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DISPLAY APPARATUS AND DRIVING METHOD THEREOF
BACKGROUND OF THE INVENTION

l. Field of the Invention

This invention relates to a display device using a light
emitting element and adrivingmethod thereof. Moreparticularly,
it relates to an active matrix type display device inwhicha 1ight
emitting element is disposed in each pixel and a transistor for
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
element has been put forward in these years. In particular,
development of an active matrix type display device in which a
light emifting elemént and a trangsistor for controlling light
emission of the light emitting element are disposed in each pixel
has been put forward.

In the active matrix type display device, either a technigue
in which an inpuf of luminance information to each pixel is carried
out by a voltage signal or a technigue in which it is carried out
by a current signal is mainly used. The formexr iz called as a
voltage writing type, and the latter is called as a current writing
type. These structures and drivingmethods will be, hereinafter,
described in detail.

Firstly, one 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, afirstelectrode 3006aof theELelement
3006 is called as a pixel electrode, and a second electrode 3006h
iz called as a counter electrode.

A driving method of the above-described pizxel will be
described. When the switching TFT 3001 is turned ON by a signal
which ig inputted to a gate slgnal line 3002, an electric charge
ig stored and held in tha. holding capacitor 3007 by a voltage. of
a video signal which i3 inputted to a source signal line 3003,
A current which amount corregsponds to the electric charge held

in the holding capacitor 3007 £flows £rom a power supply line 3005

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

EL element 3006 emits light.

In pixels of the voltage writing type, the video slgnal which
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
_anai‘og systemvideo signal was used is called as the analog system,
and driving in a case that the digital system video signal is used
is called.'as\ the digital system.

In the viﬁfage._writing type analog system, a gate voltage
{avoltage between a gate érl‘jﬁ a gsource) of each pixel of the driving
TFT 3004 is controlled by the analog video signal. And, by the
drain current with a value comparable to the gate voltage flowing
through the EL element 3006, luminance is controlled and gray scale
is displayed. On thiz account, generally in the voltage writing
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 otharhand, inthe voltagewriting typedigital system,
periods of light emisgion is controlled and gray scales are
displayed by selectingusing digital signals whether the EL element
3006 is made to emit light or not. In short., the driving TFT 3004
fakes 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 ¢logely, particularly an area
in which an absolute value of the gate voltage is large in the .
linear ragion.

The operation area of the driving TFT in the voltage writing
type digital system and the voltadge writing type analog system

will be described by use of Figs.27A and 27B. Fig.27A is a view,

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

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 draln current I, corresponding to the gate voltage Vys ef
the driving TFT 3004, respectively. The curve 3101lb shows a
characterlstic in a cage that a threshold voltage of the driving
TFT 3004 is changed from that in case of the curve 3101la.

In the voltage writing analeg 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 Vg, is applied, if a current
characteristic of the driving TFT 3004 varies from 3101a to 3101b,
the drain current changes from I4; 10 I4;. In short, in the voltage
writing type analog system, when the current characteristic of

thedriving TFT 3004 varies, the draincurrenit varies and theraefors,
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there is a problem that luminance of the EL element 3006 varies
amondg .pixlals .

On the other hand, the driving TFT in tha voltage writing
type digital system operates in an operation area shown by (2)
in the figure. The operation area (2) corresponds to the linear
region. The driving TFT 3004 which operates in the linear region,
incasethat the same gate voltage Vg.; is applied, have substantially
a constant current Ii; flown since variation of the drain current
pesulting from variation of the characteristic such as mobility
and threshold voltage ig small. Thug, in the voltage writ:l.ng type
digltal system in which the driving TFT 3004 operates in the
operation area (2), even if the current characteristic of the
driving TFT 3004 varies £rom 310la to 3101lb, it is hard for the
cufrent flowing through the EL element 2006 to vary, and it is
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
characteristic of the driving TFT 3004, that of the voltage writing
type digital system is smaller than that of the voltage writing
type analog system.

