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DESCRIPTION

DRIVING METHOD OF DISPLAY DEVICE AND DISPLAY DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a driving method of a display device including

a gray scale storage display element. Further, the present invention relates to a display

device.

BACKGROUND ART

[0002]

A display device including a gray scale storage display element such as an

electrophoresis element has attracted attention as one of display devices that can be

driven with low power consumption. The display device has an advantage in that

images can be held without power supply, whereby it is expected that the display device

will be applied to an electronic book reader, a poster, or the like.

[0003]

Display devices including various kinds of gray scale storage display elements

have been proposed. For example, an active matrix display device formed using a

transistor as a switching element of a pixel as in a liquid crystal display device or the

like has been proposed (e.g., see Patent Document 1).

[0004]

Further, a variety of driving methods of the display device has been proposed.

For example, the following image switching method has been proposed: before images

to be obtained are displayed, an entire display portion is converted into a first gray scale

(e.g., white), which is sequentially converted into a second gray scale (e.g., black) when

images are switched (e.g., see Patent Document 2).

[Reference]

[0005]

[Patent Document 1] Japanese Published Patent Application No. 2002-169190



[Patent Document 2] Japanese Published Patent Application No. 2007-206471

DISCLOSURE OF INVENTION

[0006]

It is an object of one embodiment of the present invention to provide a driving

method of a display device, which can perform multi-gray scale display.

[0007]

Alternatively, it is an object of one embodiment of the present invention to

provide a driving method of a display device in which a residual image is compressed.

[0008]

Alternatively, it is an object of one embodiment of the present invention to

provide a driving method of a display device that achieves low power consumption.

[0009]

Alternatively, it is an object of one embodiment of the present invention to

provide a driving method of a display device, which can suppress deterioration of an

element included in the display device.

[0010]

Alternatively, it is an object of one embodiment of the present invention to

provide a display device operated by the above driving method.

[0011]

An embodiment of the present invention is a driving method of a display

device including a pixel portion having a plurality of pixels each including a gray scale

storage display element in which a signal is inputted to one of terminals and a common

potential is supplied to the other of the terminals. In a first initialization period, by

scanning signals a plurality of times with respect to the pixel portion, a first gray scale

level is displayed on the plurality of gray scale storage display elements included in the

pixel portion. In a second initialization period that is subsequent to the first

initialization period, by scanning a signal at least once with respect to the pixel portion,

a second gray scale level is displayed on the plurality of gray scale storage display

elements included in the pixel portion. In a writing period that is subsequent to the

second initialization period, an image is formed on the pixel portion by scanning signals

a plurality of times with respect to the pixel portion. In the first initialization period,



holding periods of the plurality of signals inputted to the one of the terminals of the gray

scale storage display element are different.

[0012]

Further, in addition to the above driving method, a driving method of a display

device, in which in the second initialization period, scanning of a signal is performed

once on the pixel portion, is also one embodiment of the present invention.

[0013]

Further, in addition to the above driving method, the following driving method

of a display device is also one embodiment of the present invention: a plurality of

signals inputted to the one of the terminals of the gray scale storage display element in

the first initialization period are each the common potential or a first potential which is

different from the common potential; at least one signal inputted to the one of the

terminals of the gray scale storage display element in the second initialization period is

each a second potential generating an electric field between the second potential and the

common potential, which is in a reverse direction of the electric field generated between

the first potential and the common potential; and a plurality of signals inputted to the

one of the terminals of the gray scale storage display element in the writing period are

each the common potential, the first potential, or the second potential.

[0014]

Furthermore, in addition to the above driving method, the following driving

method of a display device is also one embodiment of the present invention: a plurality

of signals inputted to the one of the terminals of the gray scale storage display element

in the first initialization period are each the common potential or a first potential which

is different from the common potential; at least one signal inputted to the one of the

terminals of the gray scale storage display element in the second initialization period is

each the common potential or a second potential generating an electric field between the

second potential and the common potential, which is in a reverse direction of the

electric field generated between the first potential and the common potential; a plurality

of signals inputted to the one of the terminals of the gray scale storage display element

in the writing period are each the common potential, the first potential, or the second

potential.

[0015]



Moreover, in addition to the above driving method, a driving method of a

display device, in which at the last scanning of a signal in the writing period, the

common potential is inputted to the one of the terminals the gray scale storage display

element is also one embodiment of the present invention.

[0016]

Besides, in addition to the above driving method, when a plurality of signals

are scanned x times ( is a natural number which is 2 or more) in a first initialization

period and the length of the shortest signal holding period is t , the lengths of holding

periods of the plurality of signals are each 2y~l t ( is a natural number which is x or

less).

[0017]

Further, in addition to the above driving method, a driving method of a display

device, in which the lengths of holding periods of a plurality of signals inputted to the

one of the terminals of the gray scale storage display element in a writing period are the

same, is also one embodiment of the present invention.

[0018]

Furthermore, a display device including a control portion for controlling the

above driving method; a source driver and a gate driver which are electrically connected

to the control portion; a transistor whose gate terminal is electrically connected to the

gate driver, first terminal is electrically connected to the source driver, and second

terminal is electrically connected to one of terminals of an electrophoresis element; and

a capacitor having terminals one of which is electrically connected to the second

terminal of the transistor and the other of which is electrically connected to a wiring

which supplies a common potential is also one embodiment of the present invention.

[0019]

In addition, a display device in which an oxide semiconductor is used for a

semiconductor layer of the transistor is also one embodiment of the present invention.

[0020]

Note that in this specification, a gray scale storage display element is an

element that can control a display gray scale by voltage application and holds the

display gray scale under no voltage application. As an example of the gray scale

storage display element, the following elements are given: an element using



electrophoresis (an electrophoresis element), a particle rotation element using a twisting

ball, a particle movement element using a charged toner or Electronic Liquid Powder

(registered trademark), a magnetrophoretic element, which displays a gray scale by

magnetism, a moving liquid element, a light-scattering element, a phase change element,

and the like.

[0021]

Note that since a source terminal and a drain terminal of a transistor change

depending on the structure, the operating condition, and the like of the transistor, it is

difficult to define which is a source terminal or a drain terminal. Therefore, in this

document (specification, claims, drawings, and the like), one of a source terminal and a

drain terminal is referred to as a first terminal and the other thereof is referred to as a

second terminal for distinction.

[0022]

In a driving method of a display device of an embodiment of the present

invention, controlling of a voltage application time or the like can control multi-gray

scale display of a gray scale storage display element.

[0023]

Further, a driving method of a display device of one embodiment of the present

invention includes an initialization processing in which when images are switched, the

gray scale level of a plurality of gray scale storage display elements included in a pixel

portion is converted into a first gray scale level, and sequentially, converted into a

second gray scale level. Therefore, images with less residual previous images can be

displayed.

[0024]

Furthermore, in a driving method of a display device of an embodiment of the

present invention, the lengths of holding periods of a plurality of signals inputted to the

one of the terminals of a gray scale storage display element in the first initialization

processing are different. Therefore, the number of times of scanning signals that is

needed for voltage application to a plurality of electrophoresis elements displaying

different gray scale levels for an appropriate time can be reduced. That is,

deterioration of elements included in the display device can be suppressed and power

consumption of the display device can be reduced.



BRIEF DESCRIPTION OF DRAWINGS

[0025]

In the accompanying drawings:

FIG 1A illustrates one example of a display device, FIG I B illustrates one

example of a pixel, and FIG 1C illustrates one example of a gray scale storage display

element;

FIG 2 illustrates one example of scanning signals in an initialization period;

FIG 3 illustrates one example of scanning signals in a writing period;

FIG 4 illustrates a specific example of a signal inputted to a pixel in a

switching period;

FIG 5 illustrates a specific example of a signal inputted to a pixel in a

switching period;

FIG 6A illustrates one example of a top view of a pixel of a display device, and

FIG 6B is one example of a cross sectional view of the pixel of the display device;

FIGS. 7A to 7D each illustrate one example of a thin film transistor; and

FIGS. 8A to 8D each illustrate one application example of a display device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0026]

Hereinafter, embodiments of the present invention will be described in detail

with reference to the drawings. Note that the present invention is not limited to the

description below, and it is easily understood by those skilled in the art that a variety of

changes and modifications can be made without departing from the spirit and scope of

the present invention. Therefore, the present invention should not be limited to the

descriptions of the embodiments below.

