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DISPLAY APPARATUS AND DRIVING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

This invention relates to a display device using a light 

emitting element and a driving method thereof. More particularl.y. 

it rel.ates to an active matrix type displ.ay device in which a light 

emitting element is disposed in each pixel and a transistor for 

10 controlling light emission of the light emitting element is 

provided and a driving method thereof. 

2. Description of the Related Art 

Development of a display device having a light emitting 

15 element has been put forward in these years. In particular, 

development of an active matrix type display device in which a 

light emitting element and a transistor for controlling light 

emission of the light emitting element are disposed in each pixel 

has been put forward. 

20 In the active matrix type display device, either a technique 

in which an input of luminance informat:ion to each pixel is carried 

out by a voltage signal or a technique in which it is carried out 

by a current signal is mainly used. The former is called as a 

voltage writing type, and the latter is called as a current writing 

25 type. These structures and driving methods will be, hereinafter, 

described in detail. 

Firstly, on.e example of a pixel of the voltage writing type 

is shown in Fig.26 and its structure and driving method will be 
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described. In each pixel. two TFT(a switching TFT 3001 and a 

driving TFT 3004) and a holding capacitor 3007 and an EL element 

3006 are disposed. Here. a first electrode 3006a of theEL element 

3006 is called as a pixel electrode. and a second electrode 3006b 

5 is called as a counter electrode. 

A driving method of the above-described pixel will be 

described. When the switching TFT 3001 is turned ON by a signal 

which is inputted to a gate signal line 3002, an electric charge 

is stored and held in the holding capacitor 3007 by a voltage of 

10 a video signal which is inputted to a source signal line 3003. 

A current which amount corresponds to the electric charge held 

in the holding capacitor 3007 flows from a power supply line 3005 

to the EL element 3006 through the driving TFT 3004 so that the 

EL element 3006 emits light. 

15 In pixels of the voltage writing type, the video signal which 

20 

is inputted to the source signal line 3003 may be of an analog 

system or may be of a digital system. Driving in a case that the 

analog system video signal was used is called as the analog system, 

and driving in a case that the digital system video signal is used 

is called a~ the digital system. 

In the voltage._writing type analog system, a gate voltage 

(a voltage between a gate a~d a source) of each pixel of the dr1ving 

TFT 3004 is controlled by -the analog video signal. And, by the 

drain current with a value comparable to the gate voltage flowing 

25 through the EL element 3006, luminance is controlled and gray scale 

is displayed. On this account, generally in the voltage wr1ting 

type analog system. in order to display halftone gray scale level. 

the driving TFT 3004 is made to operate in such an area that change 
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of the drain current is larger relative to that of the gate voltage. 

On the other hand. in the voltage writing type digital system, 

periods of light emission is controlled and gray scales are 

displayed by selecting using digital signals whether the EL element 

5 3006 is made to emit light or not. In short. the driving TFT 3004 

takes a function as a switch. On this account, generally in the 

voltage writing type digital system, on the occasion that the EL 

element 3006 is made to emit light, the driving TFT 3004 is made 

to operate in a linear region, more closely, particularly an area 

10 in which an absolute value of the gate voltage is large in the 

linear region. 

The operation area of the driving TFT in the voltage writing 

type digital system and the voltage writing type analog system 

will be described by use of Figs. 2 7 A and 2 7B. Fig. 2 7 A is a view, 

15 for the purpose of simplicity, showing only the driving TFT 3004, 

20 

the power supply line 3005 and the EL element 3006 in the pixel 

shown in Fig.26. Curves 310la and 3101b in Fig.27B shows a value 

of the drain current I 0 corresponding to the gate voltage V9, of 

the driving TFT 3004, respectively. The curve 3l01b shows a 

characteristic in a case that a threshold voltage of the driving 

TFT 3004 is change~ from that in case of the curve 3101a. 

In the voltage writing analog system, the driving TFT 3004 

operates in an operation area shown by (1) in Fig. 27B. In the 

operation area ( 1), when a gate voltage V981 is applied, if a current 

25 characteristic of the driving TFT 3004 varies from 3101a to 3l01b. 

the drain current changes from I 01 to Io2- In short, in the voltage 

writing type analog system. when the current characteristic of 

the driving TFT 3004 varies. the drain current varies and therefore, 
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there is a problem that luminance of the EL element 3006 varies 

among pixels. 

On the other hand, the driving TFT in the voltage writing 

type digital system operates in an operation area shown by (2) 

5 in the figure. The operation area ( 2) corresponds to the linear 

region. The driving TFT 3004 which operates :in the linear region, 

in case that the same gate voltage V gs2 is applied, have substantially 

a constant current Id3 flown since variat:l.on of the drain current 

resulting from variation of the characteristic such as mobility 

10 and threshold voltage is small. Thus, in the voltage writing type 

digital system in which the driving TFT 3004 operates in the 

operation area (2), even if the current characteristic of the 

driving TFT 3004 varies from 310la to 310lb, it is hard for the 

current flowing through the EL element 3006 to vary, and it is 

15 possible to suppress variation of light emission luminance. 

Thus, it can be said that as to the variation of luminance 

of the EL element resulting from the variation of the current 

character:l.stic of the driving TFT 3004, that of the voltage writing 

type digital system is smaller than that of the voltage writing 

20 type analog system. 

Then. a structure and a driving method of the pixel of the 

current writing type will be described. 

In a display device of the current writing type, a current 

of the video signal (signal current) is inputted from the source 

25 signal line to each pixel. The signal current has a current value 

which linearly corresponds to lum:Lnance information. The signal 

current which was inputted becomes a drain current of a TFT included 

in. a pixel. A gate voltage of the TFT is held in a capacitance 
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part included in a pixel. Even after input of the signal current 

is terminated, the drain current of TFT i.s maintained to be constant 

by the held gate voltage, and by inputting the drai.n current to 

the EL element, the EL element emits light. In this manner. i.n 

5 the current writi.ng type display device, a current flowing through 

the EL element is made to be changed by changing magnitude of the 

signal current so that the light emission luminance of the EL element 

is controlled and gray scale is displayed. 

Hereinafter, two structures of the pixels of the current 

10 writing type are illustrated for example, and those structures 

and driving methods thereof will be described in detail. 

Fig.28 shows a structure of a pixel which is described in 

a patent document l(JP-T-2002-517806) and a non patent document 

l(IDW'OO p235-p238:Active Matrix PolyLED Displays). The pixel 

15 shown in Fig.28 has an EL element 3306, a switching TFT 3301, a 

driving TFT 3303, a holding capacitor 3305, a holding TFT 3302, 

and a light emitting TFT 3304. Also, 3307 designates a source 

signal line. and 3308 designates a first gate signal line, and 

3309 designates a second gate signal line, and 3310 designates 

20 a third gate signal line, and 3311 designates a power supply line. 

A current value of the signal current which is i.nputted to the 

source signal line 3307 is controlled by a video signal input current 

source 3312. 

A driving method of the pixel of Fig. 28 will be described 

25 by use of Figs.29A to 29D. In addition, in Figs.29A to 29D, the 

switching TFT 3301, the holding TFT 3302 and the light emitting 

TFT 3304 are shown as switches. 

In a period of TAl, the switching TFT 3301 and the holding 
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TFT 3302 are turned ON. In this moment, the power supply line 

3311 is connected to the source signal line 3307 through the driving 

TFT 3303 and the holding capacitor 3305. Through the source signal 

line 3307, a current amount Ivideo defined by a video signal .input 

5 current source 3312 flows. Therefore, when time passes and it 

becomes a stable state, the drain current of the driving TFT 3303 

becomes Iv1deo• Also. the gate voltage corresponding to the drain 

current Iv1 aeo is held .in the holding capacitor 3305 (Fig. 29A). 

After the drain current of the driving TFT 3303 is settled to be 

10 Iv1deo. a period of TA2 is in.it.iated, and the holding TFT 3302 is 

turned OFF. 

Next, a period of TA3 is initiated, the switching TFT 3301 

is turned OFF (F.ig. 29C). Further, in a period of TA4, when the 

light emitting TFT 3304 is turned ON, the signal current Ivideo 

15 is inputted from the power supply line 3311 to the EL element 3306 

through the driving TFT 3303. By this means, the EL element 3306 

emits 1.ight with luminance corresponding to the signal current 

Iv1aeo• In the pixel shown in Fig.28. by analogously changing the 

signal current Ivideo. it is possible to express the gray scale. 

20 In the above-described current writing type display device, 

the'drain current of the driving TFT 3303 is determined by the 

signal current which is inputted from the source signal line 3307, 

and still further. the driving TFT 3303 operates in a saturation 

region. Therefore, even if there is variation of the 

25 characteristic of the driving TFT 3303. the gate voltage of the 

driving TFT 3303 automatically changes in such a manner that a 

constant drain current flows through the light emitting element. 

In this manner, in the current writing type display device. even 
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if the characteristic of TFTs varies, it is possible to suppress 

variat:Lon of a current flowing through the EL element. As a result. 

it is possible to suppress the variation of the light emission 

luminance. 

5 Next, another example of the current writing type pixel which 

is different from Fig. 28 will be described. Fig. 30A shows a pixel 

which is described in a patent document 2(JP-A-2001-147659). 

A pixel shown in Fig. 30A is configured by an EL element 2906, 

a switching TFT 2901. a driving TFT 2903. a current TFT 2904, a 

10 holding capacitor 2905, a holding TFT 2902, a source signal line 

2907, a first gate signal line 2908, a second gate signal line 

2909, and a power supply line 2911. It is necessary for the driving 

TFT 2903 and the current TFT 2904 to have the same polarity. Here, 

for the purpose of simplicity, it is assumed that an r.-v9 • 

15 characteristic (a relation of the drain current and the voltage 

between gate and drain) of the driving TFT 2903 is the same as 

that of the current TFT 2904. Also, a current value of the signal 

current which is inputted to the source signal line 2907 is 

controlled by the video signal input current source 2912. 

20 A driving method of the pixel shown in Fig.30A will be 

described by use of Figs.30B to 30D. In addition, in Figs.30B 

to 30D, the switching TFT 2901 and the hol.ding TFT 2902 are shown 

as switches. 

In the period of TAl, when the switching TFT 2901 and the 

25 holding TFT 2902 are turned ON, the power supply l.ine 2911 is 

connected to the source signal. line 2907 through the current TFT 

2904, the switching TFT 2901. the holding TFT 2902 and the hol.ding 

capacitor 2905. Through the source signal. l.:Lne 2907. the current 
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amount !video which is defined by the video signal input current 

source 2912 flows. Therefore. when sufficient time passes and 

it becomes a stable state. the drain current of the current TFT 

2904 becomes Ividoo• and the gate voltage corresponding to the drain 

5 current Ividao is held in the holding capacitor 2905. 

After the drain current of the current TFT 2904 is settled 

to be !video. the period of TA2 is initiated, and the holding TFT 

2902 is turned OFF. In this moment, through the driving TFT 2903, 

the drain current of I video flows . In this manner, the signal current 

10 !video is inputted from the power supply line 2911 to the EL element 

2906 through the driving TFT 2903. The EL element 2906 emits light 

with luminance in response to the signal current !video· 

Next. when the period of TA3 is initiated. the switching 

TFT 2901 is turned OFF. Even after the switching TFT 2901 .is turned 

15 OFF, the signal current Ividoo continues to be inputted from the 

power supply line 2911 to the EL element 2906 through the driving 

TFT 2903, and the EL element 2906 continues to emit light. The 

pixel shown in Fig.30A can express gray scale by analogously 

changing the signal current I video. 

20 In the pixel shown in Fig. 30A. the driving TFT 2903 operates 

in the saturation region. The drain current of the driving TFT 

2903 is determined by the signal current which is inputted from 

the source signal line 2907. Therefore, if the current 

characteristics of the driving TFT 2903 and the current TFT 2904 

25 .in the same pixel are equivalent. even if there is variation of 

the characteristics of the driv.ing TFTs 2903, the gate voltage 

of the driving TFT 2903 automatically changes in such a manner 

that a constant drain current is made to flow through the light 
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emitting element. 

In the EL element, a relation of a voltage between both 

electrodes thereof and a flowing current amount (I-V 

characteristic) changes due to influence of ambient temperature, 

5 deterioration over time and so on. Therefore, in a display device 

in which the driving TFT is operated in the linear region like 

the above-<'!e .. scribed voltage writing type digital system, even if 

a voltage value between both electrodes of the EL element is the 

same, the current amount flowing between both electrodes of the 

10 EL element is changed. 

In the voltage writing type digital system, Figs.31A and 

31B are views-showing a change of an operating point in a case 

that the I-V characteristic of the EL element is changed due to 

deterioration etc. In addition, in Figs.31A and 31B, same 

15 reference numerals are given to those portions which are the same 

as the corresponding portions of Figs.27A and 27B. 

Fig.31A is a view, for the purpose of simplicity, showing 

only the driving TFT 3004 and the EL element 3006 in Fig. 26. A 

voltage between a source and a drain of the driving TFT 3004 is 

20 represented by Vd•· A voltage between both electrode of the EL 

element 3006 is shown by VEL• A current flow:l.ng through the EL 

element 3006 is shown by IEL. The current IEL equals to the drain 

current Id of the driving TFT 3004. An electric potential of the 

power supply line 3005 is shown byVdd· Also, an electric potential 

25 of a counter electrode of the EL element 3006 is assumed to be 

0 (V). 

In F:l.g. 31B. 3202a designates a curve wh:l.ch shows the relation 

of the voltage VEL and the current amount IEL of the EL element 
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3006 before deterioration ( I-V characteristic) . On the other hand, 

3202b designates a curve which shows I-V character:lstic of the 

EL element 3 0 0 6 after deterioration. 3201 designates a curve which 

shows the relation of the voltage between source and drain Vdo 

5 and the drain current Id(IELl of the driving TFT 3004 in a case 

that the gate voltage in Fig.27B is Vgs2 • Operating conditions 

(operat_i.ng poi.nts) of the dr:lving TFT 3004 and the EL element 3006 

are determined by an intersection point of these two curves. In 

short. by the intersection point 3203a of the curve 3202a and the 

10 curve 3201 in the linear region shown in the figure, the operating 

conditions of the driving TFT 3004 and the EL element 3006 before 

deteriorati.on of the EL element 3006 are determ:lned. Also, by 

the i.ntersection point 3203b of the curve 3202b and the curve 3201 

in the linear region shown in the figure, the operating conditions 

15 of the driving TFT 3004 and the EL element 3006 after deterioration 

of the EL element 3006 are determined. The operating points 3203a 

and 3203b will be compared to each other. 

In the pixel which was selected to be in a light em:l tt:lng 

state, the driving TFT 3004 is in a state of ON. In this moment, 

20 a voltage between both electrodes of the EL element 3006 is Vhl. 

When the EL element 3006 is deteriorated and its I-V characteristic 

is changed, even if the voltage between both electrodes of the 

EL element 3006 is substantially the same as VAl, a flowing current 

is changed from IELt to IEL2 • In short, since the current flowing 

25 through the EL element 3006 is changed from IEtt to IEL2 by a level 

of deterioration of the EL element 3006 of each pixel, the light 

emission luminance is varied. 

As a result. in a display device having a pixel of such a 

10 
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type that the driving TFT is made to be operated in the linear 

region, burn-in of an image tends to occur. 

On the other hand, in the pixels of the current writing type 

shown in Figs.28 and 30A to 300, the above-described burn-in of 

5 the image is reduced. This is because, in the pixel of the current 

writing type, the driving TFT operates so as to always flow 

sub~tantially a constant current. 

In the pixel of the current writing type, change of the 

operating point in a case that the I-V characteristic of the EL 

10 element. in the current writing type, is changed due to 

deterioration etc. will be descri.bed by use of the pixel of Fig. 28 

as an example. Fig. 32 is a view showing the change of the operating 

point in the case that the I-V characteristic of the EL element 

is changed due to deterioration etc. In addition, in Fig. 32, same 

15 reference numerals are given to those portions which are the same 

as the corresponding porti.ons of Fig.28. 

Fig. 32A is a view, for the purpose of simplicity, showing 

only the driving TFT 3303 and the EL element 3306 in Fig. 28. A 

voltage between a source and a drain of the driving TFT 3303 is 

20 shown by Vds• A voltage between a cathode and an anode of the EL 

element 3306 is shown by VEt.• A current flowing through the EL 

element 3306 is shown by IEL• The current IEt equals to the drain 

current Id of the driving TFT 3303. An electric potential of the 

power supply line 3005 is shown byV00 • Also, an electric potential 

25 of a counter electrode of the EL element 3306 is assumed to be 

O(V). 

In Fig. 32B, 3701 designates a curve which shows the relation 

of the voltage between source and drain and the drain current of 
11 
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the driving TFT 3303. 3702a designates a curve which shows the 

I-V characteristic of the EL element 3306 before deterioration. 

On the other hand, 3702b designates a curve which shows the I-V 

characteristic of the EL element 3306 after deterioration. 

5 Operating conditions of the driving TFT 3004 and the EL element 

3006 before deterioration of the EL element 3306 are determined 

bY an intersection point 3703a of the curves 3702a and 3701. 

Operating conditions of the driving TFT 3303 and the EL element 

3306 after deterioration of the EL element 3306 are determined 

10 by an intersecti.on point 3703b of the curves 3702b and 3701. Here, 

the operat.ingpoints 3703aand 3703bwi11 be compared to each other. 

In the pi.xe1 of the current writing type, the drivi.ng TFT 

3303 operates in the saturati.on region. Before and after the EL 

element 3006 is deteriorated, the voltage between both electrodes 

15 of the EL element 3006 is changed from VBi to VB2 but, the current 

flowing through the EL element 3006 is maintai.ned to be I1«1 which 

is substanti.al1y constant. In this manner, even .if the EL element 

3006 is deteriorated. the current flowing through the EL element 

3006 is maintai.ned to be substantially constant. Thus, the problem 

20 of the burn-in of the image is reduced. 

However. in the conventional driving method of the current 

writi.ng type. there is a necessity that electri.c charge 

corresponding to the signal current is held in the holding capacity 

of each pixel. The operation for holding a predetermined electr:i.c 

25 charge in the holding capacitor needs longer time as the signal 

current becomes smaller, because of an .intersection capacitance 

etc. of a wi.ring through which the si.gnal current flows. On that 

account. it is difficult to quicklywri te the signal current. Also. 
12 
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in case that the signal current .1.s small, large is .influence of 

a noise of a leak current etc. which occurs from a plurality of 

pixels connected to the same source signal line as that of the 

pixel to which writing of the signal current is carried out. 

5 Therefore, there is such a high risk that it is impossible for 

the pixel to emit light with accurate luminance. 

Also, in the pixel having a current mirror circuit 

represented by the pixel shown in Fig.30, it is desirable that 

a pair of TFTs which configure the current mirror circuit have 

10· same current characteristics. However, in reality, it is hard 

that the pair of these TFTs have completely the same current 

character.1.stics. and there occurs variation. 

In the pixel shown in Fig. 30, threshold values of the driving 

TFT 2903 and the current TFT 2904 are VtM• Vthb· respectively. When 

15 the threshold values Vtha. Vthb of both transistors vary and an 

20 

absolute value I Vtha I of Vtha has become smaller than an absolute 

value !Vthbl of Vthb. a case of carrying out a black di.splay will. 

be considered. The drain current flowing through the current TFT 

2903 i.s comparable to the current value Ivideo determined by the 

video si.gnal input current source 2912, and assumed to be o. 

However. even if the drain current does not fl.ow through the current 

TFT 2904, there is apossi.bil.itythat a voltage of a level of slightly 

small.er than I V tnb I is held in the holding capacitor 2 9 O 5 . Here. 

because of !Vthbl>IVthal, there is a possibil.1.ty that the drain 

25 current of the driving TFT 2903 is not 0. Even in case that the 

black display is carried out, there is such a risk that the drain 

current flows through the driving TFT 2903 and the EL element 2906 

emits light, and there occurs a problem that contrast comes down. 

13 
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Further, j_n the conventj_onal dj_splay device of the current 

wrj_tj_ng type, the vj_deo signal j_nput current source for j_nputtj_ng 

the sj_gnal current to each pixel j_s dj_sposed with respect to each 

col= (with respect to each pj_xel lj_ne). There j_s a necessj_ty 

5 that current characteristj_cs of those all vj_deo sj_gnal input 

current sources are made to be the same and a current value to 

be outputted j_s analogously changed with accuracy. However, j_n 

a transistor usj_ng polycrystallj_ne semiconductors etc., since 

varj_atj_on of characteristics of transistors is large, it j_s 

10 difficult to make the vj_deo signal j_nput current source in which 

current characteristics are uniform. Thus, in the conventional 

dj_splay devj_ce of the current writ:lng type, the video signal input 

current source j_s fabricated on a sj_ngle crystallj_ne IC substrate. 