Then, a structure and a driving metheod 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 £rom the source
gignal line to each pixel., The signal current has a current value
which linearly corresponds to Iuminance information. The signal
current which was inputted becomes a drain current of a TFT included

in a pixel. A gate voltage of the TFT iz 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 ismaintained to be constant
by the held gate voltage, and by inputting the drain current to
the EL element, the EL element emits light. In this manner, in
the current writing type display device, a current flowing through
the EL element is made to be changed by changing magnitude of the
signal current so that thelight emission luminance of the El elema_nt
is controlled and gray scale is displayed.

Hereinafter, two structures of the pixels of the current
wrlting 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 1(JP-T-2002-517806) and a non patent document
1(IDW'00 p235-p238:Active Matrix PolyLED Displays). The pixel
showvn in Fig.28 has an EL element 3306, a switching TPFT 3301, a
driving TFT 3303, a holding capacitor 3305, a holding TFT 3302,
and a light emitting TFT 3304, Also, 3307 dezignates a source
signal line, and 3308 designates a first gate signal line, and
3309 designates a second gate signal line, and 3310 designates
a third gate signal line, and 3311 designates a power supply line.
A current value of the signal current which is inputted to the
gourcesignal line 3307 iscontrolledbyavideosignal input current
source 3312,

A driving method of the pixel of Fig.28 will be described
by use of Figs.29A to 29D. 1In addition, in Figs.294 to 29D, the
switching TFT 3301, the holding TFT 3302 and the light emitting
TFT 2304 are shown as switches.

In a period of TAl, the switching TFT 3301 and the holding
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TFT 3302 are turned OM., 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 Iyise. defined by a video signal input
current gource 3312 flows. Therefore, when time passes and it
becomes a stable state, the drain current of the driving TFT 3303
becomes Tyige.. Alsc, the gate voltage corresponding to the drain
current Iyiges is held in the holding capacitor 3305 (Fig. 293).
After the drain current of the driving TFT 3303 is settled to be
Ivideo, & Period of TAZ is initlated, and the holding TFT 3302 is
turned OFF.

Next, a period of TA3 is initiated, the swilitching TFT 3301
is turned OFF (Fig. 29C). Further, in a period of TA4, when the
light emitting TFT 3304 is turned ON, the signal current I,igec
is inputted from the power supply line 3311 to the BEL element 3306
through the driving TFT 2303. By this means, the EI. element 3306
emits light with luminance corregponding to the signal current
Iviges» I0 the pixel shown in Fig.28. by analogously changing the
gignal current I,ige., it is posszible to express the gray scale.

In the above-described current writing type display device,
the ‘drain current of the driving TFT 3303 is determined by the
gignal current which is inputted £from the source signal line 3307,
and still further, the driving TFT 3303 operates in a gaturation
region. Therefore, even if fthere iz wvariation of the
characteristic of the driving TFT 3303, the gate voltagé of the
driving TFT 3303 automatically changes in such a manner that a
constant drain current £1ows through the light emitting element.

In this manner, in the current writing type display device, even
6
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if the characteristic of TFTs varies, 1t is possible to suppress
variationof acurrent flowing through theELelement. Asaresult,
it is possible to suppress the variation of the light emission
luminance.

Next, another example of the current wfiting type pixel which
iz different fro_m 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
holding capacitor 2905, a holding TFT 2902, a source signal line
2907, a first gate signal 1ine 2908, a second gate signal line
2909, and a power supply line 29211. It isnecessary 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 Iq-Vg
characteristic {a relation of the drain current and the voltage
between gate and drain)} of the driving TFT 2803 is the same as
that of the current TFT 2904 -‘ Alggo, a current value of the signal
current which is inpntted to the source signal line 2907 is
controlled by the video signal input current source 2912,

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 holding TFT 2902 are shown
as switches.

