
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date n -

30 June 2011 (30.06.2011) 201 1/077926 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G09G 3/36 (2006.01) G02F 1/1368 (2006.01) kind of national protection available): AE, AG, AL, AM,
G02F 1/133 (2006.01) G09G 3/20 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/JP20 10/07 1624 HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,

(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
26 November 2010 (26.1 1.2010) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
(25) Filing Language: English SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

(26) Publication Language: English TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

2009-292630 24 December 2009 (24.12.2009) JP kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(71) Applicant (for all designated States except US): SEMI¬ ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
CONDUCTOR ENERGY LABORATORY CO., LTD. TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[JP/JP]; 398, Hase, Atsugi-shi, Kanagawa, 2430036 (JP). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Inventor; and

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,(75) Inventor/Applicant (for US only): KOYAMA, Jun
GW, ML, MR, NE, SN, TD, TG).

[JP/JP]; c/o SEMICONDUCTOR ENERGY LABORA
TORY CO., LTD., 398, Hase, Atsugi-shi, Kanagawa, Published:
2430036 (JP).

— with international search report (Art. 21(3))

(54) Title: DISPLAY DEVICE AND ELECTRONIC DEVICE

(57) Abstract: Multiple gray levels are
expressed in a display device. The dis

FIG. 2 100
play device includes a pixel portion
where pixels including transistors and

104 display elements are arranged in matrix,

6 _L a gate driver electrically connected to a
i i _ 0 gate of the transistor, a source driver

0 X ¾ electrically connected to a source or a
drain of the transistor, and a data pro
cessing circuit which outputs a signal toτ the source driver. The transistor includes
an oxide semiconductor. In the data pro
cessing circuit, n-bit digital data of input
m-bit digital data (m and n are positive

107 101 integers, where m > n) is used for volt
age gradation and (m - n) bit digital data

103 is used for time gradation.

201 (1001)



DESCRIPTION

DISPLAY DEVICE AND ELECTRONIC DEVICE

TECHNICAL FIELD

[0001]

The technical field of the present invention rerates to a display device and a

driving method thereof. In particular, the technical field of the present invention

relates to a display device capable of expressing multiple gray levels. Further, the

technical field of the present invention rerates to an electronic device including the

display device.

BACKGROUND ART

[0002]

Display devices in which driving is performed using transistors including

amorphous silicon or polysilicon are mainly used. However, it is difficult for these

display devices to express multiple gray levels due to the influence of the off-state

current of the transistors.

[0003]

As an example of a pixel in a display device, FIG. 15 illustrates a pixel 5000

which includes a transistor 5001, a liquid crystal element 5002, and a capacitor 5003.

The transistor 5001 includes amorphous silicon or polysilicon. In the pixel 5000,

when image data is written to the liquid crystal element 5002 and the capacitor 5003

through the transistor 5001, an electric field is applied to the liquid crystal element 5002,

so that images can be displayed.

[0004]

However, due to the off-state current of the transistor 5001, electrical charges

accumulated in the liquid crystal element 5002 and the capacitor 5003 are discharged,

so that the voltage of the pixel fluctuates.

[0005]

In the pixel 5000, the off-state current i of the transistor 5001, the storage

capacitance C of the capacitor 5003, the fluctuation V in voltage, and the hold time T



satisfy the relation of CV = iT. Therefore, if the off-state current i of the transistor

5001 is 0.1 pA(p indicates 10~12), the capacitance Cof the capacitor 5003 is 0.1 pF, and

one frame period is 16.6 ms, the fluctuation Vin voltage in the pixel in one frame period

can be calculated as follows: 0.1 [ F] x V =0.1 \pA] x 16.6 [ms]; thus, V = 16.6 [mV].

[0006]

If the display device has 256 (= 2 ) gray levels and the highest drive voltage of

the liquid crystal element in the pixel of 5 V, gray level voltage per gray level is about

20 mV. In other words, the fluctuation V (16.6 mV) in voltage in the pixel that is

obtained from the calculation corresponds to the fluctuation in gray level voltage for

about one gray level.

[0007]

If the display device has 1024 (= 210) gray levels, gray level voltage per gray

level is about 5 mV. Therefore, the fluctuation V (16.6 mV) in voltage in the pixel

corresponds to the fluctuation in gray level voltage for about four gray levels, and the

influence of fluctuation in voltage due to off-state current cannot be ignored.

[0008]

In Reference 1, a display device including a polysilicon transistor has been

suggested.

[Reference]

[0009]

[Reference 1] Japanese Published Patent Application No. H8-110530

DISCLOSURE OF INVENTION

[0010]

In a conventional display device, voltage in a pixel greatly fluctuates due to the

off-state current of a transistor; thus, it is difficult to express multiple gray levels.

[0011]

In view of the problem, it is an object of one embodiment of the present

invention to express multiple gray levels by a reduction in fluctuation in voltage in a

pixel.

[0012]



It is an object of one embodiment of the present invention to express multiple

gray levels without complication of a circuit for driving a pixel.

[0013]

One embodiment of the present invention is a display device where a transistor

including an oxide semiconductor is provided in a pixel as a switch element. The

oxide semiconductor is intrinsic or substantially intrinsic. Off-state current per unit

channel width of the transistor is 100 αΑ µιη or less {a indicates 10 ), preferably 1

αΑ µτη or less, more preferably 1 ζΑ/µπ or less (z indicates 10~21). Note that in this

specification, the term "intrinsic" indicates the state of a semiconductor whose carrier

concentration is lower than 1 x 1012 /cm3, and the term "substantially intrinsic" indicates

the state of a semiconductor whose carrier concentration is higher than or equal to 1 x

1012 /cm3 and lower than 1 x 10 14 /cm3.

[0014]

In other words, in one embodiment of the present invention, in consideration of

the relation of CV = iT, the off-state current i is reduced in order to reduce the

fluctuation in voltage in the pixel.

[0015]

One embodiment of the present invention is a display device which expresses

gray levels. In the display device, n-bit digital data of input w-bit digital data is used

for voltage gradation and m - «)-bit digital data is used for time gradation. That is,

m-bit gray levels can be expressed by a source driver which processes n bits. Note that

m and n are positive integers, where m > n .

[0016]

In one embodiment of the present invention, multiple gray levels can be

expressed by a reduction in fluctuation in voltage in a pixel by a reduction in off-state

current of a transistor.

[0017]

Further, in one embodiment of the present invention, when a combination of

voltage gradation and time gradation is used as a method for processing data, multiple

gray levels can be expressed without complication of a source driver.



BRIEF DESCRIPTION OF DRAWINGS

[0018]

In the accompanying drawings:

FIG. 1 illustrates an example of a display device;

FIG 2 illustrates an example of a display device;

FIG. 3 illustrates gray level voltage;

FIG. 4 illustrates an example of data processing;

FIG. 5 illustrates an example of data processing;

FIGS. 6A and 6B illustrate examples of a structure of a transistor and a

manufacturing method thereof;

FIGS. 7A to 7E illustrate examples of a structure of a transistor and a

manufacturing method thereof;

FIGS. 8A to 8E illustrate examples of a structure of a transistor and a

manufacturing method thereof;

FIGS. 9A to 9D illustrate examples of a structure of a transistor and a

manufacturing method thereof;

FIGS. 10A to 10D illustrate examples of a structure of a transistor and a

manufacturing method thereof;

FIGS. HAto llC illustrate examples of electronic devices;

FIGS. 12A to 12D illustrate examples of electronic devices;

FIG. 13 illustrates an example of data processing;

FIG 14 illustrates electrical characteristics of a transistor; and

FIG. 15 illustrates an example of a display device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019]

Embodiments of the disclosed invention will be described below with reference

to the drawings. Note that the present invention is not limited to the following

description. It will be readily appreciated by those skilled in the art that modes and

details of the present invention can be changed in various ways without departing from

the spirit and scope of the present invention. Therefore, the present invention should

not be construed as being limited to the following description of the embodiments.



[0020]

(Embodiment 1)

First, the structure of a display device in this embodiment is described with

reference to FIG. 1. The display device includes a display portion 100. Here, a

display element is a liquid crystal element.

[0021]

The display portion 100 includes a pixel portion 101, a gate driver 102, and a

source driver 103. In the pixel portion 101, pixels including transistors 104, liquid

crystal elements 105, and capacitors 108 are arranged in matrix. Note that the gate

driver 102 and the source driver 103 may be formed over the same substrate as the pixel

portion 101 or may be formed over different substrates.

[0022]

A gate of the transistor 104 is electrically connected to the gate driver 102

through a wiring 106 (also referred to as a gate line). One of a source and a drain of

the transistor 104 is electrically connected to the source driver 103 through a wiring 107

(also referred to as a source line). The other is electrically connected to the liquid

crystal element 105 and the capacitor 108.

[0023]

The transistor 104 functions as a switch element for bringing the liquid crystal

element 105 and the wiring 107 into conduction. Further, the capacitor 108 has a

function of holding voltage applied to the liquid crystal element 105 for a certain period

of time.

[0024]

In each pixel, the off-state current i of the transistor 104, the storage

capacitance C of the capacitor 108, the fluctuation V in voltage, and the hold time T

satisfy the relation of CV = iT. Thus, when the off-state current i of the transistor 104

is reduced, the fluctuation V ' voltage when the transistor 104 is off can be reduced.