On the other hand, j_t j_s general that as to a substrate on which 

15 the pj_xel is formed, j_t j_s fabricated on an insulatj_on substrate 

such as glass etc. from the aspect of cost etc. Then, there is 

a necessj_ty that a single crystallj_ne IC substrate on whj_ch the 

video signal input current source is fabrj_cated :ls attached over 

a substrate over which the pixel is formed. The d:lsplay devj_ce 

20 of such structure has such problems that cost j_s high. and an area 

of a pj_cture frame can not be reduced sj_nce large is an area which 

:ls requj_red on the occasj_on of attachment of the single crystalline 

IC substrate. 

In view of the above-described actual condit:lon, the 

' 25 j_nvention has a task to provj_de a dj_splay devj_ce :ln which a lj_ght 

emitting element can be made to emj_ t lj_ght with constant luminance 

without comj_ng under the influence of deter:lorat:ion over time and 

a dr:iv:ing method thereof. Also, the invention prov:ides a d:lsplay 
14 
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device in which it is possible to carry out accurate gray scale 

expression, and also, it is possible to speed up writing of a video 

signal to each pixel, and influence of noise such as a leak current 

etc. is suppressed and a driving method thereof. Furthermore, 

5 the invention has a task to provide a display device which reduces 

an area of a picture frame and realizes miniaturization and a driving 

method thereof. 

SUMMARY OF THE INVENTION 

10 

The invention took the following steps in order to solve 

the above-described tasks or problems. 

Firstly, an outline of the invention will be described. Each 

pixel which is included in a display device of the invention has 

15 a plurality of switch parts and a plurality of current source 

circuits. One switch part and one current source circuit operates 

as a pair. Hereinafter, a set of one switch part and one current 

source circuit is called as PAIR. There exist a plurality of PAIRs 

in one pixel. 

20 As to each of a plurality of the switch parts, ON or OFF 

thereof is selected by a digital video signal. When the switch 

part is turned ON (conductive), a current flows from the current 

source circuit which corresponds to the switch part to the light 

emitting element so that the light emitting element emits light. 

25 A current which is supplied from one current source circuit to 

the light emitting element is constant. According to the current 

rule of Kirchhoff, a value of a current which flows through the 

light emitting element is comparable to an added value of current 
15 
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values which are suppl:i.ed from all current source circu:i.ts 

corresponding to the sw:i.tch parts of conduct:i.ve state to the l:i.ght 

em:i.tt:i.ng element. In the pixel of the :i.nvent:i.on, the value of 

the current which flows through the l:i.ght em:i.tting element :is 

5 changed by which sw:i. tch part out of a plurality of the switch parts 

:is turned conduct:i.ve so that :it :is possible to express gray scale. 

On the other hand, the current source circuit is set to always 

output a constant current of a certa:i.n level. Therefore, :it :is 

poss:i.ble to prevent var:i.at:i.on of the current which flows through 

10 the l:i.ght em:i.tt:i.ng element. ( .. 

A structure of the pixel of the :i.nvent:i.on and :its operation 

will be descr:i.bed by use of F:i.g. 1 which typically shows the structure 

of the pixel of the di.splay dev:i.ce of the :invention. In F:i.g .1, 

the p:i.xel has two current source c:i.rcuits (:in Fig.l, a current 

15 source c:i.rcu:i.t a, a current source c:i.rcu:i.t b}, two switch parts 

(in F:i.g. l, a sw:i.tch part a. a switch part b} and the l:i.ght emitting 

element. In add:i.t:i.on, F:i.g.l illustrates the example of the pixel 

in which there are two PAIRs of the switch part and the current 

source circu:i.t :in one pixel, but the number of pa:i.rs in one pixel 

(_) 20 may be the arbitrary number. 
/ 

The switch part (switch part a, switch part b) has an input 

term:i.nal and an output terminal. To be conductive or non conductive 

between the input terminal and the output terminal of the switch 

part is controlled by the digital video signal. A state that the 

25 input terminal and the output terminal of the switch part are in 

a conductive state is called as that the switch part is turned 

ON. Also, a state that the input terminal and the output terminal 

of the switch part are in non conductive state is called as that 
16 
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the switch part is turned OFF. Each switch part is controJ.J.ed 

with respect to ON state and OFF state by the corresponding dig:i. taJ. 

v:i.deo signal. 

Thecurrentsourcec:i.rcuit(currentsourcecircuita,current 

5 source c:i.rcuit b) has an input term:i.nal and an output term:i.naJ., 

and has a function for having a constant current fJ.owed between 

the input terminal and the output term:i.naJ.. The current source 

circuit a :i.s controlled to have the constant current Ia flowed 

by a control signal a. Also, the current source circuit b is 

10 controlled to have the constant current Ib flowed by a control 

signal b. The control signal may be a signal wh:i.ch :i.s different 

from the video signal. Also, the control signal may be a current 

signal or may be a voltage signal. In this manner, an operation 

for determining a current which flows through the current source 

15 c:i.rcuit by the control signal is called as a setting operation 

of a current source circuit or a setting operation of a pixel. 

Tim:i.ng of carry:i.ng out the setting operation of the current source 

circu:i.t may be synchronous with or may be asynchronous with the 

operat:i.on of the sw:i.tch part, and can be set at arbitrary timing. 

20 Also. the setting operation may be carried out only to one current 

source circuit and informat:i.on of the current source circuit to 

which the setting operation is carried out may be shared with other 

current source circuits. By the setting operation of the current 

source c:i.rcuit, it :i.s possible to suppress variation of current 

25 which the current source circuit outputs. 

The light emitting element means an element which luminance 

is changed by current amount flowing between both electrodes 

thereof. As the light emitting element, cited are an EL 
17 
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(El.ectro-Luminescence) el.ement, a FE (Fiel.d Emission) el.ement and 

so on. But, even in case of using an arbitrary el.ement which 

control.s :lts state by a current, a vol.tage and so on, in l.ieu of 

the l.ight emitting element, it is possibl.e to appl.y the invention. 

5 Out of two el.ectrodes (anode and cathode) of the light 

emitting el.ement gray scal.e electrode (first el.ectrode) is 

el.ectrical.l.y connected to the power suppl.y l.ine through the switch_ 

part a and the current source circuit a in sequence. Further, 

the first el.ectrode :Ls el.ectrical.l.y connected to the power suppl.y 

l.O l.ine thorough the switch part b and the current source circuit 

b in sequence. In addition. if it is such a circuit structure 

where a current defined by the current source circu:lt a does not 

fl.ow between the light emitting elements, on the occasion that 

the switch part a is turned OFF, and a current defined by the current 

1.5 source circuit b does not fl.ow between the l.ight emitting e1-ements. 

on the occasion of that the switch part bis turned OFF, the circuit 

structure is not limited to Fig.1. 

In the invention , one current source circu:Lt and one switch 

part are paired up, and they are connected serial.l.Y. In the pixe1-

20 of Fig .1. there are two sets of such pairs, and the two sets of 

pairs are connected in paral.l.e1- with each other. 

Then, an operation of the pixel shown in Fig.1 will be 

described. 

As shown in Fig .1, in the pixel. having two switch parts and 

25 two current source circuits, there exist three ways in tota1- of 

paths of the current which is inputted to the l.ight emitting e1-ement. 

A first path is a path through which a current suppl.ied from either 

of two current source c.ircuits is inputted to the 1-ight emitting 
18 
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el.ement. A second path :is a pat!'). through which a current suppl.ied 

from another current source circu:tt being different from the 

current source circuit wh:ich supplies the current :in the f:irst 

path :is :inputted to the l:ight emitting el.ement. A th:ird path is 

5 a path through which current is supplied from both two current 

source circuits to the l:ight emitt:ing element. In case of the 

th:ird path, an added current of currents wh:ich are suppl.led f;i;qm 

the respect:ive current source c.ircu.its :is to be :inputted to the 

light emitt:ing element. 

10 Explaining more concretely, the :E.irst path .is a path through 

which only the current Ia flowing through the current source c:ircuit 

a is :inputted to the l:ight em:!. tt:!.ng element. This path :ts selected 

in case that the switch part a :ts turned ON and the sw:itch part 

b :is turned OFF by the d:ig:ital v.ideo signal a and the d:ig:ital video 

15 s:t.gnal b. The second path is a path through wh:t.ch only the current 

Ib flowing through the current source c:t.rcuit b is :inputted to 

the l:tght em:itt:ing element. Th:is path :is selected in case that 

the sw:t.tch part a :is turned OFF and the sw:ttch part b is turned 

ON by the d:!.gital v:ideo signal a and the dig:ttal video signal b. 

20 The third path is a path thorough wh:ich the added current Ia+Ib 

of the current Ia flow:t.ng through the current source c:ircu:it a 

and the current Ib flowing through the current source c:ircu:it b 

:ts :inputted to th.e l.ight emitting element. This path is selected 

:in case that both of the sw.itch part a and the switch part b are 

25 turned ON by the digital vi.deo s:ignal a and the d.igital video signal 

b. That is, since the current Ia+Ib are made to flow through the 

light emitting element by the digital v.ideo signal. a and the digital 

v.ideo signal b, it turns out that the pixel. carries out the same 
19 
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operation as digital/analog conversion. 

Subsequently, a basic technique for gray scale expression 

in the display device of the invention will be described. Firstly, 

a constant current which flows through each current source circuit 

5 is properly defined by the setting operation of the current source 

circuit. Each of the plurality of the current source circuits 

included in each pixel can set a current value different frO!ll. t-.hose 

of the other current source circuits. Since the light emitting 

element emits light with luminance corresponding to a flowing 

10 current amount (current density), it is possible to set the 
( 

luminance of the light emitting element by controlling which 

current source circuit the current is supplied from. Therefore, 

by selecting the path of the current which is inputted to the light 

' emitting element, it is possible to select the luminance of the 

15 light emitting element from a plurality of luminance levels. In 

this manner, it is possible to select the luminance of the light 

emi.tti.ng element of each pixel from a plurali.ty of the luminance 

levels by the digital video signal. When all of the switch parts 

areturnedOFFbythedi.gi.talvi.deosi.gnal.theluminanceisregarded 

20 as to be 0 since no current is inputted to the light emitting element 

(which is hereinafter called as to select the non-light emi.tting 

state) . In this manner, it is possible to express gray scale by 

changing the luminance of the light emitting element of each pixel. 

However. only by the above-descri.bed method, there is a case 

25 that the number of gray scales is not suffici.ent. Then, in order 

to realize multiple gray scales, it is possible to combine it with 

other gray scale systems. Roughly categorizing, the there are 

two system. 

20 
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A first one is a technique of combining with a time gray 

scale system. The time gray scale system is a method for expressing 

gray scale by controlling a period of light emission within a one 

frame period. The one frame period is comparable to a period for 

5 displaying one screen image. Concretely, one frame period is 

divided into a plurality of sub frame periods, and with respect 

to each sub frame period, a light emitting state or a .. uon-light 

emitting state of each pixel is selected. In this manner, by the 

combination of the period in which the pixel emits light and the 

( 
10 light emission luminance, the gray scale is expressed. A second 

one is a technique of combining with an area gray scale system. 

The area gray scale system is a method for expressing gray scale 

by changing an area of a light emitting portion in one pixel. For 

example, each pixel is configured by a plurality of sub pixels. 

15 Here, a structure of each sub pixel is the same as the pixel structure 

of the display device of the invention. In each sub pixel, the 

light emitting state or the non light emitting state is selected. 

In this matter, by the combination of the area of the light emitting 

portion of the pixel and the light emission luminance, the gray 

( : 
~- .I 20 scale is expressed. In addition. the technique of combining with 

the time gray scale system and the technique of combining with 

the area gray scale system may be combined. 

Then, an effective technique for further reducing the 

luminance variation in the above-described gray scale display 

25 technique will be shown. This ;Ls an effective technique in case 

that the luminance is varied due to, for example, noise etc. even 

when the same gray scale is intended to be expressed between the 

pixels. 

21 



( 

Z 9 SEP 2006 

Two or more current source circuits out of a plurality of 

current source circuits included in each pixel is set so as to 

output the same constant current. And, on the occasion of 

expressing the same gray scale. the current source circuits which 

5 output the same constant current are selectively used. In this 

10 

case, even if the output current of the current source circuit 

is varied, the current flowing through the l.ight em:i.tting element 

is temporarily averaged. Therefore, it is possible to visual.l.y 

reduce the variation of the luminance due to the variation of the 

output currents of the current source circuits among respect:i.ve 

pixels. 

In the invention, since the current fl.owing through the light 

emitting element on the occasion of carrying out image display 

:is maintained at a predetermined constant current, regard1ess of 

15 change of the current characteristic due to deterioration etc., 

it is possible to make the 1ight emitting element emit 1ight with 

constant 1uminance. Since ON or OFF state of the switch part is 

selected by the digital video signal and thereby, the light emitting 

state or the non light emitting state of each pixel is selected. 

20 it i.s possible to quicken the writing of the video si.gnal to the 

pixe1. In the pixel in which the non 1ight emitting state is 

selected by the video signal_, since the current to be inputted 

to the light emitting e1ement i.s comp1etely cut off by the switch 

part. it is possi.ble to express accurate gray scale. In short. 

25 i.t i.s possible to solve the prob1em of contrast deterioration due 

to the leak current on the occasion of b1ack disp1ay. A1so, in 

the invention, since it is possible to set the current value of 

the constant current flowing through the current source circuit 
22 
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large to some extent, it is possible to reduce the influence of 

noise which occurs on the occasion of writing a small signal current. 

Further, since a driving circuit for changing current values 

flowing through the current source circuits disposed in each pixel 

5 is not necessary and an external driving circuit fabricated over 

10 

15 

20 

25 

a separate substrate such as a single crystalline IC substrate 

etc., it is possible to realize a lower cost aJ:J.d a smaller size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing a structure of a p:i.xel 

of a display device of the :invention; 

Figs.2A to 2C are schemat:i.c d:i.agrarns show:i.ng a structure 

of the pixel of the display dev:i.ce of the :invention; 

F:i.g. 3 is a view showing a structure of a switch part of the 

pixel of the display device of the invent:i.on; 

Fig. 4 is a view showing a driving method of the display device 

of the invention; 

Figs.5A to 50 are views showing structures of the switch 

parts of the pixels of the display device of the invention; 

Figs. 6A and 6B are views show:i.ng the structure of the switch 

part of the pixel 

Fig. 6C is a driving method of the display device with the 

structure shown :in Figs. 6A and 6B of the invention; 

Figs.7A to 7C are views showing structures of the pixels 

of the display device of the invention; 

Figs.BA to BC are views showing structures of the pixels 

of the display device of the invention; 
23 
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Figs.9A to 9F are views showing structures and driving 

methods of current source circuits of the pixels of the display 

device of the invention: 

Figs.lOA to lOE are views showing structures and driving 

5 methods of the current source circuits of the pixels of the display 

device of the invention: 

Figs. llA to llE are views showing st.:r:uctures and driving 

methods of the current source circuits of the pixels of the display 

device of the invention; 

10 Figs.12A to 12E are views showing structures and driving 

methods of the current source circuits of the pixels of the display 

device of the invention; 

Figs.13A to 13F are views showing structures and driving 

methods of the current source circuits of the pixels of the disp1ay 

15 device of the invention: 

Figs .14A and 14B are views showing driving methods of the 

display device of the invention; 

Figs .15A and 15B are views showing a structure of a driving 

circuit of the display device of the invention; 

20 Fig.16 is a view showing a structure of the pixel of the 

display device of the invention; 

Figs. l 7A and 17B are views showing structures of the pixels 

of the display device of the invention; 

Fig.18 is a view showing a structure of the pixel of the 

25 display device of the invention; 

Figs .19A to 19C are views showing structures of the pixels 

of the disp1ay device of the invention: 

Fig.20 is a view showing a structure of the pixel of the 
24 
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display device of the invention: 

Figs. 21A and 21B are views showing structures of the pixels 

of the display device of the invention: 

Fig.22 is a view showing a structure of the pixel of the 

5 display device of the invention: 

Figs. 23A to 23C are views show:ing structures of .the p:ixels 

of the display device of the :invent:ion_: _ 

Fig.24 is a view showing a structure of the pixel of the 

display device of the invention: 

10 Figs. 25A and 25B are views showing structures of the pixels 

of the d:isplay device of the invention: 

Fig. 26 :is a v:iew showing a structure of a pixel of a 

conventional display device: 

Figs. 27A and 27B are views showing an operation region of 

15 a driving TFT of the conventional display device: 

Fig.28 is a view showing a structure of a pixel of the 

convent:ional display device: 

Figs. 29A to 29D are v:iews showing an operation of the pixel 

of the convent:ional display device: 

20 Figs.JOA to 30D are views showing the structure and the 

operation of the pixel of the conventional display device: 

Figs. 31A and 31B are views showing the operation region of 

the driving TFT of the convent:ional d:isplay device: 

Figs. 32A and 32B are views showing the operat:ion region of 

25 the driving TFT of the conventional display device: 

Figs.33A and 33B are views showing structures of current 

source circuits of the pixels of the display device of the invention; 

Figs.34A and 34B are views showing the structures of the 
25 
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current source circuits of the pixels of the display device of 

the invention; 

Fig.35 is a view showing a structure of the pixel of the 

display device of the invention: 

Fig. 36 is a view showing a structure of the current source 

circuit of the pixel of the display device of the invention; 

Fig. 37 is a view showing a structure of the current source 

circuit of the pixel of the display device of the invention; 

Fig. 38 is a view showing a structure of the current source 

circuit of the pixel of the display device of the invention; 

Figs. 39A and 39B are views showing structures of the current 

source circuits of the. pixels of the display device of the invention: 

Fig.40 is a view showing a structure of the pixel of the 

display device of the invention: 

Fig. 41 is a schematic diagram showing a structure of a display 

system of the invention; 

Fig.42 is a graph showing a relation of a channel length 

Figs. 43A and 43B are views showing structures of the pixels 

of the display device of the invention; and 

Figs. 44A and 44B are views showing structures of the pixels 

of the display device of the invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

(Embodiment 1) 

An embodiment of the invention will be described by use of 

Fig.2. In this embodiment, a case that there are two PAIRs in 
26 
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one pixel will be described. 

In Fig.2A, each pixel 100 has switch parts lOla and lOlb, 

current source circuits 102a and 102b, a light emitting element 

106, video signal input lines Sa and Sb, scanning lines Ga and 

5 Gb, and a power supply line W. The switch part lOla and the current 

source circuit 102a are connected serially to form one PAIR. The 

switch part 102b and the current sou.:rce circuit 102b are connected 

serially to form one pair. These two PAIRs are connected in 

parallel. Also, these two parallel circuits are serially 

10 connected to the light emitting element 106. 

In the pixel shown in Figs. 2A to 2C, two PAI Rs are disposed 

but, hereinafter, paying attention to the PAIR of the switch part 

lOlaand the current source circuit 102a, a structure of the current 

source circuit 102a and the switch part lOla will be described 

15 by use of Figs. 2A to 2C. 

Firstly, the current source circuit 102a will be described 

by use of Fig.2A. In Fig.2A. the current source circuit 102a is 

shown by a circle and an arrow in the circle. It is defined that 

a positive current flows in a direction of the arrow. Also, it 

20 is defined that an electric potential of a terminal A is higher 

than that of a terminal B. Then, a detail structure of the current 

source circuit 102awill be described by use of Fig. 2B. The current 

source circuit 102ahas a current source transistor 112 and a current 

source capacitor 111. In addition. it is possible to omit the 

25 current source capacitor 111 by use of a gate capacitance of the 

current source transistor 112. etc .. The gate capacitance is 

assumed to be a capacitance which is formed between a gate and 

a channel forming region of a transistor. A drain current of the 
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current source transistor 112 becomes an output current of the 

current source circuit 102a. The current source capacitor 111 

holds a gate electric potential of the current source transistor 

112. 

5 One of a source terminal and a drain terminal of the current 

source transistor 112 is electrically connected to a terminal A, 

and other is electrically connected to a term.inal B. Also, a gate 

electrode of the current source transistor 112 is electrically 

connected to one electrode of the current source capacitor 111. 

10 The other electrode of the current source capacitor 111 is 

electr.ically connected to a terminal A'. In addition, the current 

source transistor 112 wh.ich configures the current source circuit 

102a may be either of N channel type or of P channel type. 

In case that a P channel type transistor is used as the current 

15 source transistor 112, its source terminal is electrically 

connected to the terminal A, and its drain terminal is electrically 

connected to the terminal B. Also, in order to hold a voltage 

between the gate and the source of the current source transistor 

112, it is des.irable that the terminal A' is electrically connected 

20 to the source terminal of the current source transistor 112. Thus, 

it is desirable that the terminal A' is electrically connected 

to the terminal A. 

