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DISPLAY DEVICE AND DRIVING METHOD OF 
DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention relates to a display device 
and a driving method thereof. In particular, the present 
invention relates to a display device to which an area gray 
scale method is applied and a driving method thereof. 
0003 2. Description of the Related Art 
0004. In recent years, a so-called self-luminous type 
display device having a pixel that is formed of a light 
emitting element Such as a light-emitting diode (LED) has 
been attracting attention. As a light-emitting element used 
for Such a self-luminous type display device, an organic 
light-emitting diode (OLED) (also called an organic EL 
element, an electro luminescence: EL element, and the like) 
has been drawing attention and used for an EL display (for 
example, an organic EL display or the like). Since a light 
emitting element such as an OLED is a self-luminous type, 
it has advantages such as higher visibility of pixels than that 
of a liquid crystal display, and fast response without requir 
ing a backlight. The luminance of a light-emitting element is 
controlled by a current value flowing through the light 
emitting element. 

1. Field of the Invention 

0005. As a driving method for controlling a light-emitting 
gray scale of Such a display device, there are a digital gray 
scale method and an analog gray Scale method. In accor 
dance with the digital gray scale method, a light-emitting 
element is turned on/offin a digital manner to express a gray 
scale. Meanwhile, the analog gray Scale method includes a 
method for controlling the light-emitting intensity of a 
light-emitting element in an analog manner and a method for 
controlling the light-emitting time of a light-emitting ele 
ment in an analog manner. 
0006. In the case of the digital gray scale method, there 
are only two states: a light-emitting state and a non-light 
emitting state. Therefore, only two gray scales can be 
expressed if nothing is done. Accordingly, another method is 
used in combination to achieve multiple gray scales. An area 
gray Scale method and a time gray scale method are often 
used as a method for multiple gray Scales. 
0007. The area gray scale method is a method for 
expressing a gray scale by controlling an area of a lighting 
portion. In other words, gray Scale display is performed by 
dividing one pixel into a plurality of Sub-pixels and con 
trolling the number or area of lighting Sub-pixels (for 
example, see Reference 1: Japanese Patent Application 
Laid-Open No. H11-73158 and Reference 2: Japanese 
Patent Application Laid-Open No. 2001-125526). The num 
ber of the sub-pixels cannot be increased; therefore, it is 
difficult to realize high definition and multiple gray scales. 
This can be given as a disadvantage of the area gray scale 
method. 

0008. The time gray scale method is a method for 
expressing a gray scale by controlling the length of a 
light-emitting period or the frequency of light emission. In 
other words, one frame is divided into a plurality of sub 
frames, each of which is weighted with respect to the 
number of light emissions and a light-emitting period, and 
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then the total weight (the sum of the frequency of light 
emission and the sum of the light-emitting time) is differ 
entiated for each gray scale, thereby expressing a gray scale. 
It is known that display failure such as a pseudo contour (or 
a false contour) may occur when such a time gray scale 
method is used and a measures against the failure is con 
sidered (for example, see Reference 3: Patent Publication 
No. 2903984, Reference 4: Patent Publication No. 3075335, 
Reference 5: Patent Publication No. 2639311, Reference 6: 
Patent Publication No. 3322809, Reference 7: Japanese 
Patent Application Laid-Open No. H10-307561, Reference 
8: Patent Publication No. 3585369, and Reference 9: Patent 
Publication No. 3489884). 
0009. Although various methods for reducing pseudo 
contour have been conventionally suggested, a Sufficient 
effect for reducing pseudo contour has not been obtained yet 
and further improvement has been urged. 
0010 For example, it is found that a pseudo contour 
cannot always be prevented by focusing attention on certain 
two pixels in accordance with a halftone display method in 
Reference 4. As a specific example, it is assumed that a gray 
scale level of 127 is expressed in a pixel A and a gray scale 
level of 128 is expressed in a pixel B adjacent to the pixel 
A. A light-emitting state and a non-light-emitting state in 
each sub-frame of this case are shown in FIGS. 64A to 64B. 
For example, FIG. 64A shows a case where one sees only the 
pixel A or the pixel B without turning one's eyes away. A 
pseudo contour is not caused in this case. This is because the 
Sum is taken with respect to the luminance of the place 
where one’s eyes pass; therefore, one’s eyes sense the 
luminance. Thus, eyes sense the gray Scale level of the pixel 
A to be 127 (=1+2+4+8+16+32+32+32), and eyes sense the 
gray scale level of the pixel B to be 128 (=32+32+32+32). 
In other words, eyes sense an accurate gray scale. 
0011. On the other hand, FIG. 64B shows a case where 
eyes move from the pixel A to the pixel B or from the pixel 
B to the pixel A. In this case, eyes sometimes sense the gray 
scale level to be 96 (=32+32+32), and sometimes sense the 
gray scale level to be 159 (=1+2+4+8+16+32+32+32+32) in 
accordance with eyes' movement. Although the eyes are 
expected to sense the gray scale levels to be 127 and 128, 
they sense the gray scale levels to be 96 or 159. Conse 
quently, a pseudo contour is caused. 

0012 FIGS. 64A to 64B show a case of 8-bit gray scales 
(256 gray scales). Next, FIG. 65 shows a case of 4-bit gray 
scales (16 gray Scales). In this case also, eyes sometimes 
sense the gray scale level to be 4 (=4), and sometimes sense 
the gray scale level to be 11 (= 1+2+4+4) in accordance with 
eyes' movement. Although the eyes are expected to sense 
gray scale levels to be 7 and 8, they sense the gray scale 
levels to be 4 or 11. Consequently, a pseudo contour is 
caused. 

SUMMARY OF THE INVENTION 

0013 In view of such problems, it is an object of the 
present invention to provide a display device composed of 
few Sub-frames and that can reduce a pseudo contour, where 
multiple gray scales are possible as well, and a driving 
method using the display device. 
0014. According to one aspect of the present invention, a 
method for driving a display device, where a pixel including 
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m (m is an integer number of me2) Sub-pixels provided 
with a light-emitting element is arranged in a plurality of 
pieces, includes the steps of having an area ratio of the m 
sub-pixels 2:2:2: ...:2":2":2"'; dividing one frame 
into n (n is an integer number of n22) Sub-frames in each 
of the m Sub-pixels; and having a ratio in a length of a 
lighting period of the n sub-frames 2:2":22: . . . .2" 
3)n:2"":2"'", where a gray scale of the pixel is 
expressed by controlling the Sum of a lighting period of the 
Sub-frame when the m Sub-pixels are in a lighting state, in 
each of the n sub-frames. 

0015. Here, it is also possible to select dividing at least 
one sub-frame of then sub-frames into two sub-frames each 
having a lighting period that is half the length of the 
sub-frame. In addition, the sub-frame further dividing the 
lighting period may be a Sub-frame having a longest lighting 
period in then sub-frames. Moreover, then sub-frames may 
be arranged in an ascending order or a descending order. 

0016. According to the present invention, a kind of 
transistor that can be applied is not limited. Therefore, a thin 
film transistor (TFT) using a non-single crystalline semi 
conductor film typified by amorphous silicon or polycrys 
talline silicon, a MOS transistor which is formed using a 
semiconductor Substrate or an SOI substrate, a junction 
transistor, a bipolar transistor, a transistor using an organic 
semiconductor or a carbon nanotube, a transistor using a 
compound semiconductor Such as ZnO, a-InGaZnO, SiGe. 
or GaAs, or other transistors can be applied. In addition, a 
kind of substrate where a transistor is disposed is not limited; 
therefore, a transistor can be disposed over a single-crystal 
line Substrate, an SOI substrate, a glass Substrate, or a plastic 
substrate. 

0017. In this specification, “being connected' is synony 
mous with being electrically connected. Therefore, in a 
structure disclosed by the present invention, in addition to a 
predetermined connection relation, other elements that 
enable electrical connection therebetween (for example, 
another element or Switch) may also be disposed. 

0018 Note that, as for a switch shown in the present 
invention, Switches of various modes can be used. As an 
example, there is an electrical Switch, a mechanical Switch, 
or the like. In other words, the switches are not particularly 
limited as long as current flow can be controlled and various 
Switches can be used. For example, the Switches may be a 
transistor, a diode (a PN diode, a PIN diode, a Schottky 
diode, a transistor connected as a diode, or the like) or a logic 
circuit that is a combination thereof. Thus, in a case of using 
a transistor as the Switch, the transistor operates as a mere 
switch; therefore, the polarity (conductivity type) of the 
transistor is not particularly limited. However, in a case 
where lower off-current is desired, it is desirable to use a 
transistor having a polarity with lower off-current. As the 
transistor with low off-current, a transistor provided with an 
LDD region, a transistor having a multi-gate structure, or the 
like can be used. In addition, it is desirable to use an 
N-channel transistor when a transistor to be operated as a 
Switch operates in a state where potential of a source 
terminal thereof is close to a lower potential side power 
supply (such as Vss, GND, or 0 V), whereas it is desirable 
to use a P-channel transistor when a transistor operates in a 
state where potential of a source terminal thereof is close to 
a higher potential side power Supply (such as Vdd). This is 
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because the absolute value of a gate-source Voltage can be 
increased, and the transistor easily operates as a Switch. Note 
that the switch may be of a CMOS type using both the 
N-channel transistor and the P-channel transistor. When the 
CMOS-type switch is employed, voltage outputted through 
the switch (that is, voltage inputted into the switch) may be 
high or low with respect to the outputted voltage and the 
Switch can be operated appropriately even when the situa 
tion is changed. 
0019. Note that, according to the present invention, a 
semiconductor device refers to a device having a circuit 
including a semiconductor element (a transistor, a diode, or 
the like). In addition, a semiconductor device may also refer 
to devices in general that can function by utilizing semicon 
ductor characteristics. Moreover, a display device refers to a 
device having a display element (a liquid crystal element, a 
light-emitting element, or the like). Note that a display 
device may also refer to a display panel body where a 
plurality of pixels, including a display element Such as a 
liquid crystal element or an EL element, or a peripheral 
driver circuit for driving these pixels is formed over a 
Substrate. Further, a display device may also include one 
with a flexible printed circuit (FPC) or a printed wiring 
board (PWB). 
0020 Note that, in this specification, a gate refers to the 
whole of a gate electrode and a gate wiring (also referred to 
as a gate line, a gate signal line, or the like), or part thereof. 
The gate electrode refers to a semiconductor to form a 
channel region, an LDD (Lightly Doped Drain) region, or 
the like, and a portion of a conductive film which is 
overlapped through a gate insulating film. The gate wiring 
refers to a wiring to connect between gate electrodes of each 
pixel or to connect to a wiring different from the gate 
electrode. 

0021 However, there is a portion that serves as a gate 
electrode and a gate wiring. Such a region may be referred 
to as a gate electrode or a gate wiring. In other words, there 
is a region where a gate electrode and a gate wiring cannot 
be distinguished apparently. For example, when there is a 
channel region to overlap with a gate wiring that is arranged 
by being extended, the region serves as a gate wiring as well 
as a gate electrode. Thus, such a region may be referred to 
as a gate electrode or a gate wiring. 

0022. In addition, a region formed from the same mate 
rial as the gate electrode and connected to the gate electrode 
may also be referred to as a gate electrode. In the same 
manner, a region formed from the same material as the gate 
wiring and connected to the gate wiring may also be referred 
to as a gate wiring. In Such a region, in a strict sense, there 
is a case where the region is not overlapped with a channel 
region or a function to connect to another gate electrode is 
lacked. However, with relation to a manufacturing margin or 
the like, there is a region formed from the same material as 
the gate electrode or the gate wiring and connected to the 
gate electrode or the gate wiring. Thus, Such a region may 
also be referred to as a gate electrode or a gate wiring. 
0023 Moreover, for example, a gate electrode of one 
transistor and a gate electrode of another transistor in a 
multi-gate transistor are connected to a conductive film 
formed from the same material as the gate electrode in many 
cases. Since Such a region is a region to connect the gate 
electrode and the gate electrode to each other, the region 
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may also be referred to as a gate wiring; however, since the 
multi-gate transistor can be regarded as one transistor, the 
multi-gate transistor may also be referred to as a gate 
electrode. In other words, those formed from the same 
material as the gate electrode or the gate wiring and arranged 
by being connected thereto may also be referred to as a gate 
electrode or a gate wiring. Further, for example, a portion of 
a conductive film which is connected to the gate electrode or 
the gate wiring may also be referred to as a gate electrode or 
a gate wiring. 
0024 Note that a gate terminal refers to part of a region 
of a gate electrode or a region electrically connected to the 
gate electrode. 
0.025 Note that a source refers to the whole of a source 
region, a source electrode, and a source wiring (also referred 
to as a source line, a source signal line, or the like), or part 
thereof. The source region refers to a semiconductor region 
where a P-type impurity (boron or gallium) or an N-type 
impurity (phosphorus or arsenic) is contained much. There 
fore, the source region does not include a region where a 
P-type impurity or an N-type impurity is slightly contained, 
that is, a so-called an LDD (Lightly Doped Drain) region. 
The source electrode is formed from a material different 
from the source region, which refers to a portion of a 
conductive layer which is arranged by being electrically 
connected to the source region. However, the source elec 
trode may include the source region to be referred to as a 
Source electrode. The Source wiring refers to a wiring to 
connect between source electrodes of each pixel or to 
connect a wiring different from the source electrode. 
0026. However, there is a portion that serves as a source 
electrode and a source wiring. Such a region may be referred 
to as a source electrode or a source wiring. In other words, 
there is a region where a source electrode and a source 
wiring cannot be distinguished apparently. For example, 
when there is a source region to overlap with a source wiring 
that is arranged by being extended, the region serves as a 
Source wiring as well as a source electrode. Thus, such a 
region may be referred to as a source electrode or a source 
wiring. 
0027. In addition, a region formed from the same mate 
rial as the Source electrode and connected to the Source 
electrode or a portion to connect a source electrode and a 
source electrode to each other may also be referred to as a 
Source electrode. In addition, a portion overlapped with a 
Source region may also be referred to as a source electrode. 
In the same manner, a region formed from the same material 
as the source wiring and connected to the source wiring may 
also be referred to as a source wiring. In Such a region, in a 
strict sense, there is a case where a function to connect to 
another gate electrode is lacked. However, with relation to a 
manufacturing margin or the like, there is a region formed 
from the same material as the source electrode or the Source 
wiring and connected to the Source electrode or a source 
wiring. Thus, Such a region may also be referred to as a 
Source electrode or a source wiring. 
0028 Moreover, for example, a portion of a conductive 
film where the source electrode and the source wiring are 
connected may also referred to as a source wiring. 
0029 Note that a source terminal refers to part of a source 
region, a source electrode, or a region electrically connected 
to the source electrode. 
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0030 Note that a drain is the same as the source. 
0031. Note that it is structurally difficult to distinguish 
between a source and a drain of a transistor. Further, there is 
also a case where potential levels may be interchanged 
depending on a circuit operation. Therefore, in this specifi 
cation, the source and the drain are not specified in particu 
lar, which are referred to as a first electrode and a second 
electrode. For example, when the first electrode is a source, 
the second electrode refers to a drain, whereas, when the first 
electrode is a drain, the second electrode refers to a source. 
0032. Note that, according to the present invention, the 
description of “being formed over a certain object” does not 
necessarily refer to “being in direct contact with the certain 
object.” This includes a case where there is no direct contact, 
that is, a case where another object is sandwiched therebe 
tween. Therefore, for example, a case where a layer B is 
formed over a layer A includes a case where the layer B is 
formed on the layer A to be in direct contact therewith and 
a case where another layer (for example, a layer C, a layer 
D, or the like) is formed on the layer A to be in direct contact 
therewith and the layer B is formed thereon to be in direct 
contact therewith. In addition, the same can also be said for 
the description of “above a certain object,” which does not 
necessarily refer to “being in direct contact with the certain 
object,” and a case where another object is sandwiched 
therebetween is included. Therefore, for example, a case 
where a layer B is formed above a layer A includes a case 
where the layer B is formed on the layer A to be in direct 
contact therewith and a case where another layer (for 
example, a layer C, a layer D, or the like) is formed on the 
layer A to be in direct contact therewith and the layer B is 
formed thereon to be in direct contact therewith. Note that 
the same can also be said for the description of “under a 
certain object' or “below a certain object,” which includes 
a case where there is direct contact and there is no direct 
COntact. 

0033. Note that, according to the present invention, one 
pixel shows one color element. Therefore, in a case of a 
color display device including color elements of R (red), G 
(green), and B (blue), a minimum unit of an image includes 
three pixels of R, G, and B. Note that the color element is 
not limited to three colors and three or more colors may be 
used, or a color other than RGB may also be used. For 
example, RGBW may be employed by adding white (W). In 
addition, RGB may be added with one or more of yellow, 
cyan, magenta, and the like, for example. Moreover, for 
example, as for at least one color of RGB, a similar color 
may be added. For example, R, G, B1, and B2 may be used. 
Both B1 and B2 are blue but have a different wavelength. By 
using Such a color element, it is possible to perform display 
that is much similar to the real and to reduce power 
consumption. 
0034) Note that, according to the present invention, a 
pixel includes a case where pixels are arranged in matrix. 
Herein, pixels are arranged in matrix” includes a case of a 
so-called lattice arrangement in which a perpendicular stripe 
and a horizontal stripe are combined with each other, a case 
where dots of three color elements have a so-called delta 
arrangement when full color display is performed using 
three color elements (for example, R, G, and B), and further 
a case of Bayer arrangement. 
0035. Note that, in this specification, a light-emitting 
element will be explained by giving an organic EL element 
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as an example. However, the content of the present invention 
can also be applied to other than a display device using an 
organic EL element. For example, the present invention can 
be applied to a display device using a display medium in 
which contrast varies by an electromagnetic action, Such as 
an EL element (Such as an organic EL element, an inorganic 
EL element, or an EL element containing an organic material 
and an inorganic material), an electron-emitting element, a 
liquid crystal element, electronic ink, a grating light valve 
(GLV), a plasma display (PDP), a digital micromirror device 
(DMD), a piezoelectric element, or a carbon nanotube. Note 
that an EL display is used as a display device using the EL 
element, a field emission display (FED), an SED (Surface 
conduction Electron-emitter Display) type flat display, or the 
like is used as a display device using the electron-emitting 
element, a liquid crystal display, a transmissive liquid crystal 
display, a semi-transmissive liquid crystal display, or a 
reflective liquid crystal display is used as a display device 
using the liquid crystal element, and an electronic paper is 
used as a display device using the electronic ink. 
0036). According to the present invention, it is possible to 
reduce a pseudo contour and to perform multiple gray scales 
as well by combining an area gray Scale method and a time 
gray Scale method. Therefore, it becomes possible to 
improve display quality and to view a clear image. In 
addition, it is possible to improve a duty ratio (a ratio of a 
lighting period per one frame), and Voltage applied to a 
light-emitting element is reduced. Thus, power consumption 
can be reduced, and deterioration of the light-emitting 
element can be suppressed. 