[0025]

In this embodiment, the transistor 104 includes an oxide semiconductor. In

particular, with the use of an intrinsic or substantially intrinsic oxide semiconductor,

off-state current per unit channel width (W) of the transistor 104 at room temperature



can be 100 Α µπι or less, preferably 1 αΑ/µπι or less, more preferably 10 ζΑ/µηι or

less.

[0026]

For example, if the off-state current of the transistor 104 is 1 aA, the

capacitance of the capacitor 108 is 0.1 ρ , and one frame period is 16.6 ms, the

fluctuation V in voltage in the pixel due to the off-state current of the transistor 104 can

be calculated from the relation as follows: 0.1 [pF] x = l [ Α] x 16.6 [ms]; thus, V =

16.6 x 10 5 [raV].

[0027]

Here, if the display device has 256 gray levels and the highest drive voltage of

the liquid crystal element in the pixel of 5 V, gray level voltage per gray level is about

20 mV. In other words, the fluctuation F(16.6 x 10~5 mV) in voltage in the pixel that

is obtained here is much lower than 20 mV (the gray level voltage per gray level).

Even in the case where a higher gray level is expressed, the fluctuation in voltage does

not affect display.

[0028]

That is, the fluctuation in voltage in the pixel due to the off-state current of the

transistor 104 can be regarded as substantially zero.

[0029]

Note that since the fluctuation in voltage in the pixel due to the off-state current

of the transistor 104 is substantially zero, the fluctuation in voltage in the pixel due to

the leakage current of the liquid crystal element 105 is considered. The leakage

current of a general liquid crystal element is about 1 / A (f indicates 10-15); thus, the

fluctuation Vin voltage is 0.166 mV when calculation is performed in a similar manner.

Theoretically, when the display device has about 30000 gray levels, the fluctuation in

voltage affects display; however, gray levels can be expressed without problems taking

human's visual capability into consideration. Therefore, in a normal liquid crystal

element, leakage current thereof does not matter.

[0030]

When a transistor having a channel formation region including an intrinsic or

substantially intrinsic oxide semiconductor is provided in a pixel as described above, the



fluctuation in voltage in the pixel due to the off-state current of the transistor can be

suppressed, so that gray level characteristics of the pixel can be improved.

[0031]

Next, the characteristics of a transistor including an oxide semiconductor in

this embodiment are described in detail.

[0032]

The oxide semiconductor used for the transistor in this embodiment is

preferably a semiconductor in which impurities that adversely affect the electrical

characteristics of the transistor including an oxide semiconductor are reduced to a very

low level, that is, the oxide semiconductor is preferably a high-purity semiconductor.

As a typical example of an impurity which adversely affects the electrical characteristics,

there is hydrogen. Hydrogen is an impurity which might be a carrier donor in an oxide

semiconductor. When the oxide semiconductor includes a large amount of hydrogen,

the oxide semiconductor might have n-type conductivity. The on/off ratio of a

transistor including an oxide semiconductor having n-type conductivity cannot be high

enough. Therefore, in this specification, a "high-purity oxide semiconductor" is an

intrinsic or substantially intrinsic oxide semiconductor in which hydrogen is reduced as

much as possible. As an example of a high-purity oxide semiconductor, there is an

oxide semiconductor whose carrier concentration is lower than 1 x 1014 /cm3, preferably

lower than 1 x 1012 /cm3, more preferably lower than 1 x 1011 /cm3 or lower than 6.0 x
10 310 /cm . A transistor including a high-purity oxide semiconductor has much lower

off-state current than a transistor including a semiconductor containing silicon, for

example. Further, in this embodiment, a transistor including a high-purity oxide

semiconductor is described below as an n-channel transistor.

[0033]

In this manner, when a high-purity oxide semiconductor which is obtained by

drastic removal of hydrogen contained in an oxide semiconductor is used for a channel

formation region of a transistor, a transistor with significantly low off-state current can

be provided. An evaluation element (also referred to as TEG) is formed, and the

measurement results of off-state current are described below.

[0034]



In the TEG, a thin film transistor with L/W = 3 µπ /10000 µ in which two

hundred transistors with L/W = 3 µπι/50 µιη (thickness d 30 nm) each are connected in

parallel is provided. FIG. 14 illustrates the initial characteristics of the transistor.

In order to measure the initial characteristics of the transistor, a change in characteristics

of source-drain current (hereinafter referred to as drain current or D) when source-gate

voltage (referred to as gate voltage or V ) is changed, i.e., VQ-I-Q characteristics were

measured under the condition that the substrate temperature was at room temperature,

source-drain voltage (hereinafter referred to as drain voltage or V was 10 V, and VQ

was changed from -20 to +20 V. Here, the measurement results of the VQ-IO

characteristics are shown by the range of from -20 to +5 V.

[0035]

A s illustrated in FIG. 14, the transistor having a channel width Wof 10000 µπι

has an off-state current of 1 x 10 A or less at VO of 1 V and 10 V, which is less than or

equal to the resolution (100 /A) of a measurement device (a semiconductor parameter

analyzer, Agilent 4156C manufactured by Agilent Technologies Inc.). The off-state

current per micrometer of the channel width corresponds to 10 Α µπι .

[0036]

Note that in this specification, off-state current (also referred to as leakage

current) is current flowing between a source and a drain of an n-channel transistor when

given gate voltage which is in the range of from -20 to - 5 V is applied at room

temperature in the case where the level of the threshold voltage V h of the n-channel

transistor is positive. Note that the room temperature is 15 to 25 °C. A transistor

including an oxide semiconductor that is disclosed in this specification has a current per

unit channel width W) of 100 Α / µπ or less, preferably 1 Α µ or less, more

preferably 10 ζΑ µπ or less at room temperature.

[0037]

Note that if the amount of the off-state current and the level of the drain voltage

are known, resistance when the transistor is off (off resistance R) can be calculated

using Ohm's law. If a cross-section area A of the channel formation region and the

channel length L are known, off-state resistivity p can be calculated from the formula p

= RAIL (R indicates off resistance). The off-state resistivity calculated from FIG. 14



was 1 x 109 Ω m or higher (or 1 x 1010 Ω m or higher). Here, the cross-section area A

can be calculated from the formula A = d W (d is the thickness of the channel formation

region and W is the channel width). Note that in general, the boundary between a

semiconductor and an insulator according to resistivity is about 1 x 105 Ω-m. In other

words, the transistor including an intrinsic or substantially intrinsic oxide semiconductor

of one embodiment of the present invention has resistivity which is substantially equal

to that of an insulator when the transistor is off. Thus, the transistor has unusual

effects as a switch element.

[0038]

In addition, the energy gap of the oxide semiconductor is 2 eV or more,

preferably 2.5 eV or more, more preferably 3 eV or more.

[0039]

Further, the temperature characteristics of the transistor including a high-purity

oxide semiconductor are favorable. Typically, in the temperature range of from -25 to

150 °C, the current-voltage characteristics of the transistor, such as on-state current,

off-state current, field-effect mobility, a subthreshold value (an S value), and threshold

voltage, hardly change and deteriorate due to temperature.

[0040]

Next, hot-carrier degradation of a transistor including an oxide semiconductor

is described.

[0041]

The hot-carrier degradation is degradation of transistor characteristics, e.g., the

fluctuation in threshold voltage or generation of gate leakage due to a phenomenon that

electrons which are accelerated to high speed become fixed charges by being injected

into a gate insulating film from a channel in the vicinity of a drain, or a phenomenon

that electrons which are accelerated to high speed form a trap level at an interface of a

gate insulating film. The factors of the hot-carrier degradation are

channel-hot-electron injection (CHE injection) and drain-avalanche-hot-carrier injection

(DAHC injection).

[0042]

Since the band gap of silicon is as small as 1.12 eV, electrons are easily



generated like an avalanche due to an avalanche breakdown, and the number of

electrons which are accelerated to high speed so as to go over a barrier to the gate

insulating film is increased. In contrast, the oxide semiconductor described in this

embodiment has a large band gap of 3.15 eV; thus, the avalanche breakdown does not

easily occur and resistance to hot-carrier degradation is higher than that of silicon.

[0043]

Note that although the band gap of silicon carbide, which is one of materials

having high withstand voltage, and the band gap of an oxide semiconductor are

substantially equal to each other, electrons are less likely to be accelerated in the oxide

semiconductor because the mobility of the oxide semiconductor is lower than that of

silicon carbide by approximately two orders of magnitude. Further, a barrier between

the oxide semiconductor and silicon oxide is higher than a barrier between one of

silicon carbide, gallium nitride, and silicon and silicon oxide when a material including

indium (In) or zinc (Zn) is used for the oxide semiconductor and silcon oxide is used for

the gate insulating film; thus, the number of electrons injected into the oxide film is

extremely small. Thus, hot-carrier degradation is less likely to occur as compared to

silicon carbide, gallium nitride, or silicon, and it can be said that drain withstand voltage

is high. Therefore, it is not necessary to intentionally form low-concentration impurity

regions between an oxide semiconductor functioning as a channel and a source and

drain electrodes, so that the structure of the transistor can be significantly simplified and

the number of manufacturing steps can be reduced.