On the other hand, in case that an N channel type transistor 

is used as the current source transistor 112. the drain terminal 

25 of the current source terminal 112 is electrically connected to 

the term.inal A. and the source terminal is electrically connected 

to the terminal B. Also, in order to hold the voltage between 

the gate and the source of the current source transistor 112, i.t 
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is desirable that the terminal A' is electrically connected to 

the source terminal of the current source transistor 112. Thus, 

it is desirable that the terminal A' is electrically connected 

to the terminal B. 

5 In addition, both in. case that the P channel type transistor 

is used as the current source transistor 112 and in case that the 

N channel type tran13istor is used as the same, it is fine if the 

terminal A' is connected so that the electric potential of the 

gate electrode of the current source transistor 112 can be held. 

10 Thus. it may be fine even if the terminal A' is connected to a 

wiring which is held at a constant electric potential at least 

during a predetermined period. The predetermined period here 

means a period in which the current source circuit outputs a current, 

and a period in which the control current defining the current 

15 which is outputted by the current source c:ircu:it is inputted to 

the current source circuit. 
,.·-

In addition, in the embodiment 1, a case that the P channel 

type transistor is used as the current source transistor 112 will 

be described. 

20 Subsequently. the switch part lOla will be described by use 

of Fig. 2A. The switch part 1 Ola has a terminal C and a terminal 

D. The conductive state or the non conductive state between the 

terminal C and the terminal D is selected by the digital video 

signal. By selecting the conductive state or the non conductive 

25 state between the terminal C and the terminal D by the digital 

video signal. the current flowing through the light emitting 

element 106 is made to be changed. Here, to turn ON the switch 

part lOla means to select the conductive state between the terminal 
29 
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C and the tenninal D. To turn OFF the switch part 101a means to 

select the non conductive state between the tenninal C and the 

tenninal D. Then, a detail structure of the switch part lOla will 

be described by use of Fig.2C. The switch part lOla has a first 

5 switch 181, a second switch 182 and a holding unit 183. 

In Fig.2C, the first switch 181 has a control tenninal r, 

a tenninal e, .<Ol.nd a tenninal f. In the first switch 181, by a 

signal which is inputted to the control tenninal r, the conductive 

state or the non conductive state between the tenninal e and the 

10 tenninal f is selected. Here, a case that the tenninal e and the 

tenninal f are turned in the conductive state is called as that 

the first switch 181 is turned ON. Also, a case that the tenninal 

e and the tenninal f are turned in the non conductive state is 

called as that the first switch 181 is turned OFF. The same is 

15 applied to the second switch 182. 

20 

The first switch 181 controls an input of the digital video 

signal to the pixel. In short, by inputting a signal from the 

scanning line Ga to the control tenninal r of the first switch 

181, ON or OFF of the first switch 181 is selected. 

When the first switch 181 is turned ON. the digital video 

signal is inputted from a video signal input line Sa to the pixel. 

The digital video signal inputted to the pixel is held in the holding 

unit 183. In addition. it is possible to omit the holding unit 

183 by utilizing a gate capacitance etc. of a transistor which 

25 configures the second switch 182. Also, the digital video signal 

inputted to the pixel is inputted to the control tenninal r of 

the second switch 182. In this manner. ON or OFF of the second 

switch 182 is selected. When the second switch 182 is turned ON. 
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the terminal C and the terminal D are turned in the conductive 

state, and a current is suppl.ied from the current source circuit 

102a to the light emitting el.ement 106. Even after the first switch 

181 is turned OFF, the digital. video signal. continues to be hel.d 

5 in the hol.ding unit 183, and the ON state of the second switch 

182 is hel.d. 

Then. a structure of the light emitting el.ement 106 wil.1. 

be described. The 1.ight emitting el.ement 106 has two electrodes 

(anode and cathode). The 1.ight emitting element 106 emits 1.ight 

10 with 1.uminance corresponding to a current fl.owing between the two 

electrodes. Out of the two el.ectrodes of the 1.ight emitting element 

106, one is electrically connected to a power suppl.y reference 

line (not shown) . An electrode to which an el.ectric potential. 

Vcom is given by the power supply reference line is cal.1.ed as a 

15 counter electrode 106b. and the other electrode is called as a 

pixel electrode 106a. 

As the light emitting el.ement, an EL el.ement which utilizes 

el.ectroluminescence has been attracting much attention. The EL 

el.ement is of a structure having an anode, a cathode, and an EL 

20 layer sandwiched between the anode and the cathode. By applying 

a voltage between the anode and the cathode, the EL element emits 

light. The EL layer may incl.ude an organic material, or may include 

an inorganic material. Also, it may be formed by both of the organic 

material. and the inorganic material.. Al.so. it is assumed that 

25 the EL element includes one or both of an el.ement util.:izing 1.ight 

emission (fluorescence) from a singl.et exciton and an element 

utiliz:inglightemission(phosphorescence)fromatripletexciton. 

Subsequentl.y. a connecting relation of structural 
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components of the pixel will be described by use of Fig .2A. Again, 

the PAIR of the switch part !Ola and the current source circuit 

102a will be r41ferred. The terminal A is electrically connected 

to the power supply line W, and the terminal B is electrically 

5 connected to the terminal C, and the terminal D is electrically 

connected to the pixel electrode 106a of the light emitting element 

106. Through the light emitting element, a current flows in a 

direction from the pixel electrode 106a to the counter electrode 

106b •... The pixel electrode 106a is the anode, and the counter 

10 electrode 106b is the cathode. An electric potential of the power 

supply line Wis set to be higher than the electric potential Vcom. 

In addition, the connecting relation of the structural 

components of the pixel is not limited to the structure shown in 

Fig. 2A. It is fine if the switch part !Ola and the current source 

15 circuit 102a are serially connected. Also. it is fine even if 

it is configured that the anode and the cathode of the light emitting 

element 106 are reversed. In short, it is fine even if it is 

configured that the pixel electrode 106a becomes the cathode and 

the counter electrode 106b becomes the anode. In addition, since 

20 it was defined that the positive current flows from the terminal 

A to the terminal B. in such the structure that the pixel electrode 

106a is the cathode and the counter electrode 106b is the anode, 

realized is such a structure that the terminal A is counterchanged 

with the terminal B. That is, realized is such a structure that 

25 the terminal A is electrically connected to the terminal C of the 

switch part !Ola and the terminal B is electrically connected to 

the power supply Line W. An electric potential of the power supply 

line W is set to be lower than the electric potential Vcom. 
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In addition, in this embodiment, two PAIRs are disposed in 

each pixel. A structure of each pair .is as described above, but 

there is a necessity of considering the following point as to a 

connection of these PAIRs. It is a point that summation of currents 

5 supplied from the respective current source circuits of the current 

source circuit 1.02a and the current source circuit l02b is made 

to .... h" inputted to the light emitting element, in short, a point 

that the two PAIRs are connected in parallel. and further serially 

connected to the l.ight emitting el.ement. In addition, it is 

10 des.irabl.e that a direction of current flow of the current source 

circuit 102a is the same as a direction of current fl.ow of the 

current source circuit 102b. In short, it is desirabl.e that added 

value of a positive current fl.owing through the current source 

circuit 102a and a positive current fl.owing through the current 

15 source circuit 102b fl.ows through the l.ight emitting element. By 

th.is configuration. it is possibl.e to carry out the same operation 

as that of a conversion from a digital signal to an anal.cg s:lgnal 

i.n the pixel. 

Then, an outline of the operation of the pixel. will be 

20 described. The conductive state or the non conductive state 

between the terminal C and the terminal Dis selected by the digital. 

video si.gnal.. The current source ci.rcuit is set to have a constant 

current fl.owed. A current supplied from the current source circuit 

is inputted to the light emitting element through the switch part 

25 in which the terminal C and the terminal. D are turned in the 

conducti.ve state. In additi.on, one di.gital video signal. controls 

one switch part. Accordingly, since a plurality of PAI Rs have 

a pl.ural.ity of switch parts. a plurality of the switch parts are 
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controlled by the correspondj_ng digital video signals. A value 

of the current flowing through the light emitting element differs 

depending upon which switch part out of a plurality of the switch 

parts is turned ON. In this manner, by changing the current flowing 

5 through the light emitting element, gray scale is expressed and 

10 

the image display is carried out. 

Subsequently, the above-described operation of the pixel 

will be described in more detail. In the descr:i.ption, the PAIR 

of the switch part lOla and the current source circuit 102a is 

picked up as an example, and :I.ts operation will be described. 

Firstly, an operat:i.on of the switch part lOla will be 
I 

descr:i.bed. To the swj_tch part lOla, a row selection signal is 

inputted from the scanning line Ga. A row selection sj_gna1 is 

a signal for controlling a timing when the d:i.g:i.ta1 video signal 

15 is inputted to the pixel. Also, when the scann:l.ng line Ga is 

selected, the digital v:i.deo signal is inputted to the pixel from 

the video s:i.gna1 input line Sa. In short, through the first switch 

181 which is turned :l.n the ON state, the digital video signal is 

:l.nputted to the second switch 182, The ON state or the OFF state 

20 of the second switch 182 is selected by the digital video signal. 

Also, since the digital video s:l.gna1 is held :l.n the holding unit 

183, the ON state or the OFF state of the second switch 182 is 

held. 

Then, an operation of the current source circuit 102a w:i.11 

25 be described. In part:l.cular, the operation of the current source 

circuit 102a on the occasion that the control signal is inputted 

will be described. By the control s:l.gnal, a drain current of the 

current source transistor 112 is determined, A gate voltage of 
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the current source transistor 112 is held by the current source 

capac:!.tor 111. The current source transistor 112 operates in the 

saturation region. A drain current of a transistor which operates 

:in the saturation region is maintained to be constant even if a 

5 voltage between a drain and a source is changed, provided that 

a gate voltage is the same. Accordingly, the current source 

transistor 112 outputs a constant current. In this manner, the 

current source circuit 102a has a constant current determined by 

the control signal flowed. A constant output current of the current 

10 source circuit 102a is inputted to the light emitting element. 

After the setting operation of the pixel is once carr:!.ed out, the 

setting operation of the pixel is repeated in response to d:!.scharge 

of the current source capacitor 111. 

An operation of each PAIR is as described above. In addition, 

15 in the display device of the invention, the digital video signal 

inputted to the switch part of each PAIR included in the pixel 

may be e:!.ther the same or different. Also. the control s:!.gnal 

inputted to the current source circuit of each PAIR may be the 

same, or may be different. 

20 

(Embodiment 2) 

This embodiment shows a concrete structural example of the 

switch part of each PAIR included in a pixel in the display device 

of the invention. Also, an operat:!.on of the pixel which has the 

25 switch part will be described. 

A structural example of the switch part is shown in Fig. 3. 

A switch part 101 has a switching transistor 301, a driving 

transistor 302, a deleting transistor 304, and a holding capacitor 
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303. In addition, it is possible to omit the holding capacitor 

303 by using a gate capacitance etc. of the driving transistor 

302. A transistor which configures the switch part 101 may be 

a single crystalline transistor, or a polycrystalline transistor, 

5 or an amorphous transistor. Also, it may be a SOI transistor. 

It may be a bipolar transistor. It may be a transistor using an 

organic material, for example, a carbon nanotube. 

A gate electrode of the switching transistor 30'1 is connected 

to a scanning line G. One of a source terminal and a drain terminal 

10 of the switching transistor 301 is connected to a video signal 

input line S, and the other is connected to a gate electrode of 

the driving transistor 302. One of a source terminal and a drain 

terminal of the driving transistor 302 is connected to the terminal 

C. The other is connected to the terminal D. One electrode of 

15 the holding capacitor 303 is connected to the gate electrode of 

the driving transistor 302. and the other electrode is connected 

to a wiring Wco· In addition, it is fine if the holding capacitor 

303 can keep a gate electric potential of the driving transistor 

302. Thus. an electrode which is connected to the wiring Wco out 

20 of the electrodes of the holding capacitor 303 in Fig.3 may be 

connected to other wiring in which a voltage is constant for at 

least a certain period than the wiring Wco• A gate electrode of 

the deleting transistor 304 is connected to a deleting signal line 

RG. One of a source terminal and a drain terminal of the deleting 

25 transistor 304 is connected to the gate electrode of the driving 

transistor 302, and the other is connected to the wiring Wco. In 

addition, since it is fine if the driving transistor 302 is turned 

OFF by having the deleting transistor 304 turned ON, there is no 
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problem when connected to another than the wiring w00 • 

Then, a basic operation of this switch part 101 will be 

described with reference to Fig. 3. When the switching transistor 

301 is turned in the ON state by the row selection signal inputted 

5 to the scanning line G in a state that the deleting transistor 

304 is not conductive, the digital video signal is inputted from 

the video signal input line S t<:> .. the gate electrode of the driving 

transistor 302. The voltage of the inputted digital video signal 

is held in the capacitance 303. By the inputted digital video 

10 signal, the ON state or the OFF state of the driving transistor 

302 :is selected, and the conductive state or the non conductive 

state between the terminal C and the term:i.nal D of the switch p=t 

101 is selected. Next. when the deleting transistor 304 is turned 

ON, electric charges held in the holding capacitor 303 are 

15 discharged, and the driving transistor 302 is turned :in the OFF 

state, and the terminal C and the terminal D of the switch p=t 

101 are turned :in the non conductive state. In addition, in the 

above-described operation, the switching transistor 301, the 

driving transistor 302 and the deleting transistor 304 work justs 

20 as SW.itches. Thus, these transistors operate in the line= region 

in their ON states. 

In addition, the driving transistor 302 may be operated in 

the saturation region. By operating the driving transistor 302 

in the saturation region, it is possible to compensate a saturation 

25 region characterist:i.c of the current source transistor 112. Here, 

the saturation region characteristic is assumed to indicate a 

characteristic in which a drain current is maintained to be constant 

voltage between a source and a drain. Also. 'to compensate the 
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saturation region characteristic means to suppress increase of 

the drain current as the voltage between the source and the drain 

increases also in the current source transistor 112 which operates 

in the saturation region. In addition, in order to obtain the 

5 above-described advantages, the driving transistor 302 and the 

current source transistor 112 have to be of the same polarity. 

The above-describ .. e<1 advantages for compensating the 

satun1tion region characteristic will be hereinafter described. 

For example, a case that the voltage between the source and the 

10 drain of the current sour<'.le transistor 112 increases will be watched. 

The current source transistor 112 and the driving transistor 302 

are serially connected. Thus. by change of the voltage between 

the source and the drain of the current source transistor 112, 

an electric potential of the source terminal of the driving 

15 transistor 302 changes. When the voltage between the source and 

the drain of the <'.lurrent source transistor 112 increases, an 

absolute value of the voltage between the source and the drain 

of the driving transistor 302 gets smaller. Then, the I-V curve 

of the driving transistor 302 changes. A direction of this change 

20 is such a direction that the drain current decreases. In this 

case. the drain current of the current source transistor 112 which 

is serially connected to the driving transistor 302 is reduced. 

In the same manner, when the voltage between the source and the 

drain of the current source transistor decreases. the drain current 

25 of the current source transistor increases. By this means, it 

is possible to obtain the advantage that a current flowing through 

the current source transistor is maintained to be constant. 

In addition, although watching one PAIR of the switch part, 
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its basic operation was described. the same is true on an operation 

of other switch part. In case that each pixel has a plurality 

of PAIRs, scanning lines and video signal input lines are disposed 

depending on respective PAIRs. 

5 Next, a technique of gray scale display will be descr:ibed. 

In the display device of the invention, expression of gray sca1-e 

is carried out by ON ~Q!i'F control of the switch part . For examp1-e , 

by setting a ratio of magnitude of the currents to be outputted 

by a p1-ura1ity of the current source circuits included in each 

10 pixel at 2°: 21
: 2 2

: 2': ... , it is possible to provide the pixels with 

a role of D /A conversion, and it becomes possible to express multiple 

gray scale. Here. when enough number of the PAIRs of the switch 

part and the current source circuit is provided in one pixei, it 

is possible to sufficient1-y express the gray sca1-e by on1-y control 

15 by them. In that case, since there is no necessity to operate 

combined with the time gray scale system to be described later. 

it is not needed to dispose the deleting transistor in each switch 

part. 

Then, combining the above-described gray sca1-e display 

20 technique w:ith the time gray scale system, a technique for 

d:isplay:ing furhter multiple gray scale will be described by use 

of F:igs.3 and 4. 

As shown in Fig.4, one frame period F1 is div:ided :into a 

first sub frame per:iods SF1 to an n-th sub frame period SFn- In 

25 each sub frame period, the scanning line G of each p:ixel is selected 

:in sequence. In the pixel corresponding to the selected scanning 

l:ine G, the digital video signal is :inputted from the v:ideo signal 

input 1-ine S. Here. a period :in which the digital video signa1-s 
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are inputted to all pixels included in the display device is 

represented as an address period Ta. In particular, an address 

period which corresponds to a k-th (k is a natural number equal 

to or less than n) sub frame period is represented as Tak. By 

5 the digital video signal inputted in the address period, each pixel 

is turned in the light emission state or the non light emission 

state. This periPd is represented as a display period Ts. In 

particular, a display period which corresponds to the k-th sub 

frame period is represented as Tsk. In Fig. 4, in each of the first 

10 sub frame period SF1 to the (k-1)-th sub frame period SFk.1 , the 

address period and the display period are provided. 

Since it is impossible to select the scanning lines G of 

different pixel rows simultaneously and to input the digital video 

signal thereto, it is impossible to geminate the address periods. 

15 Then, by using the following technique, it becomes possible to 

make the display period shorter than the address period without 

geminating the address periods. 

After the digital video signal is written into each piJ<:el 

and a predetermined display period passes off. the deleting signal 

20 lines RG are selected in sequence. A signal for selecting the 

deleting signal line is called as a deleting signal. When the 

deleting transistor 304 is turned ON by the deleting signal, it 

is possible to have the pixel rows turned in the non light emission 

state in sequence. By this means. all deleting signal lines RG 

25 are selected, and a period up to time when all pixels are turned 

in the non light emission state is represented as a reset period 

Tr. In particular, a reset period which corresponds to the k-th 

sub frame period is represented as Trk. Also, a period in which 
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the pixels are uniformly turned in non light emission after the 

reset period Tr is represented as a non display period Tus. In 

particular, the non display period which corresponds to the k-th 

sub frame period is represented as Tusk. By providing the reset 

S period and the non display period, it is possible to have the pixel 

turned in the non light emission state before a next sub frame 

period starts._ By this means, it is possible to set the display 

period which is shorter than the address period. In Fig.4, in 

sub frame periods from the k-th sub frame period SFk to the n-th 

10 sub frame period SF n, the reset period and the non display period 

are disposed, and the display periods Tsk to Tsn which are shorter 

than the address periods are set. Here, a length of the display 

period of each sub frame period can be determined properly. 

By this means , the length of the display period in each sub 

lS frame period which configures one frame period is set. In this 

manner, the display device of the invention can realize the multiple 

gray scale by the combination with the time gray scale system. 

Then, as compared to the switch part shown in Fig.3. a 

structure which way of allocating the deleting transistor 304 is 

20 different. and a structure which is not provided with the deleting 

transistor 304 will be described. The same reference numerals 

and signs are given to the same portion as in Fig.3, and the 

description thereof will be omitted. 

Fig.SA shows one example of the switch part. In Fig.SA, 

25 it is designed such that the deleting transistor 304 is ser:lally 

placed on a path through wh:lch a current is inputted to the l:i.ght 

emitting element, and by turning OFF the deleting transistor 304, 

the current is prevented from flowing through the light emitting 
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eJ.ement. In addition, :if the deJ.eting transistor 304 is serial.J.y 

pl.aced on the path through which the current is inputted to the 

J.ight emitting eJ.ement, the delet:!.ng transistor 304 may be placed 

anywhere. By turning the deJ.eting transistor in the OFF state, 

5 it is possibl.e to have the pixel.s turned uniforml.y in the non light 

emission state. By this means, it is possibl.e to set the reset 

period and .the non displ.ay period. In addition, in case of the 

switch part of the structure shown in Fig.SA, without disposing 

the deJ.eting.t"ransistors 304 to respective switch parts of a 

10 plural.ity of the PAIRs incl.uded in the pixel., it is possible to 

dispose them in one part. By this means, it is possibl.e to suppress 

the number of transistors in the pixel.. Fig. 35 shows a structure 

of the pixel. in case that the deJ.eting transistor 304 is shared 

by a pJ.uraJ.ity of the PAIRs. In addition, here, an example of 

15 the pixel. which has two pairs wil.J. be described but the invention 

is not J.imited to this. In Fig.35, the same reference numeral.s 

and signs are given to the same portions as :in F:!.gs. 2A and 3. In 

addition, a portion which corresponds to the switch portion lOla 

is represented by adding •a• after the reference numeraJ.s of Fig. 3. 

20 Al.so, a port:!.on which corresponds to the switch portion lOJ.b is 

represented by adding "b" after the reference numeral.s of Fig. 3. 