BRIEF DESCRIPTION OF DRAWINGS 

0037. In the accompanying drawings: 
0038 FIG. 1 is a view showing one example of a selec 
tion method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0.039 FIG. 2 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0040 FIG. 3 is a view showing one example of a selec 
tion method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0041 FIG. 4 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0.042 FIG. 5 is a view showing one example of a selec 
tion method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0.043 FIG. 6 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0044 FIG. 7 is a view showing one example of a selec 
tion method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0045 FIG. 8 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0046 FIG. 9 is a view showing one example of a selec 
tion method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
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0047 FIG. 10 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0048 FIG. 11 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0049 FIG. 12 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0050 FIG. 13 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0051 FIG. 14 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0052 FIG. 15 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0053 FIG. 16 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0054 FIG. 17 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 

0.055 FIG. 18 is a view showing a cause that a pseudo 
contour is decreased in a driving method according to the 
present invention; 
0056 FIG. 19 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0057 FIG. 20 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel in a case of 
performing gamma correction by a driving method accord 
ing to the present invention; 
0058 FIGS. 21A and 21B are graphs each showing a 
relation between a gray scale level and a luminance in a case 
of performing gamma correction by a driving method 
according to the present invention; 

0059 FIG. 22 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel in a case of 
performing gamma correction by a driving method accord 
ing to the present invention; 
0060 FIGS. 23A and 23B are graphs each showing a 
relation between a gray scale level and a luminance in a case 
of performing gamma correction by a driving method 
according to the present invention; 
0061 FIG. 24 is a diagram showing one example of a 
timing chart in a case where a period where signal is written 
to a pixel and a lighting period are separated; 

0062 FIG. 25 is a diagram showing one example of a 
pixel configuration in a case where a period where signal is 
written to a pixel and a lighting period are separated; 
0063 FIG. 26 is a diagram showing one example of a 
pixel configuration in a case where a period where signal is 
written to a pixel and a lighting period are separated; 
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0064 FIG. 27 is a diagram showing one example of a 
pixel configuration in a case where a period where signal is 
written to a pixel and a lighting period are separated; 

0065 FIG. 28 is a diagram showing one example of a 
timing chart in a case where a period where signal is written 
to a pixel and a lighting period are separated; 

0.066 FIG. 29 is a diagram showing one example of a 
pixel configuration in a case where a period where signal is 
written to a pixel and a lighting period are separated; 

0067 FIG. 30 is a diagram showing one example of a 
timing chart for selecting two rows in one gate selection 
period; 

0068 FIG. 31 is a diagram showing one example of a 
timing chart in a case where signals in pixels are erased; 

0069 FIG. 32 is a diagram showing one example of a 
pixel configuration in a case where signals in pixels are 
erased; 

0070 FIG. 33 is a diagram showing one example of a 
pixel configuration in a case where signals in pixels are 
erased; 

0071 FIG. 34 is a diagram showing one example of a 
pixel configuration in a case where signals in pixels are 
erased; 

0072 FIG. 35 is a diagram showing one example of a 
pixel portion layout of a display device using a driving 
method according to the present invention; 

0.073 FIG. 36 is a diagram showing one example of a 
pixel portion layout of a display device using a driving 
method according to the present invention; 

0074 FIG. 37 is a diagram showing one example of a 
pixel portion layout of a display device using a driving 
method according to the present invention; 

0075 FIG. 38 is a diagram showing one example of a 
pixel portion layout of a display device using a driving 
method according to the present invention; 

0.076 FIG. 39 is a diagram showing one example of a 
pixel portion layout of a display device using a driving 
method according to the present invention; 

0.077 FIGS. 40A to 40C are diagrams each showing one 
example of a display device using a driving method accord 
ing to the present invention; 

0078 FIG. 41 is a diagram showing one example of a 
display device using a driving method according to the 
present invention; 

0079 FIG. 42 is a diagram showing one example of a 
display device using a driving method according to the 
present invention; 

0080 FIGS. 43A and 43B are views each showing a 
cross-sectional structure of a transistor used for a display 
device according to the present invention; 

0081 FIGS. 44A and 44B are views each showing a 
cross-sectional structure of a transistor used for a display 
device according to the present invention; 
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0082 FIGS. 45A and 45B are views each showing a 
cross-sectional structure of a transistor used for a display 
device according to the present invention; 

0.083 FIGS. 46A to 46C are views each showing a 
structure of a transistor used for a display device according 
to the present invention; 

0084 FIGS. 47A to 47D are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0085 FIGS. 48A to 48C are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0.086 FIGS. 49A to 49D are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0087 FIGS. 50A to 50D are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0088 FIGS. 51A to 51D are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0089 FIGS. 52A and 52B are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0090 FIGS. 53A and 53B are views explaining a manu 
facturing method of a transistor used for a display device 
according to the present invention; 

0091 FIG. 54 is a view showing a cross-sectional struc 
ture of a transistor used for a display device according to the 
present invention; 

0092 FIGS. 55A to 55E are each a top view of a 
transistor used for a display device according to the present 
invention; 

0093 FIGS. 56A and 56B are views each showing one 
example of a mask pattern of a transistor used for a display 
device according to the present invention; 

0094 FIGS. 57A and 57B are views each showing one 
example of a mask pattern of a transistor used for a display 
device according to the present invention; 

0.095 FIGS. 58A and 58B are views each showing one 
example of a mask pattern of a transistor used for a display 
device according to the present invention; 
0096 FIG. 59 is a diagram showing one example of 
hardware for controlling a driving method according to the 
present invention; 

0097 FIG. 60 is a view showing one example of an EL 
module using a driving method according to the present 
invention; 

0098 FIG. 61 is a view showing a structure example of 
a display panel using a driving method according to the 
present invention; 

0099 FIG. 62 is a diagram showing one example of an 
EL television receiver using a driving method according to 
the present invention; 
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0100 FIGS. 63 A to 63H are views each showing one 
example of an electronic device to which a driving method 
according to the present invention is applied; 

0101 FIGS. 64A and 64B are diagrams each showing a 
cause that a pseudo contour is caused in a conventional 
driving method; 
0102 FIG. 65 is a diagram showing a cause that a pseudo 
contour is caused in a conventional driving method; 
0103 FIG. 66 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0104 FIG. 67 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 
0105 FIG. 68 is a view showing one example of a 
selection method of a Sub-frame and a sub-pixel by a driving 
method according to the present invention; 

0106 FIG. 69 is a view showing a structure of an 
evaporation apparatus for forming an EL layer, 

0107 FIG. 70 is a view showing a structure of an 
evaporation apparatus for forming an EL layer, and 

0108 FIG. 71 is a diagram showing a structure example 
of a display panel using a driving method according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0109 Embodiment modes of the present invention will 
be explained below with reference to the drawings. How 
ever, it is to be easily understood that various changes and 
modifications will be apparent to those skilled in the art. 
Therefore, unless such changes and modifications depart 
from the scope of the present invention, they should be 
construed as being included therein. 

(Embodiment Mode 1) 
0110. This embodiment mode will explain an example of 
applying a driving method of the present invention to a case 
of 4-bit display (16 gray scales) and a case of 6-bit display 
(64 gray scales). 

0111. The driving method of this embodiment mode is 
combined with an area gray Scale method by which gray 
scale display is performed by dividing one pixel into a 
plurality of Sub-pixels and controlling the number or area of 
lighting Sub-pixels and a time gray scale method by which 
gray scale display is performed by dividing one frame into 
a plurality of sub-frames, each of which is weighted with 
respect to the nimber of light emissions and a light-emitting 
period, and then the total weight is differentiated for each 
gray scale. In other words, one pixel is divided into m (m is 
an integer number of me2) of Sub-pixels to have an area 
ratio of the m sub-pixels 2:2:2:... :2":2":2". In 
addition, one frame is divided into n (n is an integer number 
of n22) of Sub-frames to have a ratio in a length of a lighting 
period of the n sub-frames 2:2":2°": . . . 2(n-3)m;2. 
2)n:21. Then, gray scale is expressed by controlling a 
manner of lighting in each of them Sub-pixels in each of the 
in Sub-frames. 
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0112 First, a case of 4-bit gray scales (16 gray scales) is 
considered. Initially, a display method of each gray scale, 
that is, how each Sub-pixel is lightedin each Sub-frame 
corresponded a gray scale will be explained. This embodi 
ment mode will be explained by giving, as an example, a 
case where one pixel is divided into two sub-pixels (SP1 and 
SP2) so that an area ratio of each sub-pixel becomes 1:2 and 
one frame is divided into two sub-frames (SF1 and SF2) so 
that a ratio of a lighting period in each Sub-frame becomes 
1:4. Note that m corresponds to 2 and n corresponds to 2 in 
this example. 
0113. Here, FIG. 1 shows a display method of each gray 
scale in a case where the sub-pixels respectively have the 
following area: SP1=1 and SP2=2, and the sub-frames 
respectively have the following lighting periods: SF1=1 and 
SF2=4. Note that, as a way to see FIG. 1, FIG. 1 shows that 
the Sub-pixels, which are lighted in each Sub-frame, are 
indicated by o marks whereas the sub-pixels, which are not 
lighted in each Sub-frame, are indicated by x marks. 
0114. In this embodiment mode, it is considered that a 
product of an area of each Sub-pixel and a lighting period of 
each Sub-frame is Substantial light-emitting intensity. For 
example, in a case where only the sub-pixel 1 (SP1) is 
lighted in the sub-frame 1 (SF1), the area of the sub-pixel 1 
is 1; therefore, the light-emitting intensity becomes 1. In 
addition, in a case where only the sub-pixel 2 (SP2) is 
lighted, the area of the sub-pixel 2 is 2: therefore, the 
light-emitting intensity becomes 2. On the other hand, in a 
case where only the sub-pixel 1 is lighted in the sub-frame 
2 (SF2), the area of the sub-pixel 1 is 1; however, the 
lighting period of the Sub-frame 2 is four times as long as 
that of the sub-frame 1: therefore, the light-emitting inten 
sity becomes 4. In addition, in a case where only the 
sub-pixel 2 is lighted, the area of the sub-pixel 2 is 2: 
however, the lighting period of the sub-frame 2 is four times 
as long as that of the sub-frame 1: therefore, the light 
emitting intensity becomes 8. Accordingly, with a combi 
nation of an area of the Sub-pixels and a lighting period of 
the Sub-frames, different light-emitting intensity can be 
made, with which the gray Scale is displayed. 
0115 For example, in a case of displaying a gray scale 
level of 1, the sub-pixel 1 is lighted in the sub-frame 1. In 
a case of displaying a gray scale level of 2, the Sub-pixel 2 
is lighted in the Sub-frame 1. In a case of displaying a gray 
scale level of 3, the sub-pixels 1 and 2 are lighted in the 
Sub-frame 1. In a case of displaying a gray scale level of 6. 
the sub-pixel 2 is lighted in the sub-frame 1 and the 
sub-pixel 1 is lighted in the sub-frame 2. Each sub-pixel that 
is lighted in each sub-frame is selected as well as for the 
other gray scale levels. 
0116. As described above, it is possible to display the 
4-bit gray Scales (16 gray scales) by selecting the Sub-pixel 
that is lighted in each Sub-frame. 
0.117) With the driving method of this embodiment mode, 
pseudo contour can be reduced. For example, it is assumed 
that a gray-scale level of 7 is displayed in a pixel A while a 
gray-scale level of 8 is displayed in a pixel B in FIG. 2, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 8 (=8) or 10 (=2+8) sometimes, depending on the 
movement of the sight line. It is proved that the gray scale 
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levels, which are originally supposed to be perceived as 7 
and 8, are perceived as 8 or 10, which causes pseudo 
contour. However, a gray scale gap is reduced compared 
with a conventional driving method; thus, pseudo contour is 
reduced. 

0118 Note that a length of a lighting period in each 
Sub-frame is assumed as 1 and 4; however, the present 
invention is not limited thereto. In addition, the division 
number of the sub-frames is assumed as 2; however, the 
present invention is not limited thereto. 
0119 For example, generally, at least one of the n sub 
frames may be further divided into two sub-frames each 
having a lighting period that is half of a lighting period of the 
sub-frame. In particular, as a sub-frame that further divides 
a lighting period, a Sub-frame having the longest lighting 
period among the n of the Sub-frames may be selected. 
0120 In other words, in the case of 4-bit gray scales (16 
gray scales), the Sub-frame 2 having the longest lighting 
period 4 in FIG. 1 may be divided into two sub-frames each 
having the lighting period 2 which is half of the lighting 
period 4. Thus, FIG. 3 shows an example that one pixel is 
divided into two sub-pixels (SP1 and SP2) so that an area 
ratio of each sub-pixel becomes 1:2 and one frame is divided 
into three sub-frames (SF1, SF2, and SF3) so that a ratio of 
a lighting period in each Sub-frame becomes 1:2. Here, the 
sub-pixels respectively have the following area: SP1 = 1 and 
SP2=2, and the sub-frames respectively have the following 
lighting periods: SF1=1, SF2=2, and SF3=2. 
0121. In FIG. 3, in a case where only the sub-pixel 1 
(SPI) is lighted in the sub-frame 1 (SF1), the area of the 
sub-pixel 1 is 1; therefore, the light-emitting intensity 
becomes 1. In addition, in a case where only the Sub-pixel 
2 (SP2) is lighted, the area of the sub-pixel 2 is 2; therefore, 
the light-emitting intensity becomes 2. On the other hand, in 
a case where only the sub-pixel 1 is lighted in the sub-frames 
2 (SF2) and 3 (SF3), the area of the sub-pixel 1 is 1: 
however, the lighting periods of the sub-frames 2 and 3 
(SF3) are twice that of the sub-frame 1: therefore, the 
light-emitting intensity becomes 2. In addition, in a case 
where only the sub-pixel 2 is lighted, the area of the 
sub-pixel 2 is 2; however, the lighting periods of the 
sub-frames 2 and 3 (SF3) are twice that of the sub-frame 1: 
therefore, the light-emitting intensity becomes 4. Accord 
ingly, with a combination of an area of the Sub-pixels and a 
lighting period of the Sub-frames, different light-emitting 
intensity can be made, with which the 4-bit gray scales (16 
gray scales) are expressed. 
0122) With the driving method as in FIG. 3, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 7 is displayed in a pixel A while a 
gray-scale level of 8 is displayed in a pixel B in FIG. 4. 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 6 (=4+2) or 7 (=1+2+4) Sometimes, depending on the 
movement of the sight line. It is proved that the gray scale 
levels, which are originally supposed to be perceived as 7 
and 8, are perceived as 6 or 7, which causes pseudo contour. 
However, a small gray scale gap is reduced compared with 
a conventional driving method; thus, pseudo contour is 
reduced. 

0123. By reducing a length of a lighting period of each 
Sub-frame or increasing the division number of each Sub 
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frame, in this manner, human eyes will be subjected to tricks 
as if a gray scale gap, in a case where the sight line moves, 
is reduced. Therefore, this has a profound effect on reducing 
pseudo contour. Note that the sub-frame where a lighting 
period is further divided is not limited to a sub-frame having 
the longest lighting period. However, in particular, it is 
desirable to further divide the sub-frame having the longest 
lighting period into two Sub-frames each having a lighting 
period which is half of the lighting period because this has 
a profound effect on reducing pseudo contour. 
0.124 Note that, by reducing a length of a lighting period 
of each Sub-frame or increasing the division number of each 
Sub-frame, a selection method of a Sub-pixel in each Sub 
frame for displaying the same gray scale level is increased. 
Therefore, the selection method of each sub-pixel in each 
sub-frame is not limited thereto. For example, in a case of 
displaying a gray scale level of 8, in FIG. 3, the sub-pixel 2 
is lighted in the sub-frames 2 and 3; however, the sub-pixels 
1 and 2 may be lighted in the sub-frame 2 and the sub-pixel 
1 may be lighted in the sub-frame 3. This case is shown in 
FIG.S. 

0.125 Note that, with the driving method as in FIG. 5, 
pseudo contour can be reduced. For example, it is assumed 
that a gray-scale level of 7 is displayed in a pixel A while a 
gray-scale level of 8 is displayed in a pixel B in FIG. 6, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 7 (=1+2+2+2) or 8 (=4+2+2) sometimes, depending 
on the movement of the sight line. It is proved that the gray 
scale levels, which are originally supposed to be perceived 
as 7 and 8, are perceived precisely. Therefore, pseudo 
contour is reduced compared with a conventional driving 
method. 

0.126. Accordingly, it is possible to have a profound effect 
on reducing pseudo contour by selectively changing a selec 
tion method of a Sub-pixel in each Sub-frame for gray scale 
levels which are especially likely to cause pseudo contour. 
0127. Note that a sequential order of a lighting period in 
each sub-frame is not limited thereto. For example, in FIG. 
5, the sub-pixels respectively have the following lighting 
periods: SF1=1, SF2=2, and SF3=2; however, the following 
lighting periods may also be employed: SF1=2, SF2=1, and 
SF3=2; or SF1=2, SF2=2, and SF3=1. Note that it is 
desirable that the sequential order of the lighting period of 
each Sub-frame is an ascending order or a descending order 
of the lighting period. This is because it is possible to reduce 
a gray scale gap compared with a conventional method when 
the sight line moves and to reduce pseudo contour compared 
with a conventional method by having the lighting period of 
each Sub-frame an ascending order or a descending order. 
0.128 Note that the length of the lighting period is to be 
appropriately changed depending on total gray scale levels 
(the number of bits), the number of total sub-frames, or the 
like. Thus, there is a possibility that the length of periods that 
are actually lighting (for example, what us the length is) may 
be changed even when the lighting periods are the same, if 
total gray scale levels (the number of bits) or the number of 
Sub-frames is changed. 
0129. Note that a lighting period is to be used in a case 
of continuous lighting and lighting frequency is to be used 
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in a case where a Switch is turned on and off repeatedly in 
a certain period. A typical display using the lighting fre 
quency is a plasma display, and a typical display using the 
lighting period is an organic EL display. 

0130 Note that, although the number of sub-pixels is two 
in this embodiment mode, the present invention is not 
limited thereto. For example, one pixel may be divided into 
three Sub-pixels. In addition, although an area ratio of each 
sub-pixel is 1:2, the present invention is not limited thereto. 
For example, one pixel may be divided into sub-pixels with 
an area ratio of 1:4, 1:8, or 1:2:4. 

0131 For example, when an area ratio of each sub-pixel 
is 1:1, the same light-emitting intensity is obtained even 
when light emission of either Sub-pixel is made in the same 
Sub-frame. Therefore, in displaying the same gray scale 
level, light emission of which sub-pixel is to be made may 
be switched. Accordingly, it is possible to prevent light 
emission only in specific Sub-pixels by being gathered 
thereto and to prevent an image Sticking of a pixel. 
0132) Note that it is possible to display much more gray 
scales with a few sub-pixels and a few sub-frames by having 
an area ratio of m (m is an integer number of m22) of 
sub-pixels 2:2:2: . . . .2":2":2" and having a 
lighting period of n (n is an integer number of n22) of 
sub-frames 20:2n:22m: . . . .2(n-3)n:2(n2)n:2(nl)m. In addi 
tion, since a rate of changing the gray scale that can be 
displayed by this method is constant, it is possible to display 
a more smooth gray scale and to improve an image quality. 
0133) Next, a case of 6-bit gray scales (64 gray scales) is 
considered. This embodiment mode will be explained by 
giving, as an example, a case where one pixel is divided into 
two sub-pixels (SP1 and SP2) so that an area ratio of each 
sub-pixel becomes 1:2 and one frame is divided into three 
sub-frames (SF1, SF2, and SF3) so that a ratio of a lighting 
period in each sub-frame becomes 1:4:16. Note that m 
corresponds to 2 and n corresponds to 2 in this example. 

0134 Here, FIG. 7 shows a display method of each gray 
scale in a case where the sub-pixels respectively have the 
following area: SP1 = 1 and SP=2, and the sub-frames respec 
tively have the following lighting periods: SF1=1, SF2=4, 
and SF3=16. 

0135) In a case where only the sub-pixel 1 (SP1) is 
lighted in the sub-frame 1 (SF1), the area of the sub-pixel 1 
is 1; therefore, the light-emitting intensity becomes 1. In 
addition, in a case where only the sub-pixel 2 (SP2) is 
lighted, the area of the sub-pixel 2 is 2: therefore, the 
light-emitting intensity becomes 2. On the other hand, in a 
case where only the sub-pixel 1 is lighted in the sub-frame 
2 (SF2), the area of the sub-pixel 1 is 1; however, the 
lighting period of the Sub-frame 2 is four times as long as 
that of the sub-frame 1: therefore, the light-emitting inten 
sity becomes 4. In addition, in a case where only the 
sub-pixel 2 is lighted, the area of the sub-pixel 2 is 2: 
however, the lighting period of the sub-frame 2 is four times 
as long as that of the sub-frame 1: therefore, the light 
emitting intensity becomes 8. In the same manner, in a case 
where only the sub-pixel 1 is lighted in the sub-frame 3 
(SF3), the area of the sub-pixel 1 is 1; however, the lighting 
period of the sub-frame 3 is sixteen times as long as that of 
the sub-frame 1: therefore, the light-emitting intensity 
becomes 16. In addition, in a case where only the sub-pixel 
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2 is lighted, the area of the sub-pixel 2 is 2; however, the 
lighting period of the Sub-frame 3 is sixteen times as long as 
that of the sub-frame 1: therefore, the light-emitting inten 
sity becomes 32. Accordingly, with a combination of an area 
of the Sub-pixels and a lighting period of the Sub-frames, 
different light-emitting intensity can be made, with which 
the 6-bit gray scales (64 gray scales) are expressed. 

0.136. With the driving method according to the present 
invention, pseudo contour can be reduced. For example, it is 
assumed that a gray-scale level of 31 is displayed in a pixel 
A while a gray-scale level of 32 is displayed in a pixel B in 
FIG. 8, which shows the lighting/non-lighting States of each 
sub-pixel in each sub-frame of this case. Here, for example, 
if the sight line moves, human eyes perceive that the 
gray-scale level is 16 (=16) or 45 (= 1 +4+8+32) sometimes, 
depending on the movement of the sight line. It is proved 
that the gray scale levels, which are originally Supposed to 
be perceived as 31 and 32, are perceived as 16 or 45, which 
causes pseudo contour. However, a small gray Scale gap is 
reduced compared with a conventional driving method; thus, 
pseudo contour is reduced. 
0.137 Note that a length of a lighting period in each 
Sub-frame is assumed as 1, 4, and 16; however, the present 
invention is not limited thereto. In addition, the division 
number of the sub-frames is assumed as 3; however, the 
present invention is not limited thereto. 
0.138 For example, the sub-frame 3 having the longest 
lighting period 16 in FIG. 7 may be divided into two 
sub-frames each having the lighting period 8 which is half 
of the lighting period 16. Thus, FIG. 9 shows an example 
that one pixel is divided into two sub-pixels (SP1 and SP2) 
so that an area ratio of each Sub-pixel becomes 1:2 and one 
frame is divided into four sub-frames (SF1, SF2. SF3, and 
SF4) so that a ratio of a lighting period in each sub-frame 
becomes 1:4:8:8. Here, the sub-pixels respectively have the 
following area: SP1=1 and SP2=2, and the sub-frames 
respectively have the following lighting periods: SF1=1, 
SF2=4, SF3=8, and SF4=8. 