[0044]

As described above, a transistor including an oxide semiconductor has high

drain withstand voltage. Specifically, such a transistor can have a drain withstand

voltage of 100 V or higher, preferably 500 V or higher, more preferably 1 kV or higher.

[0045]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0046]

(Embodiment 2)

In this embodiment, an example of a structure for expressing multiple gray

levels is described.



[0047]

The capability of expressing multiple gray levels greatly depends on the

capability of converting digital data into analog data (gray level voltage) in a source

driver.

[0048]

In general, in the case of a source driver which processes 2-bit digital data, 22 =

4 gray levels can be expressed. In the case of a source driver which processes 8-bit

digital data, 2 = 256 gray levels can be expressed. Further, in the case of a source

driver which processes m-bit digital data, 2 gray levels can be expressed.

[0049]

However, in order to improve the performance of a source driver, the circuit

structure of the source driver is complicated and a layout area is increased.

[0050]

Thus, in this embodiment, a structure for expressing multiple gray levels

without complication of a source driver is described.

[0051]

In this embodiment, n -bit digital data of input m-bit digital data is used for

voltage gradation and (m - n)-bit digital data is used for time gradation. In this manner,

w-bit gray levels can be expressed in a source driver in which voltage gradation for n

bits is employed. Therefore, multiple gray levels can be expressed without

complication of the source driver. Note that m and n are positive integers, where m >

n .

[0052]

A structure in which voltage gradation and time gradation are combined with

each other is described below. Here, the case is described in which 4-bit (m 4)

digital data is input, 2-bit digital data (n = 2) is used for voltage gradation, and 2-bit

digital data (m - n = 2) is used for time gradation. Note that m and n are not limited to

certain numbers.

[0053]

First, the structure of a display device of this embodiment is described with

reference to FIG 2. The display device includes the display portion 100 and a data



processing circuit 200.

[0054]

The display portion 100 is similar to that illustrated in FIG. 1; thus, description

thereof is omitted.

[0055]

In the data processing circuit 200, 2-bit digital data used for voltage gradation

is generated using 2-bit digital data of 4-bit input digital data. In addition, 2-bit data of

the 4-bit input digital data is used for time gradation. Further, a signal (for example,

digital data) in which the voltage gray level and the time gray level are combined with

each other is output to the source driver.

[0056]

Here, a method for expressing gray levels in the display device of this

embodiment is described with reference to FIG. 3. Input digital data has four bits and

data related to 16 gray levels. A voltage level s the lowest voltage level that is

input to the source driver. A voltage level Vu is the highest voltage level that is input

to the source driver.

[0057]

In this embodiment, 2-bit digital data is used for voltage gradation; thus, three

voltage levels are set between the voltage level Vu and the voltage level V so that

differences between adjacent voltage levels are substantially equal to one another, so

that voltage levels for four gray levels are expressed. The difference between adjacent

voltage levels is denoted by a , and a = (Vu - V )/ is obtained.

[0058]

Thus, when the digital data is (00), a voltage level output from the source

driver is V^. When the digital data is (01), the voltage level output from the source

driver is V + a . When the digital data is (10), the voltage level output from the source

driver is V + 2a. When the digital data is (11), the voltage level output from the

source driver is V + 3a.

[0059]

In this manner, the source driver can output four voltage levels: V V + a , L

+ 2a, and digital data is used for



voltage gradation, the source driver can output 2n voltage levels.

[0060]

Then, in this embodiment, in order to increase gray levels which can be

expressed in the display device, a method in which voltage gradation and time gradation

are used in combination is employed. A time gradation method in this embodiment is

described below.

[0061]

First, in the display device of this embodiment, a so-called line-at-a-time

driving method by which pixels for one line are concurrently driven is employed. That

is, analog gray level voltages are concurrently written to the pixels for one line. The

cycle in whichanalog gray level voltages are written to all the pixels in a pixel portion is

referred to as one frame period.

[0062]

One frame period is divided into a plurality of periods (referred to as subframe

periods). Line-at-a-time driving is performed in each subframe period so that analog

gray level voltages are written to all the pixels. The average value of the analog gray

level voltages written in each subframe period is calculated, and gray levels are

expressed using the average voltage level. In this embodiment, one frame period is

divided into four subframe periods (first to fourth subframe periods).

[0063]

That is, when 2-bit digital data is used for the time gradation, the difference a

between the voltage levels is divided into approximately fourequal pieces by using the

2-bit digital data, so that gray levels can be increased. Accordingly, when (/n-«)-bit

digital data of /n-bit digital data is used for time gradation, one frame period is divided

into 2 m n) subframe periods.

[0064]

With a combination of the voltage gradation and the time gradation, display

corresponding to voltage levels L, L + a/4, L + 2a/4, L + 3a/4, V + a , L + 5a/4,

V + 6a/4, V + 7a/4, V + 2a, V + 9a/4, V + 10a/4, V + lla/4, and V + 3a can be

realized (see FIG. 3).

[0065]



An example of a method in which data is processed with a combination of

voltage gradation and time gradation is described below.

[0066]

In FIG. 2, digital data 201 is input to the data processing circuit 200. In this

embodiment, the 4-bit digital data 201 is (1001). The input digital data 201 is written

to a memory 211.

[0067]

Then, the digital data 201 is read from the memory 211; the digital data (10) of

higher-order two bits are written to a memory 212 as digital data 202; and the digital

data (11) obtained by adding "1" to a first bit of the higher-order two bits are written to a

memory 213 as digital data 203.

[0068]

Then, one frame period is divided into four periods, and digital data in four

subframe periods (a first subframe period 231, a second subframe period 232, a third

subframe period 233, and a fourth subframe period 234) is determined from lower-order

two bits. When the digital data of the lower-order two bits is (01), the digital data 202

is read from the memory 212 three times, the digital data 203 is read from the memory

213 once, and the digital data 202 and the digital data 203 are output to the source

driver 103 in the display portion 100 through a switch 220. The digital data 202 and

the digital data 203 are read from the memory 212 and the memory 213 four times in

total.

[0069]

Here, the frequency of reading of the digital data 203 is determined by the

values of the lower-order two bits. In other words, when the digital data of the

lower-order two bits is (00), the digital data 203 is not read. When the digital data of

the lower-order two bits is (01), the digital data 203 is read once. When the digital

data of the lower-order two bits is (10), the digital data 203 is read twice. When the

digital data of the lower-order two bits is (11), the digital data 203 is read three times.

In this example, the digital data of the lower-order two bits is (01), so that the digital

data 203 is read once and the digital data 202 is read three times.

[0070]

For example, the digital data 202 is output in the first subframe period 231, the



second subframe period 232, and the third subframe period 233, and the digital data 203

is output in the fourth subframe period 234. In that case, the digital data in the first to

fourth subframe periods is sequentially (10), (10), (10), and (11). The digital data is

input to the source driver (see FIG. 4). Note that the order of the digital data is not

limited to the above example.

[0071]

In the first to fourth subframe periods, analog gray level voltages + 2a, L +

2a, L + 2a, and V + 3a which correspond to the digital data (10), (10), (10), and (11)

are input from the source driver to predetermined pixels. In the pixels, gray levels are

expressed as a voltage level of + 9a/4 which is an average value 240 of the analog

gray level voltages (see FIG. 4 and FIG. 5).

[0072]

Further, gray levels can be expressed by similar processing also in the case

where the digital data 201 of any one of (0000) to (1111) is input (see FIG. 4).

[0073]

Note that when the digital data of the higher-order bits in the input digital data

201 are all "1" (e.g., (11)), may be input to pixels in subframe periods, as illustrated

in FIG. 13. When V is used, gray levels can be further increased. Therefore, when

n-bit digital data of m-bit digital data is used for voltage gradation, the source driver can

output up to (2n + 1) voltage levels (that is, (2 + 1) or less voltage levels).

[0074]

In this manner, with a combination of voltage gradation and time gradation,

gray levels corresponding to four bits can be expressed in a source driver which

processes two bits. That is, multiple gray levels can be expressed without

complication of the source driver. Thus, a digital processing circuit described in this

embodiment is configured; to select two voltage levels, which is to be output from a

source driver, among (2"+l) voltage levels based on -bit digital data of input m-bit

digital data; and to output 2m~" digital data for one pixel in one frame period to the

source driver where each of the 2 ~" digital data is selected from either of two digital

data corresponding to the two voltage levels.

[0075]



However, even if multiple gray levels are to be expressed by data processing of

this embodiment, it is difficult to express desired gray levels when the gray level

characteristics of a pixel are poor because of the high off-state current of a transistor.

In that case, the gray level characteristics are improved when the pixel includes the

transistor including an oxide semiconductor described in Embodiment 1; thus, gray

levels can be expressed at voltage levels generated by data processing.

[0076]

Further, if the time taken to write data to a pixel becomes longer in data

processing of this embodiment, operation speed is decreased in some cases. When one

frame period is divided into four periods as described in this embodiment, it is

necessary to quadruple the writing time. In such a case, the transistor including an

oxide semiconductor has a mobility of 10 cm2/Vs or higher; thus, the writing time can

be shortened.

