to the pixel can be shortened. 
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Alternatively, the amount of off-state current can be reduced 
and flickers or the like can be reduced. Thus, a high-definition 
display device can be provided. 
0238. Note that it is not necessary that light be transmitted 
through a transistorportion in a protection circuit or a periph 
eral driver circuit portion Such as a gate driver or a source 
driver. Thus, a transistor and a capacitorinapixel portion may 
be formed using light-transmitting materials and a transistor 
in the peripheral driver circuit portion may be formed using a 
light-blocking material (see FIG. 25A). 
0239 FIG. 10A is a plan view, and FIG. 10B is a cross 
sectional view taken along line A-B in FIG. 10A. FIGS. 10A 
and 10B differ from FIGS. 1A and 1B in that the Surface areas 
of conductive layers 106c and 113 care larger than the surface 
areas of the conductive layer 106b and 113b. The size of a 
storage capacitor portion 161 is preferably larger than the 
pixel pitch by 70% or more, or 80% or more. Further, the 
storage capacitor portion 161 is in contact with the pixel 
electrode over a conductive layer 109b provided over the 
conductive layer 106c. Since the structure is similar to the 
structure in FIGS. 1A and 1B, detailed description thereof is 
omitted. 
0240. With such a structure, the large storage capacitor 
portion 161 with high transmittance can beformed. By form 
ing the large storage capacitor portion 161, even when the 
transistor is turned off, potential holding properties of the 
pixel electrode is improved and display quality is improved. 
Further, a feedthrough potential can be lowered. Furthermore, 
even in the case where the large storage capacitorportion 161 
is formed, light can be transmitted also in a portion where the 
storage capacitor portion 161 is formed. Therefore, the aper 
ture ratio can be improved and power consumption can be 
reduced. Moreover, even when misalignment of liquid crys 
tals is caused by unevenness due to the contact hole in the 
pixel electrode, light leakage can be prevented by the light 
blocking conductive layer 109b. 
0241 FIG. 11A is a plan view, and FIG. 11B is a cross 
sectional view taken along line A-B in FIG. 11A. 
0242. In a semiconductor device illustrated in FIGS. 11A 
and 11B, a region with high electric conductivity (also 
referred to as an in region) is provided in part of the semi 
conductor layer 103a, and the conductive layers 106a and 
106b functioning as the source electrode and the drain elec 
trode are provided so as not to overlap with the gate electrode. 
In the semiconductor layer 103a, the region with high electric 
conductivity can be provided in a region which is connected 
to the conductive layers 106a and 106b. 
0243) Note that the region with high electric conductivity 
may be provided so as to overlap with the gate electrode (the 
conductive layer 113a) or so as not to overlap with the gate 
electrode (the conductive layer 113a). 
0244. The region with high electric conductivity can be 
formed by selective addition of hydrogen to the semiconduc 
tor layer 103a, as illustrated in FIG. 6B. Hydrogen may be 
added to a portion of the semiconductor layer 103a, whose 
electric conductivity is to be made higher. 
0245. Further, when the source electrode and the drain 
electrode are provided so as not to overlap with the gate 
electrode, parasitic capacitance generated between the Source 
electrode and the drain electrode, and the gate electrode can 
be reduced. Therefore, feedthrough can be reduced. 
0246. In FIGS. 11A and 11B, the electric conductivity of 
part of the semiconductor layer 103a is made higher. With 
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Such a structure, in a transistor 154, it not necessary to overlap 
the gate electrode with the source electrode or the drain elec 
trode. 

0247. Note that although each of the source wiring and the 
gate wiring has a stack of a light-blocking conductive layer 
and a light-transmitting conductive layer, this embodiment is 
not limited to this. Each of the Source wiring and the gate 
wiring may be formed using only a light-blocking conductive 
layer or a light-transmitting conductive layer. For example, 
FIG. 12 illustrates the case where the gate wiring is formed 
using only a light-blocking conductive layer, the source wir 
ing is formed using only a light-blocking conductive layer, 
and the drain electrode is formed using a light-transmitting 
conductive layer. The Source wiring is formed using only a 
light-blocking conductive layer, and the gate wiring is formed 
using only a light-blocking conductive layer. The capacitor 
wiring may be formed using either a light-blocking conduc 
tive layer or a light-transmitting layer. Note that in a region 
where the light-transmitting conductive layer used for the 
Source electrode and the gate wiring overlap with each other, 
a light-blocking conductive layer may be formed. 
0248. In FIG. 13A and FIG. 14A, pixel structures of light 
emitting display devices are described as examples of pixel 
structures. A pixel illustrated in FIG. 13A includes a gate 
wiring formed by stacking the conductive layer 106a and the 
conductive layer 109a in that order, a source wiring formed by 
stacking the conductive layer 119a and the conductive layer 
116a in that order, the Switching transistor 150, a driving 
transistor 155, a storage capacitor portion 162, and a power 
Supply line formed by Stacking a conductive layer 106d and a 
conductive layer 109c in that order. Further, a pixel illustrated 
in FIG. 14A includes a gate wiring formed by stacking the 
conductive layer 106a and the conductive layer 109a in that 
order, a source wiring formed by Stacking the conductive 
layer 113a and the conductive layer 116a in that order, the 
switching transistor 150, a driving transistor 156, a storage 
capacitor portion 164, and a power Supply line formed by 
stacking the conductive layer 106d and the conductive layer 
109c in that order. 

0249. The transistor 150 illustrated in FIGS. 13A and 14A 
includes the semiconductor layer 103a over the substrate 100 
having an insulating Surface, the conductive layers 106a and 
106c which are provided over the semiconductor layer 103a 
and function as the source electrode and the drain electrode, 
the gate insulating film 110 which is provided over the con 
ductive layers 106a and 106c, and the conductive layer 113a 
which is provided over the gate insulating film 110 and func 
tions as the gate electrode provided between the conductive 
layers 106a and 106c. In addition, each of the driving tran 
sistors 155 and 156 includes a semiconductor layer 103b over 
the substrate 100 having an insulating surface, the conductive 
layer 106d and a conductive layer 106e which are provided 
over the semiconductor layer 103b and function as a source 
electrode and a drain electrode, the gate insulating film 110 
which is provided over the conductive layers 106d and 106e, 
and the conductive layer 113c or a conductive layer 113d 
which is provided over the gate insulating film 110 and func 
tions as a gate electrode provided between the conductive 
layers 106d and 106e. Further, the storage capacitor portion 
162 includes the conductive layer 106e and the conductive 
layer 113c in FIGS. 13A and 13B, and the storage capacitor 
portion 164 includes the conductive layer 106e and the con 
ductive layer 113d in FIGS. 14A and 14.B. 
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0250) Note that in the case where a gate and a drain are 
connected to each other as illustrated in FIG. 13B, the gate 
and the drain are connected to each other through contact 
holes 132 and 133 via ITO which is provided at the top: 
however, the gate and the drain may be directly connected 
through a contact hole 131 as illustrated in FIG. 14B. In this 
case, the area of a pixel electrode can be increased, so that the 
aperture ratio can be improved. Further, a resistance value can 
be decreased. 
0251 Although the semiconductor device illustrated in 
FIGS. 13A and 13B and FIGS. 14A and 14B includes two 
transistors: the switching transistor 150 and the driving tran 
sistor 155 or 156, three or more transistors may be provided in 
one pixel. 
0252. In one embodiment of the present invention, even in 
the case where two or more transistors are provided in one 
pixel as described above, light can be transmitted also in 
portions where the transistors are formed. Therefore, the 
aperture ratio can be improved. 
0253 FIG. 15 is a plan view in the case where the shape of 
the transistor is a shape in which the conductive layer 106a 
surrounds the conductive layer 106b (for example, a U-shape 
or a C-shape). 
0254 The transistor 156 illustrated in FIG. 15 includes a 
semiconductor layer 103c over the substrate 100 having an 
insulating surface, the conductive layers 106a and 106b 
which are provided over the semiconductor layer 103c and 
function as the source electrode and the drain electrode, the 
gate insulating film 110 which is provided over the conduc 
tive layers 106a and 106b, and the conductive layer 113a 
which is provided over the gate insulating film 110 and func 
tions as a gate electrode. In the case where one of the Source 
electrode and the drain electrode surrounds the other of the 
source electrode and the drain electrode (for example, the 
former electrode is in a U-shape or a C-shape) in this manner, 
a distance between the source electrode and the drain elec 
trode is kept Substantially constant. 
0255. When the transistor 156 has the above shape, the 
channel width of the transistor can be increased and the area 
of a region through which carries transfer can be increased. 
Thus, the amount of current can be increased and the area of 
the transistor can be decreased. In addition, variations in 
electrical characteristics can be Suppressed. 
0256 Note that although a structure where a capacitor 
wiring is provided is described in this embodiment, a storage 
capacitor can be provided without provision of a capacitor 
wiring by overlapping a pixel electrode with a gate wiring 
provided adjacent to the pixel electrode with an insulating 
film interposed therebetween (see FIG. 36). 
0257. This embodiment can be combined with any of the 
other embodiments as appropriate. 

Embodiment 2 

0258. In this embodiment, an example of a manufacturing 
process of a semiconductor device is described with reference 
to FIGS. 16A and 16B, FIGS. 17A to 17F, FIGS. 18A to 18F, 
FIGS. 19A to 19D, FIGS. 20A to 20F, FIGS. 21A to 21D, 
FIGS. 22A-1 to 22B-2, and FIGS. 23A and 23C. Note that 
many portions of the semiconductor device and the manufac 
turing process thereof in this embodiment are the same as 
those in Embodiment 1. Therefore, description of the same 
portions is omitted and different portions are described below 
in detail. 
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0259 FIGS. 16A and 16B illustrate the semiconductor 
device of this embodiment. FIG.16A is a plan view, and FIG. 
16B is a cross-sectional view taken along line A-B in FIG. 
16A. 
0260 Next, an example of a manufacturing process of the 
semiconductor device illustrated in FIGS. 16A and 16B is 
described with reference to FIGS. 17A to 17F, FIGS. 18A to 
18F, FIGS. 19A to 19D, FIGS. 20A to 20F, FIGS. 21A to 21D, 
and FIGS. 22A-1 to 22B-2. Further, in this embodiment, the 
case in which a semiconductor device is formed using a 
multi-tone mask is described. 
0261) First, a semiconductor layer 203 is formed over a 
substrate 200 having an insulating surface (see FIGS. 17A 
and 17B). 
0262. As for the material of the substrate 200 and the 
material and manufacturing method of the semiconductor 
layer 203, those of the substrate 100 and the semiconductor 
layer 103a described in Embodiment 1 can be referred to. In 
addition, an insulating film functioning as a base film may be 
formed over the substrate 200 having an insulating surface. 
0263. Next, a conductive film 204 and a conductive film 
205 are formed over the semiconductor layer 203 (see FIGS. 
17C and 17D). As for the materials and manufacturing meth 
ods of the conductive film 204 and the conductive film 205, 
those of the conductive film 104 and the conductive film 107 
described in Embodiment 1 can be referred to. 
0264. Next, resist masks 206a and 206b are formed over 
the conductive film 205. The resist masks 206a and 206b can 
beformed to have regions with different thicknesses by using 
a multi-tone mask. By using the multi-tone mask, the number 
of photomasks used and the number of manufacturing steps 
can be reduced, which is preferable. In this embodiment, the 
multi-tone mask can be used in a step of forming the patterns 
of the conductive film 204 and the conductive film 205 and a 
step of forming the patterns of the conductive films 212 and 
213 (see FIGS. 19C and 19D). 
0265 A multi-tone mask is a mask capable of light expo 
sure with multi-level light intensity, typically, with three lev 
els of light intensity so that an exposed region, a semi-ex 
posed region, and an unexposed region are formed. With the 
use of the multi-tone mask, a resist mask with plural thick 
nesses (typically two kinds of thicknesses) can be formed by 
one-time exposure and development process. Therefore, with 
the use of the multi-tone mask, the number of photomasks can 
be reduced. 
0266 FIGS. 22A-1 and 22B-1 illustrate cross sections of 
typical multi-tone masks. FIG.22A-1 illustrates a gray-tone 
mask 403, and FIG.22B-1 illustrates a half-tone mask 414. 
0267. The gray-tone mask 403 illustrated in FIG. 22A-1 
includes a light-blocking portion 401 formed using a light 
blocking layer on a light-transmitting Substrate 400, and a 
diffraction grating portion 402 provided with a pattern of the 
light-blocking layer. 
0268. The diffraction grating portion 402 has slits, dots, 
meshes, or the like provided at intervals which are less than or 
equal to the resolution limit of light used for exposure, so that 
light transmittance is controlled. Note that the slits, dots, or 
meshes provided at the diffraction grating portion 402 may be 
provided periodically or non-periodically. 
0269. For the light-transmitting substrate 400, quartz or 
the like can be used. The light-blocking layer included in the 
light-blocking portion 401 and the diffraction grating portion 
402 may be formed using a metal film, and is preferably 
formed using chromium, chromium oxide, or the like. 
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0270. In the case where the gray-tone mask 403 is irradi 
ated with light for exposure, as illustrated in FIG. 22A-2, 
transmittance in a region overlapping with the light-blocking 
portion 401 is 0%, and transmittance in a region where neither 
the light-blocking portion 401 nor the diffraction grating 
portion 402 is provided is 100%. 
0271 Further, transmittance at the diffraction grating por 
tion 402 is approximately in the range of 10 to 70%, which 
can be adjusted by the interval of slits, dots, or meshes of the 
diffraction grating, or the like. 
0272. The half-tone mask 414 illustrated in FIG. 22B-1 
includes a semi-light-transmitting portion 412 formed using a 
semi-light-transmitting layer on a light-transmitting Substrate 
411, and a light-blocking portion 413 formed using a light 
blocking layer. 
0273. The semi-light-transmitting portion 412 can be 
formed using a layer of MoSiN, MoSi, MoSiO, MoSiON, 
CrSi, or the like. The light-blocking portion 413 may be 
formed using a metal film which is similar to that of the 
light-blocking layer of the gray-tone mask, and is preferably 
formed using chromium, chromium oxide, or the like. 
0274. In the case where the half-tone mask 414 is irradi 
ated with light for exposure, as illustrated in FIG. 22B-2, 
transmittance in a region overlapping with the light-blocking 
portion 413 is 0%, and transmittance in a region where neither 
the light-blocking portion 413 nor the semi-light-transmitting 
portion 412 is provided is 100% Further, transmittance at the 
semi-light-transmitting portion 412 is approximately in the 
range of 10 to 70%, which can be adjusted by the kind, 
thickness, or the like of a material to be used. 
0275 Since a multi-tone photomask can achieve three lev 
els of exposure to obtain an exposed portion, a half-exposed 
portion, and an unexposed portion, a resist mask with regions 
of a plurality of thicknesses (typically two kinds of thick 
nesses) can be formed by one-time exposure and develop 
ment process. Thus, with the use of the multi-tone mask, the 
number of photomasks can be reduced. 
0276. A half-tone mask illustrated in FIGS. 17E and 17F 
includes semi-light-transmitting layers 301a and 301b and a 
light-blocking layer 301C on a light-transmitting Substrate 
300. Therefore, a resist mask provided in a portion serving as 
a source wiring later is formed thick and a resist mask pro 
vided in a portion serving as a source electrode or a drain 
electrode later is formed thin over the conductive film 205 
(see FIGS. 17E and 17F). 
0277 Unnecessary portions of the conductive films 204 
and 205 are selectively etched away with the use of the resist 
masks 206a and 206b, so that conductive layers 207a and 
208a and the conductive layers 207b and 208b are formed 
(see FIGS. 18A and 18B). 
0278 Next, ashing by oxygen plasma is performed on the 
resist masks 206a and 206b. By performingashing by oxygen 
plasma on the resist masks 206a and 206b, the resist mask 
206b is removed and the conductive layer 207b is exposed. In 
addition, the resist mask 206a is reduced in size and remains 
as a resist mask 209 (see FIGS. 18C and 18D). By using the 
resist mask formed using the multi-tone mask in this manner, 
a resist mask is not additionally used, so that steps can be 
simplified. 
(0279. Next, the conductive layers 207a and 207b are 
etched using the resist mask 209, so that a conductive layer 
210a is formed (see FIGS. 18.E and 18F). After the etching, 
the resist mask 209 is removed. Accordingly, the conductive 
layer 207b is removed and the conductive layer 208b is 
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exposed. Further, part of the conductive layer 207a, over 
which the resist mask 209 is not formed, is removed, so that 
the conductive layer 208a is exposed. The surface areas of the 
conductive layer 210a which is formed by the etching and the 
conductive layer 208a are greatly different from each other. 
That is, the surface area of the conductive layer 208a is larger 
than the surface area of the conductive layer 210a. Alterna 
tively, as for the conductive layers 210a and 208a, there area 
region where the conductive layers 210a and 208a overlap 
with each other and a region where the conductive layers 210a 
and 208a do not overlap with each other. 
0280. In the region where the conductive layers 208a and 
210a overlap with each other, the conductive layers 208a and 
210a function as the source wiring. In the region where the 
conductive layers 208a and 210a do not overlap with each 
other, the conductive layer 208a functions as the source elec 
trode or the drain electrode. By forming the conductive layer 
208a functioning as the source electrode or the drain elec 
trode with the use of a light-transmitting conductive material, 
the aperture ratio of the pixel can be improved. In addition, by 
forming the conductive layer functioning as the Source wiring 
by a stack of the conductive layer 208a and the conductive 
layer 210a which has higher electric conductivity than the 
conductive layer 208a, wiring resistance can be reduced, and 
power consumption can be reduced. Further, since the source 
wiring is formed using the light-blocking conductive layer 
210a, a space between pixels can be shielded from light. 
0281. By using a multi-tone mask as described above, a 
light-transmitting region (a region with high transmittance) 
and a light-blocking region (a region with low transmittance) 
can be formed with one mask. Accordingly, the light-trans 
mitting region (the region with high transmittance) and the 
light-blocking region (the region with low transmittance) can 
be formed without an increase in the number of masks. 