[0027]

(Embodiment 1)

In this embodiment, one example of a structure and operation of a display

device including a gray scale storage display element and the operation thereof is

described with reference to FIGS. 1A to 1C, FIG 2, FIG 3, FIG 4, and FIG 5. Note

that in this embodiment, an example where an electrophoresis element is used as a gray



scale storage display element is described.

[0028]

[An example of a structure of a display device]

FIG 1A illustrates a block diagram of a structure of a display device of this

embodiment. A display device 100 includes a pixel portion 101, a source driver 102, a

gate driver 103, a control portion 104, m (m is a positive integer) source lines 105i to

105 which are provided so as to be parallel to each other, and n n is a positive integer)

gate lines 106 to 106„ which are provided so as to be parallel to each other. Note that

the source driver 102 is electrically connected to the pixel portion 101 through the m

source lines 105i to 105m. The gate driver 103 is electrically connected to the pixel

portion 101 through the n gate lines 106i to 106„. Further, the control portion 104 is

electrically connected to the source driver 102 and the gate driver 103.

[0029]

Further, the pixel portion 101 includes nxm pixels 107n to 107 m. Note that

the nxm pixels 107 to 107„m are arranged in n rows and m columns. In addition, each

of the m source lines 105i to 105m is electrically connected to n pixels that are arranged

in any of the columns. Each of the n gate lines 106i to 106„ is electrically connected to

m pixels that are arranged in any of the rows. In other words, the pixel 107/, which is

arranged in the i-th row and the y-th column ( and j are positive integers) (l ≤i≤n and

l ≤j ≤m) is electrically connected to the source line 105, and the gate line 106,.

[0030]

FIG. I B illustrates a circuit diagram of the pixel 107/, arranged in -th row and

j - column. The pixel 107,y includes a transistor 111 whose gate terminal is

electrically connected to the i-th gate line 106, and first terminal is electrically

connected to the "-th source line 105 ; a capacitor 112 having terminals one of which is

electrically connected to a second terminal of the transistor 111 and the other of which

is electrically connected to a wiring (also referred to as a common potential line)

supplying a common potential (Vcom); electrophoresis element 113 having terminals

one of which is electrically connected to the second terminal of the transistor 111 and

one of terminals of the capacitor 112 and the other of which is electrically connected to

the common potential line. Note that in this embodiment, a ground potential, 0V, or



the like can be given as the common potential (V
COm

) -

[0031]

FIG. 1C illustrates a specific structure example of the electrophoresis element

113. The electrophoresis element 113 illustrated in FIG 1C includes by an electrode

121, an electrode 122, a layer 123 which includes charged particles and is provided

between the electrode 121 and the electrode 122. Note that here, the electrode 121

corresponds to one of terminals of the electrophoresis element 113 in FIG IB, and the

electrode 122 corresponds to the other of the terminals of the electrophoresis element

113 in FIG IB. Further, at least one of the electrodes 121 and 122 is formed using a

light-transmitting material. Here, only the electrode 122 is formed using a

light-transmitting material. Further, the layer 123 including charged particles has a

plurality of microcapsules 126 in each of which a plurality of white particles 124

negatively charged and a plurality of black particles 125 positively charged are sealed.

Note that the microcapsules 126 are filled with liquid, whereby the white particles 124

negatively charged and the black particles 125 positively charged can move in the

microcapsules 126 by an electric field generated in the layer 123 including charged

particles. Furthermore, in the electrophoresis element 113, an insulating layer can be

provided between the layer 123 including charged particles and the electrode 121 or the

electrode 122.

[0032]

In the display device 100 of this embodiment, by controlling voltage (an

electric field of the layer 123 including charged particles) applied to the electrophoresis

element 113, it is possible to gather the white particles 124 to one of the electrodes and

to gather the black particles 125 to the other of the electrodes. That is, a color of the

electrophoresis element 113 (hereinafter, also referred to as display of the

electrophoresis element 113) viewed from the side of the electrode 122 formed of a

light-transmitting material can be controlled to be a color between white and black.

Thus, images can be displayed in a pixel portion including a plurality of pixels each

having the electrophoresis element 113. Specifically, in a display device of this

embodiment, a potential higher than that of the other of terminals (the electrode 122) of

the electrophoresis element 113 is applied to one of the terminals (the electrode 121) of

the electrophoresis element 113, so that display of the electrophoresis element 113 can



be made to be black. A potential lower than that of the other of terminals of the

electrophoresis element 113 is applied to one of the terminals of the electrophoresis

element 113, so that display of the electrophoresis element 113 can be made to be white.

[0033]

Moreover, a display of the electrophoresis element 113 in the display device

100 of this embodiment is not limited to white and black (need not be binarized) and

multi-gray scale display can be performed. For example, at least one intermediate

color (gray) between white and black can be displayed. That is, multi-gray scale

display can be performed by controlling the amount of the white particles 124 and the

moved black particles 125 which move in the electrophoresis element 113 by a factor

such as a value of application voltage and time. Note that controlling the factor is

important in that multi-gray scale display can be performed in the display device and

deterioration of a display image of the display device over time is suppressed.

[0034]

[An operation example of the display device]

The operation of the display device 100 of this embodiment in displaying

images will be described below. Here, in convenience, the purest white color of the

display device is defined as a gray scale level 1 (white), the deepest black color of the

display device is defined as a gray scale level 8 (black), and intermediate colors

between white and black are defined as gray scale levels 2 to 7.

[0035]

The other of the terminals of the electrophoresis element 113 included in the

display device 100 of this embodiment is electrically connected to the common

potential line. Therefore, display of the electrophoresis element 113 can be controlled

by a potential supplied to the one of the terminals of the electrophoresis element 113.

Further, the potential of the one of the terminals of the electrophoresis element 113 is

controlled by a signal inputted from the source driver 102 through the transistor 111.

Note that here, the source driver 102 can set the potential of the source line 105 to be a

potential (VH) higher than the common potential (Vcom), the same potential of the

common potential (V
COM

), or a potential (V ) lower than the common potential (V
COM

).

[0036]

That is, the source driver 102 supplies the potential (V H) to the one of the



terminals (the electrode 121) of the electrophoresis element 113, so that an electric field

in the direction from the electrode 121 to the electrode 122 is generated in the layer 123

including charged particles. Therefore, the gray scale level displayed by the

electrophoresis element 113 can be the gray scale level 8 (black) or a gray scale level

which is close to the gray scale level 8 (black). In a similar manner, the potential (VL)

is supplied to the one of the terminals (the electrode 121) of the electrophoresis element

113, so that an electric field in the direction from the electrode 122 to the electrode 121

is generated in the layer 123 including charged particles. Therefore, the gray scale

level displayed by the electrophoresis element 113 can be the gray scale level 1 (white)

or a gray scale level which is close to the gray scale level 1 (white). Note that the gray

scale displayed by the electrophoresis element 113 can be controlled by the strength of

an electric field and the length of time of electric field generation.

[0037]

Here, description is made as follows in convenience: in the case where time for

one scanning of a signal with respect to the pixel portion 101 is defined as t the gray

scale level is increased by one when the potential (VH) is supplied to the one of the

terminals of the electrophoresis element 113 during a period t, and the gray scale level is

decreased by one when the potential (VL) is supplied to the one of the terminals of the

electrophoresis element 113 during the period t .

[0038]

Further, the same potential of the common potential (V COM) is supplied to the

one of the terminals (the electrode 121) of the electrophoresis element 113, so that an

electric field is not generated in the layer 123 including charged particles. Therefore, a

gray scale level that the electrophoresis element 113 displays before the same potential

is supplied can be kept.

[0039]

Next, each period of the display device 100 of this embodiment will be

described with reference to FIG 2 and FIG 3.

[0040]

The usage of the display device 100 of this embodiment includes a switching

period for rewriting an image and a display period for displaying an image. Note that

in the display device 100, scanning of signals is performed a plurality of times on the



pixel portion 101 in the switching period while scanning of a signal is not performed on

the pixel portion 101 in the display period.

[0041]

Note that, in the display device 100 of this embodiment, for example, scanning

of a signal corresponds to operation from when the gate line 1 6 in the first row is

selected and the transistor 111 included in each of pixels 107 to 107l arranged in the

first row is turned on, so that the signal is inputted from the source driver 102 to the one

of the terminals (the electrode 121) of the electrophoresis element 113 included in the

pixel 107n in the first row and the first column, to when the gate line 106„ in the n-th

row is selected and the transistor 111 included in each of pixels 107 l to 107„m arranged

in the n-th row is turned on, so that the signal is inputted from the source driver 102 to

the one of the terminals (the electrode 121) of the electrophoresis element 113 included

in the pixel 107 m in the -th row and the -th column. The operation can be referred

to as one scanning of a signal.