[0077]

That is, a combination of Embodiment 1 and this embodiment is extremely

effective, and multiple gray levels can be expressed and high-speed operation can be

realized.

[0078]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0079]

(Embodiment 3)

In this embodiment, examples of the structure of a semiconductor device and a

manufacturing method thereof are described.

[0080]

FIG 6A illustrates an example of the plane structure of a semiconductor device.

In addition, FIG. 6B is an example of the cross-sectional structure of the semiconductor

device and illustrates a cross-section in line C1-C2 in FIG. 6A. The semiconductor

device includes a transistor 410.

[0081]

The transistor 410 is a top-gate thin film transistor. The transistor 410

includes an oxide semiconductor layer 412, a first electrode (one of a source electrode



and a drain electrode) 415a, a second electrode (the other of the source electrode and the

drain electrode) 415b, a gate insulating layer 402, and a gate electrode 411.

[0082]

Note that although the transistor 410 is described as a single-gate transistor, the

transistor 410 may be a multi-gate transistor.

[0083]

Next, steps of forming the transistor 410 are described with reference to FIGS.

7Ato 7E.

[0084]

First, an insulating layer 407 serving as a base film is formed over a substrate

400.

[0085]

It is necessary that the substrate 400 have at least heat resistance high enough

to withstand heat treatment to be performed later. In the case where the temperature of

the heat treatment to be performed later is high, a substrate whose strain point is 730 °C

or higher is preferably used.

[0086]

Specific examples of the substrate 400 include a glass substrate, a crystalline

glass substrate, a ceramic substrate, a quartz substrate, a sapphire substrate, a plastic

substrate, and the like. Further, specific examples of the material of a glass substrate

include aluminosilicate glass, aluminoborosilicate glass, and barium borosilicate glass.

[0087]

The insulating layer 407 can be formed to have a single-layer structure or a

layered structure including an oxide insulating layer such as a silicon oxide layer, a

silicon oxynitride layer, an aluminum oxide layer, or an aluminum oxynitride layer.

[0088]

The insulating layer 407 can be formed by plasma-enhanced CVD, sputtering,

or the like. In particular, when the insulating layer 407 is formed by sputtering,

hydrogen, water, a hydroxyl group, or hydroxide (such substances are referred to as

"hydrogen or the like") contained in the insulating layer 407 can be reduced.

[0089]

In this embodiment, a silicon oxide layer is deposited as the insulating layer



407 by sputtering. As a sputtering gas, oxygen, a mixed gas of oxygen and argon, or

the like can be used. In addition, it is preferable that hydrogen or the like be removed

from the sputtering gas and that the sputtering gas contain high-purity oxygen. Further,

silicon or quartz (preferably synthesized quartz) can be used as a target. Note that the

substrate 400 may be at room temperature or may be heated during deposition.

[0090]

For example, the insulating layer 407 is deposited under the following

condition: quartz is used as the target; the temperature of the substrate is 108 °C; the

distance between the substrate and the target (the T-S distance) is 60 mm; the pressure

is 0.4 Pa; the high-frequency power is 1.5 kW; a mixed gas of oxygen and argon (an

oxygen flow rate of 25 seem: an argon flow rate of 25 seem = 1:1) is used as the

sputtering gas. Note that the thickness of the insulating layer 407 is 100 nm.

[0091]

As the sputtering gas, a high-purity gas from which hydrogen or the like is

removed to about a concentration of ppm or ppb is preferably used.

[0092]

It is preferable that hydrogen or the like be not contained in the insulating layer

407 by removal of moisture remaining in a deposition chamber.

[0093]

In order to remove moisture remaining in the deposition chamber, an

adsorption vacuum pump may be used. For example, a cryopump, an ion pump, or a

titanium sublimation pump can be used. In particular, a cryopump effectively exhausts

hydrogen or the like from the deposition chamber. Therefore, hydrogen or the like

contained in the insulating layer 407 can be reduced as much as possible. Further, as

an exhaustion means, a turbo pump is preferably used in combination with a cold trap.

[0094]

Examples of sputtering include RF sputtering in which a high-frequency power

source is used as a sputtering power source, DC sputtering in which a DC power source

is used, and pulsed DC sputtering in which a bias is applied in a pulsed manner. RF

sputtering is mainly used in the case where an insulating film is deposited, and DC

sputtering is mainly used in the case where a metal film is deposited.



[0095]

Alternatively, a multi-target sputtering apparatus may be used. In a

multi-target sputtering apparatus, a plurality of targets including different materials can

be set, and a plurality of targets can be concurrently or separately sputtered in one

deposition chamber. For example, when a plurality of targets are concurrently

sputtered, a film including a plurality of materials can be formed. Alternatively, when

the plurality of targets are separately sputtered, a plurality of films including different

materials can be formed.

[0096]

Alternatively, a sputtering apparatus used for magnetron sputtering may be

used. The sputtering apparatus is provided with a magnet system inside a deposition

chamber. Alternatively, a sputtering apparatus used for ECR sputtering may be used.

In the sputtering apparatus, plasma generated with the use of microwaves is used.

[0097]

Further, as a deposition method, reactive sputtering may be used. The

reactive sputtering is a method by which a target and a sputtering gas are chemically

reacted with each other during deposition to form a compound thin film thereof.

Alternatively, bias sputtering may be used. The bias sputtering is a method by which

voltage is also applied to a substrate during deposition.

[0098]

Further, the insulating layer 407 may have a single-layer structure or a layered

structure including a nitride insulating layer such as a silicon nitride layer, silicon nitride

oxide layer, an aluminum nitride layer, or an aluminum nitride oxide layer.

Alternatively, the insulating layer 407 may have a structure in which the nitride

insulating layer and the oxide insulating layer are stacked.

[0099]

A stack of the nitride insulating layer and the oxide insulating layer is formed

by the following method, for example. First, a silicon nitride layer is deposited in such

a manner that a sputtering gas containing high-purity nitrogen is introduced in a

deposition chamber and a silicon target is used. Then, a silicon oxide layer is

deposited in such a manner that the sputtering gas is changed to a sputtering gas

containing high-purity oxygen. Note that as described above, it is preferable to deposit



the silicon nitride layer and the silicon oxide layer while moisture remaining in the

deposition chamber is removed. Further, the substrate may be heated during

deposition.

[0100]

Then, an oxide semiconductor layer is formed over the insulating layer 407 by

sputtering.

[0101]

It is preferable that the oxide semiconductor layer contain hydrogen or the like

as little as possible. Thus, it is preferable that hydrogen or the like that is adsorbed on

the substrate 400 be eliminated and exhausted by preheating of the substrate 400 over

which the insulating layer 407 is formed as pretreatment for deposition. Note that the

preheating may be performed in a preheating chamber of a sputtering apparatus. As an

exhaustion means provided in the preheating chamber, a cryopump is preferable. Note

that the preheating may be omitted.

[0102]

Further, as the pretreatment of deposition, dust on a surface of the insulating

layer 407 is preferably removed by introduction of an argon gas and generation of

plasma. This process is referred to as reverse sputtering. The reverse sputtering is a

method in which, without application of voltage to a target side, a high-frequency power

source is used for application of voltage to a substrate side in an argon atmosphere and

plasma is generated so that the surface of the insulating layer 407 is modified. Note

that nitrogen, helium, oxygen, or the like may be used instead of argon.

[0103]

As the target of the oxide semiconductor layer, a metal oxide target containing

zinc oxide as a main component can be used. For example, a target having a

composition ratio of ln20 3: Ga20 3: ZnO = 1:1:1 [mol%], i.e., In: Ga: Zn = 1:1:0.5 [at.%]

can be used. Alternatively, a target having a composition ratio of In: Ga: Zn = 1:1:1

[at.%] or In: Ga: Zn = 1:1:2 [at.%] can be used. Alternatively, a target containing Si0

at 2 to 10 wt% can be used. The filling rate of metal oxide in the target is 90 to 100 %,

preferably 95 to 99.9 %. With the use of the target having a high filling rate, the

deposited oxide semiconductor layer 412 can have high density.



[0104]

Note that the oxide semiconductor layer may be deposited in a rare gas

(typically argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of a rare

gas and oxygen. Here, as a sputtering gas used for deposition of the oxide

semiconductor layer, a high-purity gas from which hydrogen or the like is removed to

about a concentration of ppm or ppb is preferably used.

[0105]

It is preferable that hydrogen or the like be not contained in the oxide

semiconductor layer by removal of moisture remaining in the deposition chamber.

When hydrogen or the like contained in the deposition chamber is exhausted using a

cryopump as described above, hydrogen or the like contained in the oxide

semiconductor layer can be reduced as much as possible. Further, the substrate may be

at room temperature or may be heated at a temperature lower than 400 °C during

deposition. Note that the deposition chamber is preferably kept under reduced

pressure.