0282 Next, after a gate insulating film 211 is formed over 
the conductive layers 208a and 208b, conductive films 212 
and 213 are formed over the gate insulating film 211 (see 
FIGS. 19A and 19B). As for the materials and manufacturing 
methods of the conductive films 212 and 213, those of the gate 
insulating film 110, the conductive film 111, and the conduc 
tive film 114 described in Embodiment 1 can be referred to. 

0283 Next, resist masks 214a and 214b are formed over 
the conductive film 213 with the use of a half-tone mask. The 
half-tone mask includes semi-light-transmitting layers 303a 
and 303b and light-blocking layers 303c and 303d on the 
light-transmitting substrate 302. Therefore, a resist mask pro 
vided in a portion serving as a gate wiring lateris formed thick 
and a resist mask provided in a portion serving as a gate 
electrode later is formed thin over the conductive film 213 
(see FIGS. 19C and 19D). 
0284. Unnecessary portions of the conductive films 212 
and 213 are selectively etched away with the use of the resist 
masks 214a and 214b, so that conductive layers 215a and 
216a and conductive layers 215b and 216b are formed (see 
FIGS. 20A and 20B). 
0285) Next, ashing by oxygen plasma is performed on the 
resist masks 214a and 214b. By performingashing by oxygen 
plasma on the resist masks 214a and 214b, the resist masks 
214a and 214b are reduced in size and remain as resist masks 
217a and 217b (see FIGS. 20O and 20D). By using the resist 
mask formed using the multi-tone mask in this manner, a 
resist mask is not additionally used, so that steps can be 
simplified. 
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0286 Next, the conductive layers 215a and 215b are 
etched using the resist masks 217a and 217b (see FIGS. 20E 
and 20F). Accordingly, parts of the conductive layers 215a 
and 215b, over which the resist masks 217a and 217b are not 
formed, are removed, so that the conductive layers 216a and 
216b are exposed. The surface areas of conductive layers 
218a and 218 formed through the above step and the surface 
areas of the conductive layers 216a and 216b are greatly 
different from each other. That is, the surface areas of the 
conductive layers 216a and 216b are larger than the surface 
areas of the conductive layers 218a and 218b. Alternatively, 
as for the conductive layers 216a and 2.18a, there are a region 
where the conductive layers 216a and 218a overlap with each 
other and a region where the conductive layers 216a and 218a 
do not overlap with each other. Note that after the etching, the 
resist masks 217a and 217b are removed. 
0287. A region including at least the conductive layer 
218a functions as the gate wiring, and a region including the 
conductive layer 216.a functions as the gate electrode. By 
forming the conductive layer 216.a functioning as the gate 
electrode with the use of a light-transmitting conductive 
layer, the aperture ratio of the pixel can be improved. In 
addition, by forming the conductive layer 216.a functioning as 
the gate wiring and the conductive layer 218a by a stack of the 
conductive layer 216a and the conductive layer 218a which 
has higher electric conductivity than the conductive layer 
216a, wiring resistance can be reduced, and power consump 
tion can be reduced. Further, since the gate wiring is formed 
using the light-blocking conductive layer 218a, the space 
between the pixels can be shielded from light. That is, with the 
gate wiring disposed in a row direction and the source wiring 
disposed in a column direction, the space between the pixels 
can be shielded from light without use of a black matrix. 
0288 Further, a capacitor wiring is provided in the same 
direction as the gate wiring. The capacitor wiring is formed 
using the conductive layer 216b and the conductive layer 
218b which has higher electric conductivity than the conduc 
tive layer 216b. By forming the capacitor wiring in this man 
ner, wiring resistance can be lowered and power consumption 
can be reduced. Further, the conductive layer 216b functions 
also as an electrode of a storage capacitor portion 260. In the 
storage capacitor, the storage capacitor portion 260 includes 
the gate insulating film 211 as a dielectric, and the conductive 
layers 208b and 216b functioning as the electrodes. 
0289. By forming the storage capacitor portion 260 with 
the use of the light-transmitting conductive layers as 
described above, light can be transmitted also in a portion 
where the storage capacitor portion 260 is formed. Thus, the 
aperture ratio can be improved. In addition, by forming the 
storage capacitor portion 260 with the use of the light-trans 
mitting conductive materials, the storage capacitor portion 
260 can be made larger. Thus, even when a transistoris turned 
off potential holding properties of a pixel electrode is 
improved and display quality is improved. Further, a 
feedthrough potential can be lowered. 
0290. In this manner, a transistor 250 and the storage 
capacitorportion 260 illustrated in FIGS. 16A and 16B can be 
formed. 

0291 Next, after an insulating film 219 is formed, a resist 
mask (not illustrated) is formed over the insulating film 219 
and the insulating film 219 is etched using the resist mask, so 
that a contact hole is formed in the insulating film 219 (see 
FIGS. 21A and 21B). Then, a conductive film 220 is formed 
over the insulating film 219 and the contact hole. As for the 
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materials and manufacturing methods of the insulating film 
219 and the conductive film 220, those of the insulating film 
117 and the conductive film 118 in Embodiment 1 can be 
referred to. Note that the insulating film 219 is not necessarily 
formed. The pixel electrode may be formed over the same 
layer as the gate electrode and the gate wiring. 
0292 Next, a resist mask (not illustrated) is formed over 
the conductive film 220 and the conductive film 220 is selec 
tively etched using the resist mask, so that conductive layers 
221a, 221b, and 221c are formed (see FIGS. 21C and 21D). 
The conductive layers 221a, 221b, and 221c function as pixel 
electrodes. Note that the resist mask is removed after the 
etching. 
0293 As described above, a semiconductor device can be 
manufactured. Since a multi-tone photomask can achieve 
three levels of exposure to obtain an exposed portion, a half 
exposed portion, and an unexposed portion, a resist mask with 
regions of a plurality of thicknesses (typically two kinds of 
thicknesses) can be formed by one-time exposure and devel 
opment process. Thus, with the use of the multi-tone mask, 
the number of photomasks can be reduced. By the manufac 
turing method described in this embodiment, the light-trans 
mitting transistor 250 and the light-transmitting storage 
capacitor portion 260 can be formed. Therefore, since a wir 
ing for connecting the transistor and an element (e.g., a dif 
ferent transistor) to each other can beformed using a material 
having low resistivity and high electric conductivity in a 
pixel, waveform distortion of a signal can be suppressed and 
Voltage drop due to wiring resistance can be reduced. 
0294. Note that it is not necessary that light be transmitted 
through a transistorportion in a protection circuit or a periph 
eral driver circuit portion Such as a gate driver or a source 
driver. Thus, a transistoranda capacitor inapixel portion may 
be formed using light-transmitting materials and a transistor 
in the peripheral driver circuit portion may be formed using a 
light-blocking material (see FIG. 25B). 
0295 Although the case where a multi-tone mask is used 
for forming a source wiring, a source electrode, a gate wiring, 
and a gate electrode is described in this embodiment, one 
embodiment of the present invention is not limited to this. For 
example, a multi-tone mask can also be used for forming a 
semiconductor film, a Source wiring, and a source electrode. 
Note that although the case where a multi-tone mask is used 
in both the step of forming a gate wiring and the step of 
forming a source wiring is described in this embodiment, the 
multi-tone mask may be used in either the step of forming the 
gate wiring or the step of forming the source wiring. Further, 
the multi-tone mask can be used in the step of forming a 
semiconductor layer and the source wiring. FIG. 23A illus 
trates the case where the semiconductor layer, the Source 
wiring, and the Source electrode are formed using a multi 
tone mask. 

0296 FIG. 23B illustrates the case where the semiconduc 
tor layer, the Source wiring, and the Source electrode are 
formed using a multi-tone mask and a storage capacitor por 
tion is formed. In addition, a multi-tone mask can also be used 
in the case where a channel protective film is formed over a 
channel formation region of a semiconductor film (see FIG. 
23C). Since a semiconductor layer of the transistor 250 and an 
oxide semiconductor layer of the storage capacitor portion 
260 are formed in one island in FIGS. 23B and 23C, layout for 
forming the oxide semiconductor layer can be facilitated. 
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Further, since the number of contact holes can be reduced, 
contact resistance can be lowered. Further, contact defects 
can be reduced. 
0297 Next, FIG. 35A illustrates the case where a semi 
conductor layer 203b and a conductive layer 210a function 
ing as a source wiring are formed using a multi-tone mask. 
Further, FIG. 35B illustrates the case where the semiconduc 
tor layer 203b and conductive layers 208c and 208d function 
ing as a source electrode and a drain electrode are formed 
using a multi-tone mask. 
0298. This embodiment can be combined with any of the 
other embodiments as appropriate. 

Embodiment 3 

0299. In this embodiment, an example in which at least 
part of a driver circuit and a thin film transistor provided in a 
pixel portion are formed over the same Substrate in a display 
device is described. 
0300 FIG. 24A is an example of a block diagram of an 
active matrix liquid crystal display device which is an 
example of a display device. The display device illustrated in 
FIG.24A includes, over a substrate 5300, a pixelportion 5301 
including a plurality of pixels each having a display element; 
a scan line driver circuit 5302 for selecting a pixel; and a 
signal line driver circuit 5303 for controlling a video signal 
which is input to the selected pixel. 
0301 A light-emitting display device illustrated in FIG. 
24B includes, over a substrate 5400, a pixel portion 5401 
including a plurality of pixels each having a display element; 
a first scan line driver circuit 5402 and a second scan line 
driver circuit 5404 for selecting a pixel; and a signal line 
driver circuit 5403 for controlling a video signal which is 
input to the selected pixel. 
0302) In the case where a video signal which is input to a 
pixel of the light-emitting display device illustrated in FIG. 
24B is a digital signal, the pixel is in a light-emitting State or 
in a non-light-emitting state by Switching of on/off of a tran 
sistor. Thus, gray levels can be displayed using an area ratio 
gray scale method or a time ratio gray scale method. An area 
ratio gray Scale method refers to a driving method by which 
one pixel is divided into a plurality of subpixels and the 
Subpixels are driven separately on the basis of video signals so 
that gray levels are displayed. Further, a time ratio gray Scale 
method refers to a driving method by which a period during 
which light emitted in a pixel is controlled so that gray levels 
are displayed. 
0303 Since the response time of a light-emitting element 

is shorter than the response time of a liquid crystal element or 
the like, the light-emitting element is more suitable for a time 
ratio gray scale method than the liquid crystal element. In the 
case of performing display by a time ratio gray scale method, 
one frame period is divided into a plurality of subframe peri 
ods. Then, in accordance with video signals, the light-emit 
ting element in the pixel is set to be in a light-emitting state or 
a non-light-emitting state in each subframe period. By divid 
ing one frame period into a plurality of subframes periods, the 
total length of time during which light is emitted in pixels in 
one frame period can be controlled with video signals, so that 
gray levels can be displayed. 
0304) Note that in the light-emitting display device illus 
trated in FIG. 24B, in the case where two switching TFTs are 
provided in one pixel, the first scan line driver circuit 5402 
generates a signal which is input to a first scan line serving as 
a gate wiring of one of the Switching TFTs, and the second 
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Scanline driver circuit 5404 generates a signal which is input 
to a second scan line serving as a gate wiring of the other of 
the switching TFTs; however, one scan line driver circuit may 
generate both the signal which is input to the first scan line 
and the signal which is input to the second scan line. In 
addition, for example, there is a possibility that a plurality of 
scan lines used for controlling the operation of the Switching 
element are provided in each pixel, depending on the number 
of the switching TFTs included in one pixel. In such a case, 
one scan line driver circuit may generate all signals that are 
input to the plurality of scan lines, or a plurality of scan line 
driver circuits may generate all the signals that are input to the 
plurality of Scan lines. 
(0305. The thin film transistor to be provided in the pixel 
portion of the liquid crystal display device is formed as in 
Embodiment 1 or 2. Further, since the thin film transistors 
described in Embodiments 1 and 2 are n-channel TFTs, part 
of a driver circuit which can be formed using an n-channel 
TFT among driver circuits is formed over the same substrate 
as the thin film transistor in the pixel portion. 
0306 Also in the light-emitting display device, part of a 
driver circuit which can be formed using an n-channel TFT 
among driver circuits can be formed over the same Substrate 
as the thin film transistor in the pixel portion. Alternatively, 
the signal line driver circuit and the Scanline driver circuit can 
be formed using only the n-channel TFTs described in 
Embodiments 1 and 2. 
0307 Note that it is not necessary that light be transmitted 
through a transistor in a protection circuit or a peripheral 
driver circuit portion Such as a gate driver or a source driver. 
Thus, light is transmitted through a transistor and a capacitor 
in a pixel portion, and light is not necessarily transmitted 
through a transistor in the peripheral driver circuit portion. 
0308 FIG. 25A illustrates the case where a thin film tran 
sistor is formed without use of a multi-tone mask, and FIG. 
25B illustrates the case where a thin film transistor is formed 
using a multi-tone mask. The thin film transistor formed 
without use of a multi-tone mask includes a semiconductor 
layer 171 provided over the substrate 100 having an insulating 
surface, conductive layers 172 which are provided over the 
semiconductor layer 171 and function as a source electrode 
and a drain electrode, the gate insulating film 110 provided 
over the conductive layers 172, and a conductive layer 174 
which is provided over the gate insulating film 110 and func 
tions as a gate electrode. The conductive layer 174 function 
ing as the gate electrode and the conductive layers 172 func 
tioning as the Source electrode and the drain electrode can be 
formed using light-blocking conductive layers (see FIG. 
25A). Further, an insulating film 175 is formed over the 
conductive layer 174 functioning as the gate electrode. 
0309 The thin film transistor formed using a multi-tone 
mask includes a semiconductor layer 271 provided over the 
Substrate 200 having an insulating Surface, conductive layers 
272 and 273 which are provided over the semiconductor layer 
271 and function as a source electrode and a drain electrode, 
a gate insulating film provided over the conductive layers 
273, and conductive layers 275 and 276 which are provided 
over the gate insulating film and function as a gate electrode. 
The gate electrode, the source electrode, and the drain elec 
trode can be each formed by Stacking a light-transmitting 
conductive layer and a light-blocking conductive layer (see 
FIG. 25B). Further, an insulating film 277 is formed over the 
conductive layers 275 and 276 functioning as the gate elec 
trode. 
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0310. Note that it is not necessary that light be transmitted 
through a transistor in a protection circuit or a peripheral 
driver circuit portion Such as a gate driver or a source driver. 
Therefore, for a semiconductor layer used in one embodiment 
of the present invention, as well as an oxide semiconductor, 
any of a crystalline semiconductor (a single crystal semicon 
ductor or a polycrystalline semiconductor), an amorphous 
semiconductor, a microcrystalline semiconductor, an organic 
semiconductor, and the like may be used. 
0311. Further, the above driver circuit may be used in an 
electronic paper in which electronic ink is driven using an 
element which is electrically connected to a Switching ele 
ment, without limitation to a liquid crystal display device or a 
light-emitting display device. An example of electronic paper 
is an electrophoretic display device (electrophoretic display) 
or the like. Electronic paper has advantages of the same level 
of readability as plain paper, lower power consumption than 
other display devices, and reduction in thickness and weight. 
0312 This embodiment can be combined with any of the 
structures described in the other embodiments as appropriate. 

Embodiment 4 

0313 Next, the structure of a display device which is one 
embodiment of a semiconductor device is described. In this 
embodiment, a light-emitting display device including a 
light-emitting element utilizing electroluminescence is 
described as a display device. Light-emitting elements utiliz 
ing electroluminescence are classified according to whethera 
light-emitting material is an organic compound or an inor 
ganic compound. In general, the former is referred to as an 
organic EL element, and the latter is referred to as an inor 
ganic EL element. 
0314. In an organic EL element, by application of voltage 
to a light-emitting element, electrons and holes are injected 
from a pair of electrodes into a layer containing a light 
emitting organic compound, and current flows. These carriers 
(electrons and holes) are recombined, so that the light-emit 
ting organic compound is excited. The light-emitting organic 
compound emits light in returning to a ground state from the 
excited State. Due to such a mechanism, Such a light-emitting 
element is referred to as a current-excitation light-emitting 
element. 