InFig. 35, by turning OFF the deleting transistor 304, it is possibl.e 

to simuJ.taneously shut off both of the currents which are outputted 

from the current source circuit 102a and the current source circuit 

25 102b. 

In addition, the deleting transistor 304 shared by a 

pl.ural.ity of the switch parts may be pl.aced on a path for connecting 

the power suppl.y line Wand the current source circuits l02a and 
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102b. In short, the power supply l1ne Wand the current source 

circuits 102a and 102b may be connected through the deleting 

transistor 304 shared with a plurality of the switch parts. The 

deleting transistor 304 shared by a plurality of the switch parts 

5 may be disposed anywhere, if it is a position where both of the 

currents which are outputted from the current source circuit 102a 

and the qurrent source circuit 102b are simultaneously shut off. 

For example, the deleting transistor 304 may be placed at a portion 

of a path X in Fig.35. In short, it is fine if it is configured 

10 such that the power supply line Wand the terminal A of the current 

source circuit 102a and the terminal A of the current source circuit 

102b are connected by the deleting transistor 304. 

Fig. 5B shows another structure of the switch part. Fig. 5B 

shows a technique in which, through between the source and drain 

15 terminals of the deleting transistor 304, a predetermined voltage 

is applied to the gate electrode of the driving transistor 302 

so that the driving transistor is turned in the OFF state. In 

this example, one of the source terminal and the drain terminal 

of the deleting transistor 304 is connected to the gate electrode 

20 of the driving transistor, and the other is connected to the wiring 

Wr. The electric potential of the wiringWr is determined properly. 

By this means. it is designed that the driving transistor. to the 

gate electrode of which the electric potential of the wiring Wr 

is inputted through the deleting transistor. is turned in the OFF 

25 state. 

Also. in the structure shown in Fig.SB. instead of the 

deleting transistor 304, a diode may be used. This structure is 

shown in Fig. SC. The electric potential of thewiringWr is changed. 
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By this means, an electric potential of an electrode at the side 

which is not connected to the gate electrode of the driving 

transistor 302 out of the two electrodes of a diode 3040, is changed. 

By this means, the gate voltage of the driving transistor is changed 

5 and it is possible to have the driving transistor turned in the 

OFF state. In addition, the diode 3040 may be replaced with a 

diode~.connected (a gate electrode and a drain terminal thereof 

are electrically connected) transistor. On this occasion, the 

transistor may be an N-channel type transistor or a P-channel type 

10 transistor. 

In addition, in lieu of the wiring Wr, the scanning line 

G may be used. Fig.SD shows a structure where the scanning line 

G is used in lieu of the wiring Wr shown in Fig. 5B. But, in this 

case, there is a necessity to pay attention to a polarity of the 

15 switching transistor 301, taking the electric potential of the 

scanning line G into consideration. 

Then. a technique in which the reset period and the non display 

period are provided without providing the deleting transistor will 

be described. 

20 A first technique is a technique in which, by changing an 

electric potential of an electrode of the holding capacitor 303 

at the side which is not connected to the gate electrode of the 

driving transistor 302, the driving transistor 302 is turned in 

the non conductive state. This structure is shown in Fig. 6A. The 

25 electrode of the holding capacitor 303 at the side which is not 

connected to the gate electrode of the driving transistor 302 is 

connected to the wiring W00 • By changing a signal of the wiring 

W00 , the electric potential of one electrode of the holding capacitor 
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303 is changed. Then, since electric charges in the holding 

capacitor is stored, an electric potential of the other electrode 

of the holding capacitor 303 is also changed. By this means, by 

changing the electric potential of the gate electrode of the driving 

5 transistor 302, it is possible to have the driving transistor 302 

turned in the OFF state. 

A second technique will be described. A period in which 

one scanning line G is selected is divided into a first half and 

a second half. It is characterized in that, in the first half 

10 (represented as a first half of a gate selection period) , the digital. 

video signal is inputted to the video signal input line s. and 

:i.n the second half (represented as a second hal.f of a gate selection 

period). the del.eting signal is inputted to the video s:i.gnal. input 

line S. The delet:i.ng signal in this technique is assumed to be 

15 a signal for having the dr:i.v:i.ng transistor 302 turned in the OFF 

state, on the occasion of being inputted to the gate electrode 

of the driving transistor 302. By this means, it becomes possible 

to set the display period which :Ls shorter than a writing period. 

Hereinafter, this second techn:i.que will. be described in detail. 

20 Firstly, a structure of the entire display device on the 

occasion of using the above-described technique wil.1 be described. 

Fig. 6B is used for the description. The displ.ay device has a pixel. 

part 901 wh:i.ch has a pl.urality of pixel.s arranged :in a matrix shape, 

a v:i.deo signal input line driv:l.ng c:l.rcuit 902 which inputs a signal. 

25 to the pixel part 901, a first scanning l.ine driving circuit 903A, 

a second scanning line dr:i.ving circuit 903B, a switching circuit 

904A and a switching circuit 904B. Each pixel included :l.n the 

pixel part 901 has a plurality of the switch parts 101 and the 
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current source circuits as shown in Fig.GA. Here, the first 

scanning line driving circuit 903A is assumed to be a circuit which 

outputs a signal to each scanning line G in the first half of the 

gate selection period. Also, the second scanning line driving 

5 circuit 903B is assumed to be a circuit which outputs a signal 

to each scanning line G in the second half of the gate selection 

period. By the switching circuit 904A and the switching circuit 

904B, a connection of the first scanning line driving circuit 903A 

and the scanning line G of each pixel, or a connection of the second 

10 scanning line driving circuit 903B and the scanning line G of each 

pixel is selected. The video signal input line driving circuit 

902 outputs the video signal in the first half of the gate selection 

period. On the other hand. it outputs the deleting signalin the 

gate selection period second half. 

15 Then, a driving method of the display device of the 

above-described structure will be descr:lbed. A timing chart of 

Fig. 6C is used for the description. In addition, the same reference 

numerals and signs are given to the same portions as Fig.4, and 

descriptions thereof will be omitted. In Fig. 6C, a gate selection 

20 period 991 is divided into a first half of a gate selection period 

991A and a second half of a gate selection per:lod 991B. In 903A 

which is comparable to the wr:lt:lng period Ta. each scanning line 

is selected by the first scanning line driving circuit, and the 

digital video signals are inputted. In 903B which is comparable 

25 to the reset period Tr, each scanning line is selected by the second 

scanning line driving circuit, and the deleting signal :ls inputted. 

By this means, it is possible to set the display period Ts which 

is shorter than the address period Ta. 
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In add:i.t:i.on, :in F:i.g.6C,a1though the delet:i.ng s:i.gnal :is 

:inputted :in the second half of the gate select:i.on per:i.od, :instead 

of it. the dig:i. tal v:i.deo signal :in the next sub frame period may 

be 1-nputted. 

5 A th:i.rd techni.que wi.11 be descr:i.bed. The thi.rd techn:i.que 

1-s a techni.que i_n whi.ch, by chang:i.ng an electr:i.c potent:i.al of the 

count~r electrode of the 11-ght emi.tting element, a non di.splay 

peri_od i_s provi_ded. In short, the di.splay peri_od 1-s set i_n such 

a manner that the electri.c potenti.al of the counter electrode has 

10 a predetermined electric potent:i.als d:i.fferent form that of the 

power supply line . On the other hand, :in the non display per:i.od, 

the electric potenti_al of the counter electrode is set to be 

substanti.ally the same as that of the power supply 11-ne. By this 

means, i_n the non di.splay peri_od, regardless of the di.gital video 

15 s:i.gnal held in the pixel, it 1-s possible to have the pixels turned 

un:i.formly in the non 11-ght em:i.ss:i.on state. In addi ti.on, in this 

techn:i.que. in the non d:i.splay per:i.od. the digital v:i.deo s:i.gnal 

:is :inputted to all pixels. That is. the address period :is provided 

in the non d:i.splay per:i.od. 

20 In the pixel having the switch parts of the above~described 

structure, each w:i.r:i.ng can be shared. By this means, it is possible 

to s:i.mpl:i.fy the structure of the pixel, and also to enlarge an 

aperture ratio of the pixel. Here;Lnafter, an example of sharing 

each wiring w;ill be descr:i.bed. In the descr;Lpt:i.on. an example 

25 that in the structure in which the sw:i.tch part having the structure 

shown in Fig. 3 is applied to the pixel shown in Fig. 2, the wiring 

is shared, is used. In addition, the following structure can be 

freely applied to a switch part having the structure shown in Fig. 5 
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and Fig.6. 

Hereinafter, the sharing of the wiring wil.l. be described. 

Six exampl.es of sharing the wiring wil.l. be cited. In addition, 

Fig. 7 and Fig. 8 are used for the description. In Fig. 7 and Fig. 8, 

5 the same reference numerals and signs are given to the same portions 

as in Fig. 2 and Fig. 3, and the descriptions thereof will be omitted. 

Fig. 7A shows an example of a structure of the pixel in which 

the wiring Wco is shared by a plurality of the switch parts. Fig. 7B 

shows an example of a structure of the pixel. in which the wiring 

10 Wco and the power suppl.y l.ine Ware common. Fig. 7C shows an exampl.e 

of a structure of the pixel. using the scanning line in other pixel 

row in lieu of the wiring W00 • The structure of Fig. 7C utilizes 

a fact that the electric potential.s of the scanning lines Ga, Gb 

are maintained to be constant electric potential., during a period 

15 in which the writing of the video signal is not carried out. In 

Fig. 7C, in l.ieu of the wiring W00 , the scanning lines Gai·l and 

Gbi-l in the one previous pixel. row are used. But, in this case, 

there is a necessity to pay at ten ti on on the polarity of the switching 

transistor 301, taking the el.ectric potentials of the scanning 

20 l.ines Ga, Gb into consideration. Fig. 8A shows an example of a 

structure of the pixel. which shared a signal l.1ne RGa and a signal 

line RGb. This is because the first switch part and the second 

switch part may be turned OFF at the same time. The shared signal 

lines are represented by RGa al.l. together. Fig. BB shows an example 

25 of a structure of the pixel. in which the scanning line Ga and the 

scanning l1ne Gb are common. This structure is due to the fact 

that both the first switch part and the second switch part may 

be OFF simul.taneousl.y. The common scann1ng l.ine are represented 

48 



2 9 SEP 2006 

by Ga. Fig. 8C shows an example of a structure of the pixel in 

which the video signal input line Sa and the video signal input 

line Sb are common . The common video signal input line is 

represented by Sa. 

5 It is possible to combine Figs. 7A to 7C with Figs.SA to 8C. 

In addition, the :invention is not limited to this. and the wirings 

.which configure the pixel can be properly common. Also, wirings 

between the pixels can be properly common. 

In addition, it is possible to freely combine this embodiment 

10 with the embodiment 1 to be carried out. 

(Embodiment 3) 

In this embodiment. a structure and an operation of the 

current source circuit included in each pixel of the display device 

15 of the :invention will be described in detail. 

The current source circuit of one PAIR out of a plurality 

of PAIRs included in each pixel will be watched, and a structure 

thereof will be described in detail. In this embodiment, although 

five structural examples of the current source circuit will be 

20 cited, another structural example may be fine :if it is a circuit 

which operates as a current source. In addition, a transistor 

wh:i.ch configures the current source circuit may be a single 

crystalline transistor. a polycrystalline transistor. or an 

amorphous transistor. Also, it may be a SOI transistor. It may 

25 be a bi~polar transistor. It may be a transistor using an organic 

material, for example, a carbon nanotube. 

F:i.rstly, a current source circuit of a first structure will 

be described by use of F:i.g. 9A. In addition, in Fig. 9A. the same 
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reference numerals and signs are given to the same portions as 

in Fig.2. 

The current source circuit of the :tirst structure shown in 

Fig.9A has the current source transistor 112. and a current 

5 transistor 1405 which is paired with the current source transistor 

112 to configures a current mirror circuit. It has a current input 

transistor 1403, which functions as switch, and.A current hol.ding 

transistor 1404. Here, the current source transistor 112, the 

current transistor 1405, the current input transistor 1403, and 

10 the current holding transistor 1404 may be of the P-channel type 

or of the N-channel type. However, it is desirable that pol.arities 

of the current source transistor 112 and the current transistor 

1405 are the same. Here, shown an example in which the current 

source transistor 112 and the current transistor 1405 are P-channel 

15 type transistors. Also, it is desirabl.e that current 

characteristics of the current source transistor 112 and the 

current transistor 1405 are the same. It has the current source 

capacitor 111 which holds the gate voltages of the current source 

transistor 112 and the current transistor 1405. In addition, by 

20 positively using a gate capacitance etc. of a transistor, it is 

poss:l.ble to omit the current source capac:l.tor 111. Further. it 

has a signal line GN which inputs a signal to a gate electrode 

of the current input transistor 1403 and a signal line GH which 

inputs a signal to a gate electrode of the current holding transistor 

25 1404. Also. 1t has a current line CL to which the control signal 

is inputted. 

A connecting relation of these structural components will 

be described. The gate electrodes of the current source transistor 
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112 and the current transistor 1405 are connected. The source 

terminal of the current source transistor 112 is connected to the 

terminal A and the drain terminal is connected to the terminal 

B. One electrode of the current source capacitor 111 is connected 

5 to the gate electrode of the current source transistor 112, and 

theotherelectrodeisconnectedtotheterminalA.Asourceterminal 

of the current transistor 1405 is connect_~d to the terminal A, 

and a drain terminal is connected to the current line CL through 

the current input transistor 1403. Also, a gate electrode and 

10 a drain terminal of the current transistor 1405 are connected 

through the current holding transistor 1404. A source terminal 

or a drain terminal of the current holding transistor 1404 is 

connected to the current source capacitor 111 and the drain terminal 

of the current transistor 1405. However. it may be configured 

15 that a side which is one of the source terminal and the drain terminal 

of the current holding transistor 1404 and is not connected to 

the current source capacitor 111 is connected to the current line 

CL. This structure is shown in Fig.36. In addition, in Fig.36, 

the same reference numerals and signs are given to the same portions 

20 as in Fig.9A. With this structure, by adjusting an electric 

potential of the current line CL when the current holding transistor 

1404 is in the OFF state, it is possible to lessen the voltage 

between the source and drain terminals of the current holding 

transistor 1404. As a result, it is possible to lessen an OFF 

25 current of the current holding transistor 1404. By this means, 

it is possible to lessen a leakage of an electric charge from the 

current source capacitor 111. 

Also, an example in case that the current source transistor 
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112 and the current transistor 1405 are set to be N-channel type 

transistors in the structure of the current source circuit shown 

in Fig.9A is shown in Fig.33A. In addition, in contrast to the 

current source circuit of the structure shown in Fig.9A, in the 

5 current source circuit of the structure shown in Fig.33A, there 

is a necessity to dispose transistors 1441 and 1442, in order to 

prevent the current flowing between the_.current line CL and the 

tenninalA through the source and the drain of the current transistor 

1405 on the occasion of the setting operation of the current source 

10 circuit 102 from flowing between the source and the drain of the 

current source transistor 112 and through the tenninal B. Also. 

there is a necessity to dispose a transistor 1443, in order to 

prevent a current from flowing between the source and the drain 

of the current transistor 1405 on the occasion that a constant 

15 current is made to flow between the terminal A and the tenninal 

B in the display operation. By this means, the current source 

circuit 102 can output a current of a predetennined current value 

accurately. 

Also, in the circuit of the structure shown in Fig.9A, it 

20 is possible to configure the circuit structure as shown in Fig. 9B. 

by changing a location of the current holding transistor 1404. 

In Fig. 9B. the gate electrode of the current transistor 1405 and 

one electrode of the current source capacitor 111 are connected 

through the current holding transistor 1404. In this moment, the 

25 gate electrode and the drain tenninal of the current transistor 

1405 are connected by wiring. 

Then. the setting operation of the current source circuit 

of the above-described first structure will be described. In 
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addition, the setting operation in Fig. 9A is the s(IIlle as that in 

Fig. 9B. Here, the circuit shown in Fig. 9A is picked up as an example. 

and its setting operation will be described. Figs.9C to 9F are 

used for the description. In the current source circuit of the 

5 first structure. the setting operation is carried out by going 

through states of F.igs. 9C to 9F in sequence. In the descript.ion. 

for the purpose of simplicity, the c11rrent input transistor 1403 

and the current holding trans.istor 1404 are represented as switches. 

Here, shown is a case that a control signal for setting the current 

10 source circuit 102 is the control current. Also, .in the figure, 

a path through which a current flows .is shown by a heavy-line arrow. 

In a per.iod TDl shown .in Fig. 9C, the current .input trans.istor 

1403 and the current hold.ing transistor 1404 are turned in the 

ON state. In th.is stage, the voltage between the source and the 

15 gate of the current transistor 1405 .is small, and the current 

transistor 1405 is OFF, and therefore, a current flows from the 

current line CL through the path shown and electr.ic charges are 

held .in the current source capacitor 111. 

In a period TD2 shown in Fig.9D, by the electric charges 

20 held in the current source capacitor 111. the voltage between the 

gate and the source of the current transistor 1405 becomes more 

than a threshold voltage. Then. a current flows through between 

the source and the drain of the current transistor 1405. 

When suff.ic.ient time passes and a steady state is realized. 

25 as in a per.iod TD3 shown in F.ig. 9E, a current flowing between the 

source and the drain of the current trans.istor 1405 becomes the 

control current. By this means. the gate voltage on the occasion 

that the drain current .is set at the control current is held in 
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the current source capacitor 111. 

In a period TD4 shown in Fig. 9F, the current holding 

transistor 1404 and the current input transistor 1403 are turned 

OFF. By this means, the control current is prevented from flowing 

5 through the pixel. In addition, it is desirable that a timing 

that the current holding transistor 1404 is turned OFF, as compared 

to a timing that the current input transistor 1403 is turned OFF, 

is earlier or simultaneous. This is because of preventing the 

electric charges held in the current source capacitor 111 from 

10 being discharged. After the period TD4, when a voltage is applied 

between the source and drain terminals of the current source 

transistor 112, the drain current corresponding to the control 

current flows. In short, when a voltage is applied between the 

terminalAandtheterminalB,thecurrentsourcecircuit102outputs 

15 a current which corresponds to the control current. 

Here, a ratio Wl/Ll of a channel width and a channel length 

of the current source transistor 112 may be changed relative to 

a ratio W2/L2 of a channel width and a channel length of the current 

transistor 1405. By this means, it is possible to change a current 

20 value of a current that the current source circuit 102 outputs. 

relative to the control current which is inputted to the pixel. 

For example, each transistor is designed in such a manner that 

the control current to be inputted to the pixel becomes larger 

than the current that the current source c:ircuit 102 outputs. By 

25 this means, by use of the control current of large current value. 

the setting operation of the current source circuit 102 is carried 

out. As a result. it is possible to speed up the setting operation 

of the current source circuit. Also, it is effective for reduction 
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of influence of noise. 

By this means, the current source circuit 102 outputs a 

predetermined current. 

In addition, in the current source circuit of the 

5 above-described structure, in case that a signal is inputted to 

the signal line GH and the current holding transistor is in the 

ON state, the current line CL .. has to be set in such a manner that 

a constant current always flow through it. This is because, in 

a period in which a current is not inputted to the current line 

10 CL, when both of the current holding transistor 1404 and the current 

input transistor 1403 are turned in the ON state, the electric 

charges held in the current source capacitor 111 are discharged. 

On that account, in case that a constant current is selectively 

inputted to a plurality of the current lines CL corresponding to 

15 all pixels and the setting operation of the pixel is carried out, 

20 

25 

in short, in case that the constant current is not always inputted 

to the current line CL, the current source circuit of the following 

structure will be used. 

In the current source circuit shown in Fig.9A and Fig.9B, 

added is a switching element for selecting a connection of the 

gate electrode and the drain terminal of the current source 

transistor 112. ON or OFF of this switching element is selected 

by a signal which is different from a signal to be inputted to 

the signal line GH. Fig.33B shows one example of the 

above-descri.bed structure. In Fig. 33B, a point sequential 

transistor 1443 and a point sequential Line CLP are disposed. By 

this means, an arbitrary pixel is selected one by one, and a constant 

current is made to be inputted at least to the current line CL 
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of the selected pixel. and thereby. the setting operation of the 

pixel is carried out. 

Each signal line of the current source circuit of the first 

structure can be common. For example, in the structure shown in 

5 Fig.9A. Fig.9B and Fig.33, there is no problem in operation if 

the current input transistor 1403 and the current holding 

transistor 1404 are switqh_ed to be ON or OFF at the same timing. 

On that account, polarities of the current input transistor 1403 

and the current holding transistor 1404 are made to be the same, 

10 and the signal line GH and the signal line GN can be conunon. 

Then, a current source circuit of a second structure will 

be described. In add:i. tion, Fig. 10 is referred for the description. 

In Fig.lOA, the same reference numerals and signs are given to 

the same portions as in Fig.2. 