[0106]

For example, the oxide semiconductor layer is deposited under the following

condition: a target having a composition ratio of ln 0 3: Ga 0 3: ZnO = 1:1:1 [mol%]; the

temperature of the substrate is at room temperature; the T-S distance is 110 mm; the

pressure is 0.4 Pa; DC (direct current) power is 0.5 kW; a mixed gas of oxygen and

argon (an oxygen flow rate of 15 seem: an argon flow rate of 30 seem) is used as the

sputtering gas. Note that with the use of pulsed DC (direct current) power, generation

of dust can be suppressed and thickness distribution can be made uniform, which are

advantageous. The thickness of the oxide semiconductor layer is 2 to 200 nm

(preferably 5 to 30 nm). Note that since the appropriate thickness of the oxide

semiconductor layer varies depending on the material of the oxide semiconductor used,

the thickness may be determined as appropriate depending on the material.

[0107]

In the above example, a compound layer containing indium, gallium, zinc, and

oxygen (these substances are also referred to as In-Ga-Zn-O) is used as the oxide

semiconductor layer; however, In-Sn-Ga-Zn-O, In-Sn-Zn-O, In-Al-Zn-O, Sn-Ga-Zn-O,



Al-Ga-Zn-O, Sn-Al-Zn-O, In-Zn-O, Sn-Zn-O, Al-Zn-O, Zn-Mg-O, Sn-Mg-O, In-Mg-O,

In-O, Sn-O, Zn-O, or the like can be used. The oxide semiconductor layer may

contain Si. Further, the oxide semiconductor layer may be amorphous or crystalline.

Alternatively, the oxide semiconductor layer may be non-single-crystal or single crystal.

[0108]

As the oxide semiconductor layer, a compound layer expressed by

In 0 3(ZnO) (m > 0) can be used. Here, M denotes one or more metal elements

selected from Ga, Al, Mn, or Co. For example, M can be Ga, Ga and Al, Ga and Mn,

or Ga and Co.

[0109]

Then, the oxide semiconductor layer is processed into the island-shaped oxide

semiconductor layer 412 by etching through a first photolithography process (see FIG.

7A). Note that a resist used for the processing may be formed by an inkjet method.

When the resist is formed by an inkjet method, a photomask is not used; thus,

manufacturing cost can be reduced.

[0110]

Further, the resist may be formed using a multi-tone photomask. A multi-tone

photomask is a mask capable of exposure with multi-level amount of light (light

intensity). With the use of the multi-tone photomask, the number of photomasks can

be reduced.

[0111]

Note that as the etching of the oxide semiconductor layer, dry etching, wet

etching, or both dry etching and wet etching may be employed.

[0112]

In the case of dry etching, parallel plate RIE (reactive ion etching) or ICP

(inductively coupled plasma) etching can be used. In order to etch the layer to have a

desired shape, the etching conditions (the amount of electric power applied to a coiled

electrode, the amount of electric power applied to an electrode on a substrate side, the

temperature of the electrode on the substrate side, and the like) are adjusted as

appropriate.

[0113]

As an etching gas used for dry etching, a gas containing chlorine (a



chlorine-based gas such as chlorine, boron chloride, silicon chloride, or carbon

tetrachloride) is preferable; however, a gas containing fluorine (a fluorine-based gas

such as carbon tetrafluoride, sulfur fluoride, nitrogen fluoride, or trifluoromethane),

hydrogen bromide, oxygen, any of these gases to which a rare gas such as helium or

argon is added, or the like can be used.

[0114]

As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic

acid, and nitric acid, an ammonia hydrogen peroxide mixture (hydrogen peroxide at 31

wt : ammonia at 28 wt%: water = 5:2:2), or the like can be used. Alternatively,

ITO-07N (manufactured by KANTO CHEMICAL CO., INC.) may be used. The

etching conditions (e.g., an etchant, etching time, and temperature) may be adjusted as

appropriate depending on the material of the oxide semiconductor.

[0115]

In the case of wet etching, the etchant is removed together with the etched

material by cleaning. Waste liquid of the etchant including the removed material may

be purified and the material contained in the waste liquid may be reused. When a

material (e.g., a rare metal such as indium) contained in the oxide semiconductor layer

is collected from the waste liquid after the etching and reused, the resources can be

efficiently used.

[0116]

In this embodiment, the oxide semiconductor layer is processed into the

island-shaped oxide semiconductor layer 412 by wet etching with the use of a mixed

solution of phosphoric acid, acetic acid, and nitric acid as an etchant.

[0117]

Then, the oxide semiconductor layer 412 is subjected to first heat treatment.

The temperature of the first heat treatment is 400 to 750 °C, preferably higher than or

equal to 400 °C and lower than the strain point of the substrate. Here, after the

substrate is put in an electric furnace which is a kind of heat treatment apparatus, the

oxide semiconductor layer is subjected to heat treatment at 450 °C for one hour in a

nitrogen atmosphere. Through the first heat treatment, hydrogen or the like can be

removed from the oxide semiconductor layer 412.



[0118]

Note that the heat treatment apparatus is not limited to the electric furnace, and

a device with which heat treatment is performed by thermal conduction or thermal

radiation from a heater (e.g., a resistance heater) may be used. For example, an RTA

(rapid thermal annealing) apparatus such as a GRTA (gas rapid thermal annealing)

apparatus or an LRTA (lamp rapid thermal annealing) apparatus can be used.

[0119]

An LRTA apparatus is an apparatus with which heat treatment is performed by

radiation of light (an electromagnetic wave) emitted from a lamp such as a halogen

lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium

lamp, or a high pressure mercury lamp.

[0120]

A GRTA apparatus is an apparatus with which heat treatment is performed

using a high-temperature gas. An inert gas (typically a rare gas such as argon) or a

nitrogen gas can be used as the gas.

[0121]

For example, in the case where the first heat treatment is performed using a

GRTA apparatus, the substrate may be heated for several minutes in a high-temperature

(e.g., 650 to 700 °C) inert gas and then may be taken out of the inert gas. The GRTA

apparatus enables high-temperature heat treatment in a short time.

[0122]

In the first heat treatment, it is preferable that hydrogen or the like be not

contained in the atmosphere. Alternatively, the purity of a gas such as nitrogen,

helium, neon, or argon which is introduced into the heat treatment apparatus is

preferably 6N (99.9999 ) or higher, more preferably 7N (99.99999 %) or higher (that

is, the impurity concentration is 1 ppm or lower, preferably 0.1 ppm or lower).

[0123]

Note that depending on the condition of the first heat treatment or the material

of the oxide semiconductor layer 412, the island-shaped oxide semiconductor layer 412

might be crystallized by the first heat treatment and the crystal structure of the

island-shaped oxide semiconductor layer 412 might be a microcrystalline structure or a



polycrystalline structure.

[0124]

For example, the oxide semiconductor layer 412 might be a microcrystalline

oxide semiconductor layer having a degree of crystallinity of 80 % or more. Note that

even when the first heat treatment is performed, the island-shaped oxide semiconductor

layer 412 might be an amorphous oxide semiconductor layer without crystallization.

The oxide semiconductor layer 412 might be an oxide semiconductor layer in which a

microcrystalline portion (with a grain diameter of 1 to 20 nm, typically 2 to 4 nm) exists

in an amorphous oxide semiconductor layer.

[0125]

In addition, the first treatment may be performed on the oxide semiconductor

layer before being processed into an island-shaped oxide semiconductor layer. In that

case, the first photolithography process is performed after the first heat treatment, so

that the oxide semiconductor layer is processed into an island-shaped oxide

semiconductor layer.

[0126]

Note that the first heat treatment may be performed in a later step. For

example, the first heat treatment may be performed after a source electrode and a drain

electrode are formed over the oxide semiconductor layer 412 or after a gate insulating

layer is formed over the source electrode and the drain electrode.

[0127]

Although the first heat treatment is performed mainly for the purpose of

removing hydrogen or the like from the oxide semiconductor layer 412, oxygen defects

might be generated in the oxide semiconductor layer 412 in the first heat treatment.

Therefore, excessive oxidation treatment is preferably performed after the first heat

treatment. Specifically, heat treatment in an oxygen atmosphere or an atmosphere

containing nitrogen and oxygen (for example, nitrogen to oxygen is 4 to 1 in volume

ratio) is performed as the excessive oxidation treatment performed after the first heat

treatment, for example. Alternatively, plasma treatment in an oxygen atmosphere can

be employed.

[0128]

As described above, through the first heat treatment, hydrogen or the like can



be removed from the oxide semiconductor layer. That is, through the first heat

treatment, the oxide semiconductor layer is dehydrated or dehydrogenated.

[0129]

Then, a conductive film is formed over the insulating layer 407 and the oxide

semiconductor layer 412.

[0130]

The conductive film may be formed by sputtering or vacuum evaporation. As

the material of the conductive film, a metal material such as Al, Cu, Cr, Ta, Ti, Mo, W,

or Y; an alloy material including the metal material; a conductive metal oxide; or the

like can be used. For example, in order to prevent generation of hillocks or whiskers,

an Al material to which an element such as Si Ti, Ta, W, Mo, Cr, Nd, Sc, or Y is added

may be used. In that case, heat resistance can be increased. As a conductive metal

oxide, indium oxide, tin oxide, zinc oxide, an alloy containing indium oxide and tin

oxide (ITO), an alloy containing indium oxide and zinc oxide (IZO), or the metal oxide

material containing silicon or silicon oxide can be used.