0.139. In FIG. 9, in a case where only the sub-pixel 1 
(SP1) is lighted in the sub-frame 1 (SF1), the area of the 
sub-pixel 1 is 1; therefore, the light-emitting intensity 
becomes 1. In addition, in a case where only the Sub-pixel 
2 (SP2) is lighted, the area of the sub-pixel 2 is 2; therefore, 
the light-emitting intensity becomes 2. On the other hand, in 
a case where only the sub-pixel 1 is lighted in the sub-frame 
2 (SF2), the area of the sub-pixel 1 is 1; however, the 
lighting period of the Sub-frame 2 is four times as long as 
that of the sub-frame 1: therefore, the light-emitting inten 
sity becomes 4. In addition, in a case where only the 
sub-pixel 2 is lighted, the area of the sub-pixel 2 is 2: 
however, the lighting period of the sub-frame 2 is four times 
as long as that of the sub-frame 1: therefore, the light 
emitting intensity becomes 8. In the same manner, in a case 
where only the sub-pixel 1 is lighted in the sub-frames 3 
(SF3) and 4 (SF4), the area of the sub-pixel 1 is 1; however, 
the lighting periods of the Sub-frames 3 and 4 are eight times 
as long as that of the sub-frame 1: therefore, the light 
emitting intensity becomes 8. In addition, in a case where 
only the sub-pixel 2 is lighted, the area of the sub-pixel 2 is 
2; however, the lighting periods of the sub-frames 3 and 4 
are eight times as long as that of the Sub-frame 1: therefore, 
the light-emitting intensity becomes 16. Accordingly, with a 
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combination of an area of the Sub-pixels and a lighting 
period of the sub-frames, different light-emitting intensity 
can be made, with which the 6-bit gray Scales (64 gray 
scales) are expressed. 

0140. With the driving method as in FIG. 9, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 31 is displayed in a pixel A while a 
gray-scale level of 32 is displayed in a pixel B in FIG. 10, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 24 (=16+8) or 29 (= 1 +4+8+16) sometimes, depend 
ing on the movement of the sight line. It is proved that the 
gray scale levels, which are originally supposed to be 
perceived as 31 and 32, are perceived as 24 or 29, which 
causes pseudo contour. However, a small gray scale gap is 
reduced compared with a conventional driving method; thus, 
pseudo contour is reduced. 
0141 By reducing a length of a lighting period of each 
Sub-frame or increasing the division number of each Sub 
frame, in this manner, human eyes will be subjected to tricks 
as if a gray scale gap, in a case where the sight line moves, 
is reduced. Therefore, this has a profound effect on reducing 
pseudo contour. Note that the sub-frame where a lighting 
period is further divided is not limited to a sub-frame having 
the longest lighting period. However, in particular, it is 
desirable to further divide the sub-frame having the longest 
lighting period into two sub-frames each having a lighting 
period which is half of the lighting period because this has 
a profound effect on reducing pseudo contour. 
0142. Note that, by reducing a length of a lighting period 
of each Sub-frame or increasing the division number of each 
Sub-frame, a selection method of a Sub-pixel in each Sub 
frame for displaying the same gray scale level is increased. 
Therefore, the selection method of each sub-pixel in each 
sub-frame is not limited thereto. For example, in a case of 
displaying a gray scale level of 32, in FIG. 9, the sub-pixel 
2 is lighted in the sub-frames 3 and 4; however, the sub 
pixels 1 and 2 may be lighted in the sub-frame 3 and the 
sub-pixel 1 may be lighted in the sub-frame 4. This case is 
shown in FIG. 11. 

0143 With the driving method as in FIG. 11, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 31 is displayed in a pixel A while a 
gray-scale level of 32 is displayed in a pixel B in FIG. 12, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 29 (=1 +4+8+8+8) or 32 (=16+8+8) sometimes, 
depending on the movement of the sight line. It is proved 
that the gray scale levels, which are originally supposed to 
be perceived as 31 and 32, are perceived as 29 or 32, which 
causes pseudo contour. However, a small gray scale gap is 
reduced compared with a conventional driving method; thus, 
pseudo contour is reduced. 
0144. Accordingly, it is possible to have a profound effect 
on reducing pseudo contour by selectively changing a selec 
tion method of a Sub-pixel in each Sub-frame for gray Scale 
levels which are especially likely to cause a pseudo contour. 
0145 Note that the number of sub-pixels is assumed as 2: 
however, the present invention is not limited thereto. In 
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addition, an area ratio of each Sub-pixel is assumed as 1:2: 
however, the present invention is not limited thereto. 
0146 For example, FIG. 13 shows an example that one 
pixel is divided into three sub-pixels (SP1, SP2, and SP3) so 
that an area ratio of each Sub-pixel becomes 1:2:4 and one 
frame is divided into two sub-frames (SF1 and SF2) so that 
a ratio of a lighting period in each Sub-frame becomes 1:8. 
Here, the sub-pixels respectively have the following area: 
SP1=1, SP=2, and SP3=4, and the sub-frames respectively 
have the following lighting periods: SF1=1, SF2=8. Note 
that m corresponds to 3 and n corresponds to 2 in this 
example. 
0.147. In FIG. 13, in a case where only the sub-pixel 1 
(SP1) is lighted in the sub-frame 1 (SF1), the area of the 
sub-pixel 1 is 1; therefore, the light-emitting intensity 
becomes 1. In addition, in a case where only the Sub-pixel 
2 (SP2) is lighted, the area of the sub-pixel 2 is 2; therefore, 
the light-emitting intensity becomes 2. Moreover, in a case 
where only the sub-pixel 3 (SP3) is lighted, the area of the 
sub-pixel 3 is 4; therefore, the light-emitting intensity 
becomes 4. On the other hand, in a case where only the 
sub-pixel 1 is lighted in the sub-frame 2 (SF2), the area of 
the sub-pixel 1 is 1; however, the lighting period of the 
Sub-frame 2 is eight times as long as that of the Sub-frame 
1; therefore, the light-emitting intensity becomes 8. In 
addition, in a case where only the Sub-pixel 2 is lighted, the 
area of the sub-pixel 2 is 2; however, the lighting period of 
the Sub-frame 2 is eight times as long as that of the 
sub-frame 1: therefore, the light-emitting intensity becomes 
16. Moreover, in a case where only the sub-pixel 3 is lighted, 
the area of the sub-pixel 3 is 4; however, the lighting period 
of the Sub-frame 2 is eight times as long as that of the 
Sub-frame 1; therefore, the light-emitting intensity becomes 
32. Accordingly, with a combination of an area of the 
Sub-pixels and a lighting period of the Sub-frames, different 
light-emitting intensity can be made, with which the 6-bit 
gray Scales (64 gray scales) are expressed. 
0.148 With the driving method as in FIG. 13, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 31 is displayed in a pixel A while a 
gray-scale level of 32 is displayed in a pixel B in FIG. 14, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 16 (=16) or 36 (=4+32) sometimes, depending on the 
movement of the sight line. It is proved that the gray scale 
levels, which are originally supposed to be perceived as 31 
and 32, are perceived as 16 or 36, which causes pseudo 
contour. However, a small gray scale gap is reduced com 
pared with a conventional driving method; thus, pseudo 
contour is reduced. 

0149. In addition, the sub-frame 2 having the longest 
lighting period 8 in FIG. 13 may be divided into two 
Sub-frames each having the lighting period 4 which is half 
of the lighting period 8. Thus, FIG. 15 shows an example 
that one pixel is divided into three sub-pixels (SP1, SP2, and 
SP3) so that an area ratio of each sub-pixel becomes 1:2:4 
and one frame is divided into three sub-frames (SF1, SF2. 
and SF3) so that a ratio of a lighting period in each 
sub-frame becomes 1:4:4. Here, the sub-pixels respectively 
have the following area: SP1 =1, SP2=2, and SP3=4, and the 
Sub-frames respectively have the following lighting periods: 
SF1=1, SF2=4, SF3=4. 
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0150. In FIG. 15, in a case where only the sub-pixel 1 
(SP1) is lighted in the sub-frame 1 (SF1), the area of the 
sub-pixel 1 is 1; therefore, the light-emitting intensity 
becomes 1. In addition, in a case where only the Sub-pixel 
2 (SP2) is lighted, the area of the sub-pixel 2 is 2; therefore, 
the light-emitting intensity becomes 2. Moreover, in a case 
where only the sub-pixel 3 (SP3) is lighted, the area of the 
sub-pixel 3 is 4; therefore, the light-emitting intensity 
becomes 4. On the other hand, in a case where only the 
sub-pixel 1 is lighted in the sub-frames 2 (SF2) and 3 (SF3), 
the area of the sub-pixel 1 is 1; however, the lighting period 
of the sub-frame 2 is four times as long as that of the 
Sub-frame 1; therefore, the light-emitting intensity becomes 
4. In addition, in a case where only the Sub-pixel 2 is lighted, 
the area of the sub-pixel 2 is 2; however, the lighting period 
of the sub-frame 2 is four times as long as that of the 
Sub-frame 1; therefore, the light-emitting intensity becomes 
8. Moreover, in a case where only the sub-pixel 3 is lighted, 
the area of the sub-pixel 3 is 4; however, the lighting period 
of the sub-frame 2 is four times as long as that of the 
Sub-frame 1; therefore, the light-emitting intensity becomes 
16. Accordingly, with a combination of an area of the 
Sub-pixels and a lighting period of the Sub-frames, different 
light-emitting intensity can be made, with which the 6-bit 
gray scales (64 gray scales) are expressed. 

0151. With the driving method as in FIG. 15, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 31 is displayed in a pixel A while a 
gray-scale level of 32 is displayed in a pixel B in FIG. 16, 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 27 (=1+2+8+16) or 28 (=16+8+4) sometimes, 
depending on the movement of the sight line. It is proved 
that the gray scale levels, which are originally supposed to 
be perceived as 31 and 32, are perceived as 27 or 28, which 
causes pseudo contour. However, a small gray scale gap is 
reduced compared with a conventional driving method; thus, 
pseudo contour is reduced. 

0152 By reducing a length of a lighting period of each 
Sub-frame or increasing the division number of each Sub 
frame, in this manner, human eyes will be subjected to tricks 
as if a gray scale gap, in a case where the sight line moves, 
is reduced. Therefore, this has a profound effect on reducing 
pseudo contour. Note that the sub-frame where a lighting 
period is further divided is not limited to a sub-frame having 
the longest lighting period. However, in particular, it is 
desirable to further divide the sub-frame having the longest 
lighting period into two Sub-frames each having a lighting 
period which is half of the lighting period because this has 
a profound effect on reducing pseudo contour. 

0153. Note that, by reducing a length of a lighting period 
of each Sub-frame or increasing the division number of each 
Sub-frame, a selection method of a Sub-pixel in each Sub 
frame for displaying the same gray scale level is increased. 
Therefore, the selection method of each sub-pixel in each 
sub-frame is not limited thereto. For example, in a case of 
displaying a gray scale level of 32, in FIG. 15, the sub-pixel 
3 is lighted in the sub-frames 2 and 3; however, the sub 
pixels 1 and 3 may be lighted in the sub-frame 2 and the 
sub-pixels 1 and 2 may be lighted in the sub-frame 3. This 
case is shown in FIG. 17. 
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0154) With the driving method as in FIG. 17, pseudo 
contour can be reduced. For example, it is assumed that a 
gray-scale level of 31 is displayed in a pixel A while a 
gray-scale level of 32 is expressed in a pixel B in FIG. 18. 
which shows the lighting/non-lighting states of each Sub 
pixel in each sub-frame of this case. Here, for example, if the 
sight line moves, human eyes perceive that the gray-scale 
level is 27 (=1+2+8+4+4+8) or 32 (= 16+4+8+4) sometimes, 
depending on the movement of the sight line. It is proved 
that the gray scale levels, which are originally Supposed to 
be perceived as 31 and 32, are perceived as 27 or 32, which 
causes pseudo contour. However, a small gray Scale gap is 
reduced compared with a conventional driving method; thus, 
pseudo contour is reduced. 
0.155 Accordingly, it is possible to have a profound effect 
on reducing pseudo contour by selectively changing a selec 
tion method of a Sub-pixel in each Sub-frame for gray scale 
levels which are especially likely to cause a pseudo contour. 
0156 Note that correspondences of areas and numbers of 
the sub-pixels are not limited thereto. For example, in FIG. 
15, the sub-pixels respectively have the following areas: 
SP1=1, SP2=2, and SP3=4; however, the following areas 
may also be employed: SP1=1, SP2=4, and SP3=2: SP1=2, 
SP2=1, and SP3=4; or SP1 =4, SP2=2, and SP3=1. 
0157 Accordingly, by using the driving method accord 
ing to the present invention, it is possible to reduce pseudo 
contour without increasing the number of Sub-frames and to 
display with a higher gray scale level. In addition, since it is 
possible to reduce the number of sub-frames compared with 
conventional time gray scale method, a long lighting period 
of each Sub-frame can be provided. Accordingly, it is pos 
sible to improve a duty ratio, and Voltage applied to a 
light-emitting element is reduced. Thus, power consumption 
can be reduced, and there will be few deterioration of a 
light-emitting element. 
0158. Note that a selection method of a sub-pixel in each 
Sub-frame may be changed in terms of time or a place in a 
certain gray Scale. In other words, a selection method of a 
Sub-pixel in each Sub-frame may be changed depending on 
times or a selection method of a Sub-pixel in each Sub-frame 
may be changed depending on pixels. Further, the selection 
method of a sub-pixel in each sub-frame may also be 
changed depending on times and pixels. 
0159 For example, in expressing a certain gray scale, 
different selection methods of sub-pixels may be used in 
odd-numbered frames and even-numbered frames. For 
example, in a case of 6-bit gray scales (64 gray scales), gray 
scales may be expressed by a selection method of Sub-pixels 
shown in FIG. 15 in odd-numbered frames whereas gray 
scales may be expressed by a selection method of Sub-pixels 
shown in FIG. 17 in even-numbered frames. Accordingly, it 
is possible to reduce pseudo contour by changing the selec 
tion method of sub-pixels between the odd-numbered frames 
and even-numbered frames in expressing a gray-scale level 
which is likely to cause pseudo contour. 
0.160 Although the selection method of sub-frames is 
changed for the gray Scale levels which are especially likely 
to cause pseudo contour, the selection method of Sub-pixels 
may be changed for an arbitrary gray-scale level. 
0.161 Alternatively, the selection method of a sub-pixel 
in each Sub-frame may be changed between the case of 
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displaying pixels in odd-numbered rows and pixels in even 
numbered rows in order to express a certain gray scale. 
Further alternatively, the selection method of a sub-pixel in 
each Sub-frame may be changed between the case of dis 
playing pixels in odd-numbered columns and pixels in 
even-numbered columns in order to express a certain gray 
scale. 

0162. In addition, the division number or a ratio of the 
lighting periods of the Sub-frames may be changed in 
odd-numbered frames and even-numbered frames in order to 
express a certain gray Scale. For example, in a case of 6-bit 
gray scales (64 gray scales), gray scales may be expressed 
by a selection method of sub-pixels as in FIG. 13, where a 
ratio of the lighting periods of sub-frames is 1:8, in odd 
numbered frames whereas gray scales may be expressed by 
a selection method of sub-pixels as in FIG. 15, where a ratio 
of the lighting periods of Sub-frames is 1:4:4, in even 
numbered frames. 

0163 Note that a sequential order of a lighting period in 
each Sub-frame may be changed depending on times. For 
example, a sequential order of lighting periods in Sub-frames 
may be changed in the first frame and the second frame. For 
example, the sequential order of the lighting periods in 
Sub-frames of pixels A and B may be changed. In addition, 
by combining the lighting periods in Sub-frames of pixels. A 
and B, the sequential order of the lighting periods of the 
Sub-frames may be changed depending on times and places. 
For example, in FIG. 15, the sub-frames may respectively 
have the following lighting periods: SF1=1, SF2=4, and 
SF3=4 in odd-numbered frames, and the sub-frames may 
respectively have the following lighting periods: SF1=4, 
SF2=1, and SF3=4 in even-numbered frames. 

0164. Note that the 4-bit gray scales (16 gray scales) or 
the 6-bit gray scales (64 gray Scales) is given as an example 
in this embodiment mode; however, a gray scale level to be 
displayed is not limited thereto. For example, when one 
pixel is divided into two sub-pixels (SP1 and SP2) so that an 
area ratio of each sub-pixel becomes 1:2 and one frame is 
divided into five sub-frames (SF1 to SF5) so that a ratio of 
a lighting period in each sub-frame becomes 1:4:16:32:32, it 
is possible to express 8-bit gray scales (256 gray scales). 
FIGS. 19, 66, 67, and 68 each show a selection method of 
a sub-pixel in each sub-frame of this case. FIG. 19 shows a 
selection method of a Sub-pixel where gray scale levels are 
0 to 63, FIG. 66 shows a selection method of a sub-pixel 
where gray scale levels are 64 to 127, FIG. 67 shows a 
selection method of a Sub-pixel where gray scale levels are 
128 to 191, and FIG. 68 shows a selection method of a 
sub-pixel where gray scale levels are 192 to 255. 

0165 Description has been made heretofore on the case 
where a lighting period increases in linear proportion to the 
increased gray Scale levels. In this embodiment mode, 
description is made on a case of applying gamma correction. 
Gamma correction refers to a method of nonlinearly increas 
ing the lighting period in accordance with the increased gray 
scale levels. When luminance increases linearly, it is difficult 
for human eyes to perceive that the luminance has become 
higher proportionally. It is even more difficult for human 
eyes to perceive the difference in luminance as the lumi 
nance becomes higher. Therefore, in order that the human 
eyes can perceive the difference in luminance, a lighting 
period is required to be lengthened in accordance with the 
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increased gray scale levels, that is, gamma correction is 
required to be performed. Note that the relation between the 
luminance and gray Scale levels in performing gamma 
correction can be expressed by the following Formula (1): 

y=Axx (1) 

0166 However, in Formula (1), A is a constant for 
normalizing the luminance y to be within the range of 
O=y=1, while Y which is an exponent of the gray scale level 
X is a parameter indicating the degree of gamma correction. 
0.167 As the simplest method, there is a method by which 
display is performed with preparation of a larger number of 
bits (gray scale levels) than the number of bits (gray scale 
levels) which are actually displayed. For example, in a case 
of displaying 6-bit gray scales (64 gray scales), display is 
performed with preparation of 8-bit gray scales (256 gray 
scales). When actually displaying an image, display is 
performed with 6-bit gray Scales (64 gray scales) so that the 
luminance and gray scale levels have a nonlinear relation 
ship. Accordingly, gamma correction can be performed. 
0.168. As an example, FIG. 20 shows a selection method 
of Sub-frames in a case of displaying an image with prepa 
ration of 6-bit gray scales (64 gray scales) in order to display 
5-bit gray Scales (32 gray Scales) by performing gamma 
correction. FIG. 20 shows a selection method of sub-frames 
in the case of displaying an image with 5-bit gray Scales by 
performing gamma correction so that y=2.2 is satisfied at all 
the gray scale levels. Note that y=2.2 is the value which can 
best correct the characteristics of the human visual percep 
tion, with which human eyes can perceive the most appro 
priate difference in luminance even when the luminance 
becomes higher. With reference to FIG. 20, up to a gray 
scale level of 3 in displaying 5-bit gray Scales with gamma 
correction, display is actually performed by the selection 
method of Sub-frames for displaying a gray-scale level of 0 
in the case of 6-bit gray Scales. Similarly, at a gray-scale 
level of 4 in displaying 5-bit gray scales with gamma 
correction, display is actually performed by a selection 
method of Sub-frames for displaying a gray-scale level of 1 
in the case of 6-bit gray Scales, and at a gray-scale level of 
6 in displaying 5 bit-gray scales with gamma correction, 
display is actually performed by a selection method of 
Sub-frames for displaying a gray-scale level of 2 in the case 
of 6 bit-gray scales. FIGS. 21A and 21B are graphs showing 
the relation between the gray-scale level X and the lumi 
nance y. FIG. 21A is a graph showing the relation between 
the gray-scale level X and the luminance y at all gray scale 
levels, while FIG. 21B is a graph showing the relation 
between the gray-scale level X and the luminance y at low 
gray Scale levels. In this manner, display may be performed 
in accordance with a correspondence table between 5-bit 
gray scales to be applied with gamma correction and 6-bit 
gray scales. Accordingly, gamma correction which can sat 
isfy y=2.2 can be performed. 
0169. However, as is apparent from FIG. 21B, the gray 
scale levels of 0 to 3, 4 to 5, and 6 to 7 are each displayed 
with the same luminance in the case of FIG. 20. This is 
because, since the gray scale levels is not enough in the case 
of displaying 6-bit gray scales, difference in luminance 
cannot be expressed fully. As a countermeasure against this, 
the following two methods can be considered. 
0170 The first method is a method of further increasing 
the number of bits which can be displayed. In other words, 
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display is performed with preparation of not 6-bit gray 
scales but 7-bit or more gray scales, and preferably 8-bit or 
more gray scales. Consequently, a Smooth image can be 
displayed even in the low gray scale regions. 