15 Structural components of the current source circuit of the 

second structure will be described. The current source circuit 

of the second structure has the current source trans:i.stor 112. 

_Also .. it has a current input transistor 203 and a current hold:i.ng 

transistor 204, and a current stop transistor 205 which function 

20 as switches. Here, the current source transistor 112, the current 

input transistor 203, the current holding transistor 204, and the 

current stop transistor 205 may be of the P-channel type or of 

the N-channel type. Here is shown an example that the current 

source transistor 112 :i.s a P channel type transistor. Further, 

25 it has the current source capacitor 111 for holding the gate 

electrode of the current source transistor 112. In addition, by 

positively using a gate capacitance etc. of a transistor, it is 

possible to omit the current source capacitor 111. Further, it 
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has a signal line GS which inputs a signal to a gate electrode 

of the current stop transistor 205 and a signal line GH which inputs 

a signal to a gate electrode of the current holding transistor 

204 and a signal line GN which inputs a signal to the gate electrode 

5 of the current input transistor 203. Also, it has a current line 

CL to which the control signal is inputted. 

A connecting relation of these structural components will 

be described. The gate electrodes of the current source transistor 

112 is connected to one of the electrodes of the current source 

10 capacitor 111. The other electrode of the current source capacitor 

111 is connected to the terminal A. The source terminal of the 

current source transistor 112 is connected to the terminal A. The 

drain terminal of the current source transistor 112 is connected 

to the terminal B through the current stop transistor 205, and 

15 also. connected to the current l:lne CL through the current input 

transistor 203. The gate electrode and the drain terminal of the 

current source transistor 112 are connected through the current 

holding transistor 204. 

In addition, in the structure shown in Fig.lOA. the source 

20 terminal or the drain terminal of the current holding transistor 

204 is connected to the current source capacitor 111 and the drain 

terminal of the current source transistor 112. However, it may 

be configured that a side of the current holding transistor 204 

which is not connected to the current source capacitor 111 is 

25 connected to the current line CL. The above~described structure 

is shown in Fig. 34A. With th:ls structure. by adjusting an electric 

potential of the current line CL when the current holding transistor 

204 is in the OFF state. it is possible to lessen the voltage between 
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the source and drain terminals of the current holding transistor 

204. As a result. it is possible to lessen the OFF current of 

the current holding transistor 204. By this means, it is possible 

to lessen the leakage of the electric chcrrges from the current 

5 source capacitor 111. 

Then, the setting operation of the current source circuit 

of the second structure shown in F,i.O. lOA will be described. 

Figs. lOB to lOE are used for the description. In the current source 

circuit of the second structure, the setting operation is carried 

10 out by.going through states of Figs.108 to lOE in sequence. In 

the description, for the purpose of simplicity, the current input 

transistor 203, the current holding transistor 204 and the current 

stop transistor 205 are represented as switches. Here. shown is 

a case that a control signal for setting the current source circuit 

15 102 is the control current. Also, in the figure, a path through 

which a current flows is shown by a heavy-line arrow. 

In a period TDl shown in Fig. lOB, the current input transistor 

203 and the current holding transistor 204 are turned in the ON 

state. Also, the current stop transistor 205 is in the OFF state. 

20 By this means, a current flows from the current line CL through 

the path shown and electric charges are held in the current source 

capacitor 111. 

In a period TD2 shown in Fig.lOC. by the electric charges 

held. the voltage between the gate and the source of the current 

25 source transistor 112 becomes more than a threshold voltage. Then, 

the drain current flows through the current source transistor 112. 

When sufficient time passes and a steady state is realized. 

as in a period TD3 shown in Fig. lOD, the drain current of the current 
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source transistor 112 is determined as the control current. By 

this means, the gate voltage of the current source transistor 112 

on the occasion that the drain current is set at the control current 

is held in the current source capacitor 111. 

5 In a period TD4 shown in Fig. lOE, the current input transistor 

203 and the current holding transistor 204 are turned in the OFF 

state. Bythismeans,thecontrolcurrentispreventedfromflowing 

through the pixel. In addition, it is desirable that a timing 

that the current holding transistor 204 is turned OFF, as compared 

10 to a timing that the current input transistor 203 is turned OFF, 

is earlier or simultaneous. This is because of preventing the 

electric charges held in the current source capacitor 111 from 

being discharged. Furthermore. the current stop transistor 205 

:ls turned in the ON state. After the per:lod TD4, when a voltage 

15 is appl:led between the source and drain terminals of the current 

source transistor 112, the drain current corresponding to the 

control current flows. In short, when a voltage is applied between 

the terminal A and the terminal B, the current source circuit 102 

has the drain current corresponding to the control circuit flowed. 

20 By this means, the current source circuit 102 outputs a 

predetermined current. 

In addition, the current stop transistor 205 is not 

indispensable. For example. in case that the setting operation 

is carried out only when at least one of the terminal A and the 

25 terminal B is in an opened state, the current stop transistor 205 

is not necessary. Concretely, in the current source circuit which 

carries out the setting operation only :ln case that the switch 

part making the pair is in the OFF state. the current stop transistor 
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205 is not necessary. 

Also, in the current source circuit of the above-described 

structure, in case that a signal is inputted to the signal line 

GH and the current holding transistor 204 is in the ON state, the 

5 current line CL has to be set in such a manner that a constant 

current always flows through it. This is because, in a period 

in which a current is not inpu_tted to the current line CL, when 

both of the current holding transistor 204 and the current input 

transistor 203 are turned in the ON state, the electric charges 

10 held in the current source capacitor 111 are d.1.scharged. On that 

account, in case that a constant current is select.1.vely inputted 

to a plurality of the current lines CL corresponding to all p.1.xels 

and the setting operat.1.on .of the pixel is carried out, in short, 

in case that the constant current is not always inputted to the 

15 current line CL, the current source circuit of the following 

structure will be used. 

Added is a switching element for selecting a connect.ion of 

the gate electrode and the drain terminal of the current source 

transistor 112. ON or OFF of this switching element is selected 

20 by a signal which is different from a signal to be inputted to 

the signal line GH. Fig.34B shows one example of the 

above-described structure. In Fig.34B. a point sequential 

transistor 245 and a point sequential line CLP are disposed. By 

this means, an arbitrary pixel is selected one by one, and a constant 

25 current is made to be inputted at least to the current line CL 

of the selected pixel, and thereby. the setting operation of the 

pixel is carried out. 

Each signal line of the current source circuit of the second 
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structure can be shared. For example, there is no problem in 

operation if the current input transistor 203 and the current 

holding transistor 204 are switched to be ON or OFF at the same 

timing. On that account, polarities of the current input 

5 transistor 203 and the current holding transistor 204 are made 

to be the same, and the signal line GH and the signal line GN can 

be shared. Also, there is .no problem in operation if the current 

stop transistor 205 is turned ON at the same time when the current 

input transistor 203 is turned OFF. On that account, polarities 

10 of the current input transistor 203 and the current stop transistor 

205 are made to differ, and the signal line GN and the signal line 

GS can be shared. 

Also. a structural example in case that the current source 

transistor 123 is the N channel type transistor :is shown in F:i.g. 37. 

15 In addition, the same reference numerals and signs are given to 

the same portion as in Fig.10. 

Then, a current source circuit of a third structure will 

be described. In addition, Fig. 11 is referred for the description. 

In Fig. llA, the same reference numerals and signs are given to 

20 the same portions as in Fig. 2. 

Structural components of the current source circuit of the 

third structure will be described. The current source circuit 

of the third structure has the current source transistor 112. Also, 

it has a current input transistor 1483, a current holding transistor 

25 1484, ·a light emitting transistor 1486. and a current reference 

transistor 1488 which function as switches. Here. the current 

source transistor 112, the current input transistor 1483, the 

current holding transistor 1484, the light emitting transistor 

61 

.. 



( 

Z 9 SEP 2006 

1486, and the current reference transistor 1488 may be of the 

P-channel type or of the N-channel type. Here is shown an example 

that the current source transistor 112 is a P channel type transi.stor. 

Further, it has the current source capacitor 111 for holding the 

5 gate electrode of the current source transistor 112. In addition, 

by positively using a gate capacitance etc. of a transistor, it 

is possible to omit the .. current source capac.itor 111. Also, it 

has a signal l.ine GN which i.nputs a signal to a gate electrode 

of the current .input transistor 1483, a signal li.ne GH which inputs 

10 a signal to a gate electrode of the current holding trans.istor 

1484. a signal line GE which inputs a signal to a gate electrode 

of the light emitting transistor 1486, and a signal line GC which 

inputs a s.ignal to a gate electrode of the current reference 

transistor 1488. Further, it has a current line CL to which the 

15 control signal is inputted and a current reference line SCL which 

is held at a constant electric potential. 

A connecting relation of these structural components w.111 

be described. The gate electrodes and the source terminal of the 

current source transistor 112 are connected through the current 

20 source capacitor 111. The source terminal of the current source 

transistor 112 is connected to the terminal A through the light 

emi.tting transistor 1486, and also, connected to the current line 

CL through the current input transistor 1483. The gate electrode 

and the drain terminal of the current source transistor 112 are 

25 connected through the current holding transistor 1484. The drai.n 

termi.nal of the current source transistor 112 is connected to the 

terminal B, and also. connected to the current reference line SCL 

through the current reference transistor 1488. 
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In addition, a side of the source tenninal or the drain 

tenninal of the current holding transistor 1484 which is not 

connected to the current source capacitor 111 is connected to the 

drain tenninal of the current source transistor 112 but, it may 

5 be connected to the current reference line SCL. The 

above-described structure is shown in Fig. 38. With this structure, 

by adjusting an eleqt:ric potential of the current reference line 

SCL when the current holding transistor 1484 is in the OFF state, 

it is possible to lessen the voltage between the source and drain 

10 tenninals of the current holding transistor 1484. As a result, 

it is possible to lessen the OFF current of the current holding 

transistor 1484. By this means, it is possible to lessen the 

leakage of the electric charges from the current source capacitor 

111. 

15 Then, the setting operation of the current source circuit 

of the above-described third structure will be described. 

Figs. llB to llE are used for the description. In the current source 

circuit of the third structure, the setting operation is carried 

out by going through states of Figs.llB to llE in sequence. In 

20 the description, for the purpose of simplicity. the current input 

transistor 1483, the current holding transistor 1484, the light 

emitting transistor 1486 and the current reference transistor 1488 

are represented as switches. Here. shown is a case that a control 

signal for setting the current source circuit 102 is the control 

25 current. Also, in the figure, a path through which a current flows 

is shown by a heavy-line arrow. 

In a period TDl shown in Fig. llB. the current input transistor 

1483. the current holding transistor 1484 and the current reference 
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transistor 1488 <tre turned in the ON state. By th:l.s means, a current 

flows from the p<tth shown and electric ch<trges <tre held 1.n the 

current source c<tp<tcitor 111. 

In"' period TD2 shown 1.n Fig.llC, by the electric charges 

5 held in the current source capacitor 111, the voltage between the 

gate <tnd the source of the current source trans:l.stor 112 becomes 

more th<tn "' threshold voltage. Then, the drain current flows 

through the current source transistor 112. 

When sufficient t:l.me passes and "' ste<tdy state is reali.zed, 

10 as in a per:l.od TD3 shown in Fig. llD. the drain current of the current 

source transistor 112 is determ:l.ned as the control current. By 

this me<tns, the gate voltage on the occasion that the drain current 

1.s set at the control current is held in the current source capacitor 

111. 

15 In a period TD4 shown inF:l.g. llE, the current input tr<tnsi.stor 

1483 and the current holding transistor 1484 =e turned OFF. By 

this means. the control current is prevented from flowing through 

the pixel. In addition, it is desirable that a timing that the 

current holding transistor 1484 is turned OFF, as compared to a 

20 timing that the current input tr<tnsistor 1483 is turned OFF, is 

earlier or simultaneous. This is because of preventing the 

electric charges held in the current source capacitor 111 from 

being discharged. Further, the current reference transistor 1488 

are turned in the OFF state. After that. the light emitting 

25 transistor 1486 is turned in the ON state. After the period TD4, 

when a voltage is applied between the source and drain terminals 

of the current source transistor 112, the dr<tin current 

corresponding to the control current flows through the current 
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source transistor 112. In short, when a voltage is applied between 

the terminal A and the terminal B, the current source circuit 102 

has the drain current corresponding to the control circuit flown. 

By this means, the current source circuit 102 outputs a 

5 predetermined current. 

In addition, the current reference transistor 1488 and the 

current refe:i::ence line SCL are not indispensable. For example, 

in the current source circuit which carries out the setting 

operation only in case that the switch part making the pair is 

10 in the ON state, the current reference transistor 1488 and the 

current reference line SCL are not necessary, since a current does 

not flow through the current reference.line SCL in the periods 

TDl to TD3 but simply flows through the terminal B. 

Each signal line of the current source circuit of the third 

15 structure can be shared. For example. there is no problem in 

operation if the current input transistor 1483 and the current 

holding transistor 1484 .are switched to be ON or OFF at the same 

timing. On that account, polarities of the current input 

transistor 1483 and the current holding transistor 1484 are made 

20 to be the same. and the signal line GH and the signal line GN can 

be shared. Also, there is no problem in operation if the current 

reference transistor 1488 and the current input transistor 1483 

are turned ON or OFF at the same timing. On that account, polarities 

of the current reference transistor 1488 and the current input 

25 transistor 1483 are made to be the same, and the signal line GN 

and the signal line GC can be shared. Further. there is no problem 

in operation if. at the same time when the light emitting transistor 

1486 is turned in the ON state, the current input transistor 1483 

65 



( 

( i 
'· ... ..-' 

zg SEP 2006 

is turned j_n the OFF state. Then. polarities of the light emitting 

transistor 1486 and the current input transistor 1483 are made 

to differ, and the signal line GE and the signal line GN can be 

shared. 

5 Also, a structural example in case that the current source 

transistor 112 is the N channel type transistor is shown in Fig. 39A. 

In addition, the same reference numerals and signs are given to 

the same portion as in Fig.11. In additj_on, j_n the structure of 

Fig. 39A, a side of the source terminal or the drain terminal of 

10 the current holding transistor 1484 which is not connected to the 

·Current source capacitor 111 is connected to .. the dra:in term:inal 

of the current source transistor 112 but. it may be connected to 

the current line CL. The above-described structure is shown in 

Fig. 39B. With th:is structure, by adjusting an electric potential 

15 of the current l:ine CL when the current holding transistor 1484 

is in the OFF state, :it :is possible to lessen the voltage between 

the source and drain terminals of the current hold:ing trans:istor 

1484. As a result. it is possible to lessen the OFF current of 

th'e current holding transistor 1484. By th:is means. it is possible 

20 to lessen the leakage of the electr:ic charges from the current 

holding capacitor 111. 

Then, the setting operation of the current source circuit 

of a fourth structure will be described. In addition, Fig. 12 is 

referred for the description. In Fig.12A. the same reference 

25 numerals and signs are given to the same portions as in Fig.2. 

Structural components of the current source circuit of the 

fourth structure will be descr:ibed. The current source circuit 

of the fourth structure has the current source transistor 112 and 
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a current stop transistor 805. Also, it has a current input 

transistor 803 and a current holding transistor 804 which function 

as switches. Here, the current source transistor 112, a current 

stop transistor 805, the current input transistor 803. and the 

5 current holding transistor 804 may be of the P-channel type or 

of the N-channel type. But, there is a necessity to make the current 

source transistor 112 and the current stop transistor 805 the same 

polarity. Here is shown an example that the current source 

transistor 112 and the current stop transistor 805 are P channel 

10 type transistors. Also, it is desirable that current 

characteristics of the current source transistor 112 and the 

current stop transistor 805 are the same. Further, it has the 

current source capacitor 111 for holding the gate electrode of 

the current source transistor 112. In addition, by positively 

15 using a gate capacitance etc. of a transistor, it is possible to 

omit the current source capacitor 111. Further, it has a signal 

20 

line GN which inputs a signal to a gate electrode of the current 

input transistor 803, a signal line GH which inputs a signal to 

a gate electrode of the current holding transistor 804. Furthermore, 

it has a current line CL to which the control current is inputted. 

A connecting relation of these structural components will 

be described. The source electrode of the current source 

transistor 112 is connected to one of the electrodes of the current 

source capacitor 111 . The other electrode of the current source 

25 capacitor 111 is connected to the terminal A. The gate electrode 

and the source terminal of the current source transistor 112 are 

connected through the current source capacitor 111. The gate 

electrode of the current source transistor 112 is connected to 
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a gate electrode of the current stop transistor 805, and also, 

connected to the current line CL through the current holding 

transistor 804. The drain terminal of the current source 

transistor 112 is connected to a source terminal of the current 

5 stop transistor 805, and also, connected to the current line CL 

through the current input transistor 803. The drain terminal of 

the current stop transistor 805 is connected to the terminal B. 

In addition, in the structure shown inFig.12A, it is possible 

to configure the circuit structure as shown in Fig .12B, by changing 

10 a location of the current holding transistor 804. In Fig.12B, 

the current holding transistor 804 is connected between the gate 

electrode and the drain terminal of the current source transistor 

112. 

Then, the setting operation of the current source circuit 

15 of the above-described fourth structure will be described. In 

addition, the setting operation in Fig.12A is the same as that 

in Fig.12B. Here, the circuit shown in Fig.12A is picked up as 

an example, and its setting operation will be described. Figs .12C 

to 12F are used for the description. In the current source circuit 

20 of the fourth structure, the setting operation is carried out by 

going through states of Figs.12C to 12F in sequence. In the 

description, for the purpose of simplicity, the .current input 

transistor 803 and the current holding transistor 804 are 

represented as switches. Here, shown is a case that a control 

25 signal for setting the current source circuit is the control current. 

Also, in the figure, a path through which a current flows is shown 

by a heavy-line arrow. 

In a period TDl shown in Fig .12C, the current input transistor 
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803 and the current hol.d:ing trans:istor 804 are turned in the ON 

state. In add:it:ion, on th:is occas:ion, the current stop trans:istor 

805 :is :in the OFF state. This :is because, by the current hol.d:ing 

trans:istor 804 and the current :input trans:istor 803 which were 

5 turned :in the ON state, the el.ectr:ic potent:ial.s of the source 

term:inal. and the gate el.ectrode of the current stop trans:istor 

805 are ma:lntained to be the same. In short, by us:ing a trans:istor 

wh:ich :is turned in the OFF state when the vol.tage between the source 

and the gate is zero as the current stop trans:istor 805, in the 

10 period TDl, the current stop transistor 805 is turned :in the OFF 

state. By th:is means, a current fl.ows from the path shown and 

el.ectr:lc charges are hel.d in the current source capac:itor 111. 

In a period TD2 shown :in Fig.120, by the el.ectric charges 

hel.d, the vol.tage between the gate and the source of the current 

15 source transistor 112 becomes more than a threshol.d vol. tage. Then, 

the drain current fl.ows through the current source transistor 112. 

When sufficient time passes and a steady state :is real.ized, 

as in a period TD3 shown in Fig .12E, the drain current of the current 

source transistor 112 is determined as the control current. By 

20 this means. the gate vol.tage of the current source transistor 112 

on the occasion that the drain current :is set at the control. current 

is hel.d in the current source capacitor 111. After that. the 

current holding transistor 804 is turned in the OFF state. Then, 

the electric charges hel.d :in the current source capacitor 111 are 

25 distributed al.so to the gate electrode of the current stop 

trans:istor 805. By this means, at the same time when the current 

hold:lng transistor 804 is turned in the OFF state. the current 

stop transistor 805 is automat:ical.l.y turned :in the ON state. 
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In a period TD4 shown in Fig .12F, the current input transistor 

803 are turned OFF. By this means, the control current is prevented 

from flowing through the pixel. In addition, it is desirable that 

a timing that the current holding transistor 804 is turned OFF, 

5 ·as compared to a timing that the current input transistor 803 is 

turned OFF, is earlier or simultaneous. This is because of 

preventing the electric charges held in the current source 

capacitor 111 from being discharged. After the period TD4, in 

case that a voltage is applied between the terminal A and the terminal 

··10 B, through the current source transistor 112 and the current stop 

transistor ao5, a constant current is outputted. In short, on 

the occasion that the current source circuit 102 outputs the 

constant current, the current source transistor 112 and the current 

stop transistor 805 function like one multi-gate type transistor. 

15 On that account, it is possible to lessen a value of the constant 

current to be outputted, to the control current to be inputted. 

Accordingly, it is possible to speed up the setting operation of 

the current source circuit. In addition, there is a necessity 

that polarities of the current stop transistor 805 and the current 

20 source transistor 112 aremade to be the same. Also, it is desirable 

that current characteristics of the current stop transistor 805 

and the current source transistor 112 are made to be the same. 

This is because. in each current source circuit 102 having the 

fourth structure, in case that the current characteristics of the 

25 current stop transistor 805 and the current source transistor 112 

are not the same, there occurs variation of the output current 

of the current source circuit. 