In the period of TAl, when the switching TFT 2901 and the
helding TFT 2902 are turned ON, the power supply line 2911 iz
connected to the source gignal line 2907 through the current TFT
2904, the switching TFT 2901, the holding TFT 2202 and the holding

capacitor 2905. Through the source signal line 2907, the current
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amount I.ijg., Which 1s defined by the video signal inpﬁt current
source 2912 flows. Therefore, when sufficient time passes and
it becomes a stable state, the drain current of the current TFT
2904 becomes Iyige0. and the gate voltage corresponding to the drain
currant Iyja.. is held in the holding capacitor 2905,

After the drain current of the current TFT 2904 is settled
to be Ivideo, the period of TAZ is initiated, and the holding TFT
2902 iz turned OFF. In this moment, through the driving TFT 2903,
the draincurrent of Iyige. Elows. In 1_:his manner, the signal current
Ii1de0 i5 inputted £rom the power supply line 2911 to the EL element
2906 through the driving TFT 2903. The EL element 2906 emits 1ight
with luminance in response to the signal current Ivigec-

Next, when the period of TA3 is initiated, the switching
TFT 2901 1z turned OFF. Even after the switching TFT 2901 is turned
OFF, the signal current Iig.. ¢ontinues 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 T.iges-

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 1line 2907. Therefore, if the current
characteristics of the driving TFT 2903 and the current TFT 2904
in the same pixel are equivalent, even if there is variation of
the characteristics of the driving TFTs 2903, the gate voltage
of the driving TFT 2903 automatically changes in such a manner

that a constant drain curxrent is made to flow through the 1ight
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emitting elemeﬁt.

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 temperaturea,
deterioration over time and so on. Therefors, in a display device
in which the driving TFT is operated in the linear region like
the above-described voltage Writing type digital system, even if
a voltage value between both electrodes of the EL element is the
same, the current amount f£lowing between both eiectrades of the
EL element 1= changed.

In the voltage writing type dlaltal system, Figs.31A and
31B aie views showing a change of an operating point in a case
that the I-V characteristic of the EL alement is changed due to
deterioration ete. In addition, in Figs.31A and 31B, game
reference numerals are given to those portionsg which are the same
as the corresgponding portions of Figs.27A and 27B.

Fig.31A ig 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
represented by Va:.. A voltage between both electrode of the EL
element 3006 ig shown by Vg,. A current flowing through the EL
element 3006 iz shown by IEL. The current JEL equals o the drain
current Id of the driving TFT 3004. An electric potential of the
power supply line 3005 is shown by Vaa. Also, anelectricpotential

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

(V).

InFig.31B, 3202a designates acurve which shows the relation

of the wvoltage Vg, and the current amount Ig, of the EL element
a9
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3006 beforedeterioration (I-Vecharacterisftic). Ontheotherhand,
3202b designatezs a curve which shows I-V characteristic of the
ELelement 3006 after deterioration. 3201designatesacurvewhich
shows the relation of the voltage between source and drain Vg,
and the drain current Tag{Ig,) of the driving TFT 3004 in a case
that the gate voltage in Fig.27B 1s Vg.2. Operating conditions
{operating points) of the driving TFT 3004 and the EL element 3006
are determined by an intersgection point of these two curves, In
short, by the intersection polint 3203a of the curve 3202a and the
curve 3201 in the linear region shown in the figure, the operating
conditions of the driving TFT 3004 and the EL element 3006 before
deterioration of the EL element 3006 are determined. Also, by
the intersection point 3203b of the curve 3202b and the curve 3201
in the linear region shown in the £figure, the operating conditiong
of the driving TFT 3004 and the EL element 3006 after deterioration
of fthe EL element 3006 are determined., The operating points 3203a
and 3203b will be compared to each other.

In the pixel which was selecfed to be in a light emitting'
state, the driving TFT 3004 is in a state of ON. In this moment,
a voltage between both electrodes of the EL element 3000 is V.
When the EL element 3006 is deteriorated and its I-V characteristic
iz changed, even if {he voltage between both electrodes of the
EL element 3006 is substantially the same as VA1, a flowing current
is changed from Ipgy to Igs- In short, since the current flowing
through the EL element 3006 is changed from Iy to Ignz by a level
of deterioration of the EL elemént 3006 of each pixel, the light
emiggion luminance 1is varied.

As a result, in a digplay device having a pixel of such a
10
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type that the driving TFT 1g made to be operated in the linear
reglon, burn-in of an image tends to occur.