0171 The second method is a method of displaying a 
Smooth image by not satisfying y=2.2 in the low gray scale 
regions but by linearly changing the luminance. FIG. 22 
shows a selection method of sub-frames of this case. In FIG. 
22, in order to display a gray scale level of up to 17, the same 
selection method of sub-frames is used between the cases of 
5-bit gray scales and 6-bit gray scales. However, at a 
gray-scale level of 18 in displaying 5-bit gray scales with 
gamma correction, pixels are actually lighted by a selection 
method of sub-frames for displaying a gray-scale level of 19 
in the case of 6-bit gray Scales. Similarly, at a gray-scale 
level of 19 in displaying 5-bit gray scales with gamma 
correction, display is actually performed by a selection 
method of Sub-frames for displaying a gray-scale level of 21 
in the case of 6-bit gray scales, and at a gray-scale level of 
20 in displaying 5-bit gray scales with gamma correction, 
display is actually performed by a selection method of 
Sub-frames for displaying a gray-scale level of 24 in the case 
of 6-bit gray scales. FIGS. 23A and 23B show the relation 
between the gray-scale level X and the luminance y. FIGS. 
23A is a graph showing the relation between the gray-scale 
level X and the luminance y at all gray scale levels, while 
FIG. 23B is a graph showing the relation between the 
gray-scale level X and the luminance y at low gray scale 
levels. In the low gray scale regions, the luminance changes 
linearly. By performing such gamma correction, a Smoother 
image can be displayed in the low gray scale regions. 

0172 In other words, by changing the luminance in linear 
proportion to the gray scale levels in the low gray scale 
regions while changing the luminance in nonlinear propor 
tion to the gray scale levels in other gray scale regions, a 
Smoother image can be displayed in the low gray scale 
regions. 

0173 Note also that the correspondence table between 
the 5-bit gray scales to be applied with gamma correction 
and the 6-bit gray scales may be appropriately modified. 
Thus, by modifying the correspondence table, degree of 
gamma correction (that is, the value of Y) can be easily 
changed. Accordingly, the present invention is not limited to 
Y=2.2. 
0174 Moreover, the present invention is not particularly 
limited to the number of bits (for example, p bits, where p 
is an integer) to be actually displayed, and the number of bits 
to be applied with gamma correction (for example, q bits, 
where q is an integer). In the case of displaying bits by 
performing gamma correction, the number of bits (p) is 
desirably set as large as possible in order to express gray 
scales Smoothly. However, if the number p is set too large, 
a problem may arise such that the number of sub-frames is 
increased accordingly. Thus, the relation between the num 
ber of bits (q) and (p) desirably satisfies q+2=p=q+5. 
Accordingly, gray Scales can be smoothly expressed while 
Suppressing the number of Sub-frames. 

(Embodiment Mode 2) 
0175. This embodiment mode will describe an example 
of a timing chart. This embodiment mode will be explained 
by giving, as an example, a case (FIG. 7) where one pixel is 
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divided into two sub-pixels (SP1 and SP2) so that an area 
ratio of each sub-pixel becomes 1:2 and one frame is divided 
into three sub-frames (SF1, SF2, and SF3) so that a ratio of 
a lighting period in each Sub-frame becomes 1:4:16. 
0176). Here, the sub-pixels respectively have the follow 
ing area: SP1=1 and SP2=2, and the sub-frames respectively 
have the following lighting periods: SF1=1, SF2=4, and 
SF3=16. 

0.177 First, FIG. 24 shows a timing chart in the case 
where a period where a signal is written to a pixel and a 
lighting period where are separated. 
0.178 Note that a timing chart is a diagram showing light 
emission of a pixel in one frame, and a horizontal indicates 
a time whereas a vertical direction indicates a row where 
pixels are arranged. 

0.179 First, signals for one screen are inputted to all 
pixels in a signal writing period. During this period, pixels 
are not lighted. After the signal writing period, a lighting 
period starts and pixels are lighted. The length of the lighting 
period at this time is 1. Next, a Subsequent Sub-frame starts 
and signals for one screen are inputted to all pixels in a 
signal writing period. During this period, pixels are not 
lighted. After the signal writing period, a lighting period 
starts and pixels is lighted. The length of the lighting period 
at this time is 4. 

0180. By repeating similar operations, the lengths of the 
lighting periods are arranged in the order of 1, 4, and 16. 
0181 Such a driving method where a period in which a 
signal is written to a pixel and a lighting period are separated 
is preferably applied to a plasma display. Note that, in a case 
where the driving method is used for a plasma display, an 
initialization operation and the like are required, which are 
omitted here for simplicity. 
0182. In addition, this driving method is also preferably 
applied to an EL display (an organic EL display, an inorganic 
EL display, a display formed of elements including an 
inorganic Substance and an organic Substance, or the like), a 
field emission display, a display using a Digital Micromirror 
Device (DMD), or the like. 
0183 FIG. 25 shows a pixel configuration of this case. 
FIG. 25 is a configuration example of a case where a 
plurality of scanning lines is provided and of which scanning 
lines is selected is controlled so that the number of light 
emitting elements lighted is changed to express a gray scale. 
Note that an area of each sub-pixel is expressed by the 
number of the light-emitting element in FIG. 25. Therefore, 
there is one light-emitting element in the Sub-pixel 1 and two 
light-emitting elements in the Sub-pixel 2. 
0.184 First, a pixel configuration shown in FIG. 25 will 
be explained. The sub-pixel 1 includes a first select transistor 
2511, a first driving transistor 2513, a first holding capacitor 
2512, a signal line 2515, a first power supply line 2516, a 
first scanning line 2517, a first light-emitting element 2514, 
and a second power supply line 2518. 

0185. In the first select transistor 2511, a gate electrode is 
connected to the first scanning line 2517, a first electrode is 
connected to the signal line 2515, and a second electrode is 
connected to a second electrode of the first holding capacitor 
2512 and a gate electrode of the first driving transistor 2513. 
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A first electrode of the first holding capacitor 2512 is 
connected to the first power supply line 2516. In the first 
driving transistor 2513, a first electrode is connected to the 
first power supply line 2516, and a second electrode is 
connected to a first electrode of the first light-emitting 
element 2514. A second electrode of the first light-emitting 
element 2514 is connected to the second power supply line 
2518. 

0186 The sub-pixel 2 includes a second select transistor 
2521, a second driving transistor 2523, a second holding 
capacitor 2522, the signal line 2515, the first power supply 
line 2516, a second scanning line 2527, a second light 
emitting element 2524, and a third power supply line 2518. 
Note that connections of each element and wiring of the 
sub-pixel 2 is the same as those of the sub-pixel 1; thus, the 
explanation is omitted. 

0187 Next, an operation of the pixel shown in FIG. 25 
will be explained. Here, an operation of the sub-pixel 1 will 
be explained. The first scanning line 2517 is selected by 
increasing potential of the first scanning line 2517, the first 
select transistor 2511 is turned on, and a signal is inputted 
into the first holding capacitor 2512 from the signal line 
2515. Thus, in accordance with the signal, the current of the 
first driving transistor 2513 is controlled, and a current flows 
from the first power supply line 2516 to the first light 
emitting element 2514. Note that an operation of the sub 
pixel 2 is the same as that of the sub-pixel 1; thus, the 
explanation is omitted. 

0188 At this time, depending on the scanning line 
selected between the first and the second scanning lines, the 
light-emitting element lighted is changed in number. For 
example, when only the first scanning line 2517 is selected, 
only the first select transistor 2511 is turned on and the 
current only of the first driving transistor 2513 is controlled; 
therefore, only the first light-emitting element 2514 emits 
light. In other words, only the sub-pixel 1 emits light. On the 
other hand, when only the second scanning line 2527 is 
selected, only the second select transistor 2521 is turned on 
and the current only of the second driving transistor 2523 is 
controlled; therefore, only the second light-emitting element 
2524 emits light. In other words, only the sub-pixel 2 emits 
light. In addition, when both the first and second scanning 
lines 2517 and 2527 are selected, the first and second select 
transistors 2511 and 2521 are turned on and the respective 
currents of the first and second driving transistors 2513 and 
2523 are controlled; therefore, both the first and second 
light-emitting elements 2514 and 2524 emit light. In other 
words, both the sub-pixels 1 and 2 emit light. 
0189 Note that, in the signal writing period, respective 
potential of the second and third power supply lines 2518 
and 2528 are controlled so as not to apply voltage to the 
light-emitting elements 2514 and 2524. For example, in a 
case of SP1, the second power supply line 2518 may be set 
in a floating state. Alternatively, the potential of the second 
power supply line 2518 may be made lower than the 
potential of the signal line 2515 by a threshold voltage of the 
first driving transistor 2513. Further alternatively, the poten 
tial of the second power supply line 2518 may be made equal 
to or higher than the that of the signal line 2515. Accord 
ingly, the light-emitting element 2514 can be prevented from 
lighting in the signal writing period. Note that the same can 
also be said for the SP2. 
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0190. Note that the second and third power supply lines 
2518 and 2528 may be a different wiring or a wiring in 
common, respectively. 
0191) Note that, in a case of dividing one pixel into m (m 

is an integer number of m22) of Sub-pixels, the number of 
scanning lines in one pixel may be 2 or more and m or less, 
and a select transistor at least in one sub-pixel of the m 
Sub-pixels may be connected to the Scanning line different 
from that of a select transistor in other sub-pixels in order to 
realize the pixel configuration shown in FIG. 25. 
0192) Note that FIG. 25 is the configuration example of 
a case where a plurality of Scanning lines is provided and of 
which scanning lines is selected is controlled so that the 
number of light-emitting elements lighted is changed to 
express a gray scale. However, it is also possible to express 
a gray scale by providing a plurality of signal lines and of 
which signal lines is selected is controlled so that the number 
of light-emitting elements lighted is changed. A configura 
tion example of this case is shown in FIG. 26. 
0193 First, a pixel configuration shown in FIG. 26 will 
be explained. The sub-pixel 1 includes a first select transistor 
2611, a first driving transistor 2613, a first holding capacitor 
2612, a first signal line 2615, a first power supply line 2616, 
a scanning line 2617, a first light-emitting element 2614, and 
a second power supply line 2618. 
0194 In the first select transistor 2611, a gate is con 
nected to the scanning line 2617, a first electrode is con 
nected to the first signal line 2615, and a second electrode is 
connected to a second electrode of the first holding capacitor 
2612 and a gate electrode of the first driving transistor 2613. 
A first electrode of the first holding capacitor 2612 is 
connected to the first power supply line 2616. In the first 
driving transistor 2613, a first electrode is connected to the 
first power supply line 2616, and a second electrode is 
connected to a first electrode of the first light-emitting 
element 2614. A second electrode of the first light-emitting 
element 2614 is connected to the second power supply line 
2618. 

0.195 The sub-pixel 2 includes a second select transistor 
2621, a second driving transistor 2623, a second holding 
capacitor 2622, a second signal line 2625, the first power 
Supply line 2616, a scanning line 2627, a second light 
emitting element 2624, and a third power supply line 2628. 
Note that connections of each element and wiring of the 
sub-pixel 2 is the same as those of the sub-pixel 1; thus, the 
explanation is omitted. 
0196) Next, an operation of the pixel shown in FIG. 26 
will be explained. Here, an operation of the sub-pixel 1 will 
be explained. The scanning line 2617 is selected by increas 
ing potential of the scanning line 2617, the first select 
transistor 2611 is turned on, and a signal is inputted into the 
first holding capacitor 2612 from the first signal line 2615. 
Thus, in accordance with the signal, the current of the first 
driving transistor 2613 is controlled, and a current flows 
from the first power supply line 2616 to the first light 
emitting element 2614. Note that an operation of the sub 
pixel 2 is the same as that of the sub-pixel 1; thus, the 
explanation is omitted. 
0.197 At this time, depending on signals inputted into the 

first and second signal lines 2615 and 2625, the light 
emitting element lighted is changed in number. For example, 
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when a signal of Lo is inputted into the first signal line 2615 
and a signal of Hi is inputted into the second signal line 
2625, only the first driving transistor 2613 is turned on: 
therefore, only the first light-emitting element 2614 emits 
light. In other words, only the sub-pixel 1 emits light. On the 
other hand, when a signal of Hi is inputted into the first 
signal line 2615 and a signal of Lois inputted into the second 
signal line 2625, only the second driving transistor 2623 is 
turned on; therefore, only the second light-emitting element 
2624 emits light. In other words, only the sub-pixel 2 emits 
light. In addition, when a signal of Lo is inputted into both 
the first and second signal lines 2615 and 2625, both the first 
and second driving transistors 2613 and 2623 are turned on: 
therefore, the first and second light-emitting elements 2614 
and 2624 emit light. In other words, both the sub-pixels 1 
and 2 emit light. 
0198 Note that, in a case of dividing one pixel into m (m 

is an integer number of m22) of Sub-pixels, the number of 
signal lines in one pixel may be 2 or more and m or less, and 
a select transistor at least in one sub-pixel of the m Sub 
pixels may be connected to the signal line different from that 
of a select transistor in other sub-pixels in order to realize the 
pixel configuration shown in FIG. 26. 
0199 Although a common power supply line (the first 
power supply lines 2518 and 2618) is connected to each 
sub-pixel in FIG. 25 and FIG. 26, a plurality of power supply 
lines corresponding to the first power supply lines in FIG. 25 
and FIG. 26 may be provided to change a power supply 
voltage that is applied to each sub-pixel. For example, FIG. 
27 shows a configuration example in a case where two 
power Supply lines corresponding to the first power Supply 
line in FIG. 25 are provided. 
0200 First, a pixel configuration shown in FIG. 27 will 
be explained. The sub-pixel 1 includes a first select transistor 
2711, a first driving transistor 2713, a first holding capacitor 
2712, a signal line 2715, a first power supply line 2716, a 
first scanning line 2717, a first light-emitting element 2714, 
and a second power supply line 2718. 

0201 In the first select transistor 2711, a gate electrode is 
connected to the first scanning line 2717, a first electrode is 
connected to the signal line 2715, and a second electrode is 
connected to a second electrode of the first holding capacitor 
2712 and a gate electrode of the first driving transistor 2713. 
A first electrode of the first holding capacitor 2712 is 
connected to the first power supply line 2716. In the first 
driving transistor 2713, a first electrode is connected to the 
first power supply line 2716, and a second electrode is 
connected to a first electrode of the first light-emitting 
element 2714. A second electrode of the first light-emitting 
element 2714 is connected to the second power supply line 
2718. 

0202 The sub-pixel 2 includes a second select transistor 
2721, a second driving transistor 2723, a second holding 
capacitor 2722, the signal line 2715, a fourth power supply 
line 2736, a second scanning line 2727, a second light 
emitting element 2724, and a third power supply line 2728. 
Note that connections of each element and wiring of the 
sub-pixel 2 is the same as those of the sub-pixel 1; thus, the 
explanation is omitted. 

0203 Here, it is possible to control currents that flow 
through the first and second light-emitting elements 2714 
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and 2724 by controlling voltages applied to the first and 
fourth power supply lines 2716 and 2736. Consequently, 
light-emitting intensity of each Sub-pixel can be changed; 
thus, it is possible to express a gray scale. 

0204. Note that, in a case of dividing one pixel into m (m 
is an integer number of m22) of Sub-pixels, the number of 
power Supply lines corresponding to the first power Supply 
lines in FIG. 25 and FIG. 26 in one pixel may be 2 or more 
and m or less, and a select transistor at least in one Sub-pixel 
of the m Sub-pixels may be connected to the power Supply 
line different from that of a select transistor in other sub 
pixels in order to realize the pixel configuration shown in 
FIG. 27. 

0205 Then, FIG. 28 shows a timing chart in a case where 
a period where signals are written to a pixel and a lighting 
period are not separated. A lighting period starts immedi 
ately after signals are written to each row. 
0206. In a certain row, after writing of signals and a 
predetermined lighting period are completed, a signal writ 
ing operation starts in a Subsequent Sub-frame. By repeating 
Such operations, the length of the lighting periods are 
arranged in the order of 1, 4, and 16. 
0207. In this manner, many sub-frames can be arranged 
in one frame even if signals are written slowly. 
0208 Such a driving method is preferably applied to a 
plasma display. Note that, in a case where the driving 
method is used for a plasma display, an initialization opera 
tion and the like are required, which are omitted here for 
simplicity. 

0209 Moreover, the driving method is also preferably 
applied to an EL display, a field emission display, a display 
using a Digital Micromirror Device (DMD), or the like. 
0210 Here, FIG. 29 shows a pixel configuration for 
realizing a driving method where a period where a signal is 
written to a pixel and a lighting period are not separated. 
Note that, in order to realize such a driving method, it is 
necessary that a plurality of rows can be simultaneously 
selected. 

0211 First, a pixel configuration shown in FIG. 29 will 
be explained. The sub-pixel 1 includes first and second 
select transistors 2911 and 2921, a first driving transistor 
2913, a first holding capacitor 2912, first and second signal 
lines 2915 and 2925, a first power supply line 2916, first and 
second scanning lines 2917 and 2927, a first light-emitting 
element 2914, and a second power supply line 2918. 

0212. In the first select transistor 2911, a gate electrode is 
connected to the first scanning line 2917, a first electrode is 
connected to the first signal line 2915, and a second elec 
trode is connected to a second electrode of the second select 
transistor 2921, a second electrode of the first holding 
capacitor 2912, and a gate electrode of the first driving 
transistor 2913. In the second select transistor 2921, a gate 
electrode is connected to the second scanning line 2927, and 
a first electrode is connected to the second signal line 2925. 
A first electrode of the first holding capacitor 2912 is 
connected to the first power supply line 2916. In the first 
driving transistor 2913, a first electrode is connected to the 
first power supply line 2916, and a second electrode is 
connected to a first electrode of the first light-emitting 



US 2007/0001954 A1 

element 2914. A second electrode of the first light-emitting 
element 2914 is connected to the second power supply line 
2918. 

0213 The sub-pixel 2 includes third and fourth select 
transistors 2931 and 2941, a second driving transistor 2923, 
a second holding capacitor 2922, the first and second signal 
lines 2915 and 2925, the first power supply line 2916, third 
and fourth scanning lines 2937 and 2947, a second light 
emitting element 2924, and a third power supply line 2928. 
Note that connections of each element and wiring of the 
sub-pixel 2 is the same as those of the sub-pixel 1; thus, the 
explanation is omitted. 
0214) Next, an operation of the pixel shown in FIG. 29 
will be explained. Here, an operation of the sub-pixel 1 will 
be explained. The first scanning line 2917 is selected by 
increasing potential of the first scanning line 2917, the first 
select transistor 2911 is turned on, and a signal is inputted 
into the first holding capacitor 2912 from the first signal line 
2915. Thus, in accordance with the signal, the current of the 
first driving transistor 2913 is controlled, and a current flows 
from the first power supply line 2916 to the first light 
emitting element 2914. Similarly, the second scanning line 
2927 is selected by increasing potential of the second 
scanning line 2927, the second select transistor 2921 is 
turned on, and a signal is inputted into the first holding 
capacitor 2912 from the second signal line 2925. Thus, in 
accordance with the signal, the current of the first driving 
transistor 2913 is controlled, and a current flows from the 
first power supply line 2916 to the first light-emitting 
element 2914. Note that an operation of the sub-pixel 2 is the 
same as that of the Sub-pixel 1; thus, the explanation is 
omitted. 

0215. The first and second scanning lines 2917 and 2927 
can be controlled separately. Similarly, the third and fourth 
scanning lines 2937 and 2947 can be controlled separately. 
In addition, the first and second signal lines 2915 and 2925 
can be controlled separately. Accordingly, signals can be 
inputted to pixels of two rows at the same time; thus, the 
driving method as shown in FIG. 28 can be achieved. 
0216 Note that the driving method as shown in FIG. 28 
can also be achieved using the circuit in FIG. 25. FIG. 30 
shows a timing chart of this case. As shown in FIG. 30, one 
gate selection period is divided into a plurality of Sub-gate 
selection periods (two in FIG. 30). Each scanning line is 
selected in each of the Sub-gate selection periods by increas 
ing potential of each scanning line, and a corresponding 
signal at that time is inputted into the signal line 2515. For 
example, in one gate selection period, the i-th row is selected 
in the first half of the period and the j-th row is selected in 
the latter half of the period. Accordingly, an operation can be 
performed as if the two rows are selected at the same time 
in one gate selection period. 
0217 Note that details of such a driving method are 
mentioned in, for example, Japanese Patent Laid-Open No. 
2001-324958 and the like, which can be applied in combi 
nation with the present application. 
0218. Although FIG. 29 shows an example of providing 
a plurality of Scanning lines and signal lines, one signal line 
may be provided to connect the first electrodes of the first to 
fourth select transistors to the signal line. In addition, a 
plurality of power Supply lines corresponding to the first 
power supply line in FIG. 29 may be provided. 
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0219. Next, FIG. 31 shows a timing chart in a case where 
signals in pixels are erased. In each row, a signal writing 
operation is performed and the signals in the pixels are 
erased before a Subsequent signal writing operation. In 
accordance with this, the length of a lighting period can be 
easily controlled. 