0315 Inorganic EL elements are classified according to 
their element structures into dispersion-type inorganic EL 
elements and thin-film inorganic EL elements. A dispersion 
type inorganic EL element has a light-emitting layer where 
particles of a light-emitting material are dispersed in a binder, 
and its light emission mechanism is donor-acceptor recom 
bination type light emission which utilizes a donor level and 
an acceptor level. A thin-film inorganic EL element has a 
structure where a light-emitting layer is interposed between 
dielectric layers, which are further interposed between elec 
trodes, and its light emission mechanism is localized type 
light emission which utilizes inner-shell electron transition of 
metal ions. Note that an organic EL element is used as a 
light-emitting element in this example. 
0316 Next, a structure and operation of a pixel to which 
digital time ratio gray Scale driving can be applied is 
described. FIGS. 26A and 26B illustrate examples of pixel 
structures to which digital time gray scale driving can be 
applied. Here, an example is described in which one pixel 
includes two n-channel transistors each having a semicon 
ductor layer as a channel formation region. 
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0317. A pixel 6400 illustrated in FIG. 26A includes a 
switching transistor 6401, a driving transistor 6402, a light 
emitting element 6404, and a capacitor 6403. A gate of the 
switching transistor 6401 is connected to a scan line 6406. A 
first electrode (one of a source electrode and a drain electrode) 
of the Switching transistor 6401 is connected to a signal line 
6405. A second electrode (the other of the source electrode 
and the drain electrode) of the switching transistor 6401 is 
connected to a gate of the driving transistor 6402. The gate of 
the driving transistor 6402 is connected to a power supply line 
6407 through the capacitor 6403. A first electrode of the 
driving transistor 6402 is connected to the power supply line 
6407. A second electrode of the driving transistor 6402 is 
connected to a first electrode (a pixel electrode) of the light 
emitting element 6404. A second electrode of the light-emit 
ting element 6404 corresponds to a common electrode 6408. 
0318 Note that the second electrode (the common elec 
trode 6408) of the light-emitting element 6404 is set to a low 
power supply potential. Note that the low power supply 
potential is a potential satisfying the low power Supply poten 
tial <a high power supply potential with reference to the high 
power Supply potential which is set to the power Supply line 
6407. As the low power supply potential, GND, OV, or the like 
may be employed, for example. A potential difference 
between the high power supply potential and the low power 
Supply potential is applied to the light-emitting element 6404 
and current flows to the light-emitting element 6404, so that 
the light-emitting element 6404 emits light. Here, in order to 
make the light-emitting element 6404 emit light, each poten 
tial is set so that the potential difference between the high 
power Supply potential and the low power Supply potential is 
forward threshold voltage (Vth) or higher of the light-emit 
ting element 6404. 
0319. Note gate capacitance of the driving transistor 6402 
may be used as a substitute for the capacitor 6403, so that the 
capacitor 6403 can be eliminated. The gate capacitance of the 
driving transistor 64.02 may be formed between a channel 
region and the gate electrode. 
0320 In the case of a voltage-input voltage driving 
method, a video signal is input to the gate of the driving 
transistor 6402 so that the driving transistor 6402 is in either 
of two states of being sufficiently turned on or turned off. That 
is, the driving transistor 6402 operates in a linear region. 
Since the driving transistor 6402 operates in the linear region, 
Voltage which is higher than the Voltage of the power Supply 
line 6407 is applied to the gate of the driving transistor 6402. 
Note that Voltage which is higher than or equal to (voltage of 
the power supply line--Vth of the driving transistor 6402) is 
applied to the signal line 6405. 
0321. In the case of using an analog gray Scale method 
instead of the digital time ratio gray scale method, the same 
pixel structure as in FIG. 26A can be used by changing signal 
input. 
0322. In the case of performing analog gray scale driving, 
Voltage which is higher than or equal to (forward Voltage of 
the light-emitting element 6404 and Vth of the driving tran 
sistor 6402) is applied to the gate of the driving transistor 
6402. The forward voltage of the light-emitting element 6404 
refers to Voltage at which desired luminance is obtained and 
refers to at least forward threshold voltage. Note that a video 
signal by which the driving transistor 6402 operates in a 
saturation region is input, so that current can flow to the 
light-emitting element 6404. In order for the driving transis 
tor 6402 to operate in the saturation region, a potential of the 
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power supply line 6407 is set to a potential which is higher 
than a gate potential of the driving transistor 6402. When an 
analog video signal is used as a video signal, current corre 
sponding to the video signal can flow to the light-emitting 
element 6404, and the analog gray scale driving can be per 
formed. 

0323 Note that the pixel structure is not limited to the 
pixel structure in FIG. 26A. For example, the pixel in FIG. 
26A can further include a Switch, a resistor, a capacitor, a 
transistor, a logic circuit, or the like. For example, a pixel 
structure illustrated in FIG. 26B may be used. A pixel 6410 
illustrated in FIG. 26B includes the switching transistor 6401, 
the driving transistor 6402, the light-emitting element 6404, 
and the capacitor 6403. The gate of the switching transistor 
6401 is connected to the scan line 6406. The first electrode 
(the one of the source electrode and the drain electrode) of the 
switching transistor 6401 is connected to the signal line 6405. 
The second electrode (the other of the source electrode and 
the drain electrode) of the switching transistor 6401 is con 
nected to the gate of the driving transistor 6402. The gate of 
the driving transistor 6402 is connected to the first electrode 
(the pixel electrode) of the light-emitting element 6404 
through the capacitor 6403. The first electrode of the driving 
transistor 6402 is connected to the wiring 6426 for applying 
pulse Voltage. The second electrode of the driving transistor 
6402 is connected to the first electrode of the light-emitting 
element 6404. The second electrode of the light-emitting 
element 6404 corresponds to the common electrode 6408. 
Needless to say, a Switch, a resistor, a capacitor, a transistor, a 
logic circuit, or the like may be added to this structure. 
0324 Next, structures of the light-emitting element are 
described with reference to FIGS. 27A to 27C. Here, cross 
sectional structures of pixels are described by taking the case 
where the transistor 150 illustrated in FIGS. 10A and 10B is 
used as a driving TFT as an example. Driving TFTs 7001, 
7011, and 7021 used in semiconductor devices illustrated in 
FIGS. 27A to 27C can be manufactured in a manner similar to 
those of the thin film transistors described in Embodiments 1 
and 2 and are thin film transistors with favorable electrical 
characteristics each having an oxide semiconductor as a semi 
conductor layer. 
0325 In order to extract light emitted from the light-emit 
ting element, at least one of an anode and a cathode may be 
transparent. A thin film transistor and a light-emitting element 
are formed over a substrate. A light-emitting element can 
have a top emission structure in which light is extracted 
through a Surface which is opposite to the Substrate; a bottom 
emission structure in which light is extracted through a Sur 
face on the Substrate side; or a dual emission structure in 
which light is extracted through a Surface which is opposite to 
the substrate and a surface on the substrate side. The pixel 
structures illustrated in FIGS. 26A and 26B can be applied to 
a light-emitting element having any of these emission struc 
tures. 

0326. A light-emitting element having a top emission 
structure is described with reference to FIG. 27A. 

0327 FIG. 27A is a cross-sectional view of a pixel in the 
case where the driving TFT 7001 corresponds to the transistor 
150 illustrated in FIGS. 10A and 10B and light is emitted 
from a light-emitting element 7002 to the anode 7005 side. In 
FIG. 27A, a cathode 7003 of the light-emitting element 7002 
and the driving TFT 7001 are electrically connected to each 
other, and a light-emitting layer 7004 and the anode 7005 are 
Stacked in that order over the cathode 7003. The cathode 7003 
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can be formed using a variety of conductive materials as long 
as they have low work functions and reflect light. For 
example, Ca, Al, MgAg, AlIli, or the like is preferably used. 
The light-emitting layer 7004 may be formed using either a 
single layer or a plurality of layers stacked. In the case where 
the light-emitting layer 7004 is formed using a plurality of 
layers, the light-emitting layer 7004 is formed by stacking an 
electron injection layer, an electron transport layer, a light 
emitting layer, a hole transport layer, and a hole injection 
layer in that order over the cathode 7003. Note that it is not 
necessary to provide all these layers. For example, the anode 
7005 is formed using a light-transmitting conductive material 
Such as a film of indium oxide containing tungsten oxide, 
indium Zinc oxide containing tungsten oxide, indium oxide 
containing titanium oxide, indium tin oxide containing tita 
nium oxide, indium tin oxide (hereinafter referred to as ITO), 
indium Zinc oxide, or indium tin oxide to which silicon oxide 
is added. 
0328. The light-emitting element 7002 corresponds to a 
region where the light-emitting layer 7004 is interposed 
between the cathode 7003 and the anode 7005. In the case of 
the pixel illustrated in FIG. 27A, light is emitted from the 
light-emitting element 7002 to the anode 7005 side, as indi 
cated by an arrow. 
0329. Note that the gate electrode provided over the semi 
conductor layer in the driver circuit is preferably formed 
using the same material as the cathode 7003 because the 
process can be simplified. An insulating film may be formed 
over the anode. For example, since SiN and SiO, have 
hygroscopic properties, they can prevent the EL element from 
deteriorating. Further, when the cathode is formed using a 
transflective film (having a transmittance of 30 to 80% and a 
reflectivity of 30 to 60%) and a micro-cavity structure (a 
micro resonator) is applied, color purity can be improved. 
0330 Next, a light-emitting element having a bottom 
emission structure is described with reference to FIG. 27B. 
FIG. 27B is a cross-sectional view of a pixel in the case where 
the driving TFT 7011 corresponds to the transistor 150 illus 
trated in FIGS. 10A and 10B and light is emitted from a 
light-emitting element 7012 to the cathode 7013 side. In FIG. 
27B, the cathode 7013 of the light-emitting element 7012 is 
formed over a light-transmitting conductive film 7017 which 
is electrically connected to the driving TFT 7011, and a light 
emitting layer 7014 and an anode 7015 are stacked in that 
order over the cathode 7013. Note that a light-blocking film 
7016 for reflecting or blocking light may be formed so as to 
cover the anode 7015 in the case where the anode 7015 has 
light-transmitting properties. As in FIG. 27A, the cathode 
7013 can beformed using a variety of conductive materials as 
long as they have low work functions. Note that the cathode 
7013 is formed to a thickness that allows light transmission 
(preferably, approximately 5 to 30 nm). For example, a 
20-nm-thickaluminum film can be used as the cathode 7013. 
As in FIG. 27A, the light-emitting layer 7014 may be formed 
using either a single layer or a plurality of layers stacked. The 
anode 7015 does not need to transmit light, but can beformed 
using a light-transmitting conductive material, as in FIG. 
27A. For the light-blocking film 7016, metal or the like which 
reflects light can be used, for example; however, the light 
blocking film 7016 is not limited to a metal film. For example, 
a resin to which a black pigment is added or the like can be 
used. 
0331. The light-emitting element 7012 corresponds to a 
region where the light-emitting layer 7014 is interposed 
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between the cathode 7013 and the anode 7015. In the case of 
the pixel illustrated in FIG. 27B, light is emitted from the 
light-emitting element 7012 to the cathode 7013 side, as 
indicated by an arrow. 
0332. Note that the gate electrode provided over the semi 
conductor layer in the driver circuit is preferably formed 
using the same material as the cathode 7013 because the 
process can be simplified. 
0333 Next, a light-emitting element having a dual emis 
sion structure is described with reference to FIG.27C. In FIG. 
27C, a cathode 7023 of a light-emitting element 7022 is 
formed over a light-transmitting conductive layer 7027 which 
is electrically connected to the driving TFT 7021, and a light 
emitting layer 7024 and an anode 7025 are stacked in that 
order over the cathode 7023. As in FIG. 27A, the cathode 
7023 can beformed using a variety of conductive materials as 
long as they have low work functions. Note that the cathode 
7023 is formed to a thickness that allows light transmission. 
For example, 20-nm-thick Al can be used for the cathode 
7023. As in FIG. 27A, the light-emitting layer 7024 may be 
formed using either a single layer or a plurality of layers 
stacked. The anode 7025 can be formed using a light-trans 
mitting conductive material, as in FIG. 27A. 
0334. The light-emitting element 7022 corresponds to a 
region where the cathode 7023, the light-emitting layer 7024, 
and the anode 7025 overlap with one another. In the case of 
the pixel illustrated in FIG. 27C, light is emitted from the 
light-emitting element 7022 to both the anode 7025 side and 
the cathode 7023 side, as indicated by arrows. 
0335. Note that the gate electrode provided over the semi 
conductor layer in the driver circuit is preferably formed 
using the same material as the conductive layer 7027 because 
the process can be simplified. Further, the gate electrode 
provided over the semiconductor layer in the driver circuit is 
preferably formed by stacking the material used for the con 
ductive layer 7027 and the material used for the cathode 7023 
because the process can be simplified and wiring resistance 
can be lowered. 

0336 Note that although the organic EL elements are 
described here as the light-emitting elements, an inorganic 
EL element can be provided as a light-emitting element. An 
anode may be used in common among all the pixels and a 
cathode may be patterned into a pixel electrode. 
0337. Note that in this embodiment, an example is 
described in which a thin film transistor (a driving TFT) 
which controls driving of a light-emitting element is electri 
cally connected to the light-emitting element; however, a 
structure may be employed in which a TFT for controlling 
current is connected between the driving TFT and the light 
emitting element. 
0338. Note that the structure of a semiconductor device 
described in this embodiment is not limited to the structures 
illustrated in FIGS. 27A to 27C and can be modified in vari 
ous ways on the basis of the spirit of techniques disclosed. 
0339 Next, a top surface and a cross section of a light 
emitting display panel (also referred to as a light-emitting 
panel), which is one embodiment of a semiconductor device, 
are described with reference to FIGS. 28A and 28B. FIG.28A 
is a top view of a panel in which a thin film transistor and a 
light-emitting element which are formed over a first substrate 
are sealed between the first substrate and a second substrate 
with a sealant. FIG. 28B is a cross-sectional view taken along 
line H-I in FIG. 28A. 
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0340. A sealant 4505 is provided so as to surround a pixel 
portion 4502, signal line driver circuits 4503a and 4503b, and 
scan line driver circuits 4504a and 4504b which are provided 
over a first substrate 4501. In addition, a second substrate 
4506 is provided over the pixel portion 4502, the signal line 
driver circuits 4503a and 4503b, and the scan line driver 
circuits 4504a and 4504b. Thus, the pixel portion 4502, the 
signal line driver circuits 4503a and 4503b, and the scan line 
driver circuits 4504a and 4504b are sealed together with a 
filler 4507, by the first substrate 4501, the sealant 4505, and 
the second substrate 4506. It is preferable that the panel be 
packaged (sealed) with a protective film (e.g., an attachment 
film or an ultraviolet curable resin film) or a cover material, 
which has high air-tightness and causes less degasification, so 
that the panel is not exposed to the external air, in this manner. 
0341 Further, the pixelportion 4502, the signal line driver 
circuits 4503a and 4503b, and the scan line driver circuits 
4504a and 4504b which are provided over the first substrate 
4501 each include a plurality of thin film transistors, and a 
thin film transistor 4510 included in the pixel portion 4502 
and a thin film transistor 4509 included in the signal line 
driver circuit 4503a are illustrated as examples in FIG. 28B. 
For each of the thin film transistors 4509 and 4510, a highly 
reliable thin film transistor including an oxide semiconductor 
as its semiconductor layer as described in Embodiment 1 or 2 
can be applied. 
0342. Note that it is not necessary that light be transmitted 
through a transistorportion in a protection circuit or a periph 
eral driver circuit portion such as a gate driver or a source 
driver. Thus, a transistor and a capacitor in the pixel portion 
4502 may be formed using light-transmitting materials and a 
transistor in the peripheral driver circuit portion may be 
formed using a light-blocking material. 
0343 Further, reference numeral 4511 denotes a light 
emitting element. A first electrode layer 4517 which is a pixel 
electrode of the light-emitting element 4511 is electrically 
connected to a source electrode layer or a drain electrode 
layer of the thin film transistor 4510. Note that although the 
light-emitting element 4511 has a layered structure of the first 
electrode layer 4517, an electroluminescent layer 4512, and a 
second electrode layer 4513, the structure of the light-emit 
ting element 4511 is not limited to the structure described in 
this embodiment. The structure of the light-emitting element 
4511 can be changed as appropriate depending on a direction 
in which light is extracted from the light-emitting element 
4511, or the like. 
0344) A partition 4520 is formed using an organic resin 
film, an inorganic insulating film, or organic polysiloxane. It 
is particularly preferable that the partition 4520 be formed 
using a photosensitive material and an opening be formed 
over the first electrode layer 4517 so that a sidewall of the 
opening is formed as an inclined Surface with continuous 
Curvature. 