[0042]

Further, the switching period is divided into an initialization period for an

initialization processing of the pixel portion 101 and a writing period for inputting

image data to the pixel portion 101. Moreover, the initialization period is divided into

a first initialization period in which the electrophoresis element 113 is made to display

the gray scale level 8 (black), and a second initialization period in which the

electrophoresis element 113 is made to display the gray scale level 1 (white).

[0043]

In this specification, the processing in which the gray scale level 8 (black) is

displayed (a first initialization processing) and sequentially the gray scale level 1

(white) is displayed (a second initialization processing) is referred to as an initialization

processing. Note that the initialization processing enables the display device 100 to

reduce residual images. Therefore, the initialization processing is important for

enhancement of display quality of the display device 100.

[0044]

[The first initialization processing]

In the display device 100 of this embodiment, the one of the terminals of the

electrophoresis element 113 may be controlled in the first initialization period so that



the potential (VH) is supplied thereto. Thus, display of the electrophoresis element 113

in which various gray scale levels are displayed is converted into the gray scale level 8

(black).

[0045]

Note that a problem will occur when the potentials (VH) are equally supplied to

the one of the terminals of the plurality of electrophoresis element 113 included in the

pixel portion 101. In other words, a problem will occur when a particular electric field

is generated for the same period with respect to all of the plurality of electrophoresis

elements 113 provided in the pixel portion 101.

[0046]

The reason is described below. An image is already displayed on the pixel

portion 101. That is, in the pixel portion 101, the electrophoresis element 113 which

displays the gray scale level 1 (white), the electrophoresis element 113 which displays

the gray scale level 8 (black), and the electrophoresis elements 113 which display the

gray scales 2 to 7 are randomly exists. The first initialization processing need not be

similarly performed on the electrophoresis element 113 which displays the gray scale

level 1 (white) and the electrophoresis element 113 which displays the gray scale level 8

(black) among them. In other words, it is a waste of power to supply a surplus

potential (V H) to the electrophoresis element 113 which displays the gray scale level 8

(black). Here, the electrophoresis element 113 which displays the gray scale level 1

(white) and the electrophoresis element 113 which displays the gray scale level 8

(black) are compared. However, a problem will also occur when the first initialization

processing is performed uniformly on the electrophoresis elements 113 which display

different gray scale levels. Therefore, it is preferable that the first initialization

processing be separately performed on each of the plurality of electrophoresis elements

113 considering gray scale levels which the electrophoresis elements 113 display in a

previous display period. Specifically, it is preferable to control the display device as

follows: the potential (VH) is applied to one of the terminals of the electrophoresis

element 113 which displays a gray scale level close to the gray scale level 8 (black) for

a short time, and the potential (VH) is applied to one of the terminals of the

electrophoresis element 113 which displays the gray scale level 1 (white) or a gray scale

level close to the gray scale level 1 (white) for a long time.



[0047]

FIG 2 illustrates scanning of signals in the initialization period of the

electrophoresis element 113. In the display device 100 of this embodiment, a potential

of each of the electrophoresis elements 113 is controlled by a time gray scale method in

the first initialization period. Note that the time gray scale method is a method by

which a gray scale is controlled by controlling a time for voltage application to the

electrophoresis elements 113: the method by which a voltage applied to each of the

electrophoresis elements 113 is controlled in each of periods formed by further division

of the first initialization period.

[0048]

Further, in this embodiment, the weighting of each period is performed (time of

the periods is varied) as illustrated in FIG 2 in addition to division of the first

initialization period. FIG 2 illustrates the case where the first initialization period is

divided into a first period (Tl), a second period (T2), and third period (T3) and the

weighting is performed so that T1:T2:T3 = 1:2:4 is satisfied, for example. Note that in

the diagram, t represents time needed for one scanning of a signal of the display device

100 of this embodiment. As illustrated in FIG 2, time for application of an appropriate

voltage can be controlled in eight ways (the case where a voltage application time is 0 is

included) with three scanning of signals by the weighting of a holding period (the

interval from when a signal is inputted to the one of the terminals of the electrophoresis

element 113 to when a next signal is inputted) of each signal.

[0049]

As thus described, a voltage can be applied to each of the electrophoresis

elements 113 which performs multi-gray scale display for an appropriate time by

controlling a voltage applied to the electrophoresis element 113 in the first initialization

period by performing weighting. In addition, the number of times of scanning of

signals is decreased, so that reduction in power consumption can be realized. It is

particularly preferable that weighting of holding periods of signals be performed as

shown in FIG 2. That is, it is preferable that when scanning of signals be performed

(x is a natural number which is 2 or more) times, weighting be performed so that

holding periods vary like, t , 2t, At, ... 2 _ t . That is because, by thus performing



weighting, voltage application time in which a minimum unit is t can be controlled by

the minimum number of scanning of signals.

[0050]

[The second initialization processing]

The display device 100 of this embodiment is controlled so that the potential

(VL) is supplied to the one of the terminals of the electrophoresis element 113 in the

second initialization period. Thus, the gray scale level displayed by the

electrophoresis element 113 which displays the gray scale level 8 (black) are performed

is converted into the gray scale level 1 (white).

[0051]

Note that in the second initialization period, the same potential can be supplied

to the plurality of electrophoresis elements 113 in the pixel portion 101. That is

because in the first initialization period, the gray scale level of all of the plurality of

electrophoresis elements 113 included in the pixel portion 101 is converted into the gray

scale level 8 (black).

[0052]

FIG 2 illustrates scanning of signals of the electrophoresis element 113 in the

initialization period. In the display device 100 of this embodiment, scanning of the

signal as the second initialization processing is performed only once at the beginning of

the period. The potential (V ) is supplied to the one of the terminals of the

electrophoresis element 113 in the pixel portion 101, whereby the gray scale level which

each of the electrophoresis element 113 displays is converted from the gray scale level 8

(black) into the gray scale level 1 (white) over time. Note that since the gray scale

level 8 (black) is converted into the gray scale level 1 (white), the length of the second

initialization period needs to be at least I t or more.

[0053]

Further, when the length of the second initialization period is 8t as illustrated in

FIG 2 and the period is shown as the fourth period (T4), it can be expressed that

weighting of the whole initialization period is performed so that T1:T2:T3:T4 = 1:2:4:8

is satisfied.

[0054]

As thus described, residual images occurring in display images can be reduced



by the initialization processing. In addition, in the above initialization processing, the

number of times of scanning of signals is reduced by the weighting of the holding

periods of signals.

[0055]

Note that in the display device 100, capacitance of the capacitor 112 provided

for the pixel 107 needs to be large in order to make possible for a display period to be

longer. Thus, a current supply capability of the transistor 111 provided for the pixel

portion 101 needs to be large. Specifically, the size of a transistor needs to be large.

As a result, the load of the source driver 102 supplying charges for the capacitor 112

and the load of the gate driver 103 controlling switching of the transistor 111 are

increased. Accordingly, elements such as a transistor, which form the source driver

and the gate driver 103, are deteriorated, which is problematic. In contrast, it is

possible to suppress the deterioration of the elements such as a transistor by reduction of

the number of times of scanning of signals in the initialization period as described

above.

[0056]

[Forming of an image]

In the display device 100 of this embodiment, the potential (V H), the potential

(VL), and the potential (Vcom) are selectively supplied to the one of the terminals of the

electrophoresis element 113 in the writing period so as to control a display gray scale of

the electrophoresis element 113. Here, in convenience, the potential (VH) is supplied

to the one of the terminals of the electrophoresis element 113 for t (time needed for one

scanning of a signal), so that the display gray scale level of the electrophoresis element

113 is converted by one (e.g., the gray scale level 1 (white) is converted into the gray

scale 2). Therefore, by a time gray scale method in which the writing period has 7t ,

the display gray scale level of the electrophoresis element 113 can be appropriately set

to be the gray scale level 1 (white) to the gray scale level 8 (black). Further, the

display gray scale of the electrophoresis element 113 included in each pixel 107 is

controlled, so that an image can be formed on the pixel portion 101.

[0057]

Note that it is preferable that weighting be not performed on the holding period

of a signal in the writing period though it is possible to perform weighting as in the



initialization period. That is because the display gray scale level of the electrophoresis

element 113 can be accurately displayed by considering not only time for voltage

application to the electrophoresis element 113 but also the order of applied voltages in

the writing period.