0220. In a certain row, after writing of signals and a 
predetermined lighting period are completed, a signal writ 
ing operation starts in a Subsequent Sub-frame. In a case 
where a lighting period is short, a signal erasing operation is 
performed to forcibly provide a non-light emitting state. By 
repeating Such operations, the length of the lighting periods 
are arranged in the order of 1, 4, and 16. 
0221 Note that, although the signal erasing operation is 
performed in the case where the lighting periods are 1 and 
4 in FIG. 31, the present invention is not limited thereto. The 
erasing operation may be performed in other lighting peri 
ods. 

0222. Accordingly, many sub-frames can be arranged in 
one frame even if signals are written slowly. Moreover, in 
the case of performing the signal erasing operation, data for 
erasing is not required to be obtained as well as a video 
signal; therefore, the driving frequency of a source driver 
can also be reduced. 

0223 Such a driving method is preferably applied to a 
plasma display. Note that, in a case where the driving 
method is used for a plasma display, an initialization opera 
tion and the like are required, which are omitted here for 
simplicity. 

0224 Moreover, the driving method is also preferably 
applied to an EL display, a field emission display, a display 
using a Digital Micromirror Device (DMD), or the like. 

0225. Here, FIG. 32 shows a pixel configuration in a case 
of performing an erase operation. A pixel shown in FIG. 32 
is a configuration example in a case of performing an erase 
operation by using an erase transistor. 

0226 First, a pixel configuration shown in FIG. 32 will 
be explained. The sub-pixel 1 includes a first select transistor 
3211, a first driving transistor 3213, a first erase transistor 
3219, a first holding capacitor 3212, a signal line 3215, a first 
power supply line 3216, first and second scanning lines 3217 
and 3227, a first light-emitting element 3214, and a second 
power supply line 3218. 

0227. In the first select transistor 3211, a gate electrode is 
connected to the first scanning line 3217, a first electrode is 
connected to the signal line 3215, and a second electrode is 
connected to a second electrode of the first erase transistor 
3219, a second electrode of the first holding capacitor 3212, 
and a gate electrode of the first driving transistor 3213. In the 
first erase transistor 3219, a gate electrode is connected to 
the second scanning line 3227, and a first electrode is 
connected to the first power supply line 3216. A first 
electrode of the first holding capacitor 3212 is connected to 
the first power supply line 3216. In the first driving transistor 
3213, a first electrode is connected to the first power supply 
line 3216, and a second electrode is connected to a first 
electrode of the first light-emitting element 3214. A second 
electrode of the first light-emitting element 3214 is con 
nected to the second power supply line 3218. 
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0228. The sub-pixel 2 includes a second select transistor 
3221, a second driving transistor 3223, a second erase 
transistor 3229, a second holding capacitor 3222, the signal 
line 3215, the first power supply line 3216, third and fourth 
scanning lines 3237 and 3247, a second light-emitting 
element 3224, and a third power supply line 3228. Note that 
connections of each element and wiring of the Sub-pixel 2 is 
the same as those of the Sub-pixel 1; thus, the explanation is 
omitted. 

0229) Next, an operation of the pixel shown in FIG. 32 
will be explained. Here, an operation of the sub-pixel 1 will 
be explained. The first scanning line 3217 is selected by 
increasing potential of the first scanning line 3217, the first 
select transistor 3211 is turned on, and a signal is inputted 
into the first holding capacitor 3212 from the signal line 
3215. Thus, in accordance with the signal, the current of the 
first driving transistor 3213 is controlled, and a current flows 
from the first power supply line 3216 to the first light 
emitting element 3214. 
0230. In order to erase a signal, the second scanning line 
3227 is selected by increasing potential of the second 
scanning line 3227, the first erase transistor 3219 is turned 
on, and the first driving transistor 3213 is turned off. Thus, 
no current flows through the first light-emitting element 
3214. Consequently, a non-lighting period can be provided, 
and the length of a lighting period can be freely controlled. 
0231. Note that an operation of the sub-pixel 2 is the 
same as that of the sub-pixel 1; thus, the explanation is 
omitted. 

0232 Although the erasing transistors 3219 and 3229 are 
used in FIG. 32, another method may be used. This is 
because a non-lighting period may forcibly be provided so 
that no current is Supplied to the light-emitting elements 
3214 and 3224. Therefore, a non-lighting period may be 
provided by arranging a Switch somewhere in a path where 
a current flows from the first power supply line 3216 to the 
second and third power supply lines 3218 and 3228 through 
the light-emitting elements 32143224, and controlling on/off 
of the Switch. Alternatively, a gate-source Voltage of the 
driving transistors 3213 and 3223 may be controlled to 
forcibly turn the driving transistors off. 
0233. Here, FIG. 33 shows an example of a pixel con 
figuration in a case where a driving transistor is forcibly 
turned off. A pixel shown in FIG. 33 is a configuration 
example in a case where a driving transistor is forcibly 
turned off by using an erase diode. 
0234 First, a pixel configuration shown in FIG. 33 will 
be explained. The sub-pixel 1 includes a first select transistor 
3311, a first driving transistor 3313, a first holding capacitor 
3312, a signal line 3315, a first power supply line 3316, a 
first scanning line 3317, a second scanning line 3327, a first 
light-emitting element 3314, a second power Supply line 
3318, and a first erase diode 3319. 

0235. In the first select transistor 3311, a gate electrode is 
connected to the first scanning line 3317, a first electrode is 
connected to the signal line 3315, a second electrode is 
connected to a second electrode of the first erase diode 3319, 
a second electrode of the first holding capacitor 3312, and a 
gate electrode of the first driving transistor 3313. A first 
electrode of the first erase diode 3319 is connected to the 
second scanning line 3327. A first electrode of the first 
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holding capacitor 3312 is connected to the first power supply 
line 3316. In the first driving transistor 3313, a first electrode 
is connected to the first power supply line 3316, and a 
second electrode is connected to a first electrode of the first 
light-emitting element 3314. A second electrode of the first 
light-emitting element 3314 is connected to the second 
power supply line 3318. 
0236. The sub-pixel 2 includes a second select transistor 
3321, a second driving transistor 3323, a second holding 
capacitor 3322, the signal line 3315, the first power supply 
line 3316, third and fourth scanning lines 3337 and 3347, a 
second light-emitting element 3324, a third power Supply 
line 3328, and a second erase diode 3329. Note that con 
nections of each element and wiring of the sub-pixel 2 is the 
same as those of the Sub-pixel 1; thus, the explanation is 
omitted. 

0237 Next, an operation of the pixel shown in FIG 33 
will be explained. Here, an operation of the sub-pixel 1 will 
be explained. The first scanning line 3317 is selected by 
increasing potential of the first scanning line 3317, the first 
select transistor 3311 is turned on, and a signal is inputted 
into the first holding capacitor 3312 from the signal line 
3315. Thus, in accordance with the signal, the current of the 
first driving transistor 3313 is controlled, and a current flows 
from the first power supply line 3316 to the first light 
emitting element 3314. 
0238. In order to erase a signal, the second scanning line 
3327 is selected by increasing potential of the second 
scanning line 3327, the first erase diode 3319 is turned on, 
and a current flows from the second scanning line 3327 to 
the gate electrode of the first driving transistor 3313. Con 
sequently, the first driving transistor 3313 is turned off. 
Thus, no current flows through the first light-emitting ele 
ment 3214 from the first power supply line 3316. Conse 
quently, a non-lighting period can be provided, and the 
length of a lighting period can be freely controlled. 
0239). In order to hold a signal, the second scanning line 
3227 is not selected by reducing potential of the second 
scanning line 3327. Thus, the first erase diode 3319 is turned 
off and the gate potential of the first driving transistor 3313 
is thus held. 

0240 Note that an operation of the sub-pixel 2 is the 
same as that of the Sub-pixel 1; thus, the explanation is 
omitted. 

0241) Note that the erase diodes 3319 and 3329 may be 
any element as far as the erase diodes have rectifying 
properties. The erase diodes may be a PN diode, a PIN 
diode, a Schottky diode, or a Zener diode. 
0242. In addition, a diode-connected transistor (a gate 
and a drain thereof are connected) may also be used. FIG. 34 
shows a circuit diagram of this case. As the first and second 
erase diodes 3319 and 3329, diode-connected transistors 
3419 and 3429 are used. Although an N-channel transistor is 
used as the diode-connected transistor in FIG. 34, the 
present invention is not limited thereto and a P-channel 
transistor may also be used. 
0243) Note that the driving method as shown in FIG. 31 
can also be realized using the circuit in FIG. 25 as another 
circuit. FIG. 30 shows a timing chart of this case. As shown 
in FIG. 30, one gate selection period is divided into a 
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plurality of sub-gate selection periods (two in FIG. 30). Each 
scanning line is selected in each of the Sub-gate selection 
periods by increasing potential of each scanning line and a 
corresponding signal (a Video signal and an erasing signal) 
at that time is inputted into the signal line 2515. For 
example, in a case where a signal is written to a pixel in an 
i-th row and the signal is erased in a pixel in a j-th row, in 
one gate selection period, the i-th row is selected in the first 
half of the sub-gate selection period and the j-th row is 
selected in the latter half of the sub-gate selection period. 
Then, when the i-th row is selected, a video signal to be 
inputted into the pixel in the i-th row is inputted into the 
signal line 2515. On the other hand, when the j-th row is 
selected, a signal, which turns off the driving transistor of the 
pixel in the j-th row, is inputted into the signal line 2515. 
Accordingly, an operation can be performed as if the two 
rows are selected at the same time in one gate selection 
period. 

0244. Note that details of such a driving method are 
mentioned in, for example, Japanese Patent Laid-Open No. 
2001-324958 and the like, which can be applied in combi 
nation with the present application. 
0245 Although FIG. 32, FIG.33, and FIG. 34 each show 
an example of providing a plurality of scanning lines, a 
plurality of signal lines may also be provided, or a plurality 
of power Supply lines corresponding to the first power 
supply lines in FIG. 32, FIG. 33, and FIG. 34 may also be 
provided. 
0246 Note that the timing charts, pixel configurations, 
and driving methods that are shown in this embodiment 
mode are each one example, and the present invention is not 
limited thereto. The present invention can be applied to 
various timing charts, pixel configurations, and driving 
methods. In addition, polarity of a transistor is not limited to 
the one in the pixel configurations shown in this embodi 
ment mode. 

0247. Note that a lighting period, a signal writing period, 
and a non-lighting period are arranged in one frame in this 
embodiment mode; however, the present invention is not 
limited thereto and other operation periods may also be 
arranged. For example, a period where a Voltage of opposite 
polarity to normal polarity is applied to a light-emitting 
element, a so-called reverse bias period may be provided. By 
providing the reverse bias period, the reliability of a light 
emitting element is improved in some cases. 

0248. Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Mode 1. 

(Embodiment Mode 3) 
0249. This embodiment mode will describe a layout of a 
pixel in a display device according to the present invention. 
As an example, FIG. 35 shows a layout diagram of the 
circuit diagram shown in FIG. 25. Note that the circuit 
diagram and the layout diagram are not limited to FIG. 25 
and FIG. 35. 

0250 First and second select transistors 3511 and 3521, 
first and second driving transistors 3513 and 3523, first and 
second holding capacitors 3512 and 3522, electrodes 3514 
and 3524 of first and second light-emitting elements, a signal 
line 3515, a power supply line 3516, and first and second 
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scanning lines 3517 and 3527 are arranged in FIG. 35. As for 
a sub-pixel 1 (SP1), a source electrode and a drain electrode 
of the first select transistor 3511 are each connected to the 
signal line 3515 and a gate electrode of the first driving 
transistor 3513. A gate electrode of the first select transistor 
3511 is connected to the first scanning line 3517. A source 
electrode and a drain electrode of the first driving transistor 
3513 are each connected to the power supply line 3516 and 
the electrode 3514 of the first light-emitting element. The 
first holding capacitor 3512 is connected between the gate 
electrode of the first driving transistor 3513 and the power 
supply line 3516. There are the same connection relations 
also as for a sub-pixel 2 (SP2). Then, the electrodes 3514 and 
3524 of first and second light-emitting elements have an area 
ratio of 1:2. 

0251) The signal line 3515 and the power supply line 
3516 are each formed of a second wiring, whereas the first 
and second scanning lines 3517 and 3527 are each formed 
of a first wiring. 
0252 FIG. 36 shows a layout diagram in a case where the 
Sub-pixels have an area ratio of 1:2:4. First, second, and 
third select transistors 36113621, and 3631, first, second, 
and third driving transistors 3613, 3623, and 3633, first, 
second, and third holding capacitors 3612. 3622, and 3632. 
electrodes 3614, 3624, and 3634 of first, second, and third 
light-emitting elements, a signal line 3615, a power Supply 
line 3616, and first, second, and third scanning lines 3617, 
3627, and 3637 are arranged in FIG. 36. Then, the electrodes 
3614, 3624, and 3634 of the first, second, and third light 
emitting elements have an area ratio of 1:2:4. 
0253) In a case of a top gate structure, films are formed 
in the order of a substrate, a semiconductor layer, a gate 
insulating film, a first wiring, an interlayer insulating film, 
and a second wiring. In a case of a bottom gate structure, 
films are formed in the order of a substrate, a first wiring, a 
gate insulating film, a semiconductor layer, an interlayer 
insulating film, and a second wiring. 
0254 Although the driving transistors in this embodi 
ment mode each have a single-gate structure, a multi-gate 
structure may also be employed. FIG. 37 shows a layout 
diagram where the driving transistors 3513 and 3523 in FIG. 
35 each have a double-gate structure. In addition, as for a 
channel region, either a single-channel structure or a multi 
channel structure may be employed. 
0255. Note that a total light emission area of a pixel may 
be changed in each pixel of R (red), G (green), and B (blue). 
FIG.38 shows an embodiment mode of this case. In FIG.38, 
the order of a total light-emission area of a pixel, from 
largest to Smallest, is G, R, and B. Accordingly, appropriate 
color balance of R, G, and B can be realized; thus, it is 
possible to perform color display with higher resolution. 
0256 In addition, in a structure of R, G, B, and W 
(white), the number of sub-pixels in the RGB portion and the 
number of sub-pixels in the W portion may be different. FIG. 
39 shows an embodiment mode of this case. In FIG. 39, the 
RGB portion is divided into two sub-pixels, and the W 
portion is divided into three Sub-pixels. Accordingly, it is 
possible to perform white color display with higher resolu 
tion. 

0257). Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Modes 1 and 2 
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(Embodiment Mode 4) 
0258. This embodiment mode will explain a display 
device and a structure and an operation of a signal line driver 
circuit, scanning line driver circuit, and the like. This 
embodiment mode will explain an example in a case where 
one pixel is divided into two sub-pixels (SP1 and SP2). 
0259 For example, a case of employing a type of pro 
viding a plurality of Scanning lines is considered as a pixel 
configuration. First, in a case where a period in which a 
signal is written to a pixel and a lighting period are sepa 
rated, a display device has a pixel portion 4001, first and 
second scanning line driver circuits 4002 and 4003, and a 
signal line driver circuit 4004, as shown in FIG. 40A. As one 
example, the pixel configuration of this case is as shown in 
FIG. 25. 

0260 First, the scanning line driver circuits will be 
explained. The first and second scanning line driver circuits 
4002 and 4003 sequentially output select signals to the pixel 
portion 4001. FIG. 40B shows one example of a configu 
ration of the first and second Scanning line driver circuits 
4002 and 4003. The scanning line driver circuits each 
include a shift register 4005, a buffer circuit 4006, and the 
like. 

0261) Then, operations of the first and second scanning 
line driver circuits 4002 and 4003 shown in FIG. 40B will 
be briefly explained. A clock signal (G-CLK), a start pulse 
(G-SP), and a clock inverted signal (G-CLKB) are inputted 
into the shift register 4005, and sampling pulses are sequen 
tially outputted in accordance with the timing of these 
signals. The outputted sampling pulses are amplified in the 
buffer circuit 4006 and inputted into the pixel portion 4001 
from each scanning line. 
0262 Note that a level shifter circuit may be provided as 
a configuration of the buffer circuit 4006. In addition, a pulse 
width control circuit and the like may be arranged besides 
the shift register 4005 and the buffer circuit 4006 in the 
scanning line driver circuit 4002. 
0263. Here, the first scanning line driver circuit 4002 is a 
driver circuit for sequentially outputting the select signals to 
a scanning line connected to the sub-pixel 1 (SP1), and the 
second scanning line driver circuit 4003 is a driver circuit for 
sequentially outputting the select signals to a scanning line 
connected to the sub-pixel 2 (SP2). Note that, generally, in 
a case of dividing one pixel into m (m is an integer number 
of m22) of Sub-pixels, m of Scanning line driver circuits 
may be provided. 

0264. Next, the signal line driver circuit will be 
explained. The signal line driver circuit 4004 sequentially 
outputs a video signal to the pixel portion 4001. An image 
is displayed in the pixel portion 4001 by controlling a state 
of light in accordance with the video signal. A video signal 
that is inputted into the pixel portion 4001 from the signal 
line driver circuit 4004 is a voltage in many cases. In other 
words, states of a light-emitting element arranged in each 
pixel and an element that control the light-emitting element 
are changed by the video signal (voltage) inputted from the 
signal line driver circuit 4004. As an example of the light 
emitting element arranged in a pixel, an EL element, an 
element used for an FED (Field Emission Display), a liquid 
crystal, a DMD (Digital Micromirror Device), and the like 
can be given. 
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0265 FIG. 40B shows one example of a configuration of 
the signal line driver circuit 4004. The signal line driver 
circuit 4004 includes a shift register 4007, a first latch circuit 
(LAT1) 4008, a second latch circuit (LAT2) 4009, an ampli 
fier circuit 4010, and the like. Note that, as a configuration 
of the amplifier circuit 4010, a buffer circuit may be pro 
vided, a level shifter circuit may be provided, a circuit 
having a function of converting a digital signal into an 
analog signal may be provided, or a circuit having a function 
of performing gamma correction may be provided. 
0266. In addition, the pixel includes a light-emitting 
element Such as an EL element. The light-emitting element 
is provided with a circuit for outputting a current (a video 
signal), that is, a current source circuit in some cases. 
0267. Here, an operation of the signal line driver circuit 
4004 will be will be briefly explained. A clock signal 
(S-CLK), a start pulse (SP), and a clock inverted signal 
(S-CLKB) are inputted into the shift register 4007, and 
sampling pulses are sequentially outputted in accordance 
with the timing of these signals. 
0268. The sampling pulse outputted from the shift regis 
ter 4007 is inputted into the first latch circuit (LAT1) 4008. 
Since a video signal is inputted into the first latch circuit 
(LAT1) 4008 from a video signal line 4011, the video signal 
is held in each column in accordance with the timing when 
the sampling pulses are inputted. 
0269. After holding of the video signal is completed up to 
the last column in the first latch circuit (LAT1) 4008, a latch 
pulse (Latch Pulse) is inputted from a latch control line 
4012, and the video signal which has been held in the first 
latch circuit (LAT1) 4008 is transferred to the second latch 
circuit (LAT2) 4009 at once in a horizontal retrace period. 
Thereafter, the video signals of one row, which have been 
held in the second latch circuit (LAT2) 4009, are inputted 
into the amplifier circuit 4010 all at once. A signal which is 
outputted from the amplifier circuit 4010 is inputted into the 
pixel portion 4001. 

0270. The video signal which has been held in the second 
latch circuit (LAT2) 4009 is inputted into the amplifier 
circuit 4010, and while the video signal is inputted into the 
pixel portion 4001, the shift register 4007 outputs a sampling 
pulse again. In other words, two operations are performed at 
the same time. Accordingly, a line sequential driving can be 
realized. Hereafter, the above operation is repeated. 
0271 Note that the signal line driver circuit or part 
thereof (such as the current source circuit or the amplifier 
circuit) may be formed using, for example, an external IC 
chip instead of being provided over the same Substrate as the 
pixel portion 4001. 

0272. By using the scanning line driver circuits and the 
signal line driver circuit as described above, it is possible to 
realize the driving in the case where a period in which a 
signal is written to a pixel and a lighting period are sepa 
rated. 