0345 The electroluminescent layer 4512 may be formed 
using either a single layer or a plurality of layers Stacked. 
0346 A protective film may be formed over the second 
electrode layer 4513 and the partition 4520 in order to prevent 
oxygen, hydrogen, moisture, carbon dioxide, or the like from 
entering the light-emitting element 4511. As the protective 
film, a silicon nitride film, a silicon nitride oxide film, a DLC 
film, or the like can be formed. 
0347 In addition, a variety of signals and potentials are 
supplied from FPCs 4518a and 4518b to the signal line driver 
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circuits 4503a and 4503b, the scan line driver circuits 4504a 
and 4504b, or the pixel portion 4502. 
0348. A connection terminal electrode 4515 may be 
formed using the same conductive film as the first electrode 
layer 4517 of the light-emitting element 4511, and a terminal 
electrode 4516 may beformed using the same conductive film 
as the source electrode layers and the drain electrode layers of 
the thin film transistors 4509 and 4510. 
0349 The connection terminal electrode 4515 is electri 
cally connected to a terminal of the FPC 4518a through an 
anisotropic conductive film 4519. 
0350. The second substrate located in the direction in 
which light is extracted from the light-emitting element 4511 
needs to have light-transmitting properties. In this case, a 
light-transmitting material Such as a glass plate, a plastic 
plate, a polyester film, or an acrylic film is used. 
0351. Further, as well as an inert gas such as nitrogen or 
argon, an ultraviolet curable resin orathermosetting resin can 
be used as the filler 4507. PVC (polyvinyl chloride), acrylic, 
polyimide, an epoxy resin, a silicone resin, PVB (polyvinyl 
butyral), or EVA (ethylene vinyl acetate) can be used. 
0352. In addition, if needed, an optical film such as a 
polarizing plate, a circularly polarizing plate (including an 
elliptically polarizing plate), a retardation plate (a quarter 
wave plate or a half-wave plate), or a color filter, may be 
provided as appropriate on a light-emitting Surface of the 
light-emitting element. Further, the polarizing plate or the 
circularly polarizing plate may be provided with an anti 
reflection film. For example, anti-glare treatment by which 
reflected light can be diffused by projections and depressions 
on a Surface so that glare can be reduced. 
0353. The signal line driver circuits 4503a and 4503b and 
the scan line driver circuits 4504a and 4504b may be provided 
by mounting driver circuits formed using a single crystal 
semiconductor Substrate or a single crystal semiconductor 
film or a polycrystalline semiconductor film over an insulat 
ing Substrate separately prepared. Alternatively, only the sig 
nal line driver circuits or part thereof, or only the scan line 
driver circuits or part thereof may be separately formed and 
mounted. This embodiment is not limited to the structure 
illustrated in FIGS. 28A and 28B. 
0354 Through the above process, a light-emitting display 
device can be manufactured at lower manufacturing cost. 
0355 This embodiment can be combined with any of the 
structures described in the other embodiments as appropriate. 

Embodiment 5 

0356. Next, a different structure of a display device which 
is one embodiment of a semiconductor device is described. In 
this embodiment, a liquid crystal display device including a 
liquid crystal element is described as a display device. 
0357 First, a top surface and a cross section of a liquid 
crystal display panel (also referred to as a liquid crystal panel) 
which is one embodiment of a liquid crystal display device 
are described with reference to FIGS. 29 A-1, 29A-2, and 
29B. FIGS. 29A-1 and 29A-2 are top views of a panel in 
which highly reliable thin film transistors 4010 and 4011 each 
including the oxide semiconductor as its semiconductor layer 
as described in Embodiment 1 or 2 and a liquid crystal ele 
ment 4013, which are formed over a first substrate 4001, are 
sealed between the first substrate 4001 and a second substrate 
4006 with a sealant 4005. FIG. 29B is a cross-sectional view 
taken along line M-N in FIGS. 29A-1 and 29A-2. 
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0358. The sealant 4005 is provided so as to surround a 
pixel portion 4002 and a scan line driver circuit 4004 which 
are provided over the first substrate 4001. In addition, the 
second substrate 4006 is provided over the pixel portion 4002 
and the scan line driver circuit 4004. Thus, the pixel portion 
4002 and the scan line driver circuit 4004 are sealed together 
with a liquid crystal layer 4008, by the first substrate 4001, the 
sealant 4005, and the second substrate 4006. Further, a signal 
line driver circuit 4003 which is formed using a single crystal 
semiconductor film or a polycrystalline semiconductor film 
over a substrate separately prepared is mounted on a region 
which is different from a region surrounded by the sealant 
4005 over the first Substrate 4001. 

0359. Note that the connection method of a driver circuit 
which is separately formed is not particularly limited to a 
certain method, and a COG method, a wire bonding method, 
a TAB method, or the like can be used. FIG. 29 A-1 illustrates 
an example of mounting the signal line driver circuit 4003 by 
a COG method, and FIG. 29 A-2 illustrates an example of 
mounting the signal line driver circuit 4003 by a TAB method. 
0360. Further, the pixel portion 4002 and the scan line 
driver circuit 4004 which are provided over the first substrate 
4001 each include a plurality of thin film transistors, and the 
thin film transistor 4010 included in the pixel portion 4002 
and the thin film transistor 4011 included in the scan line 
driver circuit 4004 are illustrated as examples in FIG. 29B. 
Over the thin film transistors 4010 and 4011, an insulating 
layer 4021 is provided. For each of the thin film transistors 
4010 and 4011, a highly reliable thin film transistor including 
an oxide semiconductor as its semiconductor layer as 
described in Embodiment 1 or 2 can be applied. 
0361 Note that it is not necessary that light be transmitted 
through a transistorportion in a protection circuit or a periph 
eral driver circuit portion Such as a gate driver or a source 
driver. Thus, a transistor and a capacitor in the pixel portion 
4002 may be formed using light-transmitting materials and a 
transistor in the peripheral driver circuit portion may be 
formed using a light-blocking material. 
0362. In addition, a pixel electrode 4030 of the liquid 
crystal element 4013 is electrically connected to the thin film 
transistor 4010. Further, a counter electrode layer 4031 of the 
liquid crystal element 4013 is provided on the second sub 
strate 4006. A portion where the pixel electrode 4030, the 
counter electrode layer 4031, and the liquid crystal layer 4008 
overlap with one another corresponds to the liquid crystal 
element 4013. Note that the pixel electrode 4030 and the 
counter electrode layer 4031 are provided with an insulating 
layer 4032 and an insulating layer 4033 each functioning as 
an alignment film, and hold the liquid crystal layer 4008 with 
the insulating layers 4032 and 4033 interposed therebetween. 
0363. In the pixel portion 4002 except a lattice-like wiring 
portion, light can be transmitted, so that the aperture ratio can 
be improved. Further, a space is needed between pixel elec 
trodes and an electric field is not applied to a liquid crystal in 
the space portion. Therefore, it is preferable that light be not 
transmitted in the space portion. Thus, the lattice-like wiring 
portion can be used as a black matrix. 
0364. Note that the first substrate 4001 and the second 
substrate 4006 can be formed using glass, metal (typically 
stainless steel), ceramics, or plastics. As plastics, a fiberglass 
reinforced plastic (FRP) plate, a polyvinyl fluoride (PVF) 
film, a polyester film, or an acrylic resin film can be used. 
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Alternatively, a sheet with a structure in which aluminum foil 
is interposed between PVF films or polyester films can be 
used. 

0365. In addition, reference numeral 4035 denotes a 
columnar spacer obtained by selective etching of an insulat 
ing film and is provided for controlling the distance between 
the pixel electrode 4030 and the counter electrode layer 4031 
(a cell gap). Note that a spherical spacer may be used. Further, 
the counter electrode layer 4031 is electrically connected to a 
common potential line provided over the same Substrate as 
the thin film transistor 4010. With the use of a common 
connection portion, the counter electrode layer 4031 and the 
common potential line can be electrically connected to each 
other by conductive particles disposed between the pair of 
substrates. Note that the conductive particles are contained in 
the Sealant 4005. 

0366 Alternatively, a liquid crystal exhibiting a blue 
phase for which an alignment film is not used may be used. A 
blue phase is one of liquid crystal phases, which is generated 
just before a cholesteric phase changes into an isotropic phase 
while temperature of a cholesteric liquid crystal is increased. 
Since the blue phase is generated within an only narrow range 
of temperature, a liquid crystal composition containing a 
chiral agent at 5 weight percent or more in order to improve 
the temperature range is used for the liquid crystal layer 4008. 
The liquid crystal composition which includes a liquid crystal 
exhibiting a blue phase and a chiral agent has a short response 
time of 10 to 100 us, has optical isotropy, which makes 
alignment treatment unneeded, and has Small viewing angle 
dependency. 
0367 Although the liquid crystal display device described 
in this embodiment is an example of a transmissive liquid 
crystal display device, the liquid crystal display device 
described in this embodiment can be applied to eithera reflec 
tive liquid crystal display device or a transflective liquid crys 
tal display device. 
0368. The liquid crystal display device described in this 
embodiment is an example in which a polarizing plate is 
provided on the outer surface of the substrate (on the viewer 
side) and a coloring layer and an electrode layer used for a 
display element are provided on the inner surface of the 
Substrate in that order; however, the polarizing plate may be 
provided on the inner surface of the substrate. In addition, the 
layered structure of the polarizing plate and the coloring layer 
is not limited to the layered structure in this embodiment and 
may be set as appropriate depending on materials of the 
polarizing plate and the coloring layer or conditions of the 
manufacturing process. Further, a light-blocking film func 
tioning as a black matrix may be provided. 
0369. In this embodiment, in order to reduce surface 
unevenness of the thin film transistor and to improve reliabil 
ity of the thin film transistor, the thin film transistor obtained 
in Embodiment 1 or 2 is covered with the insulating layer 
4021 functioning as a protective film or a planarizing insulat 
ing film. The insulating layer 4021 can be formed to have a 
single-layer structure or a layered structure of two or more 
layers. Note that the protective film is provided in order to 
prevent entry of contaminant impurities Such as organic Sub 
stance, metal, or moisture existing in the air and is preferably 
a dense film. The protective film may be formed to have a 
single layer or a stacked layer of a silicon oxide film, a silicon 
nitride film, a silicon oxynitride film, a silicon nitride oxide 
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film, an aluminum oxide film, an aluminum nitride film, an 
aluminum oxynitride film, and/or an aluminum nitride oxide 
film by Sputtering. 
0370 Although this embodiment describes an example of 
forming the protective film by sputtering, this embodiment is 
not particularly limited to this method and any of a variety of 
methods such as plasma-enhanced CVD may be used. 
0371. An insulating layer having a layered structure can be 
formed for the protective film. In the case of forming an 
insulating layer having a layered structure, as a first layer of 
the protective film, for example, a silicon oxide film is formed 
by sputtering. When the silicon oxide film is used as the 
protective film, the silicon oxide film has an effect of prevent 
ing hillocks of an aluminum film used for the source electrode 
layer and the drain electrode layer. 
0372 Further, as a second layer of the protective film, for 
example, a silicon nitride film is formed by sputtering. When 
the silicon nitride film is used as the protective film, mobile 
ions of Sodium or the like can be prevented from entering a 
semiconductor region so that the electrical characteristics of 
the TFT are not changed. 
0373) In addition, after the protective film is formed, the 
semiconductor layer may be subjected to annealing (300 to 
400° C.). 
0374. The insulating layer 4021 is formed as the planariz 
ing insulating film. For the insulating layer 4021, an organic 
material having heat resistance, such as polyimide, acrylic, 
benzocyclobutene, polyamide, or epoxy can be used. Other 
than Such organic materials, it is also possible to use a low 
dielectric constant material (a low-k material), a siloxane 
based resin, PSG (phosphosilicate glass), BPSG (borophos 
phosilicate glass), or the like. Note that the insulating layer 
4021 may beformed by stacking a plurality of insulating films 
formed using these materials. 
0375. Note that the siloxane-based resin corresponds to a 
resin including a Si-O-Sibond formed using a siloxane-based 
material as a starting material. The siloxane-based resin may 
include an organic group (e.g., an alkyl group or an aryl 
group) or a fluoro group as a Substituent. In addition, the 
organic group may include a fluoro group. 
0376. The formation method of the insulating layer 4021 

is not particularly limited to a certain method, and any of the 
following methods can be employed depending on the mate 
rial: Sputtering, an SOG method, spin coating, dipping, spray 
coating, a droplet discharge method (e.g., an inkjet method, 
screen printing, or offset printing), a doctor knife, a roll 
coater, a curtain coater, a knife coater, and the like. In the case 
where the insulating layer 4021 is formed using a material 
solution, the semiconductor layer may be annealed (at 300 to 
400° C.) at the same time as a baking step of the insulating 
layer 4021. The baking step of the insulating layer 4021 also 
serves as annealing of the semiconductor layer, so that a 
semiconductor device can be manufactured efficiently. 
0377 The pixel electrode 4030 and the counter electrode 
layer 4031 can be formed using a light-transmitting conduc 
tive material Such as indium oxide containing tungsten oxide, 
indium Zinc oxide containing tungsten oxide, indium oxide 
containing titanium oxide, indium tin oxide containing tita 
nium oxide, indium tin oxide (hereinafter referred to as ITO), 
indium Zinc oxide, or indium tin oxide to which silicon oxide 
is added. 
0378. Alternatively, the pixel electrode 4030 and the 
counter electrode layer 4031 can be formed using a conduc 
tive composition containing a conductive high molecule (also 
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referred to as a conductive polymer). The pixel electrode 
formed using the conductive composition preferably has a 
sheet resistance less than or equal to 10000 ohms/square and 
a transmittance greater than or equal to 70% at a wavelength 
of 550 nm. The sheet resistance of the pixel electrode is 
preferably lower. Further, the resistivity of the conductive 
high molecule contained in the conductive composition is 
preferably 0.1 ohm'cm or less. 
0379. As the conductive high molecule, a so-called telec 
tron conjugated conductive high molecule can be used. For 
example, polyaniline or a derivative thereof, polypyrrole or a 
derivative thereof, polythiophene or a derivative thereof, a 
copolymer of two or more kinds of them, or the like can be 
used. 
0380 Further, a variety of signals and potentials are sup 
plied from an FPC 4018 to the signal line driver circuit 4003 
which is formed separately, the scan line driver circuit 4004, 
or the pixel portion 4002. 
0381. A connection terminal electrode 4015 may be 
formed using the same conductive film as the pixel electrode 
4030 of the liquid crystal element 4013, and a terminal elec 
trode 4016 may be formed using the same conductive film as 
the source electrode layers and the drain electrode layers of 
the thin film transistors 4010 and 4011. 
0382. The connection terminal electrode 4015 is electri 
cally connected to a terminal of the FPC 4018 through an 
anisotropic conductive film 4019. 
0383 Although FIGS. 29 A-1 and 29A-2 illustrate an 
example in which the signal line driver circuit 4003 is formed 
separately and mounted on the first substrate 4001, this 
embodiment is not limited to this structure. The scan line 
driver circuit may beformed separately and mounted, or only 
part of the signal line driver circuit or part of the scan line 
driver circuit may be formed separately and mounted. 
0384 FIG. 30 illustrates an example in which a liquid 
crystal display module is formed as a semiconductor device 
by using a TFT substrate 2600. 
0385 FIG. 30 illustrates an example of a liquid crystal 
display module, in which the TFT substrate 2600 and a 
counter substrate 2601 are fixed to each other with a sealant 
2602, and a pixel portion 2603 including a TFT or the like, a 
display element 2604 including a liquid crystal layer, a col 
oring layer 2605, and a polarizing plate 2606 are provided 
between the Substrates to form a display region. The coloring 
layer 2605 is necessary to perform color display. In the RGB 
system, coloring layers corresponding to colors of red, green, 
and blue are provided for pixels. Polarizing plates 2606 and 
2607 and a diffusion plate 2613 are provided outside the TFT 
substrate 2600 and the counter substrate 2601. A light source 
includes a cold cathode fluorescent lamp 2610 and a reflector 
2611, and a circuit board 2612 is connected to a wiring circuit 
portion 2608 of the TFT substrate 2600 by a flexible wiring 
board 2609 and includes an external circuit such as a control 
circuit or a power Supply circuit. The polarizing plate and the 
liquid crystal layer may be stacked with a retardation plate 
interposed therebetween. 
0386 For the liquid crystal display module, a TN (twisted 
nematic) mode, an IPS (in-plane-switching) mode, an FFS 
(fringe field switching) mode, an MVA (multi-domain verti 
cal alignment) mode, a PVA (patterned vertical alignment) 
mode, an ASM (axially symmetric aligned microcell) mode, 
an OCB (optically compensated birefringence) mode, an 
FLC (ferroelectric liquid crystal) mode, an AFLC (anti-fer 
roelectric liquid crystal) mode, or the like can be used. 
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0387 Through the above process, a liquid crystal display 
device can be manufactured at lower manufacturing cost. 
0388. This embodiment can be combined with any of the 
structures described in the other embodiments as appropriate. 