[0131]

Further, the conductive film may have a single-layer structure or a layered

structure of two or more layers. For example, a single-layer structure of an aluminum

film including silicon, a two-layer structure in which a titanium film is stacked over an

aluminum film, or a three-layer structure in which a titanium film, an aluminum film,

and a titanium film are stacked in that order can be used. Alternatively, a structure in

which a metal layer of Al, Cu, or the like and a refractory metal layer of Cr, Ta, Ti, Mo,

W, or the like are stacked may be used.

[0132]

In this embodiment, as the conductive film, a 150-nm-thick titanium film is

formed by sputtering.

[0133]

Then, a resist is formed over the conductive film in a second photolithography

process; the first electrode 415a and the second electrode 415b are formed by selective

etching; then, the resist is removed (see FIG 7B).

[0134]

The first electrode 415a functions as one of the source electrode and the drain



electrode. The second electrode 415b functions as the other electrode. Here, end

portions of the first electrode 415a and the second electrode 415b are preferably etched

so as to be tapered because coverage with the gate insulating layer stacked thereover is

improved.

[0135]

Note that the resist used for forming the first electrode 415a and the second

electrode 415b may be formed by an inkjet method. When the resist is formed by an

inkjet method, a photomask is not used; thus, manufacturing cost can be reduced. A

multi-tone photomask may be used.

[0136]

It is necessary that the oxide semiconductor layer 412 be not removed when the

conductive film is etched.

[0137]

For example, In-Ga-Zn-0 is used for the oxide semiconductor layer 412,

titanium is used for the conductive film, and an ammonia hydrogen peroxide mixture (a

mixture of ammonia, water, and a hydrogen peroxide solution) is used as an etchant.

Thus, with a difference in etching rate, removal of the oxide semiconductor layer 412

can be prevented.

[0138]

Note that by adjustment of etching conditions, part of the oxide semiconductor

layer 412 is etched so that an oxide semiconductor layer having a groove (a depression)

can be formed. For example, a channel etched thin film transistor can be provided.

[0139]

Further, KrF laser light, ArF laser light, or the like may be used for exposure at

the time of formation of the resist. With the use of an ultraviolet ray (having a

wavelength of several nanometers to several tens of nanometers), the resolution of the

exposure and the depth of focus can be increased; thus, microfabrication can be

performed.

[0140]

Here, as illustrated in FIG. 6B, the channel length of the transistor 410 is

determined depending on a distance between the two electrodes (the first electrode 415a

and the second electrode 415b). Thus, in the case where the channel length is made



short (for example, greater than or equal to 10 nm and less than 1000 nm), the two

electrodes are preferably formed by exposure with the ultraviolet ray. When the

channel length is made short, the transistor can operate at higher speed, off-state current

can be lowered, or power consumption can be reduced.

[0141]

Note that after the first electrode 415a and the second electrode 415b are

formed, water or the like absorbed onto an exposed surface of the oxide semiconductor

layer 412 may be eliminated by plasma treatment with a gas such as nitrogen monoxide,

nitrogen, or argon. Alternatively, plasma treatment may be performed using a mixed

gas of oxygen and argon.

[0142]

Then, the gate insulating layer 402 is formed over the insulating layer 407, the

oxide semiconductor layer 412, the first electrode 415a, and the second electrode 415b

(see FIG. 7C).

[0143]

The gate insulating layer 402 can be formed to have a single-layer structure or

a layered structure including a silicon oxide layer, a silicon nitride layer, a silicon

oxynitride layer, a silicon nitride oxide layer, or an aluminum oxide layer by

plasma-enhanced CVD, sputtering, or the like.

[0144]

The gate insulating layer 402 is preferably formed in such a manner that

hydrogen or the like is not contained in the gate insulating layer 402. Thus, the gate

insulating layer 402 may be formed by the above sputtering. In this embodiment mode,

a 100-nm-thick silicon oxide layer is formed. Note that before the gate insulating layer

402 is formed, the above preheating is preferably performed.

[0145]

For example, the gate insulating layer 402 is deposited under the following

condition: quartz is used as a target; the pressure is 0.4 Pa; high-frequency power is 1.5

kW; a mixed gas of oxygen and argon (an oxygen flow rate of 25 seem: an argon flow

rate of 25 seem = 1:1) is used as a sputtering gas.

[0146]



Next, a resist is formed in a third photolithography process and part of the gate

insulating layer 402 is removed by selective etching, so that openings 421a and 421b

which reach the first electrode 415a and the second electrode 415b are formed (see FIG.

7D). Note that when the resist is formed by an inkjet method, a photomask is not used;

thus, manufacturing cost can be reduced.

[0147]

Then, a conductive film is formed over the gate insulating layer 402 and the

openings 421a and 421b, and then the gate electrode 411, a first wiring layer 414a, and a

second wiring layer 414b are formed through a fourth photolithography process.

[0148]

The gate electrode 411, the first wiring layer 414a, and the second wiring layer

414b can be formed to have a single-layer structure or a layered structure including a

metal material such as Mo, Ti, Cr, Ta, W, Al, Cu, Nd, or Sc, or an alloy material

containing the metal material as a main component.

[0149]

Specific examples of a two-layer structure of the gate electrode 411, the first

wiring layer 414a, and the second wiring layer 414b include a structure in which a

molybdenum layer is stacked over an aluminum layer, a structure in which a

molybdenum layer is stacked over a copper layer, a structure in which a titanium nitride

layer or a tantalum nitride layer is stacked over a copper layer, and a structure in which

a molybdenum layer is stacked over a titanium nitride layer.

[0150]

As a specific example of a three-layer structure, there is a structure in which a

tungsten layer (or a tungsten nitride layer), an alloy layer of aluminum and silicon (or an

alloy layer of aluminum and titanium), and a titanium nitride layer (or a titanium layer)

are stacked. Note that the gate electrode can be formed using a light-transmitting

conductive film. As a specific example of a light-transmitting conductive film, there is

a light-transmitting conductive oxide.

[0151]

In this embodiment, as the gate electrode 411, the first wiring layer 414a, and

the second wiring layer 414b, a 150-nm-thick titanium film formed by sputtering is

used.



[0152]

Next, second heat treatment (preferably at 200 to 400 °C, for example, 250 to

350 °C) is performed in an inert gas atmosphere or an oxygen gas atmosphere. In this

embodiment, the second heat treatment is performed at 250 °C for one hour in a

nitrogen atmosphere. Through the second heat treatment, hydrogen or the like

contained in the oxide semiconductor layer 412 is further reduced, so that the oxide

semiconductor layer 412 is highly purified.

[0153]

Further, after the second heat treatment, heat treatment may be performed at

100 to 200 °C for 1 to 30 hours in an air atmosphere. This heat treatment may be

performed at a fixed heating temperature. Alternatively, the following change in the

heating temperature may be conducted plural times repeatedly: the heating temperature

is increased from room temperature to a temperature of 100 to 200 °C and then

decreased to room temperature.

[0154]

Through the above steps, the transistor 410 can be formed (see FIG. 7E). The

transistor 410 can be used as the transistor described in Embodiment 1.

[0155]

Note that a protective insulating layer or a planarization insulating layer for

planarization may be provided over the transistor 410. In addition, the second heat

treatment may be performed after the step of forming the protective insulating layer or

the planarization insulating layer.

[0156]

The protective insulating layer can be formed to have a single-layer structure or

a layered structure including a silicon oxide layer, a silicon nitride layer, a silicon

oxynitride layer, a silicon nitride oxide layer, or an aluminum oxide layer.

[0157]

The planarization insulating layer can include a heat-resistant organic material

such as polyimide, acrylic, benzocyclobutene, polyamide, or epoxy. Other than such

organic materials, it is possible to use a low-dielectric constant material (a low-k

material), a siloxane-based resin, PSG (phosphosilicate glass), BPSG



(borophosphosilicate glass), or the like. Alternatively, the planarization insulating

layer may be formed by stacking a plurality of insulating films including these

materials.

[0158]

Here, a siloxane-based resin corresponds to a resin including a Si-O-Si bond

that includes a siloxane-based material as a starting material. The siloxane-based resin

may include an organic group (e.g., an alkyl group or an aryl group) as a substituent.

Further, the organic group may include a fluoro group.

[0159]

There is no particular limitation on the method for forming the planarization

insulating layer. The planarization insulating layer can be formed, depending on the

material, by a method such as sputtering, an SOG method, a spin coating method, a

dipping method, a spray coating method, or a droplet discharge method (e.g., an inkjet

method, screen printing, or offset printing), or a tool such as a doctor knife, a roll coater,

a curtain coater, or a knife coater.

[0160]

As described above, a semiconductor device including an intrinsic or

substantially intrinsic oxide semiconductor can be manufactured.

[0161]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0162]

(Embodiment 4)

In this embodiment, examples of the structure of a semiconductor device and a

manufacturing method thereof are described.

[0163]

FIG 8E illustrates an example of the cross-sectional structure of the

semiconductor device. The semiconductor device includes a transistor 390.

[0164]

The transistor 390 is a bottom-gate transistor. The transistor 390 includes a

gate electrode 391, a gate insulating layer 397, an oxide semiconductor layer 399, a first

electrode 395a, and a second electrode 395b.