0273. Then, in a case of performing an operation of 
erasing a signal of a pixel, a display device includes a pixel 
portion 4101, first, second, third, and fourth scanning line 
driver circuits 4102, 4103,4104, and 4105, and a signal line 
driver circuit 4106, as shown in FIG. 41. As one example, a 
pixel configuration of this case is as shown in FIG. 32. Note 
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that the configuration of the scanning line driver circuits and 
the signal line driver circuit is the same as that explained in 
FIG. 40; thus, the explanation is omitted. 
0274. Here, the first and third scanning line driver circuits 
4102 and 4104 are each a circuit for driving a scanning line 
connected to the Sub-pixel 1. Here, the first scanning line 
driver circuit 4102 sequentially outputs select signals to a 
first scanning line (a scanning line to which a select tran 
sistor is connected) connected to the sub-pixel 1. On the 
other hand, the third scanning line driver circuit 4104 
sequentially outputs erase signals to a second scanning line 
(a scanning line to which an erase transistor is connected) 
connected to the Sub-pixel 1. Accordingly, the select signals 
or the erase signals are written in the Sub-pixel 1. 
0275. In the same manner, the second and fourth scan 
ning line driver circuits 4103 and 4105 are each a circuit for 
driving a scanning line connected to the Sub-pixel 2. Here, 
the second scanning line driver circuit 4103 sequentially 
outputs select signals to a third Scanning line connected to 
the sub-pixel 2. On the other hand, the fourth scanning line 
driver circuit 4105 sequentially outputs erase signals to a 
fourth scanning line connected to the Sub-pixel 2. Accord 
ingly, the select signals and the erase signal are written in the 
sub-pixel 2. 
0276 By using the scanning line driver circuits and the 
signal line driver circuit as described above, it is possible to 
realize the driving in the case of an operation of erasing a 
signal of a pixel. 
0277 Although this embodiment mode explains the case 
of employing a type of providing a plurality of scanning 
lines as a pixel configuration, a signal line driver circuit 
corresponding to each Sub-pixel may be provided in a case 
of employing a type of providing a plurality of signal lines 
as a pixel configuration. 
0278 For example, in a case of performing an operation 
of erasing a signal of a pixel, a display device has a pixel 
portion 4201, first and second scanning line driver circuits 
4202 and 4203, and first and second signal line driver 
circuits 4204 and 4205, as shown in FIG. 42. Note that the 
configuration of the Scanning line driver circuits and the 
signal line driver circuits is the same as that explained in 
FIG. 40; thus, the explanation is omitted. 
0279 Here, the first scanning line driver circuit 4202 is a 
driver circuit for sequentially outputting select signals to a 
first scanning line (a scanning line to which a select tran 
sistor is connected), and the second scanning line driver 
circuit 4003 is a driver circuit for sequentially outputting 
erase signals to a second scanning line (a scanning line to 
which an erase transistor is connected). 
0280. In addition, the first signal line driver circuit 4204 

is a driver circuit for sequentially outputting video signals to 
a signal line connected to the sub-pixel 1 (SP1), and the 
second signal line driver circuit 4205 is a driver circuit for 
sequentially outputting video signals to a signal line con 
nected to the sub-pixel 2 (SP2). Note that, generally, in a 
case of dividing one pixel into m (m is an integer number of 
m22) of Sub-pixels, m of scanning line driver circuits may 
be provided. 
0281. By using the scanning line driver circuits and the 
signal line driver circuit as described above, it is possible to 
realize the driving in the case of an operation of erasing a 
signal of a pixel. 
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0282) Note that the configuration of the signal line driver 
circuits, the scanning line driver circuits, and the like is not 
limited to those in FIG. 40, FIG. 41, and FIG. 42. 
0283) Note that a transistor according to the present 
invention may be any type of transistor, and formed over any 
substrate. Therefore, all the circuits as shown in FIG. 40, 
FIG. 41, and FIG. 42 may be formed over any substrate 
including a glass Substrate, a plastic Substrate, a single 
crystalline substrate, and an SOI substrate. Alternatively, 
part of the circuits in FIG. 40, FIG. 41, and FIG. 42 may be 
formed over a certain substrate, and another part of the 
circuits in FIG. 40, FIG. 41, and FIG. 42 may be formed over 
another substrate. In other words, all the circuits in FIG. 40, 
FIG. 41, and FIG. 42 are not required to be formed over the 
same substrate. For example, in FIG. 40, FIG. 41, and FIG. 
42, the pixel portion and the scanning line driver circuits 
may be formed over a glass Substrate using transistors, and 
the signal line driver circuit (or part thereof) may be formed 
over a single-crystalline Substrate as an IC chip, and then the 
IC chip may be mounted on the glass Substrate by connect 
ing by COG (Chip On Glass). Alternatively, the IC chip may 
be connected to the glass substrate by TAB (Tape Auto 
Bonding) or using a printed Substrate. 
0284. Note that the content described in this embodiment 
mode corresponds to that using the content explained in 
Embodiment Modes 1 to 3. Therefore, the content explained 
in Embodiment Modes 1 to 3 can also be applied to this 
embodiment mode. 

(Embodiment Mode 5) 
0285) This embodiment mode will explain a structure of 
a transistor constituting a display device of the present 
invention. This embodiment mode will explain a case of 
using an amorphous silicon (a-Si:H) film as a semiconductor 
layer of a transistor. FIGS. 43A and 43B each show a case 
of a top-gate transistor, and FIGS. 44A and 44B and FIGS. 
45A and 45B each show a case of a bottom-gate transistor. 
0286 FIG. 43A shows a cross-sectional view of a top 
gate transistor using amorphous silicon as its semiconductor 
layer. As shown in FIG. 60A, a base film 4302 is formed 
over a substrate 4301. Further, a pixel electrode 4303 is 
formed over the base film 4302. In addition, a first electrode 
4304 is formed in the same layer formed from the same 
material as the pixel electrode 4303. 
0287. As the substrate, a glass substrate, a quartz sub 
strate, a ceramic Substrate, or the like can be used. The base 
film 4302 can be formed using a single layer of aluminum 
nitride (AIN), silicon oxide (SiO2), silicon oxynitride 
(SiON), or the like, or a stacked layer thereof. 
0288 Wirings 4305 and 4306 are formed over the base 
film 4302, and an end portion of the pixel electrode 4303 is 
covered with the wiring 4305. Over the wirings 4305 and 
4306, N-type semiconductor layers 4307 and 4308 each 
having N-type conductivity are formed. In addition, a semi 
conductor layer 4309 is formed over the base film 4302, 
between the wirings 4305 and 4306, which is partially 
extended to over the N-type semiconductor layers 4307 and 
4308. Note that this semiconductor layer is formed using an 
amorphous semiconductor film Such as amorphous silicon 
(a-Si:H) film or a microcrystalline semiconductor (u-Si:H) 
film. Then, a gate insulating film 4310 is formed over the 
semiconductor layer 4309, and an insulating film 4311 is 
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formed in the same layer formed from the same material as 
the gate insulating film 4310, also over the first electrode 
4304. Note that a silicon oxide film, a silicon nitride film, or 
the like is used as the gate insulating film 4310. 
0289. Over the gate insulating film 4310, a gate electrode 
4312 is formed. In addition, a second electrode 4313 is 
formed in the same layer formed from the same material as 
the gate electrode, over the first electrode 4304 with the 
insulating film 4311 interposed therebetween. A capacitor 
element 4319 is formed by sandwiching the insulating film 
4311 between the first electrode 4304 and the second elec 
trode 4313. An interlayer insulating film 4314 is formed to 
cover end portions of the pixel electrode 4303, a driving 
transistor 12818, and the capacitor element 4319. 
0290. Over the interlayer insulating film 4314 and the 
pixel electrode 4303 located in an opening of the interlayer 
insulating film 4314, a layer 4315 containing an organic 
compound and an opposite electrode 4316 are formed. A 
light-emitting element 4317 is formed in a region where the 
layer 4315 containing an organic compound is sandwiched 
between the pixel electrode 4303 and the opposite electrode 
4316. 

0291. The first electrode 4304 shown in FIG.43A may be 
a first electrode 4320 as shown in FIG. 43B. The first 
electrode 4320 is formed in the same layer formed from the 
same material as the wirings 4305 and 4306. 
0292 FIGS. 44A and 44B are partial cross-sectional 
views of a panel of a display device provided with a 
bottom-gate transistor using amorphous silicon for its semi 
conductor layer. 
0293. A gate electrode 4403 is formed over a substrate 
4401. In addition, a first electrode 4404 is formed in the 
same layer formed from the same material as the gate 
electrode. As a material for the gate electrode 4403, poly 
crystalline silicon to which phosphorus is added can be used. 
Other than polycrystalline silicon, silicide that is a com 
pound of metal and silicon may be used as well. 
0294 Then, a gate insulating film 4405 is formed to cover 
the gate electrode 4403 and the first electrode 4404. The gate 
insulating film 4405 is formed using a silicon oxide film, a 
silicon nitride film, or the like. 
0295) A semiconductor layer 4406 is formed over the 
gate insulating film 4405. In addition, a semiconductor layer 
4407 is formed in the same layer formed from the same 
material as the semiconductor layer 4406. 
0296 N-type semiconductor layers 4408 and 4409 each 
having N-type conductivity are formed over the semicon 
ductor layer 4406, and an N-type semiconductor layer 4410 
is formed over the semiconductor layer 4407. 
0297 Wirings 4411 and 4412 are formed over the N-type 
semiconductor layers 4408, 4409, and 4410, respectively, 
and a conductive layer 4413 is formed in the same layer 
formed from the same material as the wirings 4411 and 
4412, over the N-type semiconductor layer 4410. 
0298 Thus, a second electrode formed of the semicon 
ductor layer 4407, the N-type semiconductor layer 4410, and 
the conductive layer 4413 are formed. Note that a capacitor 
element 4420 is formed in which the gate insulating film 
4405 is sandwiched between the second electrode and the 
first electrode 4404. 
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0299. One end portion of the wiring 4411 is extended, 
and a pixel electrode 4414 is formed over the extended 
wiring 4411. 

0300. An insulator 4415 is formed to cover end portions 
of the pixel electrode 4414, a driving transistor 4419, and the 
capacitor element 4420. 

0301 Then, a layer 4416 containing an organic com 
pound and an opposite electrode 4417 are formed over the 
pixel electrode 4414 and the insulator 4415. A light-emitting 
element 4418 is formed in a region where the layer 4416 
containing an organic compound is sandwiched between the 
pixel electrode 4414 and the opposite electrode 4417. 

0302) The semiconductor layer 4407 and the N-type 
semiconductor layer 4410 which are part of the second 
electrode of the capacitor element need not necessarily be 
provided. In other words, the second electrode may be 
constituted only by the conductive layer 4413, so that the 
capacitor element may have a structure in which the gate 
insulating film is sandwiched between the first electrode 
4404 and the conductive layer 4413. 

0303) Note that the pixel electrode 4414 may be formed 
before forming the wiring 4411 in FIG. 44A, so that a 
capacitor element 4422 can be formed in which the gate 
insulating film 4405 is sandwiched between a second elec 
trode 4421 formed of the pixel electrode 4414 and the first 
electrode 4404 as shown in FIG. 44B. 

0304) Note that FIGS. 44A and 44B show inverted 
staggered channel-etch type transistors; however, a channel 
protective type transistor may also be used. A case of a 
channel protective type transistor will be explained with 
reference to FIGS. 45A and 45B. 

0305. A channel protective type transistor shown in FIG. 
45A is different from the channel-etch type driving transistor 
4419 shown in FIG. 44A in that an insulator 4501 serving as 
an etching mask is provided over the channel formation 
region in the semiconductor layer 4406. The other common 
portions are denoted by the same reference numerals. 
0306 Similarly, a channel-protective type transistor 
shown in FIG. 45B is different from the channel-etch type 
driving transistor 4419 shown in FIG. 44B in that the 
insulator 4501 serving as an etching mask is provided over 
the channel formation region in the semiconductor layer 
4406. The other common portions are denoted by the same 
reference numerals. 

0307. It is possible to reduce manufacturing cost by using 
an amorphous semiconductor film as a semiconductor layer 
(such as a channel formation region, a source region, and a 
drain region) of a transistor included in the pixel of the 
present invention. 

0308) Note that structures of a transistor and a capacitor 
element, to which the pixel configuration of the present 
invention can be applied, are not limited to the above 
structures, and various structures of a transistor and a 
capacitor element can be used. 

0309) Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Modes 1 to 4. 
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(Embodiment Mode 6) 
0310. This embodiment mode will explain a method for 
manufacturing a display device using plasma treatment as a 
method for manufacturing a display device including a 
transistor. 

0311 FIGS. 46A to 46C are views each showing a 
structure example of a display device including a transistor. 
Note that, in FIGS. 46A to 46C, FIG. 46B corresponds to a 
cross-sectional view taken along a-b of FIG. 46A, and FIG. 
46C corresponds to a cross-sectional view taken along c-d of 
FIG. 46A. 

0312. A display device shown in FIGS. 46A to 46C 
includes semiconductor films 4603a and 4603b provided 
over a substrate 4601 with an insulating film 4602 inter 
posed therebetween, a gate electrode 4605 provided over the 
semiconductor films 4603a and 4603b with a gate insulating 
film 4604 interposed therebetween, insulating films 4606 
and 4607 provided to cover the gate electrode, and a 
conductive film 4608 which is electrically connected to 
source or drain region of the semiconductor films 4603a and 
4603b and provided over the insulating film 4607. Note that 
FIGS. 46A to 46C each show a case of providing an 
N-channel transistor 4610a using part of the semiconductor 
film 4603a as a channel region and a P-channel transistor 
4610b using part of the semiconductor film 4603b as a 
channel region; however, the present invention is not limited 
to this structure. For example, in FIGS. 46A to 46C. 
although an LDD region is provided in the N-channel 
transistor 4610a but not in the P-channel transistor 4610b, an 
LDD region can be provided in both of the transistors or 
neither of the transistors. 

0313 Note that, in this embodiment mode, a display 
device shown in FIGS. 46A to 46C is manufactured by 
oxidizing or nitriding at least one of the substrate 4601, the 
insulating film 4602, the semiconductor films 4603a and 
4603b, the gate insulating film 4604, the insulating film 
4606, and the insulating film 4607 by plasma treatment, so 
that the semiconductor film or the insulating film is oxidized 
or nitrided. In this manner, by oxidizing or nitriding the 
semiconductor film or the insulating film by plasma treat 
ment, the Surface of the semiconductor film or the insulating 
film is modified. Consequently, a denser insulating film can 
be formed as compared to an insulating film formed by a 
CVD method or a sputtering method. Therefore, a defect 
Such as a pinhole can be Suppressed and the characteristics 
or the like of a display device can be improved. 
0314. In this embodiment mode, a method for manufac 
turing a display device by performing plasma treatment to 
the semiconductor film 4603a, the semiconductor film 
4603b, or the gate insulating film 4604 in the above FIGS. 
46A to 46C and oxidizing or nitriding the semiconductor 
film 4603a, the semiconductor film 4603b, or the gate 
insulating film 4604 will be explained with reference to the 
drawings. 
0315) Initially, the edge portions of an island-shaped 
semiconductor film provided over a substrate are formed 
almost vertically. 
0316 First, the island-shaped semiconductor films 4603a 
and 4603b are formed over the substrate 4601 (FIG. 47A). 
The island-shaped semiconductor films 4603a and 4603b are 
formed by forming an amorphous semiconductor film with 
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the use of a material containing silicon (Si) as a main 
component over the insulating film 4602, which is formed in 
advance over the substrate 4601, by a sputtering method, an 
LPCVD method, a plasma CVD method, or the like, and 
then the amorphous semiconductor film is crystallized and 
selectively etched. Note that the amorphous semiconductor 
film can be crystallized by a crystallization method such as 
a laser crystallization method, a thermal crystallization 
method using RTA or an annealing furnace, a thermal 
crystallization method using a metal element which pro 
motes crystallization, or a method using these methods in 
combination. Note that, in FIGS. 47A to 47D, the edge 
portions of the island-shaped semiconductor films 4603a 
and 4603b are formed almost vertically (0=85 to 100°). 
0317 Next, the semiconductor films 4603a and 4603b 
are oxidized or nitrided by plasma treatment to form oxide 
films or nitride films 4621a and 4621b (hereinafter, also 
referred to as insulating films 4621a and 4621b) over the 
surfaces of the semiconductor films 4603a and 4603b, 
respectively (FIGS. 47B). In a case of using Si for the 
semiconductor films 4603a and 4603b, for example, silicon 
oxide (SiO) or silicon nitride (SiN) is formed as the 
insulating films 4621a and 4621b. In addition, after oxidiz 
ing the semiconductor films 4603a and 4603b by plasma 
treatment, they may be nitrided by plasma treatment again. 
In this case, silicon oxide (SiO) is formed in contact with 
the semiconductor films 4603a and 4603b and silicon nitride 

oxide (SiN.O.) (x>y) is formed over the surface of the 
silicon oxide. Note that, in the case of oxidizing the semi 
conductor films by plasma treatment, plasma treatment is 
performed under an oxygen atmosphere (for example, under 
an atmosphere containing oxygen (O2) and a rare gas (at 
least one of He, Ne, Ar. Kr, and Xe), an atmosphere 
containing oxygen, hydrogen (H2), and a rare gas, or an 
atmosphere containing dinitrogen monoxide and a rare gas). 
On the other hand, in the case of nitriding the semiconductor 
films by plasma treatment, plasma treatment is performed 
under a nitrogen atmosphere (for example, under an atmo 
sphere containing nitrogen (N2) and a rare gas (at least one 
of He, Ne, Ar, Kr, and Xe), an atmosphere containing 
nitrogen, hydrogen, and a rare gas, or an atmosphere con 
taining NH and a rare gas). As a rare gas, for example, Ar 
can be used. A gas in which Ar and Kr are mixed may also 
be used as well. Accordingly, the insulating films 4621a and 
4621b contain the rare gas (containing at least one of He, Ne, 
Ar, Kr, and Xe) used for the plasma treatment. When Ar is 
used, the insulating films 4621a and 4621b contain Ar. 
0318. In addition, the plasma treatment is performed with 
an electron density of 1x10' or more and 1x10" cm or 
less and an electron temperature of plasma of 0.5 or more 1.5 
eV or less in the atmosphere containing the gas described 
above. The electron density of plasma is high and the 
electron temperature around an object (here, the semicon 
ductor films 4603a and 4603b) formed over the substrate 
4601 is low. Thus, plasma damages to the object can be 
avoided. In addition, since the electron density of plasma is 
1x10' cm or more, the oxide film or the nitride film 
formed by oxidizing or nitriding the object by the plasma 
treatment has a Superior evenness in film thickness as 
compared to a film formed by a CVD method, a sputtering 
method, or the like, and thus, can be a dense film. Moreover, 
since the electron temperature of plasma is 1 eV or lower, the 
oxidation treatment or the nitriding treatment can be per 
formed at a lower temperature than conventional plasma 
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treatment or a thermal oxidation method. For example, the 
oxidation treatment or the nitriding treatment can be per 
formed sufficiently even when the plasma treatment is 
performed at a lower temperature by at least 100° C. than a 
distortion point of a glass Substrate. As the frequency for 
producing plasma, a high frequency wave Such as a micro 
wave (2.45 GHz) can be employed. Hereinafter, the plasma 
treatment is performed with the above conditions unless 
specifically referred. 

0319. Next, the gate insulating film 4604 is formed to 
cover the insulating films 4621a and 4621b (FIG. 47C). The 
gate insulating film 4604 can be formed to have a single 
layer structure or a multilayer structure of insulating films 
containing nitrogen or oxygen Such as silicon oxide (SiO.), 
silicon nitride (SiN.), silicon oxynitride (SiON) (x>y), or 
silicon nitride oxide (SiN.O.) (x>y) by a sputtering method, 
an LPD method, a plasma CVD method, or the like. For 
example, when Si is used for the semiconductor films 4603a 
and 4603b, and silicon is oxidized by the plasma treatment, 
silicon oxide is formed as the insulating films 4621a and 
4621b over the surfaces of the semiconductor films 4603a 
and 4603b. In this case, silicon oxide (SiO) is formed as the 
gate insulating film over the insulating films 4621a and 
4621b. In addition, when the thickness is made thinner, in 
FIG. 47B, it is possible that the insulating films 4621a and 
4621b which are formed by oxidizing or nitriding the 
semiconductor films 4603a and 4603b by the plasma treat 
ment, are used as the gate insulating films. 