[0058]

Further, scanning of signals to the pixel portion 101 is not performed in a

display period after the writing period. That is, the signal inputted to the pixel portion

101 at the end of the writing period decides the state in the display period. Therefore,

it is preferable that the common potential (V m) be supplied to all of the one of the

terminals of the electrophoresis elements 113 in the pixel portion 101 at the end of the

writing period, and a voltage be controlled not to be applied to the electrophoresis

element 113 in the display period. That is because a preferable display gray scale level

is converted in the state where a voltage is applied to the electrophoresis element 113, or

the electrophoresis element 113 is possibly deteriorated by long-time application of a

constant voltage.

[0059]

As the above description is considered, FIG. 3 illustrates an example of the case

where the writing period is divided into a fifth period (T5) to a twelfth period (T12), and

further, such a period shown as t . Note that it is also explained that the writing period

includes a gray scale control period using the period of It, the common potential (Vcom)

input period using the period of t .

[0060]

[A specific example]

Operation of the display device in the switching period will be described with

reference to FIG 4 and FIG 5. Specifically, the following case will be explained: an

image (a first image) of a circle displayed at the gray scale level 5 and a circle displayed

at the gray scale level 8 (black) therein, on which is displayed the background displayed

at the gray scale level 1 (white), is changed into an image (a second image) of these

circles moved from the left side to the center, and further, the second image is changed

into an image (a third image) of these circles moved from the center to the right side.

[0061]

Note that a switching period in which the first image is changed into the second



image is a switching period 1, and a switching period in which the second image is

changed into the third image is a switching period 2. Further, a pixel on the center of

the circle displayed at the gray scale level 5 in the first image is a pixel A, and a pixel on

the center of the circle displayed at the gray scale level 5 in the third image is a pixel B.

[0062]

In addition, from the source driver, the common potential (V
C

m), the higher

potential (V H) than the common potential (V COM) , and the lower potential (V L) than the

common potential (V COM) can be outputted to the one of the terminals of the

electrophoresis element 113 included in each pixel.

[0063]

First, scanning of signal in the switching period 1 and a signal inputted to the

pixel A and the pixel B are described with reference to FIG 4.

[0064]

When a switching signal for switching from the first image to the second image

is inputted from a control portion to a source driver and a gate driver, the first

initialization period is performed in accordance with the gray scale level displayed on

each pixel. Here, scanning of signals is performed three times in the first initialization

period. The interval (a holding period of a first signal) between a first scanning of a

signal and a second scanning of a signal is t . The interval (a holding period of a

second signal) between a second scanning of a signal and a third scanning of a signal is

2t. The interval (a holding period of a third signal) between a third scanning of a

signal and the end of the first initialization period (the beginning of the second

initialization period) is 4t. That is, the first initialization period is divided by the

weighting of holding periods of signals. Therefore, scanning of signals is performed

three times on pixels, which are provided for a pixel portion randomly and display in

eight gray scale levels, so that the gray scale levels of all of the pixels in the pixel

portion can be converted to the gray scale level 8 (black) by voltage application for an

appropriate time. Specifically, all of the first to third signals supplied to the pixel A

displaying the gray scale level 8 (black) is the common potential (V COM) , and all of the

first to third signals supplied to the pixel B displaying the gray scale level 1 (white) is

the potential (VH), SO that the display of the pixel A and the pixel B can be the gray scale

level 8 (black).



[0065]

Sequentially, the second initialization processing is performed. Here,

scanning of a signal is performed once in the second initialization processing. The

potential (VL) is equally inputted to each pixel. Further, the length of the second

initialization period is set to be at least I t or more to change displays of all of the pixels

into the gray scale level 1 (white).

[0066]

Next, the second image is formed. Here, scanning of signal is performed

eight times in the writing period. Input signals are separately inputted to all of the

pixels. Note that the weighting of holding periods of each signal is not performed and

the interval of scanning of the signal is equally t . The pixel A and the pixel B in the

second image perform a display at the gray scale level 5. Therefore, in the writing

period, an input signal may be appropriately controlled so as to be (a period for

inputting the potential (VH))-(a period for inputting the potential (V L))=4f. It is

preferable that the specific kind of signals to be inputted in order to display the gray

scale level to be obtained be appropriately set because the signal is determined on the

basis of characteristics of a charged particle in an electrophoresis element or the order of

applied voltages in the writing period. For example, it is preferable that the potential

(VL) be inputted after the surplus potential (VH) as an input signal to a pixel B is

inputted, because the localization of charges in a layer with a charged particle included

in the electrophoresis element can be suppressed. Further, it is preferable that in

scanning of the last signal in the writing period, the common potential (ν ∞ ) be

inputted to all of the pixels and a voltage be not applied to the electrophoresis element

in a display period of the second image.

[0067]

In this manner, switching from the first image to the second image is completed.

Here, in the display period of the second image, a signal is not inputted to the pixel A

and the pixel B. Further, the potential of the one of the terminals of the electrophoresis

element included in the pixel A and the pixel B holds the same potential as the common

potential (V C M ) and a voltage is applied to the electrophoresis element (an electric field

is not generated in the layer including charged particles). Therefore, a display of the

second image can be held. Note that the second image can be held until a switching



signal for switching to the sequential third image is inputted from the control portion to

the source driver and the gate driver.

[0068]

Then, scanning of signal in the switching period 2 and a signal inputted to the

pixel A and the pixel B are described with reference to FIG 5.

[0069]

When a switching signal for switching from the second image to the third

image is inputted from a control portion to a source driver and a gate driver, the first

initialization period is performed in accordance with the gray scale level displayed on

each pixel. Here, scanning of signals is performed three times in the first initialization

period. The interval (the holding period of the first signal) between the first scanning

of a signal and the second scanning of a signal is t . The interval (the holding period of

the second signal) between the second scanning of a signal and the third scanning of a

signal is 2t. The interval (the holding period of the third signal) between the third

scanning of the signal and the end of the first initialization period (the beginning of the

second initialization period) is At. That is, the first initialization period is divided by

the weighting of holding periods of signals. Therefore, scanning of signals is

performed three times on pixels, which are provided for a pixel portion randomly and

display in eight gray scale levels, so that the gray scale levels of all of the pixels in the

pixel portion can be converted into the gray scale level 8 (black) by voltage application

for an appropriate time. Specifically, the potential (VH) as the first and the third

signals and the common potential (Vcom) as the third signal are supplied to the pixel A

and the pixel B displaying the gray scale level 5, so that the display of the pixel A and

the pixel B can be the gray scale level 8 (black).

[0070]

Sequentially, the second initialization processing is performed. Here,

scanning of a signal is performed once in the second initialization processing. The

potential (VL) is equally inputted to each pixel. Further, the length of the second

initialization period is set to be at least I t or more to change displays of all of the pixels

into the gray scale level 1 (white).

[0071]

Next, the third image is formed. Here, scanning of signals is performed eight



times in the writing period. Input signals are separately inputted to all of the pixels.

Note that the weighting of holding periods of each signal is not performed and the

interval of scanning of the signal is equally t . The pixel A in the third image performs

a display at the gray scale level 1 (white). Therefore, in the writing period, an input

signal may be appropriately controlled so as to be (a period for inputting the potential

( H))-(a period for inputting the potential (V L))=0. Note that here, the case where all

of the eight input signals to the pixel A is the common potential (ν ∞ π) is described, for

example. The pixel B in the third image performs a display at the gray scale level 8

(black). Therefore, in the writing period, an input signal may be appropriately

controlled so as to be (a period for inputting the potential (VH ))-(a period for inputting

the potential (Vi.))=7t . Note that since the writing period is 8t here, the gray scale

level 8 (black) cannot be freely displayed. However, it is preferable that the writing

period be longer because a signal can be appropriately selected for displaying the gray

scale level 8 (black). Further, it is preferable that in scanning of the last signal in the

writing period, the common potential (Vcom) be inputted to all of the pixels and a

voltage be not applied to the electrophoresis element in a display period of the third

image.

[0072]

In this manner, switching from the second image to the third image is

completed.

[0073]

[Modification example]

The above display device is one example of an embodiment. This

embodiment includes a display device having features that are not described above.