On the other hand, in the pilxels of the current writing type
shown in Figs.28 and 303 to 30D, the above-described burn-in of
the image is reduced. This is because, in the pixel of the current
writing type. the driving TFT operates so as to always £low
substantially 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
element, in the current writing type, is changed due to
deterioration etc. will be described by use of the pixel of Fig.28
as an example. Fig.32is 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 ete. Inaddition, inFig.32, same
reference numerals are given to those portions which are the same
az the corresponding portions of Fig-zé.

Fig.32A is a view, for the purpose of gimplicity, 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
shown by Vg;. A wvoltage betwean a cathode and an anode of the EL
element 3306 is shown by Vg. A current flowing through the EL
element 3306 is shown by Ig,. The current Ip equals to the drain
current Iy of the driving TFT 3303. An electric potential of the
power supply line 3005 is shown by Vaa. Als0, anelectricpotential
of a counter electrode of the EL element 2306 iz assumed to be
o(v).

InFig.32B, 3701 degignates a curve which shows the relation

of the voltage between source and drain and the drain current of
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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 detericoration.
Operating conditions of the driving TFT 3004 and the EL element

3006 before deterioration of the EL element 3306 are determined

bv an inftersection polint 3703a of the curves 3702a and 3701.

Operating conditions of the driving TPT 3303 and the EL element
3306 after deterioration of the EL element 3306 are determined
by an intersection point 3703b of the curves 3702band 3701. Here,
the operating points 3703a and 3703bwill be compared to each other.

In the pixel of the current writing type, the driving TFT
3303 operates in the saturation region. Before and after the EL
element 3006 is deteriorated, the voltage between both electrodes
of the EL elemant 3006 is changed from Vp, to Vg but, the current
flowing through the EL element 3006 is maintained to be Ipr; which
is substantially constant. In this manner, even 1f the EL element
3006 is deteriorated. the current flowing through the EL element
3006 ismaintained tobe substantially constant. Thusz, theproblem
of the burn-in of the image is reduced.

However, in the conventional driving method of the current
writing type, there is a necessity that electric charge
corresponding to the signal current is held in the ﬁolding capacity
of each pixel. The operationforholding apredetermined electric
charge in the holding capacitor needs longer time as the signal
current becomes smaller, because of an intersection capacitance
ete, of a wiring through which the gignal current flows. On that

account, it is difficult toguicklywrite the signal current. Also,
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in case that the signal current is 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.
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 mirrer circuit
represenied by the pixel ghown in Fig.30, 1t is desirable that
a pair of TFTs which configure the current mirror circult have
same current characteristics. However, in reality, it is hard
that the pair of these TFPTs have completely the same current
characterigtics, and there occurs variation.

In the pixel shown in Fig, 30, threghold values of the driving
TFT 2903 and the current TFT 2904 are Vs, Vine. Yespectively. When
the threshold values Vina, Vi 0f both transistors vary and an

absolute value |Vina| Of Vina has become smaller than an absolute

value |Viw| of Vanm, & case of carrying out a black display will

be congldered. The drain current flowing through the current TFT
2903 is comparable to the current value Iyig., determined by the
video signal input current source 2912, and assumed to be 0.
However, even if the drain current does not £low through the current
TFT 2904, thereisapossibilitythataveoltage of alevel of slightly
smaller than |Ves] is held in the holding capacitor 2905. Here,
because of |Vim|>|Vina|, there is a possibility that the drain
current of the driving TFT 2903 is not 0. Even in case that the
black display is carried out, there is such a rigk 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.
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Further, in the conventiocnal digplay device of the current
writing type, the video signal input current source for inputting
the signal current to each pixel is disposed with respect to each
c¢olumn (with respect to each pixel line). There is a necessity
that current characteristics of thoge all video signal input
cufrent sources are made to be the same and a current value to
be outputted is analogously changed with accuracy. However, in
a transigtor using polycrystalline semiconductors etc., since
variation of characteristics of transistors is large, it is
difficult to make the video signal input current source in which
current characteristics are uniform. Thus, in the conventional
display device of the current writing type, the video signal input
current source is fabricated on a single crystalline IC substrate.
On the other hand, it is general that ag to a substrate on which
the pixel is formed, it is fabricated on an insulation substrate
such as glass etc. from the aspect of cost etc. Then, there is
a necessity that a single crystalline IC substrate on which the
video signal input current source is fabricated is attached over
a sﬁbstrate over which the pixel is formed. The display device
of such structure has such problems that cost is high, and an area
of a picture frame can not be reduced since large is an area which
1s required on the occasion of attachment of the single crystalline
IC substrate.