Embodiment 6 

0389 Next, electronic paper which is one embodiment of 
a semiconductor device is described. Electronic paper has 
advantages of the same level of readability as plain paper, 
lower power consumption than other display devices, and 
reduction in thickness and weight. 
0390 FIG. 31 illustrates active matrix electronic paper as 
one embodiment of a semiconductor device. A thin film tran 
sistor 581 used for a pixel portion of the semiconductor 
device can be formed in a manner similar to that of the thin 
film transistor in the pixel portion described in the above 
embodiment and is a thin film transistor including an oxide 
semiconductor as a semiconductor layer. 
0391 The electronic paper in FIG. 31 is an example of a 
display device using a twisting ball display system. The twist 
ing ball display System refers to a method in which spherical 
particles each colored in black and white are arranged 
between a first electrode layer and a second electrode layer 
which are electrode layers used for a display element, and a 
potential difference is generated between the first electrode 
layer and the second electrode layer to control the orientation 
of the spherical particles, so that display is performed. 
0392 The thin film transistor 581 formed over a substrate 
580 is a top-gate thin film transistor in which a source elec 
trode layer and a drain electrode layer are in contact with and 
electrically connected to a first electrode layer 587 through an 
opening formed in an insulating layer 585. Between the first 
electrode layer 587 and a second electrode layer 588 provided 
for a substrate 586, spherical particles 589 each having a 
black region590a, a white region590b, and a cavity 594 filled 
with liquid around the black region 590a and the white region 
590b are provided. A space around the spherical particles 589 
is filled with a filler 595 such as a resin (see FIG. 31). 
0393 Alternatively, instead of the twisting ball, an elec 
trophoretic element can be used. A microcapsule having a 
diameter of approximately 10 to 200um, in which transparent 
liquid, white microparticles which are charged positively or 
negatively, and black microparticles which are charged to 
polarity different from that of the white microparticles are 
encapsulated, is used. In the microcapsule which is provided 
between the first electrode layer and the second electrode 
layer, when an electric field is applied by the first electrode 
layer and the second electrode layer, the white microparticles 
and the black microparticles move to opposite sides, so that 
white or black can be displayed. A display element using this 
principle is an electrophoretic display element. Since the 
electrophoretic display element has higher reflectivity than a 
liquid crystal element, an auxiliary light is not needed, power 
consumption is low, and a display portion can be recognized 
in a dim place. In addition, even when power is not supplied 
to the display portion, an image which has been displayed 
once can be maintained. Accordingly, a displayed image can 
be maintained even when electronic paper is distanced from a 
power Supply source (e.g., a source of radio waves). 
0394 Through the above process, electronic paper can be 
manufactured at lower manufacturing cost. 
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0395. This embodiment can be combined with any of the 
structures described in the other embodiments as appropriate. 

Embodiment 7 

0396 A semiconductor device of this embodiment can be 
used in a variety of electronic devices (including an amuse 
ment machine). Examples of electronic devices are a televi 
sion set (also referred to as a television or a television 
receiver), a monitor of a computer or the like, a camera Such 
as a digital camera or a digital video camera, a digital photo 
frame, a mobile phone handset (also referred to as a mobile 
phone or a mobile phone device), a portable game machine, a 
portable information terminal, an audio reproducing device, a 
large game machine Such as a pinball machine, and the like. 
0397 FIG. 32A illustrates an example of a portable infor 
mation terminal device 9200. The portable information ter 
minal device 9200 incorporates a computer and can perform 
a variety of data processings. An example of the portable 
information terminal device 9200 is a personal digital assis 
tant (PDA). 
0398. The portable information terminal device 9200 
includes two housings: a housing 9201 and a housing 9203. 
The housing 9201 and the housing 9203 are joined to each 
other with a joining portion 9207 so that the portable infor 
mation terminal device 9200 can be foldable. A display por 
tion 9202 is incorporated in the housing 9201, and the hous 
ing 9203 is provided with a keyboard 9205. Needless to say, 
the structure of the portable information terminal device 9200 
is not limited to the above structure, and the structure may 
include at least the thin film transistor described in Embodi 
ment 1 or 2, and an additional accessory can be provided as 
appropriate. A driver circuit and a pixel portion are formed 
over the same Substrate, which leads to reduction in manu 
facturing cost. Thus, a portable information terminal device 
having a thin film transistor with favorable electrical charac 
teristics can be realized. 
0399 FIG. 32B illustrates an example of a digital video 
camera 9500. The digital video camera 9500 includes a dis 
play portion 9503 incorporated in a housing 9501 and a vari 
ety of operation portions. Note that the structure of the digital 
video camera 9500 is not limited to a certainstructure, and the 
structure may include at least the thin film transistor 
described in Embodiment 1 or 2, and an additional accessory 
can be provided as appropriate. A driver circuit and a pixel 
portion are formed over the same substrate, which leads to 
reduction in manufacturing cost. Thus, a digital video camera 
having a thin film transistor with favorable electrical charac 
teristics can be realized. 
0400 FIG. 32C illustrates an example of a mobile phone 
9100. The mobile phone 9100 has two housings: a housing 
9104 and a housing 9101. The housing 9104 and the housing 
9101 are joined to each other with a joining portion 9103 so 
that the mobile phone can be foldable. A display portion 9102 
is incorporated in the housing 9104, and the housing 9101 is 
provided with operation keys 9106. Note that the structure of 
the mobile phone 9100 is not limited to a certain structure, 
and the structure may include at least the thin film transistor 
described in Embodiment 1 or 2, and an additional accessory 
can be provided as appropriate. A driver circuit and a pixel 
portion are formed over the same substrate, which leads to 
reduction in manufacturing cost. Thus, a mobile phone hav 
ing a thin film transistor with favorable electrical character 
istics can be realized. FIG. 32D illustrates an example of a 
portable computer 9800. The computer 9800 has a housing 
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9801 and a housing 9804 which are joined to each other so 
that the portable computer can be opened and closed. A dis 
play portion 9802 is incorporated in the housing 9804, and the 
housing 9801 is provided with a keyboard 9803 and the like. 
Note that the structure of the computer 9800 is not particu 
larly limited to a certain structure, and the structure may 
include at least the thin film transistor described in Embodi 
ment 1 or 2, and an additional accessory can be provided as 
appropriate. A driver circuit and a pixel portion are formed 
over the same Substrate, which leads to reduction in manu 
facturing cost. Thus, a computer having a thin film transistor 
with favorable electrical characteristics can be realized. 
04.01 FIG. 33A illustrates an example of a television set 
9600. In the television set 9600, a display portion 9603 is 
incorporated in a housing 9601. The display portion 9603 can 
display images. Here, the housing 9601 is supported by a 
Stand 9605. 
(0402. The television set 9600 can be operated with an 
operation switch of the housing 9601 or a separate remote 
controller9610. Channels and volume can be controlled with 
operation keys 9609 of the remote controller 9610, so that 
images displayed on the display portion 9603 can be con 
trolled. Further, the remote controller 9610 may be provided 
with a display portion 9607 for displaying data output from 
the remote controller 9610. 
0403. Note that the television set 9600 includes a receiver, 
a modem, and the like. With the receiver, general television 
broadcasting can be received. Further, when the television set 
is connected to wire or wireless communication network 
through the modem, one-way (from a transmitter to a 
receiver) or two-way (between a transmitter and a receiver or 
between receivers) data communication can be performed. 
0404 FIG. 33B illustrates an example of a digital photo 
frame 9700. For example, in the digital photo frame 9700, a 
display portion 9703 is incorporated in a housing 9701. The 
display portion 9703 can display a variety of images. For 
example, the display portion 9703 can display data of an 
image photographed with a digital camera or the like and can 
function in a manner similar to that of a normal photo frame. 
(0405. Note that the digital photo frame 9700 includes an 
operation portion, an external connection terminal (e.g., a 
USB terminal or a terminal which can be connected to a 
variety of cables such as USB cables), a recording medium 
insertion portion, and the like. Although these components 
may be provided on a Surface on which the display portion is 
provided, it is preferable to provide them on a side surface or 
a back Surface because the design of the digital photo frame is 
improved. For example, a memory which stores data of an 
image photographed with a digital camera is inserted in the 
recording medium insertion portion of the digital photo 
frame, so that the image data can be transferred and displayed 
on the display portion 9703. 
(0406 Alternatively, the digital photo frame 9700 may 
transmit and receive data wirelessly. Through wireless com 
munication, desired image data can be transferred and dis 
played. 
04.07 FIG. 34A illustrates an example of a mobile phone 
1000 which is different from the mobile phone illustrated in 
FIG.32C. The mobile phone 1000 includes a display portion 
1002 incorporated in a housing 1001, an operation button 
1003, an external connection port 1004, a speaker 1005, a 
microphone 1006, and the like. 
(0408. In the mobile phone 1000 illustrated in FIG. 34A, 
data can be input when a person touches the display portion 
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1002 with his/her finger or the like. In addition, operations 
Such as making calls and composing mails can be performed 
when a person touches the display portion 1002 with his/her 
finger or the like. 
04.09. The display portion 1002 has mainly three screen 
modes. The first mode is a display mode mainly for display 
ing images. The second mode is an input mode mainly for 
inputting data Such as text. The third mode is a display-and 
input mode in which two modes of the display mode and the 
input mode are combined. 
0410. For example, in the case of making a call or com 
posing a mail, a text input mode mainly for inputting text is 
selected for the display portion 1002 so that text displayed on 
a screen can be input. In this case, it is preferable to display a 
keyboard or number buttons on substantially all the area of 
the screen of the display portion 1002. 
0411. By providing a detection device including a sensor 
for detecting inclination, Such as a gyroscope oran accelera 
tion sensor, inside the mobile phone 1000, display on the 
screen of the display portion 1002 can be automatically 
changed by determining the orientation of the mobile phone 
1000 (whether the mobile phone 1000 is placed horizontally 
or vertically). 
0412. Further, the screen modes are changed by touching 
the display portion 1002 or operating the operation button 
1003 of the housing 1001. Alternatively, the screen modes 
may be changed depending on the kind of an image displayed 
on the display portion 1002. For example, when a signal of an 
image displayed on the display portion is a signal of moving 
image data, the screen mode is changed into the display mode. 
When the signal is a signal of text data, the screen mode is 
changed into the input mode. 
0413 Further, in the input mode, when input by touching 
the display portion 1002 is not performed for a certain period 
while a signal detected by the optical sensor in the display 
portion 1002 is detected, the screen mode may be controlled 
So as to be changed from the input mode into the display 
mode. 

0414. The display portion 1002 can function also as an 
image sensor. For example, the image of a palm print, a 
fingerprint, or the like is taken when the display portion 1002 
is touched with the palm or the finger, so that authentication 
can be performed. Further, by using a backlight which emits 
near-infrared light or a sensing light source which emits near 
infrared light in the display portion, the image of a finger vein, 
a palm vein, or the like can be taken. 
0415 FIG. 34B illustrates an example of a mobile phone. 
The mobile phone in FIG.34B includes a display device 9410 
in a housing 9411, which has a display portion 94.12 and 
operation buttons 9413, and a communication device 9400 in 
a housing 9401, which has operation buttons 9402, an exter 
nal input terminal 9403, a microphone 9404, a speaker 9405, 
and a light-emitting portion 9406 which emits light when a 
phone call is received. The display device 9410 which has a 
display function can be detached from or attached to the 
communication device 9400 which has a phone function, in 
two directions represented by arrows. Thus, the display 
device 9410 and the communication device 9400 can be 
attached to each other along their short sides or long sides. 
Alternatively, in the case where only the display function is 
needed, the display device 9410 can be detached from the 
communication device 94.00 and used alone. Images or input 
data can be transmitted and received by wireless or wire 
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communication between the communication device 94.00 and 
the display device 9410 each having a rechargeable battery. 

Embodiment 8 

0416) In this embodiment, structures and operation of a 
pixel which can be used in a liquid crystal display device are 
described. Note that as the operation mode of a liquid crystal 
element in this embodiment, a TN (twisted nematic) mode, an 
IPS (in-plane-switching) mode, an FFS (fringe field switch 
ing) mode, an MVA (multi-domain vertical alignment) mode, 
a PVA (patterned vertical alignment) mode, an ASM (axially 
symmetric aligned microcell) mode, an OCB (optically com 
pensated birefringence) mode, an FLC (ferroelectric liquid 
crystal) mode, an AFLC (anti-ferroelectric liquid crystal) 
mode, or the like can be used. 
0417 FIG. 37A illustrates an example of a pixel structure 
which can be used in the liquid crystal display device. A pixel 
5080 includes a transistor 5081, a liquid crystal element 5082, 
and a capacitor 5083. A gate of the transistor 5081 is electri 
cally connected to a wiring 5085. A first terminal of the 
transistor 5081 is electrically connected to a wiring 5084. A 
second terminal of the transistor 5081 is electrically con 
nected to a first terminal of the liquid crystal element 5082. A 
second terminal of the liquid crystal element 5082 is electri 
cally connected to a wiring 5087. A first terminal of the 
capacitor 5083 is electrically connected to the first terminal of 
the liquid crystal element 5082. A second terminal of the 
capacitor 5083 is electrically connected to a wiring 5086. 
Note that a first terminal of a transistor is one of a source and 
a drain, and a second terminal of the transistor is the other of 
the source and the drain. That is, when the first terminal of the 
transistoris the Source, the second terminal of the transistoris 
the drain. In a similar manner, when the first terminal of the 
transistor is the drain, the second terminal of the transistor is 
the source. 
0418. The wiring 5084 can serve as a signal line. The 
signal line is a wiring for transmitting signal Voltage, which is 
input from the outside of the pixel, to the pixel 5080. The 
wiring 5085 can serve as a scan line. The scan line is a wiring 
for controlling on/off of the transistor 5081. The wiring 5086 
can serve as a capacitor line. The capacitor line is a wiring for 
applying predetermined Voltage to the second terminal of the 
capacitor 5083. The transistor 5081 can serve as a switch. The 
capacitor 5083 can serve as a storage capacitor. The storage 
capacitor is a capacitor with which the signal Voltage is con 
tinuously applied to the liquid crystal element 5082 even 
when the switch is off. The wiring 5087 can serve as a counter 
electrode. The counter electrode is a wiring for applying 
predetermined Voltage to the second terminal of the liquid 
crystal element 5082. Note that the function of each wiring is 
not limited to this, and each wiring can have a variety of 
functions. For example, by changing Voltage applied to the 
capacitor line, Voltage applied to the liquid crystal element 
can be adjusted. Note that it is acceptable as long as the 
transistor 5081 serves as a switch, and the transistor 5081 may 
be either a p-channel transistor oran n-channel transistor. 
0419 FIG. 37B illustrates an example of a pixel structure 
which can be used in the liquid crystal display device. The 
example of the pixel structure illustrated in FIG. 37B is the 
same as that in FIG. 37A except that the wiring 5087 is 
eliminated and the second terminal of the liquid crystal ele 
ment 5082 and the second terminal of the capacitor 5083 are 
electrically connected to each other. The example of the pixel 
structure illustrated in FIG. 37B can be particularly used in 
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the case of using a horizontal electric field mode (including an 
IPS mode and an FFS mode) liquid crystal element. This is 
because in the horizontal electric field mode liquid crystal 
element, the second terminal of the liquid crystal element 
5082 and the second terminal of the capacitor 5083 can be 
formed over the same substrate, so that it is easy to electrically 
connect the second terminal of the liquid crystal element 
5082 and the second terminal of the capacitor 5083 to each 
other. With the pixel structure as illustrated in FIG. 37B, the 
wiring 5087 can be eliminated, so that a manufacturing pro 
cess can be simplified and manufacturing cost can be reduced. 
0420. A plurality of pixel structures illustrated in FIG. 
37A or FIG. 37B can be arranged in matrix. Thus, a display 
portion of a liquid crystal display device is formed, and a 
variety of images can be displayed. FIG. 37C illustrates a 
circuit structure in the case where a plurality of pixel struc 
tures illustrated in FIG. 37A are arranged in matrix. FIG.37C 
is a circuit diagram illustrating four pixels among a plurality 
of pixels included in the display portion. A pixel arranged in 
an i-th column and a j-th row (each of i and j is a natural 
number) is represented as a pixel 5080 i, j, and a wiring 
5084 i, a wiring 5085 j, and a wiring 5086 are electrically 
connected to the pixel 5080 i,j. In a similar manner, a wiring 
5084 j+1, the wiring 5085 j, and the wiring 5086 are elec 
trically connected to a pixel 5080 j+1,j. In a similar manner, 
the wiring 5084 i, a wiring 5085 j+1, and a wiring 5086 j+1 
are electrically connected to a pixel 5080 i, j+1. In a similar 
manner, the wiring 5084 i-1, the wiring 5085 j+1, and the 
wiring 5086 j+1 are electrically connected to a pixel 5080 
i+1, j+1. Note that each wiring can be used in common with 
a plurality of pixels in the same row or the same column. In the 
pixel structure illustrated in FIG. 37C, the wiring 5087 is a 
counter electrode, which is used by all the pixels in common; 
therefore, the wiring 5087 is not indicated by the natural 
number i or j. Note that since the pixel structure in FIG. 37B 
can also be used, the wiring 5087 is not required even in a 
structure where the wiring 5087 is provided and can be elimi 
nated when another wiring serves as the wiring 5087, for 
example. 
0421. The pixel structure in FIG. 37C can be driven by a 
variety of methods. In particular, when the pixels are driven 
by a method called AC drive, deterioration (burn-in) of the 
liquid crystal element can be suppressed. FIG.37D is a timing 
chart of voltage applied to each wiring in the pixel structure in 
FIG. 37C in the case where dot inversion driving, which is a 
kind of AC drive, is performed. By the dot inversion driving, 
flickers seen when the AC drive is performed can be sup 
pressed. 
0422. In the pixel structure in FIG.37C, a switch in a pixel 
electrically connected to the wiring 5085 j is selected (in an 
on state) inaj-th gate selection period in one frame period and 
is not selected (in an off state) in the other periods. Then, a 
(i+1)th gate selection period is provided after the j-th gate 
selection period. By performing sequential scanning in this 
manner, all the pixels are sequentially selected in one frame 
period. In the timing chart of FIG.37D, the switch in the pixel 
is selected when the level of voltage is high (high level), and 
the switch is not selected when the level of the Voltage is low 
(low level). Note that this is the case where the transistor in 
each pixel is an n-channel transistor. In the case of using a 
p-channel transistor, a relationship between Voltage and a 
selection state is opposite to that in the case of using an 
n-channel transistor. 
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0423. In the timing chart illustrated in FIG. 37D, in the j-th 
gate selection period in a k-th frame (k is a natural number), 
positive signal Voltage is applied to the wiring 5084 i used as 
a signal line, and negative signal Voltage is applied to the 
wiring 5084 i+1. Then, in the (+1)th gate selection period in 
the k-th frame, negative signal Voltage is applied to the wiring 
5084 i, and positive signal Voltage is applied to the wiring 
5084 i+1. After that, signals whose polarities are inverted 
every gate selection period are alternately supplied to the 
signal line. Accordingly, in the k-th frame, the positive signal 
voltage is applied to the pixels 5080 i,j and 5080 i-1, j+1, 
and the negative signal voltage is applied to the pixels 5080 
i+1, and 5080 i,j+1. Then, in a (k+1)th frame, signal voltage 
whose polarity is opposite to that of the signal Voltage written 
in the k-th frame is written to each pixel. Accordingly, in the 
(k+1)th frame, the positive signal Voltage is applied to the 
pixels 5080 i+1, and 5080 i, j+1, and the negative signal 
voltage is applied to the pixels 5080 i,j and 5080 i+1.j+1. In 
this manner, the dot inversion driving is a driving method by 
which signal voltage whose polarity is different between 
adjacent pixels is applied in the same frame and the polarity of 
the voltage signal for the pixel is inverted every one frame. By 
the dot inversion driving, flickers seen when the entire or part 
of an image to be displayed is uniform can be suppressed 
while deterioration of the liquid crystal element is sup 
pressed. Note that voltage applied to all the wirings 5086 
including the wirings 5086 and 5086 j+1 can be fixed volt 
age. Note that although only the polarity of the signal voltage 
for the wirings 5084 is illustrated in the timing chart, the 
signal Voltage can actually have a variety of levels in the 
polarity illustrated. Note that here, the case where the polarity 
is inverted per dot (per pixel) is described; however, this 
embodiment is not limited to this, and the polarity can be 
inverted per a plurality of pixels. For example, the polarity of 
signal Voltage to be written is inverted per two gate selection 
periods, so that power consumed in writing signal Voltage can 
be reduced. Alternatively, the polarity can be inverted per 
column (Source line inversion) or per row (gate line inver 
sion). 
0424 Note that fixed voltage may be applied to the second 
terminal of the capacitor 5083 in the pixel 5080 in one frame 
period. Here, since the level of voltage applied to the wiring 
5085 used as a scan line is low level in most of one frame 
period, which means that Substantially constant Voltage is 
applied to the wiring 5085; therefore, the second terminal of 
the capacitor 5083 in the pixel 5080 may be connected to the 
wiring 5085. FIG.37E illustrates an example of a pixel struc 
ture which can be used in the liquid crystal display device. 
Compared to the pixel structure in FIG. 37C, a feature of the 
pixel structure in FIG. 37E lies in that the wiring 5086 is 
eliminated and the second terminal of the capacitor 5083 in 
the pixel 5080 and the wiring 5085 in the previous row are 
electrically connected to each other. Specifically, in the range 
illustrated in FIG.37E, the second terminals of the capacitors 
5083 in the pixels 5080 i,j+1 and 5080 i+1.j+1 are electri 
cally connected to the wiring 5085 j. By electrically connect 
ing the second terminal of the capacitor 5083 in the pixel 5080 
and the wiring 5085 in the previous row to each other in this 
manner, the wiring 5086 can be eliminated, so that the aper 
ture ratio of the pixel can be increased. Note that the second 
terminal of the capacitor 5083 may be connected to the wiring 
5085 in another row instead of in the previous row. Note that 
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the pixel structure in FIG. 37E can be driven by a driving 
method which is similar to that in the pixel structure in FIG. 
37C. 