In addition. in the current source circuit of the fourth 
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structure. by using not onl.y the current stop transistor 805 but 

al.so a transistor which converts the control. current. which is 

inputted, into the corresponding gate voltage (current source 

transistor 112). a current is outputted from the current source 

5 circuit 102. On one hand. in the current source circuit of the 

first structure, the control. current is inputted, and the 

transistor which converts the inputted control current into the 

corresponding gate vol.tage (current transistor) is. completely 

different from the transistor which converts the gate voltage into 

10 the drain current (current source transistor). Thus, the fourth 

structure can more reduce influence which is given to the output 

current of the current source circuit 102 by variation of a current 

characteristic of a transistor. than the first structure. 

Each signal. l.ine of the current source circuit of the fourth 

15 structure can be shared. There is no probl.em in operation if the 

20 

25 

current input transistor 803 and the current hol.ding transistor 

804 are switched to be ON or OFF at the same timing. On that account. 

pol.arities of the current input transistor 803 and the current 

hol.ding transistor 804 are made to be the same, and the signal. 

l.ine GH and the signal line GN can be shared. 

Then, a current source circuit of a fifth structure wil.l. 

be described. In addition, Fig .13 is referred for the description. 

In Fig.13A. the same reference numerals and signs are given to 

the same portions as in Fig.2. 

Structural components of the current source circuit of the 

fifth structure will be described. The current source circuit 

of the fifth structure has the current source transistor 112 and 

a light emitting transistor 886. Also, it has a current input 
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transistor 883, a current holding transistor 884, and a current 

reference transistor 888 which function as switches. Here, the 

current source transistor 112, a light emitting transistor 886, 

the current input transistor 883, the current holding transistor 

5 8 8 4 , and the current reference transistor 88 8 may be of the P - channel 

type or of the N-channel type. But, there is a necessity that 

polarities of the current source transistor 112 and the light 

emitting transistor 886 are the same. Here is shown an example 

that the current source transistor 112 and the light emitting 

10 transistor 886 are P channel type transistors. Also, it is 

desirable that current characteristics of the current source 

transistor 112 and the light emitting transistor 886 are the same. 

Further, it has the current source capacitor 111 for holding the 

gate electrode of the current source transistor 112. In addition, 

15 by positively using a gate capacitance etc. of a transistor, it 

is possible to omit the current source capacitor 111. Also, it 

has a signal line GN which inputs a signal to a gate electrode 

of the current input transistor 883, and a signal line GH which 

inputs a signal to agate electrode of the current holding transistor 

20 884. Further, it has a current line CL to which the control signal 

is :inputted, and a current reference line SCL which is maintained 

to be a constant electric potential. 

A connect:ing relation of these structural components will 

be described. The source terminal of the current source transistor 

25 112 is connected to the terminal B, and also, connected to the 

current reference Llne SCL through the current reference transistor 

888. The drain terminal of the current source transistor 112 is 

connected to a source terminal of the light emitting transistor 
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886. and also. connected to the current line CL through the. current 

input transistor 883. The gate electrode and the source terminal 

of the current source transistor 112 are connected through the 

current source capacitor 111. The gate electrode of the current 

5 source transistor 112 is connected to a gate electrode of the light 

emitting transistor 886. and connected to the current line CL 

through the current holding transistor 884. The drain terminal 

of the light emitting transistor 886 is connected to the terminal 

A. 

10 In addition, in the structure showninFig.13A, it is possible 

to configure the circuit structure as shown in Fig. 13B, by changing 

a location of the current holding transistor 884. In Fig.13B, 

the current holding transistor 884 is connected between the gate 

electrode and the drain terminal of the current source transistor 

15 112. 

Then. the setting operation of the current source circuit 

of the above-described fifth structure will be described. In 

addition, the setting operation in Fig.13A is the same as that 

in Fig.13B. Here, the circuit shown in Fig.13A is picked up as 

20 an example, and its setting operation will be described. Figs .13C 

to 13F are used for the description. In the current source circuit 

of the fifth structure, the setting operation is carried out by 

going through states of Figs.13C to 13F in sequence. In the 

description, for the purpose of simplicity, the current input 

25 transistor 883. the current holding transistor 884, and the current 

reference transistor 888 are represented as switches. Here, shown 

is a case that a control signal for setting the current source 

circuit is the control current. Also. in the figure. a path through 
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which a current flows is shown by a heavy-line arrow. 

In a period TDl shown in Fig .13C, the current input transistor 

883, the current holding transistor 884, and the current reference 

transistor 888 are in the ON state. In addition, on this occasion, 

5 the light emitting transistor 886 is in the OFF state. This is 

because. by the current holding transistor 884 and the current 

input transistor 883 which were turned in the ON state, the electric 

potentials of the source terminal and the gate electrode of the 

light emitting transistor 886 are maintained to be the same. In 

10 short, by using a transistor which is turned in the OFF state when 

a voltage between a source and a gate is zero as the light emitting 

transistor 886, in the period TDl, the light emitting transistor 

886 is turned :i.n the OFF state. By this means. a current flows 

from the path shown and electric charges are held in the current 

15 source capacitor 111. 

In a period TD2 shown in Fig.130, by the electric charges 

held in the current source capac:i.tor 111, the voltage between the 

gate and the source of the current source transistor 112 becomes 

more than a threshold voltage. Then, the drain current flows 

20 through the current source transistor 112. 

When suff:lcient t:lme passes and a steady state is real:lzed, 

as in a period TD3 shown in Fig .13E, the drain current of the current 

source transistor 112 is determined as the control current. By 

this means, the gate voltage of the current source transistor 112 

25 on the occasion that the dra:ln current :i.s set at the control current 

:ls held in the current source capacitor 111. After that. the 

current holding transistor 884 is turned in the OFF state. Then, 

the electric charges held in the current source capacitor 111 are 
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distributed also to the gate electrode of the light emitting 

transistor 886. By this means, at the same time when the current 

holding transistor 884 is turned in the OFF state, the light emitting 

transistor 886 is automatically turned in the ON state. 

5 In a period TD4 shown in Fig.13F, the current reference 

transistor 888 and the current input transistor 883 are turned 

OFF. By this means, the control current is prevented from flowing 

through the pixel. In addition, it is desirable that a ti.ming 

that the current holding transistor 884 is turned OFF, as compared 

10 to a timing that the current input transistor 883 is turned OFF, 

is earlier or simultaneous. This is because of preventing the 

electric charges held in the current source capacitor 111 from 

being discharged. After the period TD4, in case that a voltage 

is applied between the terminal A and the terminal B, through the 

15 current source transistor 112 and the light emitting transistor 

886, a constant current is outputted. In short, on the occasion 

that the current source circuit 102 outputs the constant current, 

the current source transistor 112 and the light emitting transistor 

886 functionlikeonemulti-gatetypetransistor. On that account, 

20 it is possible to lessen a value of the constant current to be 

outputted, to the control current to be inputted. By this means, 

it is possible to speed up the setting operation of the current 

source circuit. In addition, there is anecessitythat the current 

characteristics of the light emitting transistor 886 and the 

25 current source transistor 112 are made to be the same. Also, it 

is desirable that current characteristics of the light emitting 

transistor 886 and the current source transistor 112 are made to 

be the same. This is because, in each current source circuit 102 
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having the fifth structure, in case that polarities of the light 

emitting transistor 886 and the current source transistor 112 are 

not the same, there occurs variation of the output current of the 

current source circuit. 

5 In addition, in the current source circuit of the fifth 

structure, by a transistor which converts the control current, 

which is inputted, into the corresponding gate voltage (current 

source transistor 112), a current is outputted from the current 

source circuit 102. On one hand, in the current source circuit 

10 of the first structure, the control current is inputted, and the 

transistor which converts the inputted control current into the 

corresponding gate voltage (current transistor) is completely 

different from the transistor which converts the gate voltage into 

the drain current (current source transistor). Thus, it is 

15 possible to more reduce influence which is given to the output 

current of the current source circuit 102 by variation of a current 

characteristic of a transistor. than in the first structure. 

In addition, in case that a current is made to flow through 

the terminal B in the periods TDl to TD3 on the occasion of the 

20 setting operation, the current reference line SCL and the current 

reference transistor 888 are not necessary. 

Each signal line of the current source circuit of the fifth 

structure can be shared. For example, there is no problem in 

operation if the current input transistor 883 and the current 

25 holding transistor 884 <ITe switched to be ON or OFF at the same 

timing. On that account. polarities of the current input 

transistor 883 and the current holding transistor 884 are made 

to be the same, and the signal line GH and the signal line GN can 
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be shared. Also, there :is no problem :in operation if the current 

reference transistor 888 and the current input transistor 883 are 

switched to be ON or OFF at the same timing. On that account, 

polarities of the current reference transistor 888 and the current 

5 :input transistor 883 are made to be the same. and the s:ignal line 

10 

15 

20 

GN and the signal l:ine GC can be shared. 

Then, the current source circuits of the above-described 

f:irst structure to the f:ifth structure will be organized with 

respect to each feature and with slightly larger framework. 

The above-described five current source circuits are. 

roughly divided, classified into a current mirror type current 

source circuit. a same transistor type current source circuit. 

and a multi-gate type current source circuit. These w:ill be 

descr:ibed hereinafter. 

As the current mirror type current source circuit. cited 

is the current source circuit of the first structure. In the 

current mirror type current source circuit, the signal which is 

inputted to the light emitting element :is a current which is formed 

by increasing or decreasing the control current which is inputted 

to the pixel. by a predetermined scaling factor. On that account. 

it :is possible to set the control current larger to some extent. 

Thus. it is possible to speed up the setting operation of the current 

source circuit of each pixel. However. if current characteristics 

of a pair of transistors, which configure a current mirror circuit 

25 that the current source circuit has. differ, there is a problem 

that :image di.splay is varied. 

As the same transistor type current source circuit. c:ited 

are the current source circu:its of the second structure and the 
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third structure. In the same transistor type current source 

circuit, the signal which is inputted to the light emitting element 

is the same as the current value of the control current which is 

inputted to the pixel. Here, in the same transistor type current 

5 source circuit, the transistor to which the control current is 

inputted is the same as the transistor which outputs a current 

to the light emitting element. On that account, reduced is image 

irregularity due to variation of current characteristics of 

transistors. 

10 As the multi-gate type current source circuit, cited are 

(, 
the current source circuits of the fourth structure and the fifth 

structure. In the multi-gate type current source circuit, the 

signal which is imputted to the light emitting element is a current 

which is formed by increasing or decreasing the control current 

15 which is inputted to the pixel, by a predetermined scaling factor. 

On that account. it is possible to set the control current larger 

to some extent. Thus, it is possible to speed up the setting 

operation of the current source circuit of each pixel. Also, a 

portion of the transistor to which the control current is inputted 
(i 

··-·-"' 20 and the transistor which outputs a current to the light emitting 

element is shared with each other. On that account, reduced is 

image irregularity due to variation of current characteristics 

of transistors. as compared with the current mirror type current 

source circuit. 

25 Then, in each of the above-described current source circuits 

in three classifications. a relation of its setting operation and 

an operation of the switch part which makes the pair will be 

described. 
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A relation of the setting operat:l.on in case of the current 

mirror type current source circuit and the operation of the 

corresponding switch part will be shown hereinafter. In case of 

the current mirror type current source circuit, even during a period 

5 that the control current is inputted, it is possible to output 

the predetermined constant current. On that account, there is 

no necessity to carry out the operation of the switch part wb.ich 

makes the pair and the setting operation of the current source 

circuit in synchronous with each other. 

10 A relation of the setting operation in case of the same 

transistor type current source circuit and the operation of the 

corresponding switch part will be shown hereinafter. In case of 

the same transistor type current source circuit, dur:l.ng a period 

that the control current is inputted, it :ls not possible to output 

15 the constant current. On that account, there occurs a necessity 

to carry out the operation of the switch part which makes the pair 

and the sett:l.ng operation of the current source circuit in 

synchronous with each other. For example, only when the switch 

part is in the OFF state, it is poss:i.ble to carry out the setting 

20 operation of the current source circuit. 

A relat:lon of the sett:lng operation in case of the multi-gate 

type current source circuit and the operation of the corresponding 

switch part will be shown hereinafter. In case of the multi-gate 

type current source circuit, dur:lng a period that the control 

25 current is inputted, it is not possible to output the constant 

current. On that account, there occurs a necessity to carry out 

the operation of the switch part which makes the pair and the set ting 

operation of the current source circuit in synchronous with each 
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other. For e:i<:ample. only when the switch part is in the OFF state., 

it is possible to carry out the setting operation of the current 

source circuit. 

Then, an operation on the occasion of combining with the 

5 time gray scale system, in case that the setting operation of the 

current source circuit is made to be synchronous with the operation 

of the switch part which makes the pair, will be described in_ detail. 

Here, a case that the setting operation of the current source 

circuit is carried out only in case that the switch part is in 

10 the OFF state will be watched. In addition, since detail 

explanationofthetimegrayscalesystemisthesameasthetechnique 

shown in the embodiment 2, it will be omitted here. In case of 

using the time gray scale system, it is the non display period 

that the switch part is always turned in the OFF state. Thus, 

15 in the non display period. it is possible to carry out the setting 

operation of the current source circuit. 

The non display period is initiated by selecting each pixel 

row in sequence in the reset period. Here, it is possible to carry 

out the setting operation of each p.ixel row with the same frequency 

20 as frequency for selecting the scanning line in sequence. For 

example. a case of using the switch of the structure shown in Fig. 3 

will be watched. It is possible to select each pixel row and carry 

out the setting operation of the current source circuit w.ith the 

same frequency as frequency for select.ing the scanning line G and 

25 the delet.ing signal line RG in sequence. 

But. there is a case that it is difficult to sufficiently 

carry out the setting operation of the current source circuit in 

the selection period of one row length. In that moment . .it is 
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fine if the setting operation of the current source circuit is 

slowly carried out, by using the selection period of a plurality 

of rows. To carry out the setting operation of the current source 

circuit slowly means to carry out an operation for storing 

5 predetermined electric charges slowly by taking long time into 

the current source capacitance which the current source circuit 

has. 

As just described. since each row is selected by using the 

selection period of a plurality of rows. and by using the same 

10 frequency as frequency for selecting the deleting signal line RG 

etc. in the reset period, the rows are to be selected at intervals. 

Thus, in order to carry out the setting operations of the pixels 

of all rows, there is a necessity to carry out the setting operations 

in a plurality of the non display periods. 

15 Then. a structure and a driving method of a d:isplay device 

on the occasion of us:ing the above-descr:ibed techn:iques will be 

described. Firstly, a driving method in case that the setting 

operation of the pixel of one row is carried out by using the same 

length period as the period in which a plurality of the scanning 

20 lines are selected will be described. F:ig.14 is used for the 

description. In the figure, as an example, shown is a timing chart 

for carrying out the setting operation of the pixel of one row 

during a period in which ten scanning l:ines are selected. 

Fig .14A shows an operation of each row in each frame period. 

25 In addition, the same reference numerals and signs are given to 

the same port:ions as the timing chart shown in Fig. 4 in the embodiment 

2, and the descript:ion thereof will be omitted. Here. shown is 

a case that one frame period is divided into three sub frame periods 
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SF2 and SF3 • In add:ition, :l.t :ls configured that the non display 

period Tus :is d:isposed in the sub frame periods SF1 to SF3 , 

respectively. In the non display period Tus, the setting operation 

of the p:l.xel is carried out (in the figure, the period A and the 

5 period B). 

Then, the operation in the period A and the period B will 

be described in detail. F:ig .14B is used for the d~!)cript:ion. In 

addition, :l.n the figure, a period in which the setting operat:ion 

of the pixel is carried out is shown by the period in which the 

10 signal line GN :is selected. In general, the signal line GN of 

the pixel of i ( i is a natural number) -th row :is shown by Gni. Firstly, 

in a period A of a first frame period F1, GN1 • GNu, GN21 , •••••• 

are selected at intervals. By this means, carr:l.ed out is the 

setting operation of the pixels of a first row, an eleventh row, 

15 a twenty first row, ..... (period 1). Then, in a period B of the 

first frame period F 1 , GN2 , GN12 , GN22 , ••••• are selected. By this 

means, carried out is the setting operation of the pixels of a 

second row, a twelfth row, a twenty second row, .... (period 2). 

Byrepeatingtheabove-descr:l.bedoperationsduring5frameperiods, 

20 the setting operations of all p:l.xels are ordinarily carried out. 

Here, a period wh:l.ch can be used for the setting operation 

of the pixel of one row is represented by Tc. in case of using 

the above-described driving method, it is possible to set Tc at 

ten times of the selection period of the scann:l.ng l:l.ne G. By this 

25 means, :I. t is possible to lengthen time which :ls used for the setting 

operation per one pixel. Also. :l.t is possible to carry out the 

setting operation of the pixel efficiently and accurately. 

In addition, in case that the ordinary setting operation 
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is not enough, it is fine to carry out the setting operation of 

the pixel gradually by repeating the above-described operation 

a plurality of times. 

Then, a structure of a driving circuit on the occasion of 

5 using the above-described driving method will be described by use 

of Fig. 15. In addition, Fig. 15 shows a driving circuit which inputs 

a signal to the signal line GN. However, the f;ame is applied to 

a signal which is inputted to other signal lines that the current 

source circuit has. Two structural e:ii:amples of the driving circuit 

10 for carrying out the setting.operation of the pixel will be cited. 

A first e:ii:ample is the driving circuit of such a structure 

that an output of a shift register is switched by a switching signal 

to be outputted to the signal line GN. An e:ii:ample of this structure 

of the driving circuit (setting operation use driving circuit) 

15 is shown in Fig .15A. A setting operation use driving circuit 5801 

20 

25 

is configured by a shift register 5802, an AND circuit, an inverter 

circuit (INV) and so on. In addition, here shown is an example 

of the driving circuit of such a structure that one signal line 

GN is selected during a period which is four times of a pulse output 

period of the shift register 5802. 

An operation of the setting operation use driving circuit 

5801 will be described. The output of the shift register 5802 

is selected by a switching signal 5803 and outputted to the signal 

line GN through the AND circuit. 

A second e:ii:ample is the driving circuit of such a structure 

that a signal for selecting a specific row is latched by an output 

of a shift register. An example of the driving circuit of this 

structure (setting operation use driving circuit) is shown in 
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Fig .15B. A setting operation use dr.iv.ing circuit 5811 has a shift 

reg.ister 5812, a latch 1 circuit 5813. and a latch 2 circuit 5814. 

An operation of the setting operat.ion use driving circuit 

5811 will be described. By an output of the shift register 5812, 

5 the latch 1 circuit 5813 holds a row selection signal 5815 in sequence. 

Here, the row selection s.ignal. 5815 is a signal for selecting an 

arbitrary output signal out of the output of the sh:l.ft register 

5812. The signal. held in the latch 1 circuit 5813 is transferred 

to the l.atch 2 circuit 5814 by a latch signal. 5816. By this means. 

10 a signal is inputted to a specific signal. 1..1.ne GN. 

In addi t:l.on. even .in the display period. in case of the current 

mirror type current source c.ircu.i t, the setting operation can be 

carried out. Al.so, in the same transistor type current source 

c.ircuit and the multi-gate type current source circuit, may be 

15 used such a drive method that the display period .is once interrupted 

to thereby carry out the setting operation of the current source 

circuit, and after that. the display period is resumed. 

It is possible to realize this embodiment by being freely 

combined with the embodiment 1 and the embodiment 2. 

20 

(Embodiment 4) 

In this embodiment, a structure and an operation of each 

pixel w:il.l be described. In addition, a case that each pixel has 

two pairs is taken as an exampl.e. And, a case that structures 

25 of two current source circuits of two pairs are selected from and 

combined with structures of the five current source circuits shown 

in the embodiment 3 will be described as an example. 

A first comb.ination example will be shown. In the first 
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comb:l.nation example, each of two current source circuits (a f:l.rst 

current source circuit and a second current source circuit) that 

the pixel has :ls the current source c1rcu1t of the second structure 

shown 1n F:l.g. lOA. In addition. s:l.nce a structure of these current 

5 source c:l.rcuits is the same as in the embodiment 3, detail 

descr:l.ption will be om:l.tted. 

F:l.g .16 shows the structure of .J:h.e p:l.xel of the f1rst 

combinat:l.on example. In add1t.1on, 1n Fig,16, the same reference 

numerals and s1gns are g1ven to the same port1ons as in F.1.g.10. 

10 In add1 tion, a port:l.on wh1ch corresponds to the f 1rst current source 

c1rcu1t is shown by add:l.ng a after the reference numerals of F1g. lOA, 

and a port1on wh1ch corresponds to the second current source 

c1rcui t .is shown by adding b after the reference numerals of F.1.g. lOA. 