[0074]

For example, a display device with the electrophoresis element that can display

the eight gray scale levels (the gray scale level 1 (white) to the gray scale level 8

(black)) is described above, but a display device that can display higher gray scales or

lower gray scales can also be used. Further, white particles negatively charged and

black particles positively charged are used as an example of charged particles included

in the electrophoresis element, but it is also acceptable that white particles are positively



charged and black particles are negatively charged or that particles with colors except

the two colors (white and black). Furthermore, a structure in which a kind of charged

particle and colored liquid are sealed in a microcapsule and a gray scale is displayed by

movement of the charged particle may be employed.

[0075]

Moreover, in the above display device, the relationship between a voltage

application time and the gray scale level displayed by the electrophoresis element is

simplified in convenience, but it is possible that the relationship is complicated

depending on a display device. In other words, it is assumed that a linear relationship

between a voltage application time and the gray scale level displayed by the

electrophoresis element, but the relationship is possibly a non-liner relationship. In

such a case, the weighting of holding period of a signal can be appropriately determined,

and the holding periods are not determined so as to be a multiple of two.

[0076]

Further, in the above display device, it is assumed that the gray scale level of

the electrophoresis element is not converted but held in the display period. However, a

display image is possibly deteriorated over time when the holding period of an image

becomes longer. For example, even when a voltage is not applied between a pair of

electrodes of the electrophoresis element displaying the gray scale level 8 (black), black

particles positively charged and white particles negatively charged are not equally

provided in a microcapsule included in the electrophoresis element displaying the gray

scale level 8 (black). Thus, it is possible that the electric field is generated in the

microcapsule and the display gray scale level is converted from the inputted gray scale

level in an image writing period. In such a case, in the first initialization period, the

potential (VH) can be inputted to the electrophoresis element to which for performing a

display of the gray scale level 8 (black), a signal is inputted in the previous writing

period.

[0077]

In addition, in the above display device, weighting is performed so as to make

holding periods of a signal sequentially longer in the first initialization period.

However, it is possible to perform weighting so as to make holding periods of a signal

sequentially shorter or to perform weighting so as to make holding periods of a signal



randomly changed.

[0078]

Further, in the above display device, scanning of a signal is performed only

once in the second initialization period. However, it is possible that the gray scale

level of the electrophoresis element cannot be converted into the gray scale level 1

(white) when the second initialization period becomes longer or the pixel portion of the

display device has high definition. For example, a first signal inputted at the

beginning of the second initialization period possibly leaks through a transistor before a

conversion of the gray scale level of the electrophoresis element is completed.

Furthermore, such a leakage becomes more serious when the size of the capacitor is

small by high definition of the pixel portion of the display device. In such a case, the

potential (V L) can be inputted a plurality of times to the electrophoresis element in the

second initialization period. Note that in the case where scanning of signals is

performed a plurality of times in the second initialization period, the weighting of

holding periods may be performed as the first initialization period or the length of each

holding period of a signal may be the same. Further, it is acceptable that at least one

signal of signals inputted a plurality of times is the common potential (Vcom)-

[0079]

In addition, in this embodiment, an electrophoresis element is used as an

example of a gray scale storage display element. However, a driving method described

in this embodiment is not limited to a display device including the electrophoresis

element. In other words, the driving method described in this embodiment can be

employed to a display device including an element (a gray scale storage display

element) which can control a display gray scale level by voltage application and can

hold the display gray scale level without voltage application. For example, the driving

method of this embodiment can be employed to a display device in which a display is

performed by controlling the orientation of a twisting ball colored black and white by

voltage application, a display device in which a display is performed by using

Electronic Liquid Powder (registered trademark), or the like.

[0080]

Note that the whole of or part of contents described in this embodiment can be

combined with any of the whole of or part of contents described in any of the other



embodiments.

[0081]

(Embodiment 2)

In this embodiment, one example of the display device in Embodiment 1 will

be described. Specifically, a structure of a pixel in a pixel portion is described with

reference to FIGS. 6A and 6B. Note that, for example, an electrophoresis element is

used as a gray scale storage display element in this embodiment.

[0082]

FIG 6A is a top view of a pixel of this embodiment and FIG 6B is a

cross-sectional view taken along line A-B in FIG 6A. A display device in FIGS. 6A

and 6B includes a substrate 600, a thin film transistor 601 and a capacitor 602 provided

over the substrate 600, an electrophoresis element 603 provided over the thin film

transistor 601 and the capacitor 602, and a substrate 604 provided over the

electrophoresis element 603. Note that the electrophoresis element 603 is omitted in

FIG 6A.

[0083]

The thin film transistor 601 includes a conductive layer 610 electrically

connected to a gate line 630, an insulating layer 611 provided over the conductive layer

610, a semiconductor layer 612 provided over the insulating layer 611, a conductive

layer 613 provided over the semiconductor layer 612 and electrically connected to a

source line 631, and a conductive layer 614. Note that the conductive layer 610

functions as a gate terminal of the thin film transistor 601, the insulating layer 611

functions as a gate insulating layer of the thin film transistor 601, the conductive layer

613 functions as a first terminal of the thin film transistor 601, and the conductive layer

614 functions as a second terminal of the thin film transistor 601. In addition, it can be

expressed that the conductive layer 610 is a part of the gate line 630 and the conductive

layer 613 is a part of the source line 631.

[0084]

The capacitor 602 includes the conductive layer 614, the insulating layer 611,

and a conductive layer 615 electrically connected to a common potential line 632.

Note that the conductive layer 614 functions as one of terminals of the capacitor 602,

the insulating layer 611 functions as a dielectric, and the conductive layer 615 functions



as the other of the terminals of the capacitor 602. Further, it can be expressed that the

conductive layer 615 is part of the common potential line 632.

[0085]

The electrophoresis element 603 includes a pixel electrode 616 electrically

connected to the conductive layer 614 in an opening portion provided in an insulating

layer 620, a counter electrode 617 to which the same potential as the conductive layer

615 is applied, and a layer 618 which includes a charged particle and is provided

between the pixel electrode 616 and the counter electrode 617. Note that the pixel

electrode 616 functions as one of terminals of the electrophoresis element 603, and the

counter electrode 617 functions as the other of the terminals of the electrophoresis

element 603.

[0086]

As described in Embodiment 1, a display device of this embodiment can

control movement of charged particle dispersed in the layer 618 including charged

particles by controlling a voltage applied to the layer 618 including charged particles.

In addition, the counter electrode 617 and the substrate 604 have a light-transmitting

property in the display device of this embodiment. That is, the display device of this

embodiment is a reflective display device in which a display surface is on the substrate

604 side.

[0087]

Materials which are applicable for each component of the display device of this

embodiment are given below.

[0088]

As the substrate 600, a semiconductor substrate (e.g., a single crystalline

substrate and a silicon substrate), an SOI substrate, a glass substrate, a quartz substrate,

a conductive substrate provided with an insulating layer on a surface, or a flexible

substrate such as a plastic substrate, an attachment film, paper including a fibrous

material, and a base material film. As an example of a glass substrate, a barium

borosilicate glass substrate, an aluminoborosilicate glass substrate, soda lime glass

substrate, or the like can be given. For a flexible substrate, a flexible synthetic resin

such as plastics typified by polyethylene terephthalate (PET), polyethylene naphthalate

(PEN), and polyether sulfone (PES), or acrylic can be used, for example.



[0089]

As the conductive layer 610, the conductive layer 615, the gate line 630, and

the common potential line 632, an element selected from aluminum (Al), copper (Cu),

titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr),

neodymium (Nd), and scandium (Sc), an alloy containing any of these elements, or a

nitride containing any of these elements can be used. A stacked structure of these

materials can also be used.

[0090]

As the gate insulating layer 611, an insulator such as silicon oxide, silicon

nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, or tantalum oxide can

be used. A stacked structure of these materials can also be used. Note that silicon

oxynitride refers to a substance which contains more oxygen than nitrogen and contains

oxygen, nitrogen, silicon, and hydrogen at given concentrations ranging from 55 atomic

percent to 65 atomic percent, 1 atomic percent to 20 atomic percent, 25 atomic percent

to 35 atomic percent, and 0.1 atomic percent to 10 atomic percent, respectively, where

the total percentage of atoms is 100 atomic percent. Further, the silicon nitride oxide

film refers to a film which contains more nitrogen than oxygen and contains oxygen,

nitrogen, silicon, and hydrogen at given concentrations ranging from 15 atomic percent

to 30 atomic percent, 20 atomic percent to 35 atomic percent, 25 atomic percent to 35

atomic percent, and 15 atomic percent to 25 atomic percent, respectively, where the total

percentage of atoms is 100 atomic percent.