0425 Note that voltage applied to the wiring 5084 used as 
a signal line can be lowered by using the capacitor 5083 and 
the wiring electrically connected to the second terminal of the 
capacitor 5083. A pixel structure and a driving method in this 
case are described with reference to FIGS. 37F and 37G 
Compared to the pixel structure in FIG. 37A, a feature of the 
pixel structure in FIG. 37F lies in that two wirings 5086 are 
provided per pixel column, and in adjacent pixels, one wiring 
is electrically connected to every other second terminal of the 
capacitors 5083 and the other wiring is electrically connected 
to the remaining every other second terminal of the capacitors 
5083. Note that two wirings 5086 are referred to as a wiring 
5086-1 and a wiring 5086-2. Specifically, in the range illus 
trated in FIG. 37F, the second terminal of the capacitor 5083 
in the pixel 5080 i, j is electrically connected to a wiring 
5086-1 j; the second terminal of the capacitor 5083 in the 
pixel 5080 i-1, j is electrically connected to a wiring 5086 
2 : the second terminal of the capacitor 5083 in the pixel 
5080 i,j+1 is electrically connected to a wiring 5086-2 j+1; 
and the second terminal of the capacitor 5083 in the pixel 
5080 i-1j+1 is electrically connected to a wiring 5086-1 + 
1 

0426 For example, when positive signal voltage is written 
to the pixel 5080 i, j in the k-th frame as illustrated in FIG. 
37G, the wiring 5086-1 becomes a low level, and is changed 
to a high level after the j-th gate selection period. Then, the 
wiring 5086-1 j is kept at a high level in one frame period, 
and after negative signal Voltage is written in the j-th gate 
selection period in the (k+1)th frame, the wiring 5086-1 is 
changed to a high level. In this manner, Voltage of the wiring 
which is electrically connected to the second terminal of the 
capacitor 5083 is changed in a positive direction after positive 
signal Voltage is written to the pixel, so that Voltage applied to 
the liquid crystal element can be changed in the positive 
direction by a predetermined level. That is, signal Voltage 
written to the pixel can be lowered by the predetermined level, 
so that power consumed in signal writing can be reduced. 
Note that when negative signal Voltage is written in the j-th 
gate selection period, Voltage of the wiring which is electri 
cally connected to the second terminal of the capacitor 5083 
is changed in a negative direction after negative signal Voltage 
is written to the pixel. Thus, voltage applied to the liquid 
crystal element can be changed in the negative direction by a 
predetermined level, and the signal Voltage written to the 
pixel can be reduced as in the case of the positive polarity. In 
other words, as for the wiring which is electrically connected 
to the second terminal of the capacitor 5083, different wirings 
are preferably used for a pixel to which positive signal Voltage 
is applied and a pixel to which negative signal Voltage is 
applied in the same row of the same frame. FIG. 37F illus 
trates an example in which the wiring 5086-1 is electrically 
connected to the pixel to which positive signal Voltage is 
applied in the k-th frame and the wiring 5086-2 is electrically 
connected to the pixel to which negative signal Voltage is 
applied in the k-th frame. Note that this is just an example, and 
for example, in the case of using a driving method by which 
pixels to which positive signal Voltage is written and pixels to 
which negative signal Voltage is written appear every two 
pixels, it is preferable to perform electrical connections with 
the wirings 5086-1 and 5086-2 alternately every two pixels. 
Further, in the case where signal Voltage of the same polarity 
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is written to all the pixels in one row (gate line inversion), one 
wiring 5086 may be provided per row. In other words, in the 
pixel structure in FIG. 37C, the driving method by which 
signal Voltage written to a pixel is lowered as described with 
reference to FIGS. 37F and 37G can be used. 

0427 Next, a pixel structure and a driving method which 
are preferably used particularly in the case where the mode of 
a liquid crystal element is a vertical alignment (VA) mode 
typified by an MVA mode and a PVA mode. The VA mode has 
advantages such as no rubbing step in manufacture, little light 
leakage at the time of black display, and low driving Voltage, 
but has a problem in that image quality is decreased (the 
viewing angle is narrower) when a screen is seen from an 
oblique angle. 
0428. In order to widen the viewing angle in the VA mode, 
a pixel structure where one pixel includes a plurality of sub 
pixels as illustrated in FIGS. 38A and 38B is effective. Pixel 
structures illustrated in FIGS. 38A and 38B are examples of 
the case where the pixel 5080 includes two subpixels (a sub 
pixel 5080-1 and a subpixel 5080-2). Note that the number of 
subpixels in one pixel is not limited to two and can be other 
numbers. The viewing angle can be further widened as the 
number of subpixels becomes larger. A plurality of subpixels 
can have the same circuit structure. Here, all the subpixels 
have the circuit structure illustrated in FIG.37A. Note that the 
first subpixel 5080-1 includes a transistor 5081-1, a liquid 
crystal element 5082-1, and a capacitor 5083-1. The connec 
tion relation of each element is the same as that in the circuit 
structure in FIG. 37A. In a similar manner, the second Sub 
pixel 5080-2 includes a transistor 5081-2, a liquid crystal 
element 5082-2, and a capacitor 5083-2. The connection rela 
tion of each element is the same as that in the circuit structure 
in FIG. 37A. 

0429. The pixel structure in FIG. 38A includes, for two 
subpixels included in one pixel, two wirings 5085 (a wiring 
5085-1 and a wiring 5085-2) used as scan lines, one wiring 
5084 used as a signal line, and one wiring 5086 used as a 
capacitor line. When the signal line and the capacitor line are 
shared between two subpixels in this manner, the aperture 
ratio can be improved. Further, since a signal line driver 
circuit can be simplified, manufacturing cost can be reduced. 
Furthermore, since the number of connections between a 
liquid crystal panel and a driver circuit IC can be reduced, 
yield can be improved. The pixel structure in FIG. 38B 
includes, for two Subpixels included in one pixel, one wiring 
5085 used as a scan line, two wirings 5084 (a wiring 5084-1 
and a wiring 5084-2) used as signal lines, and one wiring 
5086 used as a capacitor line. When the scan line and the 
capacitor line are shared between two Subpixels in this man 
ner, the aperture ratio can be improved. Further, since the total 
number of scan lines can be reduced, the length of each gate 
line selection period can be sufficiently increased even in a 
high-definition liquid crystal panel, and appropriate signal 
Voltage can be written to each pixel. 
0430 FIGS. 38C and 38D illustrate an example in which 
the liquid crystal element in the pixel structure in FIG.38B is 
replaced with the shape of a pixel electrode and the electrical 
connection of each element is schematically illustrated. In 
FIGS. 38C and 38D, reference numeral 5088-1 denotes a first 
pixel electrode, and reference numeral 5088-2 denotes a sec 
ond pixel electrode. In FIG. 38C, the first pixel electrode 
5088-1 corresponds to a first terminal of the liquid crystal 
element 5082-1 in FIG. 38B, and the second pixel electrode 
5088-2 corresponds to a first terminal of the liquid crystal 
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element 5082-2 in FIG.38B. That is, the first pixel electrode 
5088-1 is electrically connected to one of a source and a drain 
of the transistor 5081-1, and the second pixel electrode 
5088-2 is electrically connected to one of a source and a drain 
of the transistor 5081-2. Meanwhile, in FIG. 38D, the con 
nection relation between the pixel electrode and the transistor 
is opposite to that in FIG.38C. That is, the first pixel electrode 
5088-1 is electrically connected to one of the source and the 
drain of the transistor 5081-2, and the second pixel electrode 
5088-2 is electrically connected to one of the source and the 
drain of the transistor 5081-1. By alternately arranging a 
plurality of pixel structures as illustrated in FIG. 38C and 
FIG. 38D in matrix, special advantageous effects can be 
obtained. FIGS. 39A and 39B illustrate examples of the pixel 
structure and a driving method thereof. In the pixel structure 
in FIG. 39A, a portion corresponding to the pixels 5080 i,j 
and 5080 i+1, j+1 has the structure illustrated in FIG. 38C, 
and a portion corresponding to the pixels 5080 i-1, and 
5080 i, j+1 has the structure illustrated in FIG.38D. In this 
structure, by performing driving as the timing chart illustrated 
in FIG. 39B, in the j-th gate selection period in the k-th frame, 
positive signal Voltage is written to the first pixel electrode in 
the pixel 5080 i,j and the second pixel electrode in the pixel 
5080 i-1, j, and negative signal voltage is written to the 
second pixel electrode in the pixel 5080 i,j and the first pixel 
electrode in the pixel 5080 i-1,j. In the (+1)th gate selection 
period in the k-th frame, positive signal Voltage is written to 
the second pixel electrode in the pixel 5080 i,j+1 and the first 
pixel electrode in the pixel 5080 i-1.j+1, and negative signal 
voltage is written to the first pixel electrode in the pixel 
5080 i,j+1 and the second pixel electrode in the pixel 5080 
i+1.j+1. In the (k+1)th frame, the polarity of signal Voltage is 
inverted in each pixel. Thus, the polarity of voltage applied to 
the signal line can be the same in one frame period while 
driving corresponding to dot inversion driving is realized in 
the pixel structure including Subpixels. Therefore, power con 
Sumed in writing signal Voltage to the pixels can be drastically 
reduced. Note that voltage applied to all the wirings 5086 
including the wirings 5086 and 5086 j+1 can be fixed volt 
age. 

0431 Further, by a pixel structure and a driving method 
illustrated in FIGS. 39C and 39D, the level of signal voltage 
written to a pixel can be lowered. In the structure, capacitors 
lines which are electrically connected to a plurality of sub 
pixels included in each pixel are different between the sub 
pixels. That is, by using the pixel structure and the driving 
method illustrated in FIGS. 39C and 39D, subpixels to which 
Voltages having the same polarities are written in the same 
frame share a capacitor line in the same row, and Subpixels to 
which voltages having different polarities are written in the 
same frame use different capacitor lines in the same row. 
Then, when writing in each row is terminated, Voltage of the 
capacitor lines is changed to the positive direction in the 
Subpixels to which positive signal Voltage is written, and 
changed to the negative direction in the Subpixels to which 
negative signal Voltage is written. Thus, the level of the signal 
voltage written to the pixel can be lowered. Specifically, two 
wirings 5086 (the wirings 5086-1 and 5086-2) used as capaci 
tor lines are provided in each row. The first pixel electrode in 
the pixel 5080 i,j and the wiring 5086-1 are electrically 
connected to each other through the capacitor. The second 
pixel electrode in the pixel 5080 i,j and the wiring 5086-2 
are electrically connected to each other through the capacitor. 
The first pixel electrode in the pixel 5080 i+1 and the wiring 
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5086-2 are electrically connected to each other through the 
capacitor. The second pixel electrode in the pixel 5080 i-1j 
and the wiring 5086-1 are electrically connected to each 
other through the capacitor. The first pixel electrode in the 
pixel 5080 i, j+1 and the wiring 5086-2 j+1 are electrically 
connected to each other through the capacitor. The second 
pixel electrode in the pixel 5080 i, j+1 and the wiring 5086 
1 j+1 are electrically connected to each other through the 
capacitor. The first pixel electrode in the pixel 5080 i+1, j+1 
and the wiring 5086-1 j+1 are electrically connected to each 
other through the capacitor. The second pixel electrode in the 
pixel 5080 i-1, +1 and the wiring 5086-2 j+1 are electri 
cally connected to each other through the capacitor. Note that 
this is just an example, and for example, in the case of using 
a driving method by which pixels to which positive signal 
Voltage is written and pixels to which negative signal Voltage 
is written appear every two pixels, it is preferable to perform 
electrical connections with the wirings 5086-1 and 5086-2 
alternately every two pixels. Further, in the case where signal 
Voltage of the same polarity is written in all the pixels in one 
row (gate line inversion), one wiring 5086 may be provided 
per row. In other words, in the pixel structure in FIG. 39A, the 
driving method by which signal Voltage written to a pixel is 
lowered as described with reference to FIGS. 39C and 39D 
can be used. 