[0165]

The transistor 390 can be used as the transistor described in Embodiment 1, for

example. Note that a multi-gate transistor may be used.

[0166]

A method for forming the transistor 390 over a substrate 394 is described

below with reference to FIGS. 8A to 8E.

[0167]

First, the gate electrode 391 is formed over the substrate 394. The material

and the like of the substrate 394 are similar to those in Embodiment 3. Further, the

material, deposition method, and the like of the gate electrode 391 are similar to those in

Embodiment 3.

[0168]

Note that an insulating film serving as a base film (e.g., a silicon oxide film or

a silicon nitride film) may be provided between the substrate 394 and the gate electrode

391.

[0169]

Then, the gate insulating layer 397 is formed over the gate electrode 391. The

material, deposition method, and the like of the gate insulating layer 397 are similar to

those of the gate insulating layer 402 described in Embodiment 3.

[0170]

Then, the oxide semiconductor layer 393 is formed over the gate insulating

layer 397 (see FIG. 8A). After that, an island-shaped oxide semiconductor layer 399 is

formed through photolithography (see FIG. 8B). Note that the material, deposition

method, and the like of the oxide semiconductor layer 399 are similar to those of the

oxide semiconductor layer 412 described in Embodiment 3.

[0171]

Here, as in Embodiment 3, first heat treatment is preferably performed on the

oxide semiconductor layer 399.

[0172]

Then, the first electrode 395a and the second electrode 395b are formed over

the gate insulating layer 397 and the oxide semiconductor layer 399 (see FIG 8C).

The material, deposition method, and the like of the first electrode 395a and the second



electrode 395b are similar to those of the first electrode 415a and the second electrode

415b described in Embodiment 3.

[0173]

Through the above steps, the transistor 390 can be formed. The transistor 390

can be used as the transistor described in Embodiment 1.

[0174]

Note that a protective insulating layer 396 which is in contact with the oxide

semiconductor layer 399, the first electrode 395a, and the second electrode 395b may be

formed (see FIG. 8D).

[0175]

The protective insulating layer 396 can be formed to have a single-layer

structure or a layered structure including an oxide insulating layer such as a silicon

oxide layer, a silicon nitride layer, a silicon oxynitride layer, a silicon nitride oxide layer,

or an aluminum oxide layer. As the protective insulating layer 396, the substrate 394

over which layers up to the oxide semiconductor layer 399, the first electrode 395a, and

the second electrode 395b are formed is kept at room temperature or heated to a

temperature lower than 100 °C, a sputtering gas including high-purity oxygen from

which hydrogen and moisture are removed is introduced, and a silicon semiconductor

target is used, whereby a silicon oxide layer is formed.

[0176]

Next, second heat treatment may be performed. The second heat treatment

may be performed at 200 to 400 °C (preferably 250 to 350 °C) in an inert gas (e.g.,

nitrogen) atmosphere or an oxygen atmosphere. In this embodiment, the second heat

treatment is performed at 250 °C for one hour in a nitrogen atmosphere.

[0177]

Through the second heat treatment, hydrogen or the like contained in the oxide

semiconductor layer 399 can be diffused into the protective insulating layer 396 so as to

be further reduced.

[0178]

Further, an insulating layer 398 may be provided over the protective insulating

layer 396. The insulating layer 398 can be formed to have a single-layer structure or a



layered structure including a silicon nitride film, a silicon nitride oxide film, an

aluminum nitride film, an aluminum nitride oxide film, or the like.

[0179]

Note that it is preferable that hydrogen or the like be not contained in the oxide

semiconductor layer 399 when the protective insulating layer 396 and the insulating

layer 398 are deposited. Therefore, as described in Embodiment 3, when hydrogen or

the like contained in a deposition chamber is exhausted using a cryopump, hydrogen or

the like contained in oxide semiconductor layer 399 can be reduced as much as possible.

[0180]

As described above, a semiconductor device including an intrinsic or

substantially intrinsic oxide semiconductor can be manufactured.

[0181]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0182]

(Embodiment 5)

In this embodiment, examples of the structure of a semiconductor device and a

manufacturing method thereof are described.

[0183]

FIG. 9D illustrates an example of the cross-sectional structure of the

semiconductor device. The semiconductor device includes a transistor 360.

[0184]

The transistor 360 is a bottom-gate transistor. The transistor 360 includes a

gate electrode 361, a gate insulating layer 322, an oxide semiconductor layer 362, an

oxide insulating layer 366, a first electrode 365a, and a second electrode 365b.

[0185]

This embodiment differs from Embodiment 4 in that the oxide insulating layer

366 is formed over a channel formation region 363 in the oxide semiconductor layer

362. Such a transistor is referred to as a channel-protective transistor (also referred to

as a channel-stop transistor).

[0186]

A method for forming the transistor 360 over a substrate 320 is described



below with reference to FIGS. 9A to 9D. Steps up to a step of forming the oxide

semiconductor layer 332 (see FIG. 9A) are similar to the steps in Embodiment 4. Note

that as in Embodiment 4, it is preferable to perform first heat treatment so that hydrogen

or the like contained in the oxide semiconductor layer 332 is reduced.

[0187]

Then, the oxide insulating layer 366 is formed over the oxide semiconductor

layer 332 (see FIG. 9B).

[0188]

The oxide insulating layer 366 can be formed to have a single-layer structure or

a layered structure including a silicon oxide layer, a silicon oxynitride layer, an

aluminum oxide layer, an aluminum oxynitride layer, or the like. In this embodiment,

a 200-nm-thick silicon oxide layer is deposited by sputtering.

[0189]

For example, the oxide insulating layer 366 may be deposited under the

following condition: silicon is used as a target; the temperature of the substrate is at

higher than or equal to room temperature and lower than or equal to 300 °C; a mixed

gas of oxygen and nitrogen is used as a sputtering gas. Note that silicon oxide may be

used as the target. Further, a rare gas (typically argon), oxygen, or a mixed gas of a

rare gas and oxygen may be used as the sputtering gas.

[0190]

In this case, it is preferable that hydrogen or the like be not contained in the

oxide semiconductor layer 332. As described in Embodiment 3, a cryopump or the

like may be used.

[0191]

Next, second heat treatment is performed. The second heat treatment may be

performed at 200 to 400 °C (preferably 250 to 350 °C) in an inert gas (e.g., nitrogen)

atmosphere or an oxygen atmosphere. In this embodiment, the second heat treatment

is performed at 250 °C for one hour in a nitrogen atmosphere.

[0192]

Through the second heat treatment, a region of the oxide semiconductor layer

332 that is covered with the oxide insulating layer 366 has higher resistance because



oxygen is supplied from the oxide insulating layer 366.

[0193]

In contrast, regions of the oxide semiconductor layer 332 that are not covered

with the oxide insulating layer 366 can have lower resistance because oxygen deficiency

is generated through the second heat treatment. Therefore, the regions of the oxide

semiconductor layer 332 that are not covered with the oxide insulating layer 366 can

have lower resistance in a self-aligning manner.

[0194]

In other words, the oxide semiconductor layer 362 subjected to the second heat

treatment have regions having different resistances (in FIG. 9B, a shaded region and

white regions).

[0195]

Then, the first electrode 365a and the second electrode 365b are formed (see

FIG. 9C). Note that the material and the deposition method of the first electrode 365a

and the second electrode 365b are similar to those of the first electrode 395a and the

second electrode 395b described in Embodiment 4.

[0196]

Through the above steps, the transistor 360 is formed. The transistor 360 can

be used as the transistor described in Embodiment 1.

[0197]

Note that a protective insulating layer 323 may be formed over the transistor

360 (see FIG. 9D). The material and the deposition method of the protective insulating

layer 323 are similar to those of the protective insulating layer described in Embodiment

4.

[0198]

In this embodiment, after hydrogen or the like contained in the oxide

semiconductor layer 332 is reduced by the first heat treatment, part of the oxide

semiconductor layer 362 is selectively made to be in an oxygen excess state by the

second heat treatment.

[0199]

Accordingly, in the oxide semiconductor layer 362, the channel formation

region 363 which overlaps with the gate electrode 361 becomes intrinsic or substantially



intrinsic. Further, a region 364a which overlaps with the first electrode 365a and a

region 364b which overlaps with the second electrode 365b have low resistance.

[0200]

As described above, a semiconductor device including an intrinsic or

substantially intrinsic oxide semiconductor can be manufactured.

[0201]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0202]

(Embodiment 6)

In this embodiment, examples of the structure of a semiconductor device and a

manufacturing method thereof are described.

[0203]

FIG 10D illustrates an example of the cross-sectional structure of the

semiconductor device. The semiconductor device includes a transistor 350.

[0204]

The transistor 350 is a bottom-gate transistor. The transistor 350 includes a

gate electrode 351, a gate insulating layer 342, a first electrode 355a, a second electrode

355b, and an oxide semiconductor layer 346.

[0205]

This embodiment differs from Embodiment 4 (FIGS. 8A to 8E) in that the first

electrode 355a and the second electrode 355b are provided between the gate insulating

layer 342 and the oxide semiconductor layer 346.