Also, descr.1pt1onof a structure of the sw:l.tchparts (a first sw:l.tch 

15 part and a second sw1tch part) of the respect:l.ve pairs will be 

omitted here by referring to the embod:l.ment 2. 

Here, the first current source circuit 102a and the second 

current source circu;Lt 102b can share wirings and elements. For 

example. a signal line GNa and a s1gnal line GNb can be shared. 

20 Also. a s1gnal line GHa and a signal line GHb can be shared. 

Furthermore, a signal l:l.ne GSa and a signal l:l.ne GSb can be shared. 

Th:l.s structure is shown 1n Fig.17A. Also. a current l1ne CLa and 

a current line CLb can be shared. Th:l.s structure is shown in Fig .178. 

In add;Lt:l.on. structures of F1g.17A and Fig.17B can be freely 

25 comb;Lned. 

A way of setting of each current source circu:l.t 102a and 

102b is the same as in the embodiment 3. The current source circuits 

102a and l02b are the same transistor type current source circuit. 
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Thus, it is desirable that its setting operation is carried out 

in synchronous with the operation of the switch part . Also, current 

stop transistors 205a and 205b may be unnecessary depending upon 

a drive method. 

5 It :is possible to realize this embod:i.ment by being freely 

combined with the embodiment 1 to the embodiment 3. 

(Embodiment 5) 

In this embodiment, a structure and an operation of each 

10 pixel will be described. In addition, a case that each pixel has 

15 

20 

25 

two pairs is taken as an example. And, a case that structures 

of two current source circuits of two pairs are selected from and 

combined with structures of the f:i.ve current source circuits shown 

in the embodiment 3 will be described as an example. 

In addition. a second combination example, which is different 

from the first combination example shown in the embodiment 4, will 

be described. In the second combination example, one (a first 

current source circuit) of two current source circuits that the 

pixel has is the current source circuit of the second structure 

shown in Fig.lOA. The other current source circuit (a second 

current source circuit) is the current source circuit of the first 

structure shown in Fig. 9A. In addition. since a structure of these 

current source circuits is the same as in the embodiment 3. detail 

description will be omitted. 

Fig.18 shows the structure of the pixel of the second 

combination example. In addition. in Fig,18, the same reference 

numerals and signs are given to the same portions as in Fig.lOA 

and Fig. 9A. In addition. a portion which corresponds to the first 

86 



( , 

( , 

Z 9 SEP 2006 

current source circuit is shown by adding a after the reference 

numerals of Fig. lOA, and a portion wh:i.ch corresponds to the second 

current source circuit is shown by adding b after the reference 

numerals of F:i.g. 9A. Also, descr:i.pt:i.on of a structure of the sw:i. tch 

5 parts (a f :l.rst sw:i. tch part and a second switch part) of the respective 

pairs w:i.11 be omitted here by referring to the embodiment 2. 

Here, the first current source circuit 102a and the second 

current source c:i.rcuit 102b can share wirings and elements. Also, 

the first current source circuit 102a and the second current source 

10 c:i.rcuit 102b can share the current source capac:i.tance. This 

structure is shown in Fig.40. In addition, the same reference 

numerals and signs are given to the same portions as in Fig.18. 

In addition, it is possible to share the current transistor 1405b 

between different pixels. 

15 Also, signal l:i.nes can be shared. For example, a signal 

line GNa and a signal line GNb can be shared. Also, a signal line 

GHa and a signal line GHb can be shared. This structure :is shown 

in Fig.19A. Also, a current l:i.ne CLa and a current line CLb can 

be shared. This structure :is shown in Fig.19B. Also. in lieu 

20 of the current line CLa, a signal l:i.ne Sb can be used. This structure 

:i.s shown in Fig.19C. In addition, structures of Fig.40, Figs.19A 

to 19C can be freely combined. 

A way of setting of each current source circuit l02a and 

102b is the same as in the embodiment 3. The current sourcec:i.rcuits 

25 102a is the same transistor type current source circuit. Thus, 

it is desirable that its setting operation is carried out in 

synchronous with the operation of the switch part. Also, current 

stop transistors 205 may be unnecessary depending upon a dr:l.ve 
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method. On one hand, the current source circuit 102b is the current 

mirror type current source circuit. Thus, it is possible to carry 

out its setting operation in asynchronous with the operation of 

the switch part. 

5 In a pixel structure of this embodiment, in case that current 

values of currents which are outputted by the same transistor type 

current source circuit and the current m:i.rror type current source 

circuit of each pixel are made to differ, it is desirable that 

an output current of the same transistor type current source circuit 

10 is set larger as compared to a current value of an output current 

of the current mirror type current source circuit. A reason thereof 

will be hereinafter described. 

As described in the embodiment 3, in the same transistor 

type current source circuit, there is a necessity to input the 

15 control current which is of the same current value as the output 

current, but in the current mirror type current source circuit, 

:i.t is possible to input the control current which is of the larger 

current value than the current value of the output current. By 

using the control current of larger current value, it is possible 

20 to realize the setting operation of the current source circuit 

quickly and accurately because of difficulty of coming under 

influence etc. of noise. On that account, in case that the output 

currents of the same current value are tentatively set. the setting 

operation of the current source circuit in the same transistor 

25 type current source circuit gets later than in the current mirror 

type current source circuit. Then. :ln the same transistor type 

current source circuit. it is des:i.rable that the current value 

of the output current is made larger than that of the current mirror 
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type current source circuit so that the current value of the control 

current is enlarged. and the sett:lng operation of the current source 

circuit is carriea out quickly and accurately. 

Also. as described in the embodiment 3, in the current mirror 

5 type current source circuit, as compared to the same transistor 

type current source circuit. variation of the output current is 

larger. As to the output_ current of the current source circuit, 

the more its current value is, the larger influence of the variation 

appears. On that account, in case that the output currents of 

10 the same current value are tentatively set, variation of the output 

current becomes larger in the current mirror type current source 

circuit than in the same transistor type current source circuit. 

Then, in the current mirror type current source circuit, it is 

desirable that the current value of the output current is made 

15 smaller than that of the same transistor type current source circuit 

20 

25 

and variation of the output current is made smaller. 

By the foregoing. in the pixel structure of this embodiment, 

in case that current values of currents which are outputted by 

the same transistor type current source circuit and the current 

mirror type current source circuit of each pixel respectively are 

made to differ, it is desirable that the current value of the output 

current of the same transistor type current source circuit is set 

larger as compared to the current value of the output current of 

the current mirror type current source circuit. 

Also, in case that the pixel structure of Fig.40 is used, 

it is desirable that the output current of the current source circuit 

102a is set to be larger than the output current of the current 

source circuit 102b. By this means, by enlarging the output current 
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of the current source circuit 102a for which the setti.ng operation 

is carried out, it is possible to carry out the setting operati.on 

quickly. Also, in the current source circuit 102b in which the 

drain current of the transistor 112b, which is different from the 

5 transistor to whi.ch the control current is inputted, is set at 

the output current, it is possible to lessen the influence of 

variation by setting .the output current smaller. 

10 

It is possible to realize this embodiment by being freely 

combined with the embodiment 1 to the embodiment 3. 
, .. ·· 

(Embodiment 6) 

In this embodiment, a structure and an operation of each 

pixel will be described. In addition, a case that each pixel. has 

two pairs is taken as an example. And, a case that structures 

15 of two current source circuits of two pairs are selected from and 

20 

combined with structures of the five current source circuits shown 

in the embodiment 3 will be described as an example. 

In addition, a third combi.nation example, which is different 

from the first combination example and the second combination 

example shown in the embodiment 4 and the embodiment 5, wil.1 be 

described. In the third combination example, one (a first current 

source circuit) of two current source circuit that the pixel has 

is the current source structure of the second structure shown in 

Fig. lOA. The other current source circuit (a second current source 

25 circuit) is the current source circuit of the third structure shown 

in Fig. llA. In addition. since structures of these current source 

circu:l.ts are the same as in the embodiment 3, detail description 

will be omitted. 
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Fig. 20 shows the structure of the pixel of the third 

combination example. In addition, in Fig, 20, the same reference 

numerals and signs are given to the same portions as in Fig.lOA 

and Fig. llA. In addi ti.on. a portion which corresponds to the first 

5 current source circuit is shown by adding a after the reference 

10 

numerals of Fig. lOA. and a portion which corresponds to the second 

current source ci.rcuit is shown by adding b after the reference 

numerals of Fig .11A. Also. description of a structure of the switch 

parts (a first swi tchpart and a second swi tchpart) of the respective 

pairs wi11 be omitted here by referring to the embodiment 2. 

Here. the first current source circuit 102a and the second 

current source circuit 102b can share wirings and elements. Also, 

the first current source circuit 102a and the second current source 

circuit 102b can share the current source capacitor 111. This 

15 structure can be made to be the same as in Fig.40. In addition, 

the same reference numerals and signs are given to the same portions 

as in Fig.20. Also. signal lines can be shared. For example, 

a signal line GNa and a signal line GNb can be shared. Also, a 

signal line GHa and a signal line GHb can be shared. Furthermore. 

20 a signal line GSa and a signal line GEb can be shared. This structure 

is shown in Fig. 2 lA. Also, a current line CLa and a current line 

CLbcan be shared. This structure is shown inFig. 21B. In addition, 

structures of Fig.40, Figs.21A and 21B can be freely combined. 

A way of setting of each current source circuit 102a and 

25 102b is the same as in the embodiment 3. The current source circuits 

102a and the current source circuit 102b are the same transistor 

type current source circuit. Thus. it is desirable that its setting 

operation is carried out in synchronous with the operation of the 
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switch part . Also. current stop transistors 205a may be 

unnecessary depending upon a drive method. 

It is possible to realize this embodiment by being freely 

combined with the embodiment 1 to the embodiment 3. 

5 

(Embodiment 7) 

In this embodiment, a structure and an operation of each 

pixel will be described. In addition, a case that each pixel has 

two pairs is taken as an example. And, a case that structures 

10 of two current source circuits of two pairs are selected from and 

comb.ined with structures of the five current source circuits shown 

in the embodiment 3 will be described as an example. 

In addition. a fourth combination example, which is different 

from the first combination example to the third combination example 

15 shown in the embodiment 4 to the embodiment 6, will be described. 

In the fourth combination example, one (a first current source 

circu.it) of two current source circuits that the pixel has is the 

current source structure of the second structure shown in Fig. lOA. 

The other current source circuit (a second current source circuit) 

20 is the current source circuit of the fourth structure shown in 

Fig.12A. In addition, since a structure of these current source 

circuits is the same as in the embodiment 3, detail description 

will be omitted. 

Fig.22 shows the structure of the pixel of the fourth 

25 combination example. In addition, in Fig.22. the same reference 

numerals and signs are given to the same portions as in Fig.lOA 

and Fig .12A. In addition, a portion which corresponds to the first 

current source circuit is shown by adding a after the reference 
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numerals of Fig. lOA, and a portion which corresponds to the second 

current source circuit is shown by adding b after the reference 

numerals of Fig. l2A. Also, description of a structure of the switch 

parts (a first swi tchpart and a second switch part) of the respective 

5 pairs will be omitted here by referring to the embodiment 2. 

Here, the first current source circuit 102a and the second 

current s9~rce circuit 102b can share wirings and elements. For 

example, signal lines can be shared. For example, a signal line 

GNa and a signal line GNb can be shared. Also, a signal line GHa 

10 and a signal line GHb can be shared. This structure is shown in 

Fig.23A. Also, a current line CLa and a current line CLb can be 

shared. This structure is shown in Fig.23B. Also. in lieu of 

the current line CLa, a signal line Sa can be used. This structure 

is shown in Fig.23C. In addition, structures of Figs.23A to 23C 

15 can be freely combined. 

A way of setting of each current source circuit 102a and 

102b is the same as in the embodiment 3. The current source circuit 

102a is the same transistor type current source circuit. Thus, 

it is desirable that its setting operation is carried out in 

20 synchronous with the operation of the switch part. Also. the 

current source circuit 102b is the multi-gate type current source 

circuit. Thus, it is desirable that its setting operation is 

carried out in synchronous with the operation of the switch part. 

Also. current stop transistors 205 a may be unnecessary depending 

25 upon a drive method. 

In a pixel structure of this embodiment. in case that current 

values of currents which are outputted by the same transistor type 

current source circuit and the multi-gate type current source 

93 



(--_-

zg SEP 2006 

circuit of each pixel are made to differ, it is desirable that 

an output current of the same transistor type current source circuit 

is set larger as compared to a current value of an output current 

of the multi-gate type current source circuit. A reason thereof 

5 will be hereinafter described. 

As described in the embodiment 3, in the same transistor 

type 9urrent source circuit, there is a necessity to input the 

control current which is of the same current value as the output 

current, but in the multi-gate type current source circuit, it 

10 is possible to input the control current which is of the larger 

current value than the current value of the output current. By 

using the control. current of larger current value, it is possibl.e 

to realize the setting operation of the current source circuit 

quickly and accurately because of difficulty of coming under 

15 influence etc. of noise. On that account, in case that the output 

20 

25 

currents of the same current value are tentatively set. the setting 

operation of the current source circuit in the same transistor 

type current source circuit gets later than in the multi-gate type 

current source circuit. Then, in the same transistor type current 

source circuit, it is desirable that the current value of the output 

current is made larger than that of the multi-gate type current 

source circuit so that the current value of the control current 

is enlarged, and the setting operation of the current source circuit 

is carried out quickly and accurately. 

Also, as described in the embodiment 3, in the multi-gate 

type current source circuit. as compared to the same transistor 

type current source circuit. variation of the output current is 

larger. As to the output current of the current source circuit. 
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the more its current value is, the larger influence of the variation 

appears. On that account, in case that the output currents of 

the same current value are tentatively set, variation of the output 

current becomes larger in the multi-gate type current source 

5 circuit than in the same transistor type current source circuit. 

Then, in themul.ti-gate type current source circuit. it is desirable 

that the current value of the output current is made small.er than 

that of the same transistor type current source circuit and 

variation of the output current is made smaller. 

10 By the foregoing, in the pixel. structure of this embodiment. 

in case that current values of currents which are outputted by 

the same transistor type current source circuit and the multi-gate 

type current source circuit of each pixel respectively are made 

to differ, it is desirable that the current value of the output 

15 current of the same transistor type current source circuit is set 

1.arger as compared to the current value of the output current of 

the multi-gate type current source circuit. 

It is possible to realize this embodiment by being freely 

combined with the embodiment 1 to the embodiment 3. 

(Embodiment 8) 
I 

In this embodiment, a structure and an operation of each 

pixel wil.l be described. In addition, a case that each pixel has 

two pairs is taken as an example. And, a case that structures 

25 of two current source circuits of two pairs are selected from and 

combined with structures of the five current source circuits shown 

in the embodiment 3 wil.l be described as an example. 

In addition. a fifth combination example. which is different 
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from the first combination example to the fourth combination 

example shown in the embodiment 4 to the embodiment 7. will be 

described. In the fi.fth combination example. one (a first current 

source circuit) of two current source circuits that the pixel has 

5 is the current source structure of the second structure shown in 

Fig. lOA. The other current source circuit (a second current source 

circuit) is the current source circuit of the fifth structu:io<>. 5hown 

in Fig. l 3A. In addition, since a structure of these current source 

circuits is the same as in the embodiment 3, detail description 

10 will be omitted. 

Fig. 24 shows the structure of the pixel of the fifth 

combination example. In addition, in Fig,24, the same reference 

numerals and signs are given to the same portions as in Fig. lOA 

and Fig .13A. In addition, a portion which corresponds to the first 

15 current source circuit is shown by adding a after the reference 

numerals of F:i.g. lOA, and a portion which corresponds to the second 

current source circuit is shown by adding b after the reference 

numerals of Fig. 13A. Also. description of a structure of the switch 

parts(afirstswitchpartandasecondswitchpart)oftherespective 

20 pairs will be omitted here by referring to the embodiment 2. 

Here, the f:i.rst current source ci.rcuit 102a and the second 

current source circuit 102b can share wirings and elements. For 

example, signal lines can be shared. For example, a signal line 

GNa and a signal line GNb can be shared. Also. a signal line GHa 

25 and a s:ignal line GHb can be shared. Th:is structure is shown in 

Fig. 25A. Also, a current line CLa and a current line CLb can be 

shared. This structure is shown in F:ig. 25B. In addition, 

structures of Figs.25A and 25B can be freely combined. 
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A way of setting of each current source circuit l02a and 

102b is the same as in the embodiment 3. The current source circuit 

102a is the same transistor type current source circuit. Thus. 

it is desirable that its setting operation is carried out in 

5 synchronous with the operation of the switch part. Also, the 

current source circuit 102b is the multi-gate type current source 

circuit. Thus, it is desirable that its setting ope~~tion is 

carried out in synchronous with the operation of the switch part. 

Also, current stop transistor 205a may be unnecessary depending 

10 upon a drive method. 

In a pixel structure of this embodiment, in case that current 

values of currents which are outputted by the same transistor type 

current source circuit and the multi-gate type current source 

circuit of each pixel are made to differ, it is desirable that 

15 a current value of an output current of the same transistor type 

20 

25 

current source circuit is set larger as compared to a current value 

of an output current of the multi-gate type current source circuit. 

A reason thereof will be hereinafter described. 

It is possible to realize this embodiment by being freely 

combined with the embodiment l to the embodiment 3. 

(Embodiment 9) 

In this embodiment, shown are four concrete examples in case 

that, in the pixel structure of the invention. gray scale is 

expressed by being combined with the time gray scale system. In 

addition. since a basic explanation relating to the time gray scale 

system is carried out in the embodiment 2, the explanation will 

be omitted here. In this embodiment, a case of expressing 64 gray 
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scale will be shown as an example. 

A first example is shown. By appropriately determining the 

output currents of a plurality of the current c;ource circuits that 

each pixel has, the current value (I) of the current flowing through 

5 the light emitting element is changed with a ratio of 1:2. In 

this moment, one frame period is divided into two sub frame periods, 

and a ratio of a length (T) of the display period of each sub frame 

period is set to become 1: 4: 16. By this means. as shown in a table 

1, by the combination of the current (represented by a current 

10 I) flowing through the light emitting element and the length 

(represented by a period T) of the display period . .it is possible 

to express 64 gray scale. 

Table. 1 
15 

c~ 1 4 16 
curren 

1 1 4 16 

2 2 8 32 
(~} 20 

A second example is shown. By <tppropriately determining 

the output currents of a plur<tl.ity of the current source circuits 

25 th<tt e<tch pixel has. the current value (I) of the current flowing 

through the light emitting element is changed with a ratio of 1: 4. 

In this moment. one frame period is divided into two sub frame 

periods, and a ratio of a length (T) of the display period of each 
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sub frame period is set to become 1: 2: 16. By this means. as shown 

in a table 2. by the combination of the current I flowing through 

the light emitting element and the period T. it is possible to 

express 64 gray scale. 

5 

Table. 2 :s:T 1 2 16 
j 

10 1 1 2 16 
c· 

4 4 8 64 

15 A third example is shown. By appropriately determining the 

output currents of a plurality of pairs of source circuits that 

each pixel has. the current value (I) of the current flowing through 

the light emitting element is changed with a ratio of 1: 2: 4. In 

this moment, one frame period is divided in to three sub frame periods, 

(, 20 and a ratio of a length (T) of the display period of each sub frame 

period is set to become 1:8. By this means. as shown in a table 

3. by the combination of the c.urrent I flowing through the light 

emitting element and the period T. it is possible to express 64 

gray scale. 

25 

\ 
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Table. 3 

c~T 1 B 
ent I 

5 

1 1 8 

2 2 16 

4 4 32 

10-

( A fourth example is shown. By appropriately determining 

the output currents of a plurality of the current source circuits 

that each pixel has, the current value (I) of the current flowing 

through the light emitting element is changedwitharatioof 1: 4: 16. 

15 In this moment, one frame period is divided into three sub frame 

periods. and a ratio of a length (T) of the display period of each 

sub frame period is set to become 1:2. By this means, as shown 

in a table 4. by the combination of the current I flowing through 

the light emitting element and the period T, it is possible to 

(_} 20 express 64 gray scale. 

25 
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Table. 4 

::;;: I 
1 2 

current I 

5 1 1 2 

4 4 B 
... ' 

16 16 32 

10 In addition, it is possible to realize this embodi.ment by 

being freely combined with the embodiment l to the embodiment 8. 

(Embodiment 10). 

In the embodiment l to the embodiment 9, shown was the 

15 structure in which each pixel has a plurality of the current source 

circuits and the switch parts. However, it may be a structure 

that each pixel has one pair of the current source circuit and 

the switch part. 

In case that there is one pair in each pixel, it is possible 

20 to express 2 gray scale. In add{tion, by combined with other gray 

scale display method, it is possible to realize multiple gray scale. 

For example, it is possible ~o carry out gray scale display by 

combined with the time gray scale system. 