Embodiment 9 

0432 Next, another structure example and a driving 
method of a display device are described. In this embodiment, 
the case of using a display device including a display element 
whose luminance response with respect to signal writing is 
slow (response time is long) is described. In this embodiment, 
a liquid crystal element is described as an example of the 
display element with long response time. In this embodiment, 
a liquid crystal element is illustrated as an example of the 
display element with long response time. However, a display 
element in this embodiment is not limited to this, and a variety 
of display elements whose luminance response with respect 
to signal writing is slow can be used. 
0433. In a general liquid crystal display device, luminance 
response with respect to signal writing is slow, and it some 
times takes more than one frame period to complete the 
response even when signal Voltage is continuously applied to 
a liquid crystal element. Moving images cannot be displayed 
precisely by such a display element. Further, in the case of 
active matrix driving, time for signal writing to one liquid 
crystal element is only a period (one scan line selection 
period) obtained by dividing a signal writing cycle (one frame 
period or one subframe period) by the number of scan lines, 
and the liquid crystal element cannot respond in Such a short 
time in many cases. Therefore, most of the response of the 
liquid crystal element is performed in a period during which 
signal writing is not performed. Here, the dielectric constant 
of the liquid crystal element is changed inaccordance with the 
transmittance of the liquid crystal element, and the response 
of the liquid crystal element in a period during which signal 
writing is not performed means that the dielectric constant of 
the liquid crystal element is changed in a state where electric 
charge is not exchanged with the outside of the liquid crystal 
element (in a constant charge state). In other words, in a 
formula where charge (capacitance) (voltage), the capaci 
tance is changed in a state where the charge is constant. 
Accordingly, Voltage applied to the liquid crystal element is 
changed from Voltage in signal writing, in accordance with 
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the response of the liquid crystal element. Therefore, in the 
case where the liquid crystal element whose luminance 
response with respect to signal writing is slow is driven by 
active matrix driving, Voltage applied to the liquid crystal 
element cannot theoretically reach the Voltage in signal writ 
1ng 

0434 In the display device in this embodiment, a signal 
level in signal writing is corrected in advance (a correction 
signal is used) so that a display element can reach desired 
luminance within a signal writing cycle. Thus, the above 
problem can be solved. Further, since the response time of the 
liquid crystal element becomes shorter as the signal level 
becomes higher, the response time of the liquid crystal ele 
ment can also be shorter by writing a correction signal. A 
driving method by which Such a correction signal is added is 
referred to as overdrive. By overdrive in this embodiment, 
even when a signal writing cycle is shorter than a cycle for an 
image signal input to the display device (an input image 
signal cycle T), the signal level is corrected in accordance 
with the signal writing cycle, so that the display element can 
reach desired luminance within the signal writing cycle. The 
case where the signal writing cycle is shorter than the input 
image signal cycle T is, for example, the case where one 
original image is divided into a plurality of Subimages and the 
plurality of Subimages are sequentially displayed in one 
frame period. 
0435 Next, an example of correcting a signal level in 
signal writing in a display device driven by active matrix 
driving is described with reference to FIGS. 40A and 40B. 
FIG. 40A is a graph Schematically illustrating a time change 
in luminance of signal level in signal writing in one display 
element, with the time as the horizontal axis and the signal 
level in signal writing as the vertical axis. FIG. 40B is a graph 
schematically illustrating a time change in display level, with 
the time as the horizontal axis and the display level as the 
vertical axis. Note that when the display element is a liquid 
crystal element, the signal level in signal writing can be 
Voltage, and the display level can be the transmittance of the 
liquid crystal element. In the following description, the ver 
tical axis in FIG. 40A is regarded as the voltage, and the 
vertical axis in FIG. 40B is regarded as the transmittance. 
Note that in the overdrive in this embodiment, the signal level 
may be other than the Voltage (may be a duty ratio or current, 
for example). Note that in the overdrive in this embodiment, 
the display level may be other than the transmittance (may be 
luminance or current, for example). Liquid crystal elements 
are classified into two modes: a normally black mode in 
which black is displayed when Voltage is 0 (e.g., a VA mode 
and an IPS mode), and a normally white mode in which white 
is displayed when voltage is 0 (e.g., a TN mode and an OCB 
mode). The graph illustrated in FIG. 40B corresponds to both 
of the modes. The transmittance increases in the upper part of 
the graph in the normally black mode, and the transmittance 
increases in the lower part of the graph in the normally white 
mode. That is, a liquid crystal mode in this embodiment may 
be either a normally black mode or a normally white mode. 
Note that timing of signal writing is represented on the time 
axis by dotted lines, and a period after signal writing is per 
formed until the next signal writing is performed is referred to 
as a retention period F. In this embodiment, i is an integer and 
an index for representing each retention period. In FIGS. 40A 
and 40B, i is 0 to 2; however, i can be an integer other than 0 
to 2 (only the case where i is 0 to 2 is illustrated). Note that in 
the retention period F, transmittance for realizing luminance 
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corresponding to an image signal is denoted by T., and Volt 
age for providing the transmittance T, in a constant state is 
denoted by V. In FIG. 40A, a dashed line 5101 represents a 
time change in Voltage applied to the liquid crystal element in 
the case where overdrive is not performed, and a solid line 
5102 represents a time change in Voltage applied to the liquid 
crystal element in the case where the overdrive in this 
embodiment is performed. In a similar manner, in FIG. 40B, 
a dashed line 5103 represents a time change in transmittance 
of the liquid crystal element in the case where overdrive is not 
performed, and a solid line 5104 represents a time change in 
transmittance of the liquid crystal element in the case where 
the overdrive in this embodiment is performed. Note that a 
difference between the desired transmittance T, and the actual 
transmittance at the end of the retention period F, is referred to 
as an error C. 
0436. It is assumed that, in the graph illustrated in FIG. 
40A, both the dashed line 5101 and the solid line 5102 rep 
resent the case where desired Voltage Vo is applied in a reten 
tion period Fo; and in the graph illustrated in FIG. 40B, both 
the dashed line 5103 and the solid line 5104 represent the case 
where desired transmittance T is obtained. In the case where 
overdriving is not performed, desired Voltage V is applied at 
the beginning of a retention period F as shown by the dashed 
line 5101. As has been described above, a period for signal 
writing is much shorter than a retention period, and the liquid 
crystal element is in a constant charge State in most of the 
retention period. Accordingly, Voltage applied to the liquid 
crystal element in the retention period F is changed along 
with a change in transmittance and is greatly different from 
the desired voltage V at the end of the retention period F. In 
this case, the dashed line 5103 in the graph of FIG. 40B is 
greatly different from desired transmittance T. Accordingly, 
accurate display of an image signal cannot be performed, so 
that image quality is decreased. On the other hand, in the case 
where the overdrive in this embodiment is performed, voltage 
V" which is higher than the desired voltage V is applied to 
the liquid crystal element at the beginning of the retention 
period F as shown by the solid line 5102. That is, the voltage 
V" which is corrected from the desired voltage V is applied 
to the liquid crystal element at the beginning of the retention 
period F. So that the Voltage applied to the liquid crystal 
element at the end of the retention period F is close to the 
desired voltage V in anticipation of a gradual change in 
Voltage applied to the liquid crystal element in the retention 
period F. Thus, the desired voltage V can be accurately 
applied to the liquid crystal element. In this case, as shown by 
the solid line 5104 in the graph of FIG. 40B, the desired 
transmittance T can be obtained at the end of the retention 
period F. In other words, the response of the liquid crystal 
element within the signal writing cycle can be realized, 
despite the fact that the liquid crystal element is in a constant 
charge state in most of the retention period. Then, in a reten 
tion period F, the case where desired Voltage V is lower than 
V is described. Also in that case, as in the retention period F. 
voltage V' which is corrected from the desired voltage V 
may be applied to the liquid crystal element at the beginning 
of the retention period F, so that the voltage applied to the 
liquid crystal element at the end of the retention period F is 
close to the desired voltage V in anticipation of a gradual 
change in Voltage applied to the liquid crystal element in the 
retention period F. Thus, as shown by the solid line 5104 in 
the graph of FIG. 40B, desired transmittance T can be 
obtained at the end of the retention period F. Note that in the 
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case where V, is higher than V, as in the retention period F. 
the corrected voltage V, is preferably corrected so as to be 
higher than desired voltage V. Further, when V, is lower than 
V, as in the retention period F, the corrected Voltage V, is 
preferably corrected so as to be lower than the desired voltage 
V. Note that a specific correction value can be derived by 
measuring response characteristics of the liquid crystal ele 
ment in advance. As a method of realizing overdrive in a 
device, a method by which a correction formula is formulated 
and included in a logic circuit, a method by which a correction 
value is stored in a memory as a look-up table and is read as 
necessary, or the like can be used. 
0437. Note that there are several limitations on realization 
of the overdrive in this embodiment in a device. For example, 
Voltage correction has to be performed in the range of the 
rated voltage of a source driver. That is, in the case where 
desired Voltage is originally high and ideal correction Voltage 
exceeds the rated voltage of the source driver, not all the 
correction can be performed. Problems in such a case are 
described with reference to FIGS. 40C and 40D. As in FIG. 
40A. FIG. 40C is a graph in which a time change in voltage in 
one liquid crystal element is schematically illustrated as a 
solid line 5105 with the time as the horizontal axis and the 
voltage as the vertical axis. As in FIG. 40B, FIG. 40D is a 
graph in which a time change in transmittance of one liquid 
crystal element is schematically illustrated as a solid line 
5106 with the time as the horizontal axis and the transmit 
tance as the vertical axis. Note that since other references are 
similar to those in FIGS. 40A and 40B, description thereof is 
omitted. FIGS. 40C and 40D illustrate a state where sufficient 
correction cannot be performed because the correction volt 
age V" for realizing the desired transmittance T in the reten 
tion period F exceeds the rated voltage of the source driver; 
thus V'=V has to be given. In this case, the transmittance at 
the end of the retention period F is deviated from the desired 
transmittance T by the error C.. Note that the error a, is 
increased only when the desired Voltage is originally high; 
therefore, a decrease in image quality due to occurrence of the 
error C. is in the allowable range in many cases. However, as 
the error C is increased, an error in algorithm for Voltage 
correction is also increased. In other words, in the algorithm 
for Voltage correction, when it is assumed that the desired 
transmittance is obtained at the end of the retention period, 
even though the error C. is increased, Voltage correction is 
performed on the basis that the error C is Small. Accordingly, 
the error is included in correction in the following retention 
period F, thus, an error C is also increased. Further, in the 
case where the error C is increased, the following errora is 
further increased, for example, and the erroris increased in a 
chain reaction manner, which results in a significant decrease 
in image quality. In the overdrive in this embodiment, in order 
to prevent increase of errors in Such a chain reaction manner, 
when the correction voltage V, exceeds the rated voltage of 
the source driver in the retention period F., an error C, at the 
end of the retention period F, is estimated, and the correction 
Voltage in a retention period F can be adjusted in consid 
eration of the amount of the error C. Thus, even when the 
error C, is increased, the effect of the error C, on the error C. 
can be minimized, so that increase of errors in a chain reaction 
manner can be prevented. An example where the error C is 
minimized in the overdrive in this embodiment is described 
with reference to FIGS. 40E and 40F. In a graph of FIG. 40E, 
a solid line 5107 represents a time change in voltage in the 
case where the correction voltage V in the graph of FIG.40C 
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is further adjusted to be correction voltage V". A graph of 
FIG. 40F illustrates a time change in transmittance in the case 
where Voltage is corrected in accordance with the graph of 
FIG. 40E. The solid line 5106 in the graph of FIG. 40D 
indicates that excessive correction is caused by the correction 
voltage V. On the other hand, the solid line 5108 in the graph 
of FIG. 40F indicates that excessive correction is suppressed 
by the correction voltage V" which is adjusted in consider 
ation of the error C. and the error C is minimized. Note that 
a specific correction value can be derived from measuring 
response characteristics of the liquid crystal element in 
advance. As a method of realizing overdrive in a device, a 
method by which a correction formula is formulated and 
included in a logic circuit, a method by which a correction 
value is stored in a memory as a look-up table and read as 
necessary, or the like can be used. Further, Such a method can 
be added separately from a portion for calculating correction 
Voltage V, or can be included in the portion for calculating 
correction voltage V,'. Note that the amount of correction of 
correction voltage V." which is adjusted in consideration of 
and error C. (a difference with the desired voltage V) is 
preferably smaller than that of V,'. That is, IV"-V,<IV-V, 
is preferable. 
0438. Note that the error a which is caused because ideal 
correction Voltage exceeds the rated Voltage of the Source 
driver is increased as a signal writing cycle becomes shorter. 
This is because the response time of the liquid crystal element 
needs to be shorter as the signal writing cycle becomes 
shorter, so that higher correction Voltage is necessary. Further, 
as a result of an increase in correction Voltage needed, the 
correction Voltage exceeds the rated Voltage of the Source 
driver more frequently, so that the large errora, occurs more 
frequently. Therefore, it can be said that the overdrive in this 
embodiment becomes more effective as the signal writing 
cycle becomes shorter. Specifically, the overdrive in this 
embodiment is significantly effective in the case of perform 
ing the following driving methods: a driving method by which 
one original image is divided into a plurality of Subimages 
and the plurality of Subimages are sequentially displayed in 
one frame period, a driving method by which motion of an 
image is detected from a plurality of images and an interme 
diate image of the plurality of images is generated and 
inserted between the plurality of images (so-called motion 
compensation frame rate doubling), and a driving method in 
which Such driving methods are combined, for example. 
0439. Note that the rated voltage of the source driver has 
the lower limit in addition to the upper limit described above. 
An example of the lower limit is the case where voltage which 
is lower than the Voltage 0 cannot be applied. In this case, 
since ideal correction Voltage cannot be applied as in the case 
of the upper limit described above, the error a, is increased. 
However, also in that case, the error C, at the end of the 
retention period F, is estimated, and the correction Voltage in 
the retention period F can be adjusted in consideration of 
the amount of the error C, in a manner similar to the above 
method. Note that in the case where voltage which is lower 
than the Voltage 0 (negative Voltage) can be applied as the 
rated Voltage of the Source driver, the negative Voltage may be 
applied to the liquid crystal element as correction Voltage. 
Thus, the Voltage applied to the liquid crystal element at the 
end of retention period F, can be adjusted so as to be close to 
the desired Voltage V, in anticipation of a change in potential 
due to a constant charge state. 



US 2010/0224878 A1 

0440 Note that in order to suppress deterioration of the 
liquid crystal element, so-called inversion driving by which 
the polarity of Voltage applied to the liquid crystal element is 
periodically inverted can be performed in combination with 
the overdrive. That is, the overdrive in this embodiment 
includes the case where the overdrive is performed at the 
same time as the inversion driving. For example, in the case 
where the length of the signal writing cycle is half of that of 
the input image signal cycle T, when the length of a cycle for 
inverting polarity is the same or Substantially the same as that 
of the input image signal cycle T, two sets of writing of a 
positive signal and two sets of writing of a negative signal are 
alternately performed. The length of the cycle for inverting 
polarity is made larger than that of the signal writing cycle in 
this manner, so that the frequency of charge and discharge of 
a pixel can be reduced. Thus, power consumption can be 
reduced. Note that when the cycle for inverting polarity is 
made too long, a defect in which luminance difference due to 
the difference of polarity is recognized as a flicker occurs in 
some cases; therefore, it is preferable that the length of the 
cycle for inverting polarity be substantially the same as or 
Smaller than that of the input image signal cycle T. 