[0091]

As the semiconductor layer 612, a material whose main constituent element

belongs to Group 14 of the periodic table such as silicon (Si) and germanium (Ge), a

compound such as silicon germanium (SiGe) and gallium arsenide (GaAs), an oxide

such as zinc oxide (ZnO) and zinc oxide including indium (In) and gallium (Ga), or a

semiconductor material such as an organic compound having semiconductor

characteristics can be used. Further, a stacked layer formed using these semiconductor

materials can also be used.

[0092]

As the conductive layer 613, the conductive layer 614, and the source line 631,

an element selected from aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta),



tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc),

an alloy containing any of these elements, or a nitride containing any of these elements

can be used. A stacked structure of these materials can also be used.

[0093]

As the gate insulating layer 620, a silicon oxide layer, a silicon nitride layer, a

silicon oxynitride layer, or a silicon nitride oxide layer, an insulator such as aluminum

oxide, tantalum oxide, or the like can be used. Alternatively, an organic material such

as polyimide, polyamide, polyvinyl phenol, benzocyclobutene, acrylic, or epoxy; a

siloxane material such as a siloxane resin; an oxazole resin; or the like can be also

applied. Siloxane includes a skeleton formed from a bond of silicon (Si) and oxygen

(O). As a substituent, an organic group (e.g. , an alkyl group or aromatic hydrocarbon)

or a fluoro group may be used. The organic group may contain a fluoro group.

[0094]

As the pixel electrode 616, an element selected from aluminum (Al), copper

(Cu), titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr),

neodymium (Nd), and scandium (Sc), an alloy containing any of these elements, or a

nitride containing any of these elements can be used. A stacked structure of these

materials can also be used. Further, a light-transmitting conductive material such as

indium oxide containing tungsten oxide, indium zinc oxide containing tungsten oxide,

indium oxide containing titanium oxide, indium tin oxide containing titanium oxide,

indium tin oxide, indium zinc oxide, indium tin oxide to which silicon oxide is added,

or the like can be used.

[0095]

As a charged particles included in the layer 618 including charged particles,

titanium oxide can be used for particles positively charged and carbon black can be used

for particles negatively charged. Note that a single material selected from a conductive

material, an insulating material, a semiconductor material, a magnetic material, a liquid

crystal material, a ferroelectric material, an electroluminescent material, an

electrochromic material, or a magnetophoretic material or formed of a composite

material of any of these can be used.

[0096]

The counter electrode 617 can be formed using a conductive material having a



light-transmitting property such as indium oxide containing tungsten oxide, indium zinc

oxide containing tungsten oxide, indium oxide containing titanium oxide, indium tin

oxide containing titanium oxide, indium tin oxide, indium zinc oxide, or indium tin

oxide to which silicon oxide is added, for example.

[0097]

The substrate 604 can be formed using a light-transmitting substrate typified by

a glass substrate such as a barium borosilicate glass substrate, an aluminoborosilicate

glass substrate, and a soda lime glass substrate, or a flexible substrate formed using

polyethylene terephthalate (PET) or the like.

[0098]

Note that the whole of or part of contents described in this embodiment can be

combined with any of the whole of or part of contents described in any of the other

embodiments.

[0099]

(Embodiment 3)

In this embodiment, an example of a thin film transistor which is different form

the transistor included in a display device in Embodiment 2 will be described with

reference to FIGS. 7A to 7D. FIGS. 7A to 7D illustrate examples of the thin film

transistor which can be applied to the thin film transistor 601 in Embodiment 2.

[0100]

A thin film transistor 700 is provided over a substrate 701 in FIGS. 7A to 7D.

In addition, an insulating layer 702 and an insulating layer 707 are provided over the

thin film transistor 700.

[0101]

The thin film transistor 700 in FIG 7A has a structure in which low resistive

semiconductor layers 706a and 706b are provided between conductive layers 703a and

703b, which function as a first terminal and a second terminal, and a semiconductor

layer 704. By the low resistive semiconductor layers 706a and 706b, the conductive

layer 703a and 703b make an ohmic contact with the semiconductor layer 704. Note

that the low resistive semiconductor layers 706a and 706b are semiconductor layers

with less resistivity than the semiconductor layer 704.

[0102]



The thin film transistor 700 in FIG 7B is a bottom-gate thin film transistor and

has a structure in which the semiconductor layer 704 is provided over the conductive

layers 703a and 703b.

[0103]

The thin film transistor 700 in FIG 7C is a bottom-gate thin film transistor and

has a structure in which the semiconductor layer 704 is provided over the conductive

layers 703a and 703b. Further, a structure in which the low resistive semiconductor

layers 706a and 706b are provided between the conductive layers 703a and 703b, which

function as a first terminal and a second terminal, and the semiconductor layer 704.

[0104]

The thin film transistor 700 in FIG 7D is a top-gate thin film transistor. Over

the substrate 701, the semiconductor layer 704 including the low resistive

semiconductor layers 706a and 706b that function as a source region or a drain region is

provided. An insulating layer 708 is provided over the semiconductor layer 704. A

conductive layer 705 that functions as a gate terminal is provided over the insulating

layer 708. Furthermore, the conductive layers 703a and 703b, which function as a first

terminal and a second terminal, in contact with the low resistive semiconductor layers

706a and 706b, respectively, are provided.

[0105]

In this embodiment, a thin film transistor with a single gate structure is

described. However, the thin film transistor can have a double gate structure or the

like. In that case, a gate electrode layer may be provided above and below the

semiconductor layer, or a plurality of gate electrode layers may be provided only on one

side of (above or below) the semiconductor layer.

[0106]

Further, a material used for the semiconductor layer of the thin film transistor is

not particularly limited. An example of a material which can be used for the

semiconductor layer of the thin film transistor will be described.

[0107]

The semiconductor layer included in a semiconductor element can be formed

using the following material: an amorphous semiconductor manufactured by a

sputtering method or a vapor-phase growth method using a semiconductor material gas



typified by silane or germane; a polycrystalline semiconductor formed by crystallizing

the amorphous semiconductor with the use of light energy or thermal energy; a

microcrystalline (also referred to as semiamorphous or microcrystal) semiconductor; or

the like. The semiconductor layer can be formed by a sputtering method, a LPCVD

method, a plasma CVD method, or the like.

[0108]

The microcrystalline semiconductor belongs to a metastable state of an

intermediate between amorphous and single crystalline when Gibbs free energy is

considered. That is, the microcrystalline semiconductor film is a semiconductor

having a third state which is stable in terms of free energy and has a short range order

and lattice distortion. Columnar-like or needle-like crystals grow in a normal direction

with respect to a substrate surface. The Raman spectrum of microcrystalline silicon,

which is a typical example of a microcrystalline semiconductor, is located in lower

wave numbers than 520 cm 1, which represents a peak of the Raman spectrum of single

crystal silicon. That is, the peak of the Raman spectrum of the microcrystalline silicon

exists between 520 cm 1 which represents single crystal silicon and 480 cm 1 which

represents amorphous silicon. In addition, microcrystalline silicon contains hydrogen

or halogen of at least 1 atomic percent or more in order to terminate a dangling bond.

Moreover, microcrystalline silicon contains a rare gas element such as helium, argon,

krypton, or neon to further promote lattice distortion, so that stability is increased and a

favorable microcrystalline semiconductor can be obtained.

[0109]

The microcrystalline semiconductor film can be formed by a high-frequency

plasma CVD method with a frequency of several tens to several hundreds of megahertz

or with a microwave plasma CVD apparatus with a frequency of 1 GHz or more. The

microcrystalline semiconductor film can be typically formed using a dilution of silicon

hydride or the like such as SiH4, Si2H , SiH2Cl2, S1HCI3, SiCl4, or S1F4 with hydrogen.

With a dilution with one or plural kinds of rare gas elements of helium, argon, krypton,

and neon in addition to silicon hydride and hydrogen, the microcrystalline

semiconductor film can be formed. In that case, the flow rate ratio of hydrogen to

silicon hydride is set to be 5:1 to 200:1, preferably 50:1 to 150:1, more preferably

100:1.



[0110]

A typical example of an amorphous semiconductor is hydrogenated amorphous

silicon, while a typical example of a crystalline semiconductor is polysilicon and the

like. Examples of polysilicon (polycrystalline silicon) include so-called

high-temperature polysilicon which contains polysilicon as a main component and is

formed at a process temperature of greater than or equal to 800 °C, so-called

low-temperature polysilicon that contains polysilicon as a main component and is

formed at a process temperature of less than or equal to 600 °C, polysilicon obtained by

crystallizing amorphous silicon by using an element promoting crystallization or the

like, and the like. It is needless to say that a microcrystalline semiconductor or a

semiconductor partly including a crystalline phase can also be used as described above.