In view of the above-described actual condition, the
invention fxas a task to provide a display device in which a light
emitting element can be made to emit light with constant luminance
without coming under the influence of deterioration over time and

a driving method thereof. Also, the invention provides a display
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device in which 1t is possible to carry out accurate gray scale
exprassion, and also, 1t is possible to speed up writing of a video
gignal to each pixel, and influence of noise such as a leak current
etec. is suppressed and a driving method thereof. Furthermore,
the invention hag a task to provide a display device which reduces
anareaof apicture frame andrealizesminiaturizationandadriving

method thereof.
SUMMARY OF THE INVENTION

The invention took the following steps in order to solve
the above-described tasks or problems.

Firstly, anoutline of the inventionwill be described. Each
pixel which ig included in a display device of the invention has
a plurality of switch parxts and a plurality of current source
¢ircuits. One switchpart and one current source circuit opexates
as a pair. Hereinafter, a set of one switch part and one current
gource ¢ilrcuit is called ags PATR. There exist aplurality of PAIRs
in one pixel.

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.
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

l:i.ght emitting element is comparable to an added value of current
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values which are supplied from all current source circuits
corresponding to the switch parts of conductive state to the light
emitting element. In the pixel of the invention, the value of
the current which flows through the light emitting element is
changed by which switch part out of a plurality of the switch parts
is turned conductive so that it is posszible to express gray scale.
On the other hand, the current source clrcult is set to always

output a constant current of a certain level., Therefore, it is

'possible toe prevent variation of the current which £lows through

the light emitting element.

A structure of the plxel of the invention and its operation
willbe describedbyuseof Fig.lwhichtypically shows the structure
of the pixel of the display device of the invention. In Fig.1,
the pixel has two current source circuits (in Fig.l., a current
source circuit a, a current source circuit b}, two switch parts
{in Fig.1, a switch part a, a switch part b} and the light emitting
element. ITn addition, Fig.l lllustrates the example of the pixel
in which there are two PAIRs of the switch part and the current
source c¢ircuit in one pixel, hut the number of pairs in one pixel
may be the arbitrary number.

r

The switch part (switch pai:t &, switch part b) has an input
terminal and an output terminal. Tobeconductiveornonconductive
between the input terminal and the ocutput terminal of the switch
part is controlled by the digital video signal. A state that the
input terminal and the cutput 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 cutput terminal

of the switch part are in non conductive state is called as that
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the switch part is turned OFF. Each swiltch part is controlled
with respect to ON state and OFF state by the corresponding digital
video signal,

The current source circuit (current source circuit a, current
source ¢circuit b) hag an input terminal and an output terminal,
and has a function for having a constant current flowed between
the input terminal and the output terminal. The current source
circuit a is controlled to have the constant current I, fliowed
by a c;nntrol signal a. Also, the cuxrrent source circuit b is
controlled to have the constant current I, flowed by a control
signal b. The control signal may be a signal which is 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
circuit by the control signal is called ag a setting operation
of a current source circuit or a setting operation of a pixel.
Timing of carrying out the setting operation of the current source
circuit may be synchronous with or may be asynchronous with the
operation of the switch part, and can be set at arbitrary timing.
Also, the setting operation may be carried out only to one current
source circuit and information 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 circuit, it is possible to suppress variation of current
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
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(Electro-Luminescence} element, a FE(Field Emission) element and
20 on. But, even in cage of using an arbitrary element which
controls its state by a current, a voltage and so on, in lieun of
the light emitting element, it is possible to apply the invention.