[0206]

Steps of forming the transistor 350 over a substrate 340 are described below

with reference to FIGS. 10A to 10D. Steps up to a step of forming the gate insulating

layer 342 are similar to the steps in Embodiment 4.

[0207]

Then, the first electrode 355a and the second electrode 355b are formed over

the gate insulating layer 342 (see FIG 10A). The material, deposition method, and the

like of the first electrode 355a and the second electrode 355b are similar to those of the

first electrode 395a and the second electrode 395b described in Embodiment 4.



[0208]

Then, an oxide semiconductor film 345 is formed (see FIG. 10B). After that,

the island-shaped oxide semiconductor layer 346 is obtained by etching (see FIG. IOC).

The material, deposition method, and the like of the oxide semiconductor layer 346 are

similar to those of the oxide semiconductor layer 399 described in Embodiment 4.

Note that as in Embodiment 4, it is preferable to perform first heat treatment so that

hydrogen or the like contained in the oxide semiconductor layer 346 is reduced.

[0209]

Through the above steps, the transistor 350 can be formed. The transistor 350

can be used as the transistor described in Embodiment 1.

[0210]

Note that an oxide insulating layer 356 which is in contact with the oxide

semiconductor layer 346 may be formed (see FIG. 10D). The material, deposition

method, and the like of the oxide insulating layer 356 are similar to those of the oxide

insulating layer 396 described in Embodiment 4.

[0211]

Next, second heat treatment may be performed. The second heat treatment

may be performed at 200 to 400 °C (preferably 250 to 350 °C) in an inert gas (e.g.,

nitrogen) atmosphere or an oxygen atmosphere. In this embodiment, the second heat

treatment is performed at 250 °C for one hour in a nitrogen atmosphere.

[0212]

Through the second heat treatment, oxygen is supplied to the oxide

semiconductor layer 346 from the oxide insulating layer 356, so that the oxide

semiconductor layer 346 can be made to be in an oxygen excess state. Accordingly,

the oxide semiconductor layer 346 becomes intrinsic or substantially intrinsic.

[0213]

Note that an insulating layer 343 may be provided over the oxide insulating

layer 356 (see FIG. 10D). As the material, deposition method, and the like of the

insulating layer 343, a material, a deposition method, and the like which are similar to

those of the insulating layer 398 described in the above embodiment can be employed.

[0214]



As described above, a semiconductor device including an intrinsic or

substantially intrinsic oxide semiconductor can be manufactured.

[0215]

This embodiment can be combined with any of the other embodiments as

appropriate.

[0216]

(Embodiment 7)

In this embodiment, specific examples of electronic devices including the

display device described in the above embodiment are described. Note that electronic

devices applicable to the present invention are not limited to the following specific

examples.

[0217]

FIG. 11A illustrates a portable game machine. FIG. 11B illustrates a digital

camera. FIG. 11C illustrates a television receiver. FIG. 12A illustrates a computer.

FIG. 12B illustrates a cellular phone. FIG. 12C illustrates electronic paper. The

electronic paper can be used for an e-book reader (also referred to as electronic book or

an e-book), a poster, or the like. FIG. 12D illustrates a digital photo frame. A display

device which is one embodiment of the present invention can be used for display

portions 9631, 9641, 9651, 9661, 9671, 9681, and 9691 provided in housings 9630,

9640, 9650, 9660, 9670, 9680, and 9690.

[0218]

When the display device which is one embodiment of the present invention is

used in these electronic devices, reliability can be improved and power consumed at the

time of display of still images can be reduced.

[0219]

This embodiment can be combined with any of the other embodiments as

appropriate.

This application is based on Japanese Patent Application serial no.

2009-292630 filed with Japan Patent Office on December 24, 2009, the entire contents

of which are hereby incorporated by reference.



CLAIMS

1. A display device comprising:

a pixel portion comprising pixels arranged in matrix wherein each of the pixels

includes a transistor and a display element;

a gate driver electrically connected to a gate of the transistor;

a source driver electrically connected to one of a source and a drain of the

transistor; and

a data processing circuit configured to output signals to the source driver,

wherein the transistor has a channel formation region including an oxide

semiconductor,

wherein the data processing circuit is configured to output the signals by using

-bit digital data of input m-bit digital data for voltage gradation and by using ( - n)

bit digital data for time gradation, and

wherein m and n are positive integers, where m > n .

2. The display device according to claim 1, wherein one frame period is

divided into (m-n) subframe periods for the time gradation.

3. The display device according to claim 1, wherein the source driver output

(2n + 1) or less voltage levels.

4. The display device according to claim 1, wherein the transistor has a

mobility of 10 cm2/Vs or higher.

5. The display device according to claim 1,

wherein the transistor is formed over a substrate, and

wherein the transistor has an off-state current of 1 αΑ µιη or less.

6. The display device according to claim 1, wherein the display element is a

liquid crystal element.



7. An electronic device including the display device according to claim 1,

wherein the electronic device is one selected from the group consisting of a portable

game machine, a digital camera, a television receive, a computer, an electronic paper,

and a digital photo frame.

8. A display device comprising:

a pixel portion comprising pixels arranged in matrix wherein each of the pixels

includes a transistor and a display element;

a gate driver electrically connected to a gate of the transistor;

a source driver electrically connected to one of a source and a drain of the

transistor; and

a data processing circuit configured to output signals to the source driver,

wherein the transistor has a channel formation region including an intrinsic or

substantially intrinsic oxide semiconductor,

wherein the data processing circuit is configured to output the signals by using

n-bit digital data of input -bit digital data for voltage gradation and by using (m - n )

bit digital data for time gradation, and

wherein m and n are positive integers, where m > n .

9. The display device according to claim 8, wherein carrier concentration of

the intrinsic or the substantially intrinsic oxide semiconductor is lower than 1 x 1014

/Cm3.

10. The display device according to claim 8, wherein one frame period is

divided into (m-n) subframe periods for the time gradation.

11. The display device according to claim 8, wherein the source driver output

(2n + 1) or less voltage levels.

12. The display device according to claim 8, wherein the transistor has a



mobility of 10 cm Vs or higher.

13. The display device according to claim 8,

wherein the transistor is formed over a substrate, and

wherein the transistor has an off-state current of 1 Α µ η or less.

14. The display device according to claim 8, wherein the display element is a

liquid crystal element.

15. An electronic device including the display device according to claim 8,

wherein the electronic device is one selected from the group consisting of a portable

game machine, a digital camera, a television receive, a computer, an electronic paper,

and a digital photo frame.

16. A display device comprising:

a pixel portion comprising pixels arranged in matrix wherein each of the pixels

includes a transistor and a display element;

a gate driver electrically connected to a gate of the transistor;

a source driver electrically connected to one of a source and a drain of the

transistor; and

a data processing circuit configured to output signals to the source driver,

wherein the transistor has a channel formation region including an oxide

semiconductor and has an off-state current of 1 αΑ µ α or less,

wherein in the data processing circuit is configured to process n-bit digital

data of input η -bit digital data as data related to voltage gradation and to process (m -

n) bit digital data as data related to time gradation, and

wherein m and n are positive integers, where m > n.

17. The display device according to claim 16, wherein carrier concentration

of the oxide semiconductor is lower than 1 x 1014 /cm3.



18. The display device according to claim 16, wherein one frame period is

divided into (m-n) subframe periods for the time gradation.

19. The display device according to claim 16, wherein the source driver

output (2 + 1) or less voltage levels.

20. The display device according to claim 16, wherein the transistor has a

mobility of 10 cm2 Vs or higher.

21. The display device according to claim 16, wherein the display element is

a liquid crystal element.

22. An electronic device including the display device according to claim 16,

wherein the electronic device is one selected from the group consisting of a portable

game machine, a digital camera, a television receive, a computer, an electronic paper,

and a digital photo frame.

23. A display device comprising:

a pixel portion comprising pixels arranged in matrix wherein each of the pixels

includes a transistor and a display element;

a gate driver electrically connected to a gate of the transistor;

a source driver electrically connected to one of a source and a drain of the

transistor; and

a data processing circuit,

wherein the transistor has a channel formation region including an oxide

semiconductor,

wherein the data processing circuit is configured to select two voltage levels,

which is to be output from the source driver, among (n-1) voltage levels based on «-bit

digital data of input m -bit digital data,

wherein the data processing circuit is configured to output 2m~" digital data for

one pixel in one frame period to the source driver where each of the 2m~" digital data is



selected from either of two digital data corresponding to the two voltage levels, and

wherein m and n are positive integers, where m > n .

24. The display device according to claim 23, wherein the one frame period

is divided into (m-n) subframe periods.

25. The display device according to claim 23, wherein the source driver

output (2 + 1) or less voltage levels.

26. The display device according to claim 23, wherein the transistor has a

mobility of 10 cm2 Vs or higher.

27. The display device according to claim 23,

wherein the transistor is formed over a substrate, and

wherein the transistor has an off-state current of 1 Α/µπ or less.

28. The display device according to claim 23, wherein the display element is

a liquid crystal element.

29. An electronic device including the display device according to claim 23,

wherein the electronic device is one selected from the group consisting of a portable

game machine, a digital camera, a television receive, a computer, an electronic paper,

and a digital photo frame.
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