[0111]

Alternatively, as well as a simple substance such as silicon (Si) or germanium

(Ge), a compound semiconductor such as GaAs, InP, SiC, ZnSe, GaN, or SiGe can be

used as a material for the semiconductor layer.

[0112]

In the case of using a crystalline semiconductor for the semiconductor layer,

the crystalline semiconductor film may be manufactured by various methods (e.g., a

laser crystallization method, a thermal crystallization method, or a thermal

crystallization method using an element such as nickel that promotes crystallization).

Further, when a microcrystalline semiconductor that is SAS is crystallized by laser

irradiation, crystallinity thereof can be enhanced. In a case where the element which

promotes crystallization is not introduced, hydrogen is released until a concentration of

hydrogen contained in an amorphous silicon film becomes 1 x 1020 atoms/cm3 or less by

heating the amorphous silicon layer at a temperature of 500 °C for one hour in a

nitrogen atmosphere before irradiating the amorphous silicon layer with laser light.

That is because an amorphous silicon film containing much hydrogen can be broken by

laser beam irradiation.

[0113]

There is no particular limitation on the method of adding a metal element into

the amorphous semiconductor film as long as the metal element can exist in the surface



of or inside the amorphous semiconductor film. For example, a sputtering method, a

CVD method, a plasma treatment method (e.g., a plasma CVD method), an adsorption

method, or a method of applying a metal salt solution can be used. Among them, the

method using a solution is simple and advantageous in that the concentration of the

metal element can be easily controlled. Further, at this time, an oxide film is

preferably deposited by UV light irradiation in an oxygen atmosphere, thermal

oxidation, treatment with ozone water or hydrogen peroxide including a hydroxyl

radical, or the like in order to improve the wettability of the surface of the amorphous

semiconductor film and to spread an aqueous solution on the entire surface of the

amorphous semiconductor film.

[0114]

Moreover, in a crystallization step in which an amorphous semiconductor film

is crystallized to form a crystalline semiconductor film, an element which promotes

crystallization (also referred to as a catalytic element or a metal element) may be added

to the amorphous semiconductor film, and crystallization may be performed by heat

treatment (at 550 °C to 750 °C for 3 minutes to 24 hours). As the element which

promotes (accelerates) the crystallization, one or more of iron (Fe), nickel (Ni), cobalt

(Co), ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir),

platinum (Pt), copper (Cu), and gold (Au) can be used.

[0115]

In order to remove or reduce the element which promotes crystallization from

the crystalline semiconductor film, a semiconductor film containing an impurity

element is formed in contact with the crystalline semiconductor film so as to function as

a gettering sink. As the impurity element, an impurity element which imparts n-type

conductivity, an impurity element which imparts p-type conductivity, a rare gas element,

or the like can be used. For example, one or more elements selected form among

phosphorus (P), nitrogen (N), arsenic (As), antimony (Sb), bismuth (Bi), boron (B),

helium (He), neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe) can be used. A

semiconductor film containing a rare gas element is formed in contact with the

crystalline semiconductor film containing the element that promotes crystallization, and

then heat treatment is performed (at 550 °C to 750 °C for 3 minutes to 24 hours). The



element that promotes crystallization contained in the crystalline semiconductor film

moves into the semiconductor film containing a rare gas element, and thus, the element

that promotes crystallization contained in the crystalline semiconductor film is removed

or reduced. After that, the semiconductor film containing the rare gas element, which

serves as the gettering sink, is removed.

[0116]

The amorphous semiconductor film may be crystallized by a combination of

heat treatment and laser light irradiation, or several times of either heat treatment or

laser light irradiation.

[0117]

A crystalline semiconductor film can also be formed directly over the substrate

by a plasma method. Alternatively, a crystalline semiconductor film may be

selectively formed over the substrate by a plasma method.

[0118]

Further, an oxide semiconductor may be used as a material for the

semiconductor layer. For example, zinc oxide (ZnO), tin oxide (Sn0 2), or the like can

be used. In the case of using ZnO for the semiconductor layer, Y20 3, A 120 3, Ti0 2, a

stacked layer thereof, or the like can be used for a gate insulating layer, and ITO, Au, Ti,

or the like can be used for a gate electrode layer, a source electrode layer, and a drain

electrode layer. In addition, In, Ga, or the like can be added to ZnO.

[0119]

As the oxide semiconductor, a thin film expressed by InM0 3(ZnO) m > 0)

can be used. Here, M represents one or more metal elements selected from Ga, Al, n,

and Co. For example, M can be Ga, Ga and Al, Ga and Mn, Ga and Co, or the like.

Among oxide semiconductor films having a composition formula expressed by

InM0 3(ZnO)m ( is larger than 0), an oxide semiconductor that contains Ga as M is

referred to as an In-Ga-Zn-O-based oxide semiconductor, and a thin film of the

In-Ga-Zn-O-based oxide semiconductor is also referred to as an In-Ga-Zn-O-based

non-single-crystal film.

[0120]

As an oxide semiconductor applied to the oxide semiconductor layer, other

than given above, a four-component metal oxide such as an In-Sn-Ga-Zn-0 film, a



three-component metal oxide such as an In-Ga-Zn-0 film, an In-Sn-Zn-0 film, an

In-Al-Zn-0 film, an Sn-Ga-Zn-0 film, an Al-Ga-Zn-0 film, and an Sn-Al-Zn-O-based

film, or a two-component metal oxide such as an In-Ga-0 film, an In-Zn-0 film, an

Sn-Zn-O film, an Al-Zn-0 film, a Zn-Mg-0 film, an Sn-Mg-0 film, an In-Mg-0 film,

an In-0 film, an Sn-O film, and a Zn-O film. Further, Si0 2 may be contained in the

oxide semiconductor film.

[0121]

Thin film transistors in which these oxide semiconductors are used as

semiconductor layers have high field effect mobility. Therefore, the thin film

transistor can be used not only as a transistor in a pixel portion, but also as a transistor

which forms a gate driver or a source driver. That is, the pixel portion and the gate

driver or the source driver can be formed over the same substrate. As the result, the

manufacturing cost of the display device can be reduced, which is preferable.

[0122]

Note that the whole of or part of contents described in this embodiment can be

combined with any of the whole of or part of contents described in any of the other

embodiments.

[0123]

(Embodiment 4)

In this embodiment, an application example of a display device described in the

above embodiment will be described with specific examples illustrated in FIGS. 8A to

8D.

[0124]

FIG 8A illustrates a portable information terminal including a housing 3001, a

pixel portion 3002, an operation button 3003, and the like. The display device

described in the above embodiment can be applied to a display device including the

pixel portion 3002.

[0125]

FIG 8B illustrates an example of an electronic book reader including the

display device described in the above embodiment. A first housing 3101 has a first

pixel portion 3102. A second housing 3104 has a second pixel portion 3105. The

first housing 3101 and the second housing 3104 are combined with a supporting portion



3106 so that the electronic book reader can be opened and closed with the supporting

portion 3106. With such a structure, operation like a paper book can be achieved.

[0126]

FIG 8C illustrate a display device 3200 for an advertisement in a vehicle such

as a train. In the case where an advertising medium is printed paper, the advertisement

is replaced by manpower; however, by using a display device which performs display

by a gray scale storage display element, the advertising display can be changed in a

short time without a lot of manpower. Furthermore, stable images can be obtained

without display defects.

[0127]

FIG 8D illustrates a display device 3300 for an outdoor advertisement. A

display device formed using a flexible substrate is waved, and advertising effectiveness

can be enhanced. In general, the advertisement is replaced by manpower; however, by

using a display device which performs display by a gray scale storage display element,

the advertising display can be changed in a short time. Furthermore, stable images can

be obtained without display defects.

[0128]

Note that the whole of or part of contents described in this embodiment can be

combined with any of the whole of or part of contents described in any of the other

embodiments.

This application is based on Japanese Patent Application serial no. 2009-214961 filed

with Japan Patent Office on September 16, 2009, the entire contents of which are hereby

incorporated by reference.