Out of two electrodes (anode and cathode) of the light
emitting element gray scale electrode (first electrode) is
electrically connected to the power supply line through the switch
part a and the current source circuit a in sequence., Further,
the first electrode is electrically connected to t_he power supply
line thorough the switch part b and the current source circuit
b in sequence. In addition, 1f it is such a circuit structure
where a current defined by the current source circuit a does not
flow between the 1ight emitting elements, on the occasion that
the switch part ais turned OFF, and a current defined by the current
source ¢ircuit b does not flow between the 1ight emitting elements,
on the occasion of that the gwitch part b iz turned OFF, the circuit
structure is not limited to Fig.l.

In the invention , one current source circuit and one switch
part are pajred up, and they are connected serially. In the pixel
of Fig.1l, there are two sets of such pairs, and the two sets of
pairs are connected in parallel with each other.

Then, an operation of the pixel shown in Pig.l1 will be
described,

Ag shown in Fig.1l, in the pixel having two switch parts and
two current source circuits, there exist three ways in total of
paths of the currentwhichisg inputtedtothe Light emittingelement.
A firsgt path is a path through which a current supplied from either

of two current source circuits is inputted to the light emitting
1s



10

15

20

25

2 9 SEP 7006

element. A second path is a path through which a current supplied
from another current source circuit being different from the
current source circuit which supplies the current in the first
path is inputted to the light emitting element. A third path is
a path through which current is supplied from both two current
source circuits to the light emitting element. In case of the
third path, an added current of currents which are supplied from
the respective current source cilrcuilts is to be inputted to the
light emitting element.

Explaining more concretely, the first path 1s a path through
wh;l.ch only the current I, flowing through the current source circuit
ais inputted to the light emitting element. This path is selected
in case that the switch part a is turned ON and the switch part
b is turned OFF by the digital video signal a and the digital video
signal b. The second path is a path through which only the current
I, flowing through the current source circuit b is inputted to
the light emitting element. This path is selected in case that
the switch part a is turned OFF and the switch part b is turned
ON by the digital video signal a and the digital video signal b.
The third path is a path thorough which the added current I.+I,
of the current I, flowing through the c¢urrent source circunit a
and the current I, flowing through the current source circuit b
1s inputted to the light emitting element. This path is selected
in case that both of the switch part a and the switch part b are
turned ON by the digital video signal a and the digital video signal
b. That is, since the current I.+I, are made to flow through the
light emitting element by the digital video signal a and the digital

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

Subsequently, a basic technique for gray scale expression
in the display device of the inventionwill be dascribed. Firstly,
a constant current which flows through each current source ¢ircuit
ig properly defined by the setting operation of the current source
circuit. Each of the plurality of the current scurce circuits
included in each pixel can get a current value different from those
0of the other current source circuits, Since the light emitting
element emits light with luminance corresponding to a flowing
current amount (current density), it is possible to szet the
luminance of the light emitting element by controlling which
current source circuit the current is supplled from. Therefore,
Ly selecting the path of the current which ig inputted to the light
emitting element, it iz possibie to sélect the luminance of the
light emitting element from a plurality of luminance levels. In
this manner, it is possible to select the luminance of the light
emitting element of each pixel from a plurality of the luminance
levels by the digital video signal. When all of the switch paris
are turned OFF by the digitalvideo signal. the luminance is regarded
as tobe 0 since no current is inputted to the 1ight emitting element
(which is hereinafter called as to select the non-1light emitting
state). In this manner, it is possible to express gray scale by
changing the luminance of the 1ight emitting element of eachpixel.

However, only by the above-described method, there is a case
that the number of gray scales is not sufficient. Then, in order
to realize multiple gray scales, it is possible to combine it with
other gray scale systemz. Roughly categorizing, the there are