0320) Then, by forming the gate electrode 4605 or the 
like over the gate insulating film 4604, it is possible to 
manufacture a display device having the N-channel transis 
tor 4610a and the P-channel transistor 4610b each using the 
island-shaped semiconductor films 4603a and 4603b as 
channel regions (FIG. 47D). 
0321 Before forming the gate insulating film 4604 over 
the semiconductor films 4603a and 4603b, the surface of 
each of the semiconductor films 4603a and 4603b is oxi 
dized or nitrided by the plasma treatment. Consequently, a 
short-circuit or the like between the gate electrode and the 
semiconductor film due to a coverage defect of the gate 
insulating film 4604 in end portions 4651a and 4651b of the 
channel regions can be prevented. In other words, in a case 
where the angles of the end portions of the island-shaped 
semiconductor films are formed almost vertical (0=85 to 
100), when the gate insulating film is formed to cover the 
semiconductor films by a CVD method, a sputtering method 
or the like, there is a risk of a coverage defect due to 
breakage of the gate insulating film, or the like at the end 
portions of the semiconductor films. However, when the 
plasma treatment is performed to the Surface of the semi 
conductor film to oxide or nitride the Surface, coverage 
defects and the like of the gate insulating film at the end 
portion of the semiconductor film can be prevented. 

0322. In FIGS. 47A to 47D, the gate insulating film 4604 
may be oxidized or nitrided by performing plasma treatment 
after forming the gate insulating film 4604. In this case, the 
gate insulating film 4604 is formed to cover the semicon 
ductor films 4603a and 4603b (FIG. 48A), and plasma 
treatment is performed to the gate insulating film 4604 to 
oxidize or nitride the gate insulating film 4604; therefore, an 
oxide film or a nitride film 4623 (hereinafter also referred to 
as an insulating film 4623) is formed over the surface of the 
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gate insulating film 4604 (FIG. 48B). The conditions for the 
plasma treatment can be similar to those of FIG. 47B. In 
addition, the insulating film 4623 contains a rare gas used in 
the plasma treatment, for example, in a case of using Ar, Ar 
is contained in the insulating film 4623. 
0323 In FIG. 48B, after the plasma treatment is per 
formed in an atmosphere containing oxygen to oxidize the 
gate insulating film 4604, plasma treatment may be per 
formed again in an atmosphere containing nitrogen to nitride 
the gate insulating film 4604. In this case, silicon oxide 
(SiO, ) or silicon oxynitride (SiON) (x>y) is formed over 
the semiconductor films 4603a and 4603b, and silicon 
nitride oxide (SiN.O.) (x>y) is formed in contact with the 
gate electrode 4605. Thereafter, by forming the gate elec 
trode 4605 or the like over the insulating film 4623, it is 
possible to manufacture a display device having the N-chan 
nel transistor 4610a and the P-channel transistor 4610b each 
using the island-shaped semiconductor films 4603a and 
4603b as channel regions (FIG. 48C). In this manner, by 
performing the plasma treatment to the gate insulating film, 
the Surface of the gate insulating film is oxidized or nitrided 
to be enhanced in its film quality. Thus, a dense film can be 
obtained. The insulating film obtained by the plasma treat 
ment is denser and has fewer defects such as pinholes as 
compared to an insulating film formed by a CVD method or 
a sputtering method, and thus, the characteristics of a thin 
film transistor can be enhanced. 

0324) In FIGS. 48A to 48C, the case is described, where 
the plasma treatment is performed to the semiconductor 
films 4603a and 4603b in advance, and the surfaces of the 
semiconductor films 4603a and 4603b is oxidized or 
nitrided. However, a method may be employed, in which 
plasma treatment is performed after forming the gate insu 
lating film 4604 without performing the plasma treatment to 
the semiconductor films 4603a and 4603b. In this manner, 
by performing the plasma treatment before forming the gate 
electrode, even when coverage defects due to breakage of 
the gate insulating film occurs at the end portions of the 
semiconductor films, the semiconductor film exposed due to 
the coverage defects can be oxidized or nitrided, and thus, a 
short-circuit between the gate electrode and the semicon 
ductor film caused by the coverage defect of the gate 
insulating film at the end portions of the semiconductor 
films, or the like can be prevented. 
0325 Even when the end portions of the island-shaped 
semiconductor films are formed almost vertical, the plasma 
treatment is performed to the semiconductor films or the 
gate insulating film to oxidize or nitride the semiconductor 
films or the gate insulating film, thereby avoiding a short 
circuit between the gate electrode and the semiconductor 
films caused by coverage defects of the gate insulating film 
at the end portions of the semiconductor films. 
0326) Next, a case will be described where the end 
portion of the island-semiconductor film has a tapered shape 
(0=30 to 85°) in the island-shaped semiconductor film 
provided over the substrate. 
0327 First, the island-shaped semiconductor films 4603a 
and 4603b are formed over the substrate 4601 (FIG. 49A). 
As for the island-shaped semiconductor films 4603a and 
4603b, an amorphous semiconductor film is formed using a 
material mainly containing silicon (Si) (for example, 
SiGe or the like) over an insulating film 4602 which 
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have been formed over the substrate 4601, by a sputtering 
method, an LPCVD method, a plasma CVD method, or the 
like. Then, the amorphous semiconductor film is crystallized 
by a crystallization method such as a laser crystallization 
method, a thermal crystallization method using RTA or an 
annealing furnace, or a thermal crystallization method using 
a metal element promoting crystallization. Then, the semi 
conductor film is selectively etched and removed. In FIGS. 
49A to 49D, the end portions of the island-shaped semicon 
ductor films 4603a and 4603b are tapered (0=30 to 85°). 
0328 Next, a gate insulating film 4604 is formed to cover 
the semiconductor films 4603a and 4603b (FIG. 49B). The 
gate insulating film 4604 can be formed to have a single 
layer structure or a multilayer structure of insulating films 
containing nitrogen or oxygen Such as silicon oxide (SiO.), 
silicon nitride (SiN.), silicon oxynitride (SiO,N) (x>y), or 
silicon nitride oxide (SiN.O.) (x>y) by a sputtering method, 
an LPCVD method, a plasma CVD method, or the like. 

0329. Then, the gate insulating film 4604 is oxidized or 
nitrided by plasma treatment, and thus, an oxide film or a 
nitride film 4624 (hereinafter also referred to as an insulating 
film 4624) is formed over the surface of the gate insulating 
film 4604 (FIG. 49C). Note that the conditions for the 
plasma treatment can be similar to those described above. 
For example, when silicon oxide (SiO) or silicon oxynitride 
(SiON) (x>y) is used as the gate insulating film 4604, 
plasma treatment is performed in an atmosphere containing 
oxygen to oxidize the gate insulating film 4604. The film 
obtained over the surface of the gate insulating film by the 
plasma treatment is dense and has fewer defects such as 
pinholes as compared with a gate insulating film formed by 
a CVD method, a sputtering method, or the like. On the other 
hand, plasma treatment is performed in an atmosphere 
containing nitrogen to nitride the gate insulating film 4604, 
silicon nitride oxide (SiN.O.) (x>y) can be provided as the 
insulating film 4624 over the Surface of the gate insulating 
film 4604. In addition, after plasma treatment is performed 
in an atmosphere containing oxygen to oxidize the gate 
insulating film 4604, plasma treatment may be performed 
again in an atmosphere containing nitrogen to nitride the 
gate insulating film 4604. In addition, the insulating film 
4624 contains a rare gas used in the plasma treatment, for 
example, in a case of using Ar, Ar is contained in the 
insulating film 4624. 

0330 Next, by forming the gate electrode 4605 or the like 
over the gate insulating film 4604, it is possible to manu 
facture a display device having the N-channel transistor 
4610a and the P-channel transistor 4610b each using the 
island-shaped semiconductor films 4603a and 4603b as 
channel regions (FIG. 49D). 
0331 In this manner, by performing the plasma treatment 
to the gate insulating film, an insulating film formed of an 
oxide film or a nitride film is formed over the surface of the 
gate insulating film, and the Surface of the gate insulating 
film can be enhanced in its film quality. The oxidized or 
nitrided insulating film by the plasma treatment is denser 
and has fewer defects Such as pinholes as compared to a gate 
insulating film formed by a CVD method or a sputtering 
method, and thus, the characteristics of a thin film transistor 
can be enhanced. Further, it is possible to prevent a short 
circuit between the gate electrode and the semiconductor 
film caused by the coverage defect of the gate insulating film 
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or the like at the end portion of the semiconductor film by 
forming the end portion of the semiconductor film into a 
tapered shape. However, by performing the plasma treat 
ment after forming the gate insulating film, a short-circuit 
between the gate electrode and the semiconductor film, or 
the like can further be prevented. 
0332 A manufacturing method of a semiconductor 
device which is different from that in FIGS. 49A to 49D will 
be explained with reference to the drawings. Specifically, a 
case is described where plasma treatment is selectively 
conducted to an end portion of a semiconductor film having 
a tapered shape. 

0333 First, the island-shaped semiconductor films 4603a 
and 4603b are formed over the substrate 4601 (FIG.50A). 
As for the island-shaped semiconductor films 4603a and 
4603b, an amorphous semiconductor film is formed using a 
material mainly containing silicon (Si) (e.g., SiGe etc.) 
over an insulating film 4602 which have been formed over 
the substrate 4601 by a sputtering method, an LPCVD 
method, a plasma CVD method, or the like. Then, the 
amorphous semiconductor film is crystallized and the semi 
conductor film is selectively etched using resists 4625a and 
4625b as masks. A crystallization method such as a laser 
crystallization method, a thermal crystallization method 
using RTA or an annealing furnace, a thermal crystallization 
method using a metal element promoting crystallization, or 
a combination of the methods can be adopted to crystallize 
the amorphous semiconductor film. 
0334) Next, before removing the resists 4625a and 4625b 
used for etching the semiconductor film, plasma treatment is 
performed to selectively oxidize or nitride the end portions 
of the island-shaped semiconductor films 4603a and 4603b. 
An oxide film or a nitride film 4626 (hereinafter, also 
referred to as an insulating film 4626) is formed at each end 
portion of the semiconductor films 4603a and 4603b (FIG. 
50B). The plasma treatment is performed with the above 
conditions. In addition, the insulating film 4626 contains a 
rare gas used in the plasma treatment. 
0335 Then, a gate insulating film 4604 is formed to cover 
the semiconductor films 4603a and 4603b (FIG. 50C). The 
gate insulating film 4604 can be formed similarly as 
described above. 

0336) Next, by forming the gate electrode 4605 or the like 
over the gate insulating film 4604, it is possible to manu 
facture a display device having the N-channel transistor 
4610a and the P-channel transistor 4610b each using the 
island-shaped semiconductor films 4603a and 4603b as 
channel regions (FIG. 50D). 

0337. When the end portions of the semiconductor films 
4603a and 4603b are tapered, end portions 4652a and 4652b 
of the channel regions formed in part of the semiconductor 
films 4603a and 4603b are also tapered. Thus, the thickness 
of the semiconductor film or the gate insulating film varies 
as compared to the center portion, and there is a risk that the 
characteristics of a thin film transistor are affected. Thus, by 
selectively oxidizing or nitriding the end portions of the 
channel regions by the plasma treatment, an insulating film 
is formed in the semiconductor film which becomes the end 
portions of the channel region. Thus, the effect on the thin 
film transistor due to the end portions of the channel region 
can be reduced. 
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0338 FIGS. 50A to 50D show an example in which the 
plasma treatment is performed to only the end portions of the 
semiconductor films 4603a and 4603b for oxidation or 
nitriding. Needless to say, the plasma treatment can also be 
performed to the gate insulating film 4604 for oxidation or 
nitriding as shown in FIGS. 49A to 49D (FIG. 52A). 
0339 Next, a manufacturing method of a display device 
will be explained with reference to the drawings. The 
method is different from the method described above. Spe 
cifically, plasma treatment is applied to a semiconductor film 
having a tapered shape. 

0340 First, island-shaped semiconductor films 4603a 
and 4603b are formed over the substrate 4601 similarly as 
described above (FIG. 51A). 
0341 Next, plasma treatment is performed to the semi 
conductor films 4603a and 4603b to oxidize or nitride the 
semiconductor films 4603a and 4603b, oxide films or nitride 
films 4627a and 4627b (hereinafter, also referred to as 
insulating films 4627a and 4627b) are formed (FIG. 51B). 
The plasma treatment can be performed with the above 
conditions. For example, when Si is used for the semicon 
ductor films 4603a and 4603b, silicon oxide (SiO) or 
silicon nitride (SiN) is formed as the insulating films 4627a 
and 4627b. In addition, after oxidizing the semiconductor 
films 4603a and 4603b by plasma treatment, plasma treat 
ment may be performed again to nitride the semiconductor 
films 4603a and 4603b. In this case, silicon oxide (SiO) or 
silicon oxynitride (SiON) (x>y) is formed in contact with 
the semiconductor films 4603a and 4603b, and silicon 
nitride oxide (SiN.O.) (x>y) is formed over the surface of 
the silicon oxide. Therefore, the insulating films 4627a and 
4627b contain a rare gas used for the plasma treatment. By 
the plasma treatment, the end portions of the semiconductor 
films 4603a and 4603b are oxidized or nitrided at the same 
time. 

0342. Then, a gate insulating film 4604 is formed to cover 
the insulating films 4627a and 4627b (FIG.51C). As the gate 
insulating film 4604, a single layer structure or a stacked 
layer structure of insulating films containing nitrogen or 
oxygen such as silicon oxide (SiO), silicon nitride (SiN). 
silicon oxynitride (SiO.N.) (x>y), or silicon nitride oxide 
(SiN.O.) (x>y) can be employed by a sputtering method, an 
LPCVD method, a plasma CVD method, or the like. For 
example, in a case where the semiconductor films 4603a and 
4603b using Si are oxidized by plasma treatment to form 
silicon oxide as the insulating films 4627a and 4627b over 
the surface of the semiconductor films 4603a and 4603b, 
silicon oxide (SiO) is formed as the gate insulating film 
over the insulating film 4627a and 4627b. 
0343 Next, by forming the gate electrode 4605 or the like 
over the gate insulating film 4604, it is possible to manu 
facture a display device having the N-channel transistor 
4610a and the P-channel transistor 4610b each using the 
island-shaped semiconductor films 4603a and 4603b as 
channel regions (FIG. 51D). 

0344) When the end portions of the semiconductor films 
are tapered, end portions 4653a and 4653b of the channel 
regions formed in a portion of the semiconductor films are 
also tapered. Thus, there is a risk that the characteristics of 
a semiconductor element are affected. By oxidizing or 
nitriding the end portions of the channel regions as a result 
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of oxidizing or nitriding the semiconductor films by the 
plasma treatment, the effect on a semiconductor element can 
be reduced. 

0345. In FIGS. 51A to 51D, the example is shown in 
which only the semiconductor films 4603a and 4603b are 
Subjected to oxidization or nitriding by plasma treatment; 
however, the plasma treatment can be performed to the gate 
insulating film 4604 for oxidation or nitriding as shown in 
FIGS. 49A to 49D (FIG. 52B). In this case, after the plasma 
treatment is performed in an atmosphere containing oxygen 
to oxide the gate insulating film 4604, plasma treatment may 
be performed again in an atmosphere containing nitrogen to 
nitride the gate insulating film 4604. In this case, silicon 
oxide (SiO, ) or silicon oxynitride (SiON) (x>y) is formed 
in the semiconductor films 4603a and 4603b, and silicon 
nitride oxide (SiN.O.) (x>y) is formed in contact with the 
gate electrode 4605. 
0346 By performing the plasma treatment in this manner, 
impurities such as dusts attached to the semiconductor film 
or the insulating film can be easily removed. In general, in 
Some cases, dusts (also referred to as particles) are attached 
to the film formed by a CVD method, a sputtering method, 
or the like. For example, as shown in FIG. 53A, a dust 4673 
is formed over an insulating film 4672 formed by a CVD 
method, a sputtering method, or the like, which is formed 
over a film 4671 such as an insulating film, a conductive 
film, or a semiconductor film. In such a case, the insulating 
film 4672 is oxidized or nitrided by the plasma treatment and 
an oxide film or a nitride film 4674 (hereinafter, also referred 
to as an insulating film 4674) is formed over the surface of 
the insulating film 4672. As for the insulating film 4674, a 
portion under the dust 4673 as well as a portion in which the 
dust 4673 does not exist are oxidized or nitrided, and thus 
the volume of the insulating film 4674 is increased. The 
surface of the dust 4673 is also oxidized or nitrided by the 
plasma treatment to form an insulating film 4675, and as a 
result, the volume of the dust 4673 is also increased (FIG. 
53B). 
0347. At this time, the dust 4673 can be easily removed 
from the surface of the insulating film 4674 by simple 
cleaning Such as brush cleaning. In this manner, by the 
plasma treatment, even a minute dust attached to the insu 
lating film or a semiconductor film can be removed easily. 
It is noted that this is an effect obtained by performing the 
plasma treatment, and this is true to other embodiment 
modes as well as this embodiment mode. 

0348. As described above, by improving the film quality 
of the Surface of the semiconductor film or the gate insu 
lating film by oxidation or nitriding by the plasma treatment, 
a dense insulating film having good film quality can be 
formed. In addition, dusts or the like attached to the surface 
of the insulating film can be removed easily by cleaning. 
Consequently, even when the insulating film is formed 
thinner, defects Such as pinholes can be avoided, and min 
iaturization and higher performance of a semiconductor 
element Such as a thin film transistor can be realized. 

0349. Note that, in this embodiment mode, plasma treat 
ment is performed to the semiconductor films 4603a and 
4603b or the gate insulating film 4604 in the above FIGS. 
46A to 46C to oxidize or nitride the semiconductor films 
4603a and 4603b or the gate insulating film 4604; however, 
a layer that is oxidized or nitrided by plasma treatment is not 
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limited thereto. For example, plasma treatment may be 
performed to the substrate 4601 or the insulating film 4602, 
or plasma treatment may be performed to the insulating film 
4606 or 4607. 

0350 Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Modes 1 to 5. 

(Embodiment Mode 7) 
0351. This embodiment mode will explain a half-tone 
method as a process of manufacturing a display device 
including a transistor. 
0352 FIG. 54 is a view showing a cross-sectional struc 
ture of a display device including a transistor, a capacitor 
element, and a resistive element. FIG. 54 shows N-channel 
transistors 5401 and 5402, a capacitor element 5404, a 
resistive element 5405, and a P-channel transistor 5403. 
Each transistor is provided with a semiconductor layer 5505, 
an insulating film 5508, and a gate electrode 5509. The gate 
electrode 5509 is formed in a stacked structure of first and 
second conductive layers 5503 and 5502. In addition, FIGS. 
55A to 55E are each a top view corresponding to the 
transistors, capacitor element, and resistive element shown 
in FIG. 54, which can be referred to as well. 

0353. In FIG. 54, the N-channel transistor 5401 has 
impurity regions 5507 formed in the semiconductor layer 
5505 on either side of the gate electrode in the channel 
length direction (the direction in which carriers flow), which 
are also referred to as lightly doped drains (LDDs) and are 
doped to have a concentration lower than the impurity 
concentration of impurity regions 5506 forming source and 
drain regions in contact with wirings 5504. In a case of 
arranging the N-channel transistor 5401, the impurity 
regions 5506 and 5507 are doped with phosphorus or the like 
as an impurity imparting N-type conductivity. The LDDs are 
formed as a means of Suppressing hot electron degradation 
and short channel effect. 

0354 As shown in FIG. 55A, the gate electrode 5509 of 
the N-channel transistor 5401 has the first conductive layer 
5503 formed to extend on either side of the second conduc 
tive layer 5502. In this case, the first conductive layer 5503 
is formed to have a thinner film thickness than the second 
conductive layer. The first conductive layer 5503 is formed 
to have a thickness that allows ion species accelerated by an 
electric field of 10 to 100 kV to pass. The impurity regions 
5507 are formed to overlap with the first conductive layer 
5503 of the gate electrode 5509, that is, form LDD regions 
overlapping with the gate electrode 5509. In this structure, 
the impurity regions 5507 are formed in a self-aligned 
manner by doping with one conductivity-type impurity 
through the first conductive layer 5503 of the gate electrode 
5509 with the second conductive layer 5502 thereofused as 
a mask. In other words, the LDD overlapping with the gate 
electrode is formed in a self-aligned manner. 
0355. In FIG. 54, the N-channel transistor 5402 has the 
impurity region 5507 formed in the semiconductor layer 
5505 on one side of the gate electrode, which is doped to 
have a concentration lower than the impurity concentration 
of impurity regions 5506. As shown in FIG. 55B, the gate 
electrode 5509 of the N-channel transistor 5402 has the first 
conductive layer 5503 formed to extend on one side of the 
second conductive layer 5502. In this case, also, the LDD 
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can be formed in a self-aligned manner by doping with one 
conductivity-type impurity through the first conductive layer 
5503 with the second conductive layer 5502 used as a mask. 
0356. The transistor with the LDD on one side may be 
applied to a transistor where only positive voltage or nega 
tive Voltage is applied between source and drain electrodes, 
and specifically may be applied to a transistor constituting a 
logic gate Such as an inverter circuit, a NAND circuit, a 
NOR circuit, or a latch circuit, and to a transistor constitut 
ing an analog circuit Such as a sense amplifier, a constant 
Voltage generation circuit, or a VCO. 
0357. In FIG. 54, the capacitor element 5404 is formed to 
have the insulating film 5508 sandwiched between the first 
conductive layer 5503 and the semiconductor layer 5505. 
The semiconductor layer 5505 forming the capacitor ele 
ment 5404 includes impurity regions 5510 and an impurity 
region 5511. The impurity region 5511 is formed in positions 
overlapping with the first conductive layer 5503 in the 
semiconductor layer 5505. In addition, the impurity regions 
5510 are in contact with the wirings 5504. Since the impu 
rity region 5511 can be doped with one conductivity-type 
impurity through the first conductive layer 5503, the con 
centration of the impurity included in the impurity regions 
5510 can be the same as or different from the concentration 
of the impurity included in the impurity region 5511. In any 
case, since the semiconductor layer 5505 is made to function 
as an electrode in the capacitor element 5404, it is preferable 
that the semiconductor layer 5505 be doped with one 
conductivity-type impurity to make the resistance lower. In 
addition, the first conductive layer 5503 can be made to 
function Sufficiently as an electrode by using the second 
conductive layer 5502 as an auxiliary electrode as shown in 
FIG.55C. In this manner, the capacitor element 5404 can be 
formed in a self-aligned manner by using a composite 
electrode structure of the first and second conductive layers 
5503 and 5502 combined. 