CLAIMS

1. A driving method of a display device comprising a plurality of pixels, each

including gray scale storage display element, the driving method comprising the steps

of:

displaying a first gray scale level by a step of scanning and inputting signals to

first terminals of the gray scale storage display elements plural times in a first

initialization period; wherein a common potential is inputted to second terminals of the

gray scale storage display elements,

displaying a second gray scale level by a step of scanning and inputting signals

to the first terminals at least once in a second initialization period after the first

initialization period; and

displaying a third gray scale level by a step of scanning and inputting signals to

the first terminals plural times in a writing period after the second initialization period,

wherein lengths of the holding periods after inputting the signals in the first

initialization period are different.

2. The driving method of the display device according to claim 1, wherein the

step of scanning and inputting of the signals is performed once to the first terminals in

the second initialization period.

3. The driving method of the display device according to claim 1,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each a second potential generating a second electric field between

the second potential and the common potential, which has a reverse direction to a first

electric field generated between the first potential and the common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.



4. The driving method of the display device according to claim 1,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each the common potential or a second potential generating a

second electric field between the second potential and the common potential, which has

a reverse direction to a first electric field generated between the first potential and the

common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

5. The driving method of the display device according to claims 1, wherein, the

common potential is inputted to the first terminals in the last scanning of the signals at

an end of the writing period.

6. The driving method of the display device according to claims 1, wherein the

step of scanning and inputting the signals is performed x times (x is a natural number

which is 2 or more) in the first initialization period and a length of the shortest holding

period of a signal is t , a length of each of holding periods after inputting the signals is

2 ~ t ( is any one of natural numbers which are or less).

7. The driving method of the display device according to claims 1, lengths of

the holding periods after inputting the signals in the writing period are same.

8. The driving method of the display device according to claim 1, wherein the

gray scale storage display element is an electrophoresis element.

9. A display device with a pixel portion having comprising:

a source driver;

a gate driver;



a plurality of pixels , each pixel including:

a gray scale storage display element;

a transistor whose a gate terminal electrode is electrically connected to

the gate driver, a first terminal electrode of the transistor is electrically

connected to the source driver, and a second electrode terminal of the

transistor is electrically connected to a first terminal of the gray scale storage

display element, and

a capacitor having a first capacitor electrode terminal is electrically connected

to a second terminal of the transistor and a second capacitor electrode terminal

electrically connected to a wiring supplying a common potential,

wherein a first gray scale level is displayed by a step of scanning and inputting

signals to first terminals of the gray scale storage display elements plural times in a first

initialization period; wherein the common potential is inputted to second terminals of

the gray scale storage display elements,

a second gray scale level displayed by a step of scanning and inputting signals

to the first terminals at least once in a second initialization period after the first

initialization period; and

a third gray scale level displayed by a step of scanning and inputting signals to

the first terminals plural times in a writing period after the second initialization period,

wherein each gray scale storage display elements has holding periods of

different length after the signals inputted in the first initialization period.

10. The display device according to claim 9, wherein the step of scanning and

inputting the signals are inputted once to the first terminals in the second initialization

period.

11. The display device according to claim 9,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each a second potential generating a second electric field between



the second potential and the common potential, which has a reverse direction to a first

electric field generated between the first potential and the common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

12. The display device according to claim 9,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each the common potential or a second potential generating a

second electric field between the second potential and the common potential, which has

a reverse direction to a first electric field generated between the first potential and the

common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

13. The display device according to claim 9, wherein the common potential is

inputted to the first terminals in the last scanning of the signals at an end of the writing

period.

14. The display device according to claim 9, wherein the step of scanning and

inputting the signals is performed x times x is a natural number which is 2 or more) in

the first initialization period and a length of the shortest holding period of a signal is t , a

length of each of holding periods after inputting the signals is 2 _ ( is any one of

natural numbers which are x or less).

15. The display device according to claim 9, lengths of the holding periods

after inputting the signals in the writing period are same.

16. The display device according to claim 9, wherein the gray scale storage

display element is an electrophoresis element.



17. The display device according to claim 9, wherein the transistor comprises

an oxide semiconductor.

18. A driving method of a display device comprising a plurality of pixels, each

including gray scale storage display element, the driving method

comprising the steps of:

displaying a first gray scale level by a step of scanning and inputting signals to

first terminals of the gray scale storage display elements through transistors plural times

until when each of the gray scale storage display elements displays the first gray scale

level in a first initialization period; wherein a common potential is inputted to second

terminals of the gray scale storage display elements,

displaying a second gray scale level by a step of scanning and inputting signals

to the first terminals at least once in a second initialization period after the first

initialization period; and

displaying a third gray scale level by a step of scanning and inputting signals to

the first terminals plural times until when each of the gray scale storage display

elements displays the third gray scale level in a writing period after the second

initialization period,

wherein each gray scale storage display elements has holding periods of

different length after the signals inputted in the first initialization period.

19. The driving method of the display device according to claim 18, wherein

the step of scanning and inputting of the signals is performed once to the first terminals

in the second initialization period.

20. The driving method of the display device according to claim 18,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each a second potential generating a second electric field between



the second potential and the common potential, which has a reverse direction to a first

electric field generated between the first potential and the common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

21. The driving method of the display device according to claim 18,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each the common potential or a second potential generating a

second electric field between the second potential and the common potential, which has

a reverse direction to a first electric field generated between the first potential and the

common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

22. The driving method of the display device according to claims 18, wherein,

the common potential is inputted to the first terminals in the last scanning of the signals

at an end of the writing period.

23. The driving method of the display device according to claims 18, wherein

the step of scanning and inputting the signals is performed x times x is a natural

number which is 2 or more) in the first initialization period and a length of the shortest

holding period of a signal is t , a length of each of holding periods after inputting the

signals is 2y ~ t ( is any one of natural numbers which are x or less).

24. The driving method of the display device according to claims 18, lengths of

the holding periods after inputting the signals in the writing period are same.

25. The driving method of the display device according to claim 18, wherein

the gray scale storage display element is an electrophoresis element.



26. The driving method of the display device according to claim 18, wherein

the transistors comprise an oxide semiconductor.

27. A display device with a pixel portion having comprising:

a source driver;

a gate driver;

a plurality of pixels , each pixel including:

a gray scale storage display element;

a transistor whose a gate terminal electrode is electrically connected to

the gate driver, a first terminal electrode of the transistor is electrically

connected to the source driver, and a second electrode terminal of the

transistor is electrically connected to a first terminal of the gray scale storage

display element, and

a capacitor having a first capacitor electrode terminal is electrically connected

to a second terminal of the transistor and a second capacitor electrode terminal

electrically connected to a wiring supplying a common potential,

wherein a first gray scale level is displayed by a step of scanning and inputting

signals to first terminals of the gray scale storage display elements through transistors

plural times until when each of the gray scale storage display elements displays the first

gray scale level in a first initialization period; wherein the common potential is inputted

to second terminals of the gray scale storage display elements,

a second gray scale level displayed by a step of scanning and inputting signals

to the first terminals at least once in a second initialization period after the first

initialization period; and

a third gray scale level displayed by a step of scanning and inputting signals to

the first terminals plural times until when each of the gray scale storage display

elements displays the first gray scale level in a writing period after the second

initialization period, and

wherein each gray scale storage display elements has holding periods of

different length after the signals inputted in the first initialization period.



28. The display device according to claim 27, wherein the step of scanning and

inputting the signals are performed once to the first terminals in the second initialization

period.

29. The display device according to claim 27,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each a second potential generating a second electric field between

the second potential and the common potential, which has a reverse direction to a first

electric field generated between the first potential and the common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

30. The display device according to claim 27,

wherein each of the signals inputted to the first terminals in the first

initialization period is a first potential which is equal to the common potential or which

is different from the common potential,

wherein at least one signal inputted to the first terminals in the second

initialization period is each the common potential or a second potential generating a

second electric field between the second potential and the common potential, which has

a reverse direction to a first electric field generated between the first potential and the

common potential, and

wherein the signals inputted to the first terminals in the writing period contains

at least one of the common potential, the first potential, or the second potential.

31. The display device according to claim 27, wherein the common potential is

inputted to the first terminals in the last scanning of the signals at an end of the writing

period.

32. The display device according to claim 27, wherein the step of scanning and



inputting the signals is performed x times (x is a natural number which is 2 or more) in

the first initialization period and a length of the shortest holding period of a signal is t , a

length of each of holding periods after inputting the signals is 2 1 ( is any one of

natural numbers which are x or less).

33. The display device according to claim 27, lengths of the holding periods

after inputting the signals in the writing period are same.

34. The display device according to claim 27, wherein the gray scale storage

display element is an electrophoresis element.

35. The display device according to claim 27, wherein the transistor comprises

an oxide semiconductor.
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