It is possible to realize this embodiment by being freely 

25 combined with the embodiment 1 to the embodiment 9. 

(Embodiment 11) 

It may be a structure that each pixel has three and more 
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current source circuits. For example, in the first combination 

example to the fifth combination exampJ.e shown in the embodiment 

4 to the embodiment 8, it is possibJ.e to add a circuit arbitrarily 

selected from the current source circuits of the five structures 

5 shown in the embodiment 3. 

It is possibJ.e to realize this embodiment by being freeJ.y 

combined with the embodiment 1 to the embodiment 10. 

(Embodiment 12) 

10 In this embodiment. a structure of a driving circuit which 

inputs the controJ. signaJ. to each pixel in the display device of 

the invention wiJ.J. be described. 

If varied is the control current which is inputted to each 

pixeJ., the current value of the current that the current source 

15 circuit of each pixel outputs will be aJ.so varied. On that account, 

there occurs a necessity of a driving circuit of a structure that 

approximately a constant controJ. current is outputted to each 

current line. An exampJ.e of such driving circuit will be 

hereinafter shown. 

20 For exampJ.e, it is possible to use a signal line driving 

circuit of a structure shown in Patent AppJ.ication NO. 2001-333462, 

Patent Application No.2001-333466, Patent Appl:i.cation 

No. 2001-3334 70. Patent Application No. 2001-335917 or Patent 

AppJ.ication No.2001-335918. In short, by setting the output 

25 current of the signal J.ine driving circuit at the control current, 

it is possible to input it to each pixeJ.. 

In the dispJ.ay device of the invention. by appJ.y:i.ng the 

above-described signal J.ine driv:i.ng circu:i.t, it is poss:i.ble to 
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:Lnput approximately a constant control current to each pixel. By 

th:is means, it :Ls poss:Lble to further reduce var:Lat:Lon of lum:inance 

of an image. 

It :is poss:ible to real:Lze th:Ls embodiment by being freely 

5 combined w:ith the embod:iment 1 to the embod:iment 11. 

(Embodiment 13} 

In this embodiment, a d:isplay system to wh:ich the :invent:ion 

is applied will be descr:ibed. 

10 Here. the display system :includes amemorywh:ich stores v:ideo 

signals wh:Lch are :inputted to the display device, a circuit which 

outputs a control s:ignal (a clock pulse. a start pulse, etc.} which 

is inputted to each dr:iv:ing circuit of the display device, a 

controller wh:ich controls them, and so on. 

15 An example of the display system :Ls shown :Ln F:Lg. 41. The 

d:isplay system has. bes:Ldes the d:isplay dev:ice, an A/D convers:ion 

c:ircu:i t, a memory select:Lon sw:i tch A, a memory select:ion switch 

B, a frame memory 1, a frame memory 2, a controller, a clock s:ignal 

generation circu:Lt, and a power source generation c:ircuit. 

20 An operat:ion of the d:isplay system will be described. The 

A/D convers:ion c:ircui t converts the video signal wh:Lch was :Lnputted 

to the d:isplay system :Lnto a d:ig:i tal v:ideo s:ignal. The frame memory 

A or the frame memory B stores the digital video signal. Here. 

by separately using the frame memory A or the frame memory B w:Lth 

25 respect to each per:iod (w:ith respect to one frame per:iod, w:ith 

respect to each sub frame period}. it is poss:Lble to take an extra 

room :in wr:it:ing a signal to the memory and :in read:ing out a s:ignal 

from the memory. The separated use of the frame memory A and the 
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frame memory B can be realized by switching the memory selection 

switch A and the memory selection switch B by the controller. Also. 

the clock generation circuit generates a clock signal etc. by a 

signal from the controller. The power source generation circuit 

5 generates a predetermined power source signal from the controller. 

10 

15 

20 

The signal which was read out from the memory,. the clock signal. 
r 

the power source and so on are inputted to the display device through 

FPC. 

In addition, the display system to which the invention was 

applied is not limited to the structure shown in Fig.41. In a 

display system of well known every structure, it is possible to 

apply the invention to it. 

It is possible to realize this embodiment by being freely 

combined with the embodiment 1 to the embodiment 12. 

(Embodiment 14) 

The invention can be applied to various electronic devices. 

In short, it is possible to apply the structural components of 

the invention to a portion which the various electronic devices 

have and which carries out image display. 

An one example of the electronic device of the invention, 

cited are a video camera, a digital camera. a goggle type display 

(a head mount display), a navigation system, an audio reproduction 

device (a car audio set, an audio component set and so on) , a notebook 

25 type personal computer. a game machine, a portable information 

terminal (a mobile computer, a portable telephone, a portable type 

game machine or an electronic book. and so on) . an image reproduction 

device having a recording medium (to be more precise, an device 
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which reproduces a recording medium such as DVD etc., and has a 

display which can display its image), and so on. 

In addition, it is possible to apply the invention to various 

electronic devices but not limit to the above-described electronic 

5 device. 

It is possible to realize this embod>.ment by being freely 

combined with the embodiment- l to the embodiment 13. 

(Embodiment 15) 

10 In the display device of the invention, the current source 

transistor operates in the saturation region. Then, in this 

embodiment, an optimum scope of a channel length of the current 

source transistor by which power consumption of the display device 

can be suppressed. and yet, linearity of the operation of the current 

15 source transistor in the saturation region can be maintained will 

be described. 

The current source transistor, which the display device of 

the invention has, operates in the saturation region, and its drain 

current Id is represented by the following formula 1. In addition, 

20 it is assumed that Vgs is a gate voltage. and µ is mobility, and 

25 

Ca is a gate capacitance per unit area, and w is a channel width, 

and L is a channel length, and Vth is a threshold value. and the 

drain current is Id. 

Id ~ µCoW/L(Vgs-Vth) 2/2 ... ( 1 ) 

From the formula 1, it is understood that. in case that values 

of µ. Co. Vth, and W are fixed, Id is determied by values of L 

and Vgs. without depending upon a value of Vds. 

Meanwhile. power consumption is comparable to product of 
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a current and a voltage. Also, since Id is proportion to luminance 

of the l:Lght em:Ltting element, when the luminance is detennined, 

the value of Id is fixed. Thus, in case that reduction of power 

consumption is taken into consideration, it is understood that 

5 jVgsl :Ls desired to be lower, and therefore, L :Ls desired to be 

of a smaller value. 

However, when the ve.l'-!e of L gets smaller, the linearity 

of the saturation region is getting not to be maintained gradually 

due to Early effect or Kink effect. In short, the operation of 

10 the current source transistor is getting not to follow the 

above-described fonnula 1, and the value of Id is getting gradually 

to depend upon Vds. Since the value of Vds is increased based 

upon decrease of VEc due to deterioration of the light emitting 

element, as a chain thereof, the value of Id becomes apt to be 

15 swayed by the deterioration of the light emitting element. 

In short, it is not desirable that the value of L is too 

small, taking the linearity of the saturation region into 

consideration, but if too large, it is not possible to suppress 

the power consumption. It is most desirable that the value of 

20 L is made to be small within a scope that the linearity of the 

saturation region can be maintained. 

Fig.42 shows a relation of L and Aid in a P channel type 

TFT at the time of W~4µm and Vds~1ov. Aid is a value which 

different:Lates Id by L, and comparable to an inclination of Id 

25 to L. Thus, the smaller the value of Aid is, it means that the 

linearity of Id in the saturation region is maintained. And, as 

shown in Fig. 42, 1 t is understood that, as Lis enlarged, the value 

of Aid is getting drastically smaller from an area that L is 
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approximately lOOµm. Thus. in order to maintain the linearity 

of the saturation region, it is understood that L is desirable 

to be the value of approximately lOOµm and more than that. 

And. taking the power consumption into consideration, since 

5 it is desirable that Lis smaller, in order to satisfybothcondi tions, 

it is most desirable that L is lOO±lOµm. In short, by setting 

the scope of Lat 90µm,,;L,,;l:o;;m, the power consumption of the display 

apparatus having the current source transistor can be suppressed, 

and yet, the linearity of the current source transistor in the 

10 saturation region can be maintained. 

It is possible to realize this embodiment by being freely 

combined with the embodiment l to the embodiment 14. 

15 (Embodiment 16) 

In this embodiment, shown is a structural example of the 

pixel using a driving method for further reducing the luminance 

variation which was described in SUMMARY OF THE INVENTION, i.e., 

a driving method for separately using a plurality of the current 

20 source circuits which were set at the same output current on the 

occasion of expressing the same gray scale. 

The pixel shown in this embodiment is of a structure which 

has a plurality of current source circuits. and in which a switch 

part making pairs with a plurality of the current source circuits 

25 is shared. One digital video signal is inputted to each pixel, 

and image display is carried out by selectively using a plurality 

of the current source circuits. By this means, it is possible 

to reduce the number of elements that each pixel has, and to enlarge 
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an open area rat:io. In add:ition, a plurality of the current source 

c:ircuits wh:ich shared the sw:itch part are set :in such a manner 

that they output the same constant current each other. And. on 

the occasion of express:ing the same gray scale, the current source 

5 c:ircu:its wh:ich output the same constant current are separately 

used. By th:is means, even if the output currents of the current 

source c:ircu:i ts are terrt·,,,tivelyvar:ied, the current flowing through 

the l:ight emitting element :is temporar:ily averaged. On that 

account, it is poss:ible to visually reduce the variat:ion of the 

10 lumi.nance due to var:iat:ion of the output currents of the current 

source circu:its between respective pixels. 

Fig. 43 shows the structure of the p:ixel :in this embodi.ment. 

In addit:ion, the same reference numerals and s:igns are given to 

the same port:ions as in Fig.7 and F:ig.8. 

15 F:ig.43A is of a structure that, in the switch parts lOla 

and lOlb correspond:ing to the current source c:ircu:its 102a and 

102b, the sw:itch:ing transistor 301 :is shared. Also, F:ig.43B :is 

of a structure that, in the switch parts lOla and lOlb corresponding 

to the current source circu:its, the switching transistor 301 and 

20 the driving trans:istor 302 are shared. In add:i.tion, although not 

25 

shown :in Fig. 43, the delet:ing trans:istor 304 which was shown :in 

the embodiment 2 may be disposed. A way of a connect:ion of the 

delet:ing transistor 304 :in the pixel can be made to be the same 

as :i.n the embodi.ment 2. 

As the current source c:ircu:i.ts 102a and 102b, the current 

source c:ircui ts of the first structure to the fifth structure shown 

in the embod:i.ment 3 can be freely applied. But, :l.n the structure 

that the switch part making a pair with a plurality of the current 
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source circui.ts i.s shared as i.n thi.s embodiment. :Lt is necessary 

for the current source ci.rcui.ts 102a and 102b themselves to have 

a functi.on for selecti.ng the conductive state or the non conducti.ve 

state between the termi.nal A and the termi.nal B. A reason thereof 

5 is that,· i.t i.s not possi.ble to select the current source ci.rcui.t 

whi.ch supplies a current to the li.ght emi.tti.ng element, out of 

a plurali.ty of the ::current source ci.rcui.ts l02a and 102b, by one 

switch part whi.ch was di.sposed to a plurality of the current source 

ci.rcui. ts . 

10 For example, i.n the embodiment 3, as to the current source 

ci.rcui.ts of the second structure to the fi.fth structure shown i.n 

Fi.gs .10, 11, 12. 13 and so on, the current source ci.rcuit 102 itself 

has the function for selecti.ng the conducti.ve state or the non 

conducti.ve state between the term:l.nal A and the termi.nal B. That 

15 is, in the current source ci.rcu:I. t of such structure, on the occasi.on 

of the setti.ng operat:l.on of the current source ci.rcui.t, it is 

possi.ble to turn in the non conducti.ve state between the termi.nal 

A and the termi.nal B, and on the occasion of carrying out the i.mage 

display, i.t i.s possible to turn in the conducti.ve state between 

20 the terminal A and the terminal B. On one hand, in the embodiment 

3. as to the current source circuit of the first structure shown 

in Fig. 9 etc .• the current source circuit 102 itself does not have 

the function for selecting the conducti.ve state or the non 

conductive state between the terminal A and the terminal B. That 

25 is, i.n the current source circuit of such structure, on the occasion 

of the setting operation of the current source circu:l.t and on the 

occasion of carrying out the image display. it is in the conductive 

state between the terminal A and the terminal B. Thus. in case 
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that the current source circu:i.t as shown :in F:i.g. 9 :is used as the 

current source c:i.rcu:i.t of the p:i.xel of th:i.s embod:i.ment as shown 

:in F:i.g. 43, there :is a necess:i.ty to d:i.spose a unit for controll:i.ng 

the conduct:i.ve and non conductive states between the terminal A 

5 and the term:i.nal B of the respect:i.ve current source c:i.rcu:i.ts by 

a signal wh:i.ch :is d:i.fferent from the d:i.gital v:i.deo s:i.gnal. 

In the ~~xel of the structure of this embodiment, dur:i.ng 

a per:i.od that the setting operat:i.on of one current source c:i.rcu:i.t 

out of a plural:i.ty of th:.e current source c:i.rcu:i.ts which shared 

10 the switch part :is carried out, it is poss:i.ble to carry out the 

display operation by using another current source circuit. On 

that account , in the pixel structure of this embodiment, even :if 

used :is the current source circu:i.t of the second structure to the 

f:i.fth structure which can not carry out the setting operat:i.on of 

15 the current source circuit and the current output at the same time, 

20 

25 

it is poss:i.ble to carry out the sett:ing operation of the current 

source circu:i.t and the display operation at the same time. 

It is possible to real:i.ze this embodiment by being freely 

combined with the embodiment 1 to the embodiment 15. 

(Embodiment 17) 

In this embodiment, shown is an example that the structure 

of the switch part shown in Fig. 3 is applied to the p:i.xel of the 

structure shown in Fig.lOA :in the embodiment 4. 

The pixel structure of this embodiment is shown in Fig. 44A. 

In add:i.tion, the same reference numerals and signs are given to 

the same portions as in Fig.3 and F:i.g.lOA. and the description 

thereof w:i.ll be omitted. Also. the pixel of such a structure that 
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the anode and the cathode of the light emitting element in Fig.44A 

was reversed is shown in Fig.44B. 

It is possible to realize this embodiment by being freely 

combined with the embodiment l to the embodiment 16. 

5 In the display device of the invention, since the current 

flowing through the light emitting element can be maintained to 

be the pre:'!atermined constant current on the occasion of carrying 

out the image display, it is possible to have it emitted light 

with constant luminance regardless of the change of the current 

10 characteristic due to deterioration etc. of the light emitting 

element. Also, by selecting the ON state or the OFF state of the 

switch part by the digital video signal, the light emission state 

or the non light emission state of each pixel is selected. On 

that account, it is possible to speed up writing of the video signal 

15 to the pixel. Furthermore, in the pixel in which the non light 

emission state was selected by the video signal, since the current 

which is inputted to the light emitting element is completely 

blocked by the switch part, it is possible to realize accurate 

gray scale expression. 

20 In the conventional current writing type analog system pixel 

structure, there was the necessity to lessen the current which 

is inputted to the pixel according to the luminance. On that 

account, there was the problem that the influence of noise is large. 

On one hand, in the pixel structure of the display device of the 

25 invention, if the current value of the constant current flowing 

through the current source circuit is set larger to some extend. 

it is possible to reduce the influence of noise. 

Also, it is possible to have the light emitting element 
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emitted light with constant luminance regardless of change of the 

current characteristic due to deterioration etc., and a speed of 

writing a signal to each pixel is fast, and it is possible to express 

accurate gray scale, and it is possible to provide the display 

5 device with low cost and smaller size and the driving method thereof. 
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1. A display device including a pixel comprising: 

a plurality of current source circuits; and 

a plurality of switch parts, 
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wherein a plurality of constant control currents are supplied respectively to 

the plurality of current source circuits, wherein the current source circuits 

generate respectively constant output currents corresponding to the constant 

control currents, and 

wherein each of the switch parts selects an input of the output current from 

each of the plurality of current source circuits to a light emitting element by a 

digital video signal. 

2. A display device comprising: 

at least one light emitting element; 

a frrst current source circuit connected to the light emitting element through 

a frrst switch; 

a second current source circuit connected to the light emitting element 

through a second switch; and 

a power source line, 

wherein said frrst and second current source circuits are connected between 

the light emitting element and the power source line, 

wherein a first control signal is input to the first current source circuit and a 

second control signal is input to the second current source circuit, and 

wherein a frrst video signal is input to the first switch and a second video 

signal is input to the second switch. 

3. A display device according to claim 1, 

wherein each of the plurality of current source circuits comprises: 

a transistor; 

a first means for selectively inputting the control current as a drain 

current of the transistor; 

a second means for holding a gate voltage of the transistor; 
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a third means for selecting a connection of a gate and a drain of the 

transistor; and 

a fourth means for setting the output current at a drain current of the 

transistor which corresponds to the held gate voltage. 

4. A display device comprising: 

at least one light emitting element; 

a first current source circuit connected to the light emitting element through 

a first switch; 

a second current source circuit connected to the light emitting element 

through a second switch; 

a power source line wherein said first and second current source circuits are 

connected between the light emitting element and the power source line in parallel, 

wherein each of the first and second current source circuits comprises: 

a first terminal and a second terminal; 

a first transistor and a second transistor connected between the first 

and second terminals in series, wherein the first transistor comprises a source 

region and a drain region, wherein first one of the source region and the drain 

region is connected to the first terminal and wherein second one of the source 

region and the drain region is connected to the second transistor; 

a third transistor connected between the power source line and the 

second one of the source region and the drain region of the first transistor; 

a fourth transistor connected between a gate of the first transistor 

and the second one of the source region and the drain region of the first transistor; 

a capacitor connected between the gate of the first transistor and the 

first one of the source region and the drain region of the first transistor. 

5. A display device according to claim 1, 

wherein one of the plurality of current source circuits comprising: 

a first transistor; 

a first means selectively inputting the control current as a drain 

current of the first transistor; 

a second means for holding a gate voltage of the first transistor; 
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a third means for selecting a connection of a gate and a drain of the 

frrst transistor; and 

a fourth means for setting the output current at a drain current of the 

first transistor which corresponds to the held gate voltage, and 

wherein another one of the plurality of current source circuits comprising: 

a second transistor and a third transistor; 

a fifth means for selectively inputting the control current as a drain 

current of the second transistor; 

a sixth means for holding a gate voltage of the second transistor; 

a seventh means for selecting a connection of a gate and a drain of 

the second transistor, 

wherein the output current flows as a drain current of the third transistor 

which gate voltage is the held gate voltage of the second transistor. 

6. A display device according to claim 1, 

wherein one of the plurality of current source circuits comprising: 

a first transistor; 

a first means for selectively inputting the control current as a drain 

current of the first transistor; 

a second means for holding a gate voltage of the first transistor; 

a third means for selecting a connection of a gate and a drain of the 

frrst transistor; and 

a fourth means for setting the output current at a drain current of the 

first transistor which corresponds to the held gate voltage, and 

wherein another one of the plurality of current source circuits comprising: 

a second transistor and a third transistor which is serially connected 

to the second transistor; 

a fifth means for selectively inputting the control current as a drain 

current of the second transistor; 

a sixth means for holding a gate voltage of the second transistor; 

a seventh means for selecting a connection of a gate and a drain of 

the second transistor; and 

wherein the output current flows as a drain current of the third transistor 

which gate voltage is a part of the held gate voltage of the second transistor. 
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7. The display device according to claim 1, wherein current values of the 

output currents of the plurality of current source circuits are set so as to be 

different from each other. 

8. The display device according to claim 2, wherein current values of the 

output currents of the first and second current source circuits are set so as to be 

different from each other. 

9. The display device according to claim 3, wherein current values of the 

output currents of the plurality of current source circuits are set so as to be 

different from each other. 

10. The display device according to claim 4, wherein current values of the 

output currents of the first and second current source circuits are set so as to be 

different from each other. 

11. The display device according to claim 5, wherein current values of the 

output currents of the plurality of current source circuits are set so as to be 

different from each other. 

12. The display device according to claim 6, wherein current values of the 

output currents of the plurality of current source circuits are set so as to be 

different from each other. 

13. The display device according to claim 1, wherein current values of the 

control currents which are input to the plurality of current source circuits are set 

so as to be different from each other. 
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14. The display device according to claim 2, wherein the control signals 

which are input to the first and second current source circuits are set so as to be 

different from each other. 

15. The display device according to claim 3, wherein current values of the 

control currents which are input to the plurality of current source circuits are set 

so as to be different from each other. 

16. The display device according to claim 4, wherein the control signals 

which are input to the first and second current source circuits are set so as to be 

different from each other. 

17. The display device according to claim 5, wherein current values of the 

control currents which are input to the plurality of current source circuits are set 

so as to be different from each other. 

18. The display device according to claim 6, wherein current values of the 

control currents which are input to the plurality of current source circuits are set 

so as to be different from each other. 
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