0358. In FIG. 54, the resistive element 5405 is formed 
with the first conductive layer 5503. Since the first conduc 
tive layer 5503 is formed to have a thickness of approxi 
mately 30 to 150 nm, the width and length thereof can be 
appropriately set to arrange the resistive element. 
0359 The resistive element may be made up of a semi 
conductor layer including an impurity element at a high 
concentration or a metal layer that has a thin film thickness. 
While the resistance of the semiconductor layer depends on 
the film thickness, the film quality, the impurity concentra 
tion, the activation rate, or the like, the metal layer is 
preferable because the resistance of the metal layer is 
determined by the film thickness and the film quality and 
thus less variable. FIG.55E shows a top view of the resistive 
element 5405. 

0360. In FIG. 54, the P-channel transistor 5403 has the 
semiconductor layer 5505 including impurity regions 5512. 
These impurity regions 5512 form source and drain regions 
in contact with the wirings 5504. The gate electrode 5509 
has a structure of the first and second conductive layers 5503 
and 5502 overlapped with each other The P-channel tran 
sistor 5403 is a transistor that has a single drain structure 
without an LDD. In the case of forming the P-channel 
transistor 5403, the impurity regions 5512 are doped with 
boron or the like as an impurity imparting P-type conduc 
tivity. On the other hand, when the impurity regions 5512 are 
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doped with phosphorus, an N-channel transistor having a 
single drain structure can be formed. FIG. 55E shows a top 
view of the P-channel transistor 5403. 

0361) One or both of the semiconductor layer 5505 and 
the insulating layer 5508 may be subjected to an oxidation 
or nitriding treatment by a microwave-excited high-density 
plasma treatment that has an electron temperature of 2 eV or 
less, ion energy of 5 eV or less, and an electron density on 
the order of 10' to 10"/cm. In this case, the defect level 
at the interface between the semiconductor layer 5505 and 
the insulating film 5508 can be reduced by performing the 
treatment at a substrate temperature of 300 to 450° C. in an 
oxidizing atmosphere (O., NO, or the like) or a nitriding 
atmosphere (N, NH, or the like). By performing this 
treatment for the insulating film 5508, this insulating film 
can be made dense. In other words, generation of a charged 
defect can be prevented to prevent fluctuation in the thresh 
old voltage of the transistor. In addition, in a case of driving 
the transistor at a Voltage of 3 V or less, an insulating film 
oxidized or nitrided by this plasma treatment can be applied 
as the insulating film 5508. Alternatively, in a case where the 
driving Voltage of the transistor is 3 V or more, an insulating 
film formed by this treatment on the surface of the semi 
conductor layer 5505 and an insulating film deposited by a 
CVD method (a plasma CVD method or a thermal CVD 
method) can be combined to form the insulating film 5508. 
Also, this insulating film can be used as the dielectric layer 
of the capacitor element 5404. In this case, a capacitor 
element with a large charge capacity can be formed because 
this insulating film formed by this plasma treatment has a 
thickness of 1 to 10 nm and is a dense film. 

0362. As explained with reference to FIG. 54 and FIGS. 
55A to 55E, elements that have various structures can be 
formed by combining conductive layers that are different in 
film thickness. A region where only the first conductive layer 
is formed and a region where the first conductive layer and 
the second conductive layer are stacked can be formed by 
using a photomask or a reticle provided with an assist pattern 
that is composed of a diffraction grating pattern or a semi 
transparent film and has a function of reducing a light 
intensity. In other words, when a photoresist is exposed to 
light in a photolithography process, the amount of light 
transmitted through the photomask is controlled to provide 
different thicknesses for a developed resist mask. In this 
case, the photomask or reticle provided with slits of the 
resolution limit or less may be used to form a resist that has 
the complicated shape described above. In addition, baking 
at about 200° C. may be performed after the development to 
change the shape of the mask pattern formed from a pho 
toresist material. 

0363. In addition, a region where only the first conduc 
tive layer is formed and a region where the first conductive 
layer and the second conductive layer are stacked can be 
formed continuously by using a photomask or a reticle 
provided with an assist pattern that is composed of a 
diffraction grating pattern or a semi-transparent film and has 
a function of reducing a light intensity. As shown in FIG. 
55A, the region where only the first conductive layer is 
formed can be formed selectively over the semiconductor 
layer. This region is effective over the semiconductor layer 
but not necessary in a region (a wiring region continued 
from the gate electrode) other than that. Since the use of this 
photomask or reticle need not to form the region where only 
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the first conductive layer is formed, in the wiring region, the 
wiring density can be substantially increased. 

0364) In the case of FIG. 54 and FIGS. 55A to 55E, the 
first conductive layer is formed to have a thickness of 30 to 
50 nm by using a high melting point metal Such as tungsten 
(W), chromium (Cr), tantalum (Ta), tantalum nitride (TaN), 
or molybdenum (Mo), or an alloy or compound including 
the high melting point metal as its main component. In 
addition, the second conductive layer is formed to have a 
thickness of 300 to 600 nm by using a high melting point 
metal Such as tungsten (W), chromium (Cr), tantalum (Ta), 
tantalum nitride (TaN), or molybdenum (Mo), or an alloy or 
compound including the high melting point metal as its main 
component. For example, different conductive materials are 
used for the respective first and second conductive layers to 
result in a difference in etching rate in an etching process to 
be performed Subsequently. As an example, TaN can be used 
for the first conductive layer, and a tungsten film can be used 
as the second conductive layer. 
0365. This embodiment mode shows that transistors that 
have different electrode structures, a capacitor element, and 
a resistive element can be formed all together in the same 
patterning process by using a photomask or a reticle pro 
vided with an assist pattern that is composed of a diffraction 
grating pattern or a semi-transparent film and has a function 
of reducing a light intensity. This allows elements in differ 
ent modes to be formed and integrated depending on circuit 
characteristics without increasing the number of steps. 
0366 Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Modes 1 to 6. 

(Embodiment Mode 8) 
0367 This embodiment mode will explain an example of 
a mask pattern in manufacturing a display device including 
a transistor with reference to FIGS. 56A and 56B, FIGS. 57A 
and 57B, and FIGS. 58A and 68B. 

0368. It is preferable to form semiconductor layers 5610 
and 5611 shown in FIG. 56A with silicon or a crystalline 
semiconductor containing silicon as its component. For 
example, as the semiconductor layers 5610 and 5611, poly 
crystalline silicon, single crystal silicon, or the like that is a 
silicon film crystallized by laser annealing or the like is 
applied. Besides, it is also possible to apply a metal-oxide 
semiconductor, amorphous silicon, or an organic semicon 
ductor that shows semiconductor characteristics. 

0369. In either case, the semiconductor layer to be 
formed first is formed over an entire Surface or part (a region 
having an area larger than a region determined as a semi 
conductor region of a transistor) of a Substrate having an 
insulating Surface. Then, a mask pattern is formed over the 
semiconductor layer by a photolithography technique. 
Island-shaped semiconductor layers 5610 and 5611 in a 
specific shape including source and drain regions and a 
channel formation region of a transistor are formed by 
performing etching treatment of the semiconductor layers 
with the use of the mask pattern. 
0370 A photomask for forming the semiconductor layers 
5610 and 5611 shown in FIG. 56A is provided with a mask 
pattern 5630 shown in FIG. 56B. The mask pattern 5630 
differs depending on whether a resist used for a photolithog 
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raphy step is a positive type or a negative type. In the case 
where the positive resist is used, the mask pattern 5630 
shown in FIG. 56B is manufactured as a light shielding 
portion. The mask pattern 5630 has a shape identical to a 
polygon the top portion A of which is removed. The pho 
tomask pattern is chamfered so as to cut off a rectangular 
triangle one side of which is 10 um or less at a corner, for 
example. In addition, a bent portion B has a shape that the 
corner is bended so as not to be orthogonal. When the bent 
portion B is enlarged, there is a shape bended over a plurality 
of levels. 

0371) The shape of the mask pattern 5630 shown in FIG. 
56B is reflected in the semiconductor layers 5610 and 5611 
shown in FIG. 56A. In this case, a shape similar to the mask 
pattern 5630 may be transferred or may be transferred so that 
the corner of the mask pattern 5630 is further rounded. In 
other words, a rounded portion where a pattern shape is 
smoothed much more than the mask pattern 5630 may also 
be provided. 
0372 An insulating layer partially containing at least 
silicon oxide or silicon nitride is formed over the semicon 
ductor layers 5610 and 5611. One of the objects to form the 
insulating layer is a gate insulating layer. Then, as shown in 
FIG. 57A, gate wirings 5712, 5713, and 5714 are formed so 
that part thereof overlaps with the semiconductor layers. The 
gate wiring 5712 is formed corresponding to the semicon 
ductor layer 5610. The gate wiring 5713 is formed corre 
sponding to the semiconductor layers 5610 and 5611. In 
addition, the gate wiring 5714 is formed corresponding to 
the semiconductor layers 5610 and 5611. By forming a metal 
layer or a semiconductor layer having high conductivity, the 
shape of the gate wirings is formed over the insulating layer 
by a photolithography technique. 
0373 A photomask for forming these gate wirings is 
provided with a mask pattern 5731 shown in FIG. 57B. The 
mask pattern 5731 has a pattern where a corner that is a right 
triangle in each edge bent into an L shape is removed so that 
one side of the triangle is 10 um or less, or equal to or longer 
than one-fifth the width of the mask pattern 5731 and equal 
to or shorter than half the width of the mask pattern 5731; 
therefore, the edge is rounded. In other words, the circum 
ference of the mask pattern 5731 in the edge is curved when 
seen from above. Specifically, in order to form a round 
circumference of the edge, part of the mask pattern 5731 is 
removed, which corresponds to an isosceles right triangle 
having two first straight lines that are perpendicular to each 
other making the edge, and a second straight line that makes 
an angle of about 45 degrees with the two first straight lines. 
When removing the triangle, two obtuse angles are formed 
in the mask pattern 5731. At this time, the mask pattern 5731 
is preferably etched by appropriately adjusting the etching 
conditions and/or a mask design so that a curved line in 
contact with the first straight line and the second straight line 
is formed in each obtuse angle portion. Note that the length 
of the two sides of the isosceles right triangle, which are 
equal to each other, is equal to or longer than one-fifth the 
width of the mask pattern 5731 and equal to or shorter than 
half the width of the mask pattern 5731. In addition, the 
inner circumference of the edge is also made curved in 
accordance with the circumference of edge. The shape of the 
mask pattern 5731 shown in FIG. 57B is reflected in the gate 
wirings 5712, 5713, and 5714 shown in FIG. 57A. In this 
case, a shape similar to the mask pattern 5731 may be 
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transferred or may be transferred so that the corner of the 
mask pattern 5731 is further rounded. In other words, a 
rounded portion where a pattern shape is Smoothed much 
more than the mask pattern 5731 may also be provided. 
Specifically, the corners of the gate wirings 5712, 5713, and 
5714 may be rounded. Generation of fine particles due to 
overdischarge can be Suppressed in a convex portion when 
dry etching is performed by plasma, and in a concave 
portion, fine particles that likely to gather at the corner can 
be washed away even if the fine particles are generated at the 
time of cleaning. Consequently, there is an effect that 
improvement of yield can be fully expected. 
0374. An interlayer insulating layer is a layer that is 
formed next to the gate wirings 5712, 5713, and 5714. The 
interlayer insulating layer is formed using an inorganic 
insulating material Such as silicon oxide or an organic 
insulating material using polyimide, acrylic resin, or the 
like. An insulating layer Such as silicon nitride or silicon 
nitride oxide may be interposed between the interlayer 
insulating layer and the gate wirings 5712, 5713, and 5714. 
In addition, an insulating layer Such as silicon nitride or 
silicon nitride oxide may be provided over the interlayer 
insulating layer. The insulating layer can prevent the semi 
conductor layers and the gate insulating layer from being 
contaminated with impurities such as exogenous metal ion 
or moisture that is not preferable for a transistor. 
0375 An opening is formed in a predetermined position 
of the interlayer insulating layer. For example, the opening 
is provided corresponding to the gate wiring in the lower 
layer and the semiconductor layer. In a wiring layer formed 
of a layer or a plurality of layers of metal or a metal 
compound, a mask pattern thereof is formed by a photoli 
thography technique and a predetermined pattern is formed 
by etching processing. Then, as shown in FIG. 58A, wirings 
5815 to 5820 are formed so that parts thereof are overlapped 
with semiconductor layers. Specific elements are connected 
therebetween by the wirings. The wirings do not connect the 
specific elements therebetween in a straight line but a bent 
portion is included with limitation of the layout. In addition, 
a width of the wirings is changed in a contact portion with 
other wirings or other regions. When the size of a contact 
hole is the same or larger than a width of the wirings, the 
width of the wirings is changed to expand in the contact 
portion. 
0376 A photomask for forming these wirings 5815 to 
5820 is provided with a mask pattern 5832 shown in FIG. 
58B. In this case also, the wirings each have a pattern where 
a corner that is a right triangle in each edge bent into an L 
shape is removed so that one side of the triangle is 10 um or 
less, or equal to or longer than one-fifth the width of the 
wiring and equal to or shorter than half the width of the 
wiring; therefore, the edge is rounded. In other words, the 
circumference of the wiring in the edge is curved when seen 
from above. Specifically, in order to form a round circum 
ference of the edge, part of the wiring is removed, which 
corresponds to an isosceles right triangle having two first 
straight lines that are perpendicular to each other making the 
edge, and a second straight line that makes an angle of about 
45 degrees with the two first straight lines. When removing 
the triangle, two obtuse angles are formed in the wiring. At 
this time, the wiring is preferably etched by appropriately 
adjusting the etching conditions and/or a mask design so that 
a curved line in contact with the first straight line and the 
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second straight line is formed in each obtuse angle portion. 
Note that the length of the two sides of the isosceles right 
triangle, which are equal to each other, is equal to or longer 
than one-fifth the width of the wiring and equal to or shorter 
than half the width of the wiring. In addition, the inner 
circumference of the edge is also made curved in accordance 
with the circumference of edge. In Such wirings, generation 
of fine particles due to overdischarge can be Suppressed in 
a convex portion when dry etching is performed by plasma, 
and in a concave portion, fine particles that likely to gather 
at the corner can be washed away even if the fine particles 
are generated at the time of cleaning. Consequently, there is 
an effect that improvement of yield can be fully expected. It 
can be expected that electrical conduction of the wirings can 
be made preferable by having the corners of the wirings 
rounded. In addition, it is extremely advantageous in wash 
ing dust away to use the wirings with the rounded corners in 
a structure where a number of wirings are provided in 
parallel. 

0377. In FIG. 58A, N-channel transistors 5821 to 5824, 
and P-channel transistors 5825 and 5826 are formed. The 
N-channel transistor 5823 and the P-channel transistor 5825 
are included in an inverter 27. The N-channel transistor 5824 
and the P-channel transistor 5826 are included in an inverter 
28. Circuits including these six transistors form a SRAM. An 
insulating layer Such as silicon nitride or silicon oxide may 
be formed in the upper layer of these transistors. 

0378. Note that the content described in this embodiment 
mode can be implemented by being arbitrarily combined 
with the content described in Embodiment Modes 1 to 7. 

(Embodiment Mode 9) 
0379 This embodiment mode will explain an evapora 
tion apparatus that is used when a display device using an 
electroluminescence element (EL element) as a pixel is 
manufactured, with reference to the drawings. 
0380 A display panel is manufactured by forming an EL 
layer over an element substrate over which a pixel circuit 
and/or a driver circuit are/is formed by a transistor. The EL 
layer is formed by at least partially containing a material that 
exhibits electroluminescence. The EL may be formed of a 
plurality of layers which are different in function. In this 
case, there is a case where the EL layer has a structure of 
combining layers different in function, which are also 
referred to as a hole injection transport layer, a light-emitting 
layer, an electron injection transport layer, and the like. 
0381 FIG. 69 shows a structure of an evaporation appa 
ratus for forming an EL layer over an element Substrate over 
which a transistor is formed. In the evaporation apparatus, a 
plurality of treatment chambers is connected to transfer 
chambers 60 and 61. The treatment chambers include a lode 
chamber 62 for Supplying a Substrate and an unload chamber 
62 for collecting a Substrate, as well as a heat treatment 
chamber 68, a film formation treatment chambers 69 to 75 
for evaporating an EL material, and a film formation treat 
ment chamber 76 for forming aluminum or a conductive film 
containing aluminum as its main component as one elec 
trode of an EL element. In addition, gate valves 77a to 771 
are provided between the transfer chambers and each treat 
ment chamber, and a pressure in each treatment chamber can 
be controlled independently, which prevents cross contami 
nation between the treatment chambers. 
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0382. A substrate that is introduced into the transfer 
chamber 60 from the lode chamber 62 is transferred to a 
predetermined treatment chamber by an arm type transfer 
means 66 which is provided to be rotated freely. In addition, 
the substrate is transferred to other treatment chamber from 
a certain treatment chamber by the transfer means 66. The 
transfer chambers 60 and 61 are connected to each other by 
the film formation treatment chamber 70, and the substrate 
is delivered by the transfer means 66 and a transfer means 
67. 

0383 Each treat chamber connected to the transfer cham 
bers 60 and 61 is kept in a reduced pressure state. Therefore, 
in the evaporation apparatus, film formation process of an 
EL layer is performed continuously without exposing a 
Substrate to an atmosphere. There is a case where a display 
panel in which film formation process of an EL layer is 
completed is deteriorated due to water vapor or the like. 
Therefore, in order to maintain quality, a sealing treatment 
chamber 65 for performing sealing treatment before expos 
ing a Substrate to an atmosphere is connected to the transfer 
chamber 61 in the evaporation apparatus. The sealing treat 
ment chamber 65 is put in an atmospheric pressure or a 
pressure similar thereto; therefore, an intermediate treatment 
chamber 64 is also provided between the transfer chamber 
61 and the sealing treatment chamber 65. The intermediate 
treatment chamber 64 is provided to deliver a substrate and 
to buffer the pressure between the chambers. 

0384 The load chamber, the unload chamber, the transfer 
chambers, and the film formation chambers are each pro 
vided with a vacuum means for keeping the chambers in a 
reduced pressure. As the vacuum means, various vacuum 
pumps such as a dry pump, a turbo-molecular pump, and a 
diffusion pump can be used. 
0385) In the evaporation apparatus in FIG. 69, the num 
ber of treatment chambers connected to the transfer cham 
bers 60 and 61 and structures thereof can be appropriately 
combined depending on a stacked structure of an EL ele 
ment. Hereinafter, an example of the combination will be 
shown. 

0386. In the heat treatment chamber 68, first, a substrate 
over which a lower electrode, an insulating partition, and the 
like are formed is heated to perform degasification treat 
ment. In, the film formation chamber 72, a base with an 
electrode Surface is treated with a rare gas or oxygen plasma. 
The plasma treatment is performed to clean a Surface, 
stabilize the state of a surface, and to stabilize a physical or 
chemical state (for example, a work function or the like) of 
a Surface. 

0387. The film formation treatment chamber 69 is a 
treatment chamber to form an electrode buffer layer in 
contact with one electrode of an EL element. The electrode 
buffer layer has carrier injectability (hole injection or elec 
tron injection), which is a layer that Suppresses generation of 
a short-circuit or a black spot defect of an EL element. 
Typically, the electrode buffer layer is formed from an 
organic and inorganic mixed material, the resistivity of 
which is 5x10" to 1x10° S.2cm, to have a thickness of 30 to 
300 nm. In addition, the film formation chamber 71 is a 
treatment chamber for forming a hole transport layer. 
0388 A light-emitting layer in an EL element has a 
different structure between a case of emitting monochro 