Embodiment 10 

0441 Next, another structure example and a driving 
method of a display device are described. In this embodiment, 
a method is described by which an image for interpolating 
motion of an image input from the outside of a display device 
(an input image) is generated inside the display device based 
on a plurality of input images and the generated image (the 
generation image) and the input image are sequentially dis 
played. Note that when an image for interpolating motion of 
an input image is a generation image, motion of moving 
images can be made Smooth, and a decrease in quality of 
moving images because of afterimages or the like due to hold 
driving can be Suppressed. Here, moving image interpolation 
is described below. Ideally, display of moving images is real 
ized by controlling the luminance of each pixel in real time; 
however, individual control of pixels in real time has prob 
lems such as the enormous number of control circuits, space 
for wirings, and the enormous amount of input image data. 
Thus, it is difficult to realize the individual control of pixels. 
Therefore, for display of moving images by a display device, 
a plurality of still images are sequentially displayed in a 
certain cycle so that display appears to be moving images. 
The cycle (in this embodiment, referred to as an input image 
signal cycle and denoted by T.) is standardized, and for 
example, /60 second in NTSC and /so second in PAL. Such a 
cycle does not cause a problem of moving image display in a 
CRT, which is an impulsive display device. However, in a 
hold-type display device, when moving images conforming 
to these standards are displayed without change, a defect in 
which display is bluffed because of afterimages or the like 
due to hold driving (hold blur) occurs. Since hold blur is 
recognized by discrepancy between unconscious motion 
interpolation due to human eyes tracking and hold-type dis 
play, the holdblur can be reduced by making the input image 
signal cycle shorter than that in conventional standards (by 
making the control closer to individual control of pixels in 
real time). However, it is difficult to reduce the length of the 
input image signal cycle because the standard needs to be 
changed and the amount of data is increased. However, an 
image for interpolating motion of an input image is generated 
inside the display device in response to a standardized input 
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image signal, and display is performed while the generation 
image interpolates the input image, so that hold blur can be 
reduced without a change in the standard oran increase in the 
amount of data. Operation Such that an image signal is gen 
erated inside the display device in response to an input image 
signal to interpolate motion of the input image is referred to as 
moving image interpolation. 
0442. By a method for interpolating moving images in this 
embodiment, motion blur can be reduced. The method for 
interpolating moving images in this embodiment can include 
an image generation method and an image display method. 
Further, by using a different image generation method and/or 
a different image display method for motion with a specific 
pattern, motion blur can be effectively reduced. FIGS. 41A 
and 41B are schematic diagrams each illustrating an example 
of a method for interpolating moving images in this embodi 
ment. FIGS. 41A and 41B each illustrate timing of treating 
each image by using the position of the horizontal direction, 
with the time as the horizontal axis. A portion represented as 
"input indicates timing at which an input image signal is 
input. Here, images 5121 and 5122 are focused as two images 
that are temporally adjacent. An input image is input at an 
interval of the cycle T. Note that the length of one cycle T. 
is referred to as one frame or one frame period in Some cases. 
A portion represented as "generation' indicates timing at 
which a new image is generated from an input image signal. 
Here, an image 5123 which is a generation image generated 
based on the images 5121 and 5122 is focused. A portion 
represented as “display indicates timing at which an image is 
displayed in the display device. Note that images other than 
the focused images are only represented by dashed lines, and 
by treating Such images in a manner similar to that of the 
focused images, the example of the method for interpolating 
moving images in this embodiment can be realized. 
0443) In the example of the method for interpolating mov 
ing images in this embodiment, as illustrated in FIG. 41A, a 
generation image which is generated based on two input 
images that are temporally adjacent is displayed in a period 
after one image is displayed until the other image is dis 
played, so that moving image interpolation can be performed. 
In this case, a display cycle of a display image is preferably 
half of an input cycle of the input image. Note that the display 
cycle is not limited to this and can be a variety of display 
cycles. For example, in the case where the length of the 
display cycle is shorter than half of that of the input cycle, 
moving images can be displayed more Smoothly. Alterna 
tively, in the case where the length of the display cycle is 
longer than half of that of the input cycle, power consumption 
can be reduced. Note that here, an image is generated based 
on two input images which are temporally adjacent; however, 
the number of input images serving as a basis is not limited to 
two and can be other numbers. For example, when an image 
is generated based on three (may be more than three) input 
images which are temporally adjacent, a generation image 
with higher accuracy can be obtained as compared to the case 
where an image is generated based on two input images. Note 
that the display timing of the image 5121 is the same as the 
input timing of the image 5122, that is, the display timing is 
one frame later than the input timing However, display timing 
in the method for interpolating moving images in this 
embodiment is not limited to this and can be a variety of 
display timings. For example, the display timing can be 
delayed with respect to the input timing by more than one 
frame. Thus, the display timing of the image 5123 which is 
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the generation image can be delayed, which allows enough 
time to generate the image 5123 and leads to reduction in 
power consumption and manufacturing cost. Note that when 
the display timing is delayed with respect to the input timing 
for a long time, a period for holding an input image becomes 
longer, and the memory capacity which is necessary for hold 
ing the input image is increased. Therefore, the display timing 
is preferably delayed with respect to the input timing by 
approximately one to two frames. 
0444 Here, an example of a specific generation method of 
the image 5123 which is generated based on the images 5121 
and 5122 is described. It is necessary to detect motion of an 
input image in order to interpolate moving images. In this 
embodiment, a method called a block matching method can 
be used in order to detect motion of an input image. Note that 
this embodiment is not limited to this, and a variety of meth 
ods (e.g., a method for obtaining a difference of image data or 
a method of using Fourier transformation) can be used. In the 
block matching method, first, image data for one input image 
(here, image data of the image 5121) is stored in a data storage 
means (e.g., a memory circuit such as a semiconductor 
memory or a RAM). Then, an image in the next frame (here, 
the image 5122) is divided into a plurality of regions. Note 
that the divided regions can have the same rectangular shapes 
as illustrated in FIG. 41A; however, the divided regions are 
not limited to them and can have a variety of shapes (e.g., the 
shape or size varies depending on images). After that, in each 
divided region, data is compared to the image data in the 
previous frame (here, the image data of the image 5121), 
which is stored in the data storage means, so that a region 
where the image data is similar to each other is searched. The 
example of FIG. 41A illustrates that the image 5121 is 
searched for a region where data is similar to that of a region 
5124 in the image 5122, and a region 5126 is found. Note that 
a search range is preferably limited when the image 5121 is 
searched. In the example of FIG. 41A, a region 5125 which is 
approximately four times larger than the region 5124 is set as 
the search range. By making the search range larger than this, 
detection accuracy can be increased even in a moving image 
with high-speed motion. Note that search in an excessively 
wide range needs an enormous amount of time, which makes 
it difficult to realize detection of motion. Thus, the region 
5125 has preferably approximately two to six times larger 
than the area of the region 5124. After that, a difference of the 
position between the searched region 5126 and the region 
5124 in the image 5122 is obtained as a motion vector 5127. 
The motion vector 5127 represents motion of image data in 
the region 5124 in one frame period. Then, in order to gener 
ate an image illustrating the intermediate state of motion, an 
image generation vector 5128 obtained by changing the size 
of the motion vector without a change in the direction thereof 
is generated, and image data included in the region 5126 of 
the image 5121 is moved in accordance with the image gen 
eration vector 5128, so that image data in a region 5129 of the 
image 5123 is generated. By performing a series of process 
ings on the entire region of the image 5122, the image 5123 
can be generated. Then, by sequentially displaying the input 
image 5121, the generated image 5123, and the input image 
5122, moving images can be interpolated. Note that the posi 
tion of an object 5130 in the image is different (i.e., the object 
is moved) between the images 5121 and 5122. In the gener 
ated image 5123, the object is located at the midpoint between 
the images 5121 and 5122. By displaying such images, 
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motion of moving images can be made Smooth, and blur of 
moving images due to afterimages or the like can be reduced. 
0445. Note that the size of the image generation vector 
5128 can be determined in accordance with the display timing 
of the image 5123. In the example of FIG. 41A, since the 
display timing of the image 5123 is the midpoint (/2) between 
the display timings of the images 5121 and 5122, the size of 
the image generation vector 5128 is half of that of the motion 
vector 5127. Alternatively, for example, when the display 
timing is /3 between the display timings of the images 5121 
and 5122, the size of the image generation vector 5128 can be 
/3, and when the display timing is 2/3 between the display 
timings of the images 5121 and 5122, the size can be 2/3. 
0446. Note that in the case where a new image is generated 
by moving a plurality of regions having different motion 
vectors in this manner, a portion where one region has already 
been moved to a region that is a destination for another region 
or a portion to which any region is not moved is generated in 
Some cases (i.e., overlap or blank occurs in some cases). For 
Such portions, data can be compensated. As a method for 
compensating an overlap portion, a method by which overlap 
data is averaged; a method by which data is arranged in order 
of priority according to the direction of motion vectors or the 
like, and high-priority data is used as data in a generation 
image; or a method by which one of color and brightness is 
arranged in order of priority and the other thereof is averaged 
can be used, for example. As a method for compensating a 
blank portion, a method by which image data of the portion of 
the image 5121 or the image 5122 is used as data in a gen 
eration image without modification, a method by which 
image data of the portion of the image 5121 or the image 5122 
is averaged, or the like can be used. Then, the generated image 
5123 is displayed in accordance with the size of the image 
generation vector 5128. So that motion of moving images can 
be made Smooth, and the decrease in quality of moving 
images because of afterimages or the like due to hold driving 
can be Suppressed. 
0447. In another example of the method for interpolating 
moving images in this embodiment, as illustrated in FIG. 
41B, when a generation image which is generated based on 
two input images which are temporally adjacent is displayed 
in a period after one image is displayed until the other image 
is displayed, each display image is divided into a plurality of 
Subimages to be displayed. Thus, moving images can be 
interpolated. This case can have advantages of displaying a 
dark image at regular intervals (advantages when a display 
method is made closer to impulsive display) in addition to 
advantages of a shorter image display cycle. That is, blur of 
moving images due to afterimages or the like can be further 
reduced as compared to the case where the length of the image 
display cycle is just made to half of that of the image input 
cycle. In the example of FIG. 41B, “input' and “generation” 
can be similar to the processings in the example of FIG. 41A: 
therefore, description thereof is omitted. For “display' in the 
example of FIG. 41B, one input image and/or one generation 
image can be divided into a plurality of Subimages to be 
displayed. Specifically, as illustrated in FIG. 41B, the image 
5121 is divided into subimages 5121a and 5121b and the 
subimages 5121a and 5121b are sequentially displayed so as 
to make human eyes perceive that the image 5121 is dis 
played; the image 5123 is divided into subimages 5123a and 
5123b and the subimages 5123a and 5123b are sequentially 
displayed so as to make human eyes perceive that the image 
5123 is displayed; and the image 5122 is divided into subim 
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ages 5122a and 5122b and the subimages 5122a and 5122b 
are sequentially displayed so as to make human eyes perceive 
that the image 5122 is displayed. That is, the display method 
can be made closer to impulsive display while the image 
perceived by human eyes is similar to that in the example of 
FIG. 41A, so that blur of moving images due to afterimages or 
the like can be further reduced. Note that the number of 
division of subimages is two in FIG. 41B; however, the num 
ber of division of subimages is not limited to this and can be 
other numbers. Note that Subimages are displayed at regular 
intervals (/2) in FIG. 41B; however, timing of displaying 
Subimages is not limited to this and can be a variety of timings 
For example, when timing of displaying dark Subimages 
5121b, 5122b, and 5123b is made earlier (specifically, timing 
at 4 to /2), the display method can be made much closer to 
impulsive display, so that blur of moving images due to after 
images or the like can be further reduced. Alternatively, when 
the timing of displaying dark Subimages is delayed (specifi 
cally, timing at /2 to 34), the length of a period for displaying 
a bright image can be increased, so that display efficiency can 
be increased and power consumption can be reduced. 
0448. Another example of the method for interpolating 
moving images in this embodiment is an example in which 
the shape of an object which is moved in an image is detected 
and different processings are performed depending on the 
shape of the moving object. FIG. 41C illustrates display tim 
ing as in the example of FIG. 41B and the case where moving 
characters (also referred to as scrolling texts, Subtitles, cap 
tions, or the like) are displayed. Note that since terms “input' 
and “generation” may be similar to those in FIG. 41B, they 
are not illustrated in FIG. 41C. The amount of blur of moving 
images by hold driving varies depending on properties of a 
moving object in some cases. In particular, blur is recognized 
remarkably when characters are moved in many cases. This is 
because eyes track moving characters to read the characters, 
so that holdblur easily occur. Further, since characters have 
clear outlines in many cases, blur due to hold blur is further 
emphasized in some cases. That is, determining whether an 
object which is moved in an image is a character and perform 
ing special processing when the object is the character are 
effective in reducing holdblur. Specifically, when edge detec 
tion, pattern detection, and/or the like are/is performed on an 
object which is moved in an image and the object is deter 
mined to be a character, motion compensation is performed 
even on Subimages generated by division of one image so that 
an intermediate state of motion is displayed. Thus, motion can 
be made smooth. In the case where the object is determined 
not to be a character, when Subimages are generated by divi 
sion of one image as illustrated in FIG. 41B, the subimages 
can be displayed without a change in the position of the 
moving object. The example of FIG. 41C illustrates the case 
where a region 5131 determined to be characters is moved 
upward, and the position of the region 5131 is different 
between the subimages 5121a and 5121b. In a similar man 
ner, the position of the region 5131 is different between the 
subimages 5123a and 5123b, and between the subimages 
5122a and 5122b. Thus, motion of characters for which hold 
blur is particularly easily recognized can be made Smoother 
than that by normal motion compensation frame rate dou 
bling, so that blur of moving images due to afterimages or the 
like can be further reduced. 
0449. This application is based on Japanese Patent Appli 
cation serial no. 2009-051899 filed with Japan Patent Office 
on Mar. 5, 2009, the entire contents of which are hereby 
incorporated by reference. 
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What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor layer provided over a Substrate; 
a first wiring which is electrically connected to the semi 

conductor layer and includes a first electrode: 
an insulating film covering the semiconductor layer and the 

first electrode; and 
a second wiring which is provided over the semiconductor 

layer with the insulating film interposed therebetween 
and includes a second electrode, 

wherein the first electrode includes a first conductive layer, 
wherein the first wiring includes the first conductive layer 

and a second conductive layer, 
wherein the second electrode includes a third conductive 

layer, 
wherein the second wiring includes the third conductive 

layer and a fourth conductive layer, and 
wherein each of the first conductive layer and the third 

conductive layer has a light-transmitting property. 
2. The semiconductor device according to claim 1, wherein 

electric conductivity of each of the second conductive layer 
and the fourth conductive layer is higher than electric con 
ductivity of each of the first conductive layer and the third 
conductive layer. 

3. The semiconductor device according to claim 1, wherein 
each of the second conductive layer and the fourth conductive 
layer has a light-blocking property. 

4. The semiconductor device according to claim 1, wherein 
the second conductive layer is formed using a material which 
is different from a material of the fourth conductive layer. 

5. The semiconductor device according to claim 1, wherein 
the second conductive layer is formed using a metal material, 
a metal compound, or an alloy containing one or more ele 
ments selected from aluminum, tungsten, titanium, tantalum, 
molybdenum, nickel, platinum, copper, gold, silver, manga 
nese, neodymium, chromium, antimony, niobium, or cerium; 
or a nitride of the metal material. 

6. The semiconductor device according to claim 1, wherein 
the fourth conductive layer is formed using a metal material, 
a metal compound, or an alloy containing one or more ele 
ments selected from aluminum, tungsten, titanium, tantalum, 
molybdenum, nickel, platinum, copper, gold, silver, manga 
nese, neodymium, chromium, antimony, niobium, or cerium; 
or a nitride of the metal material. 

7. The semiconductor device according to claim 1, wherein 
the semiconductor layer contains at least one of indium, gal 
lium, and zinc. 

8. The semiconductor device according to claim 1, wherein 
the Substrate has an insulating Surface. 

9. The semiconductor device according to claim 1, wherein 
the first electrode is a source electrode. 

10. The semiconductor device according to claim 1, 
wherein the first electrode is not covered with the second 
conductive layer. 

11. A semiconductor device comprising: 
a semiconductor layer provided over a Substrate; 
a first wiring which is connected to the semiconductor 

layer and includes a first electrode: 
an insulating film covering the semiconductor layer and the 

first electrode: 
a second wiring which is provided over the semiconductor 

layer with the insulating film interposed therebetween 
and includes a second electrode; and 

a third wiring, 
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wherein the first electrode includes a first conductive layer, 
wherein the first wiring includes the first conductive layer 

and a second conductive layer, 
wherein the second electrode includes a third conductive 

layer, 
wherein the second wiring includes the third conductive 

layer and a fourth conductive layer, 
wherein the third wiring includes a fifth conductive layer 

and a sixth conductive layer, and 
wherein each of the first conductive layer and the third 

conductive layer has a light-transmitting property. 
12. The semiconductor device according to claim 11, 

wherein electric conductivity of each of the second conduc 
tive layer and the fourth conductive layer is higher than elec 
tric conductivity of each of the first conductive layer and the 
third conductive layer. 

13. The semiconductor device according to claim 11, 
wherein each of the second conductive layer and the fourth 
conductive layer has a light-blocking property. 

14. The semiconductor device according to claim 11, 
wherein the second conductive layer is formed using a mate 
rial which is different from a material of the fourth conductive 
layer. 

15. The semiconductor device according to claim 11, 
wherein the second conductive layer is formed using a metal 
material, a metal compound, or an alloy containing one or 
more elements selected from aluminum, tungsten, titanium, 
tantalum, molybdenum, nickel, platinum, copper, gold, sil 
ver, manganese, neodymium, chromium, antimony, niobium, 
or cerium; or a nitride of the metal material. 

16. The semiconductor device according to claim 11, 
wherein the fourth conductive layer is formed using a metal 
material, a metal compound, or an alloy containing one or 
more elements selected from aluminum, tungsten, titanium, 
tantalum, molybdenum, nickel, platinum, copper, gold, sil 
ver, manganese, neodymium, chromium, antimony, niobium, 
or cerium; or a nitride of the metal material. 

17. The semiconductor device according to claim 11, 
wherein the semiconductor layer contains at least one of 
indium, gallium, and zinc. 

18. The semiconductor device according to claim 11, 
wherein the Substrate has an insulating Surface. 

19. The semiconductor device according to claim 11, 
wherein the first electrode is a source electrode. 
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20. The semiconductor device according to claim 11, 
wherein the first electrode is not covered with the second 
conductive layer. 

21. A method for manufacturing a semiconductor device, 
comprising the steps of 

forming a semiconductor layer over a Substrate; 
forming a first conductive film and a second conductive 

film over the semiconductor layer; 
forming a first conductive layer and a second conductive 

layer by etching the first conductive film and the second 
conductive film in a first etching step with the use of a 
first mask formed over the second conductive film; 

forming a second mask by ashing of the first mask: 
exposing part of the first conductive layer by etching the 

second conductive layer in a second etching step with 
the use of the second mask: 

forming an insulating film So as to cover the first conduc 
tive layer, the second conductive layer, and the semicon 
ductor layer; 

forming a third conductive film and a fourth conductive 
film over the insulating film; 

forming a third conductive layer and a fourth conductive 
layer by etching the third conductive film and the fourth 
conductive film in a third etching step with the use of a 
third mask formed over the fourth conductive film; 

forming a fourth mask by ashing of the third mask; and 
exposing part of the third conductive layer by etching the 

fourth conductive layer in a fourth etching step with the 
use of the fourth mask, 

wherein each of the first conductive layer and the third 
conductive layer is formed using a light-transmitting 
material. 

22. The method for manufacturing a semiconductor device, 
according to claim 21, wherein each of the second conductive 
layer and the fourth conductive layer is formed using a mate 
rial having higher electric conductivity than amaterial of each 
of the first conductive layer and the third conductive layer. 

23. The method for manufacturing a semiconductor device, 
according to claim 21, wherein each of the second conductive 
layer and the fourth conductive layer has a light-blocking 
property. 

24. The semiconductor device according to claim 21, 
wherein the Substrate has an insulating Surface. 

25. The semiconductor device according to claim 21, 
wherein the first conductive layer includes a source electrode. 

c c c c c 