two system.
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A first one is a technigue of combining with a time gray
Scalesyétem. The time gray scale systemis amethod 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
displaying one screen image. Concretely, one frame period is
divided into a plurality of sub frame perlods, and with respect
to each sub frame period, a light emiltting state or a non-light
emitting state of each piwel isg gelected. In this manner, by the
combination of the period in which the pixel emits light and the
light emigsion 1uminance, the gray scale is expressed. A second
one is a technique of combining with an area gray scale systen.
The area gray scale system 1g a method for expressing gray scale
by changing an area of a 1ight emitting portion in one pixel. For
example, each pixel is configured by a plurality of sub pixels.
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 ox the non lLight emitting state is selected.
In thismatter, by the combination of the area of the light emitting
portion of the pixel and the Light emission luminance, the gray
scale is expressed. In addition, the technigue 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.—describeq gray scale display
technique will be shown., This is an effective technique in case
that the luminance iz varied due to, for example, noise etc. even
when the same gray scale is intended to be expressed between the

pixels,
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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 game constant currenf., And, on the occasion of
expregsing the gsame gray gcale, the current gsource circuits which

output the same constant current are selectively used. In this

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

is varied, the current flowing through the light emitting element
is temporarily averaged. Therefore, it iz possible to visually
reduce the varjiation of the luminance due to the variation of thé
output currents of the current source circuits among respective
pixels.

In the invention, since the current £lowing through the 1ight
emitting element on the occasion of carrying out image disgplay
is maintained at a predetermined constant current, regardliess of
change of the current characteristic due to deterioration eta.,
it is possible to make the light emitting element emit 1ight with
constant luminance. Since ON or OFF state of the switch part is
selectedby thedigital video signal and thereby, the light emitting
state or the non light emitting state of each pixel is zelected,
it is possible to quicken the writing of the video signal to the
pixel. In the pixel in which the non light emitting state is
selected by the videc signal, since the current to be inputted
to the 1llight emitting element is completely cut off by the switch
part, it is possible to express accurate gray scale. In short,
it is possible to solve the problem of contrast deterioration due
to the leak current on the occasion of black display. Also, in
the invention, since it is possible to set the current value of

the constant current flowing through the current gsource circuit
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large to some extent, 1t is possible to raduce the influence of
noisewhichoccurs on the occasion of writingasmall signal current.
Farther, since a driving circuit for changing current wvalues
flowing through the current source circuits disposed in each pixel
is not necessary and an external driving circuit fabricated over
a geparate substrate such as a single crystalline IC substrate

etc., it 13 possible to realize a lower cost and a smaller gize.
ERIEF DESCRIPTION OF 'THE DRAWINGS

Fig.1l is a schematic diagram showing a structure of a pixel
of a display device of the invention:

Figs.2A to 2C are schematic diagrams showing a structure
of the pixel of the display device of the invention;

Fig.3 is a view showing a structure of a switch part of the
pixzel of the display device of the invention;

Fig.4isaviewshowingaﬂrivingmethodoftheaisplaydevice
of the invention;

Figs.5A to 5D are views showing structures of the switch
parts of the pixels of the digplay device of the invention:

Figs.6A and 6B are views showing the structure of the switch
part of the pixel

Fig. 6C is a driving method of fhe 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 8BC are views showing structures of the pixels

of the disgplay device of the invention:
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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:

Pigs.10A to 10E are views showing structures and driving
methods of the current source circuits of the pixels of the display
device of the invention;

Figs.llA to 11E are views showing structures and driving
methods of the current source circuits of the pixels of the display
device of the invention;

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.1l3A to 13F are views showing structures and driving
nmethods of the current source circuits of the pixels of the display
device of the lnvention:

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 digplay device of the invention:

Fig.16 iz a view showing a structure of the pixel of the
display device of the invention;

Figs.17A and 17B are views showing structures of the pixels
of the display device of the invention;

Fig.1l8 is a view showing a structure of the pixel of the
display device of the invention:

Figs.192 to 19C are views showing structures of the pixels
of the display device of the invention;

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

Figs.21A and 21B are views showing gstructures of the pixels
of the display device of the invention;

Fig.22 is a view showing a structure of the pixel of the
display device of the invention:

Fige.23A to 23C are views showing structures of the pixels
of the display device of the invention:.

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

Figs.25A and 25B are views showing structures of the pixels
of the display device of the invention;

Fig.26 is a view showing a structure of a pixel of a
conventional digplay device;

Figs.27A and 27B are views showing an operation region of
a driving TFT of the conventional display device;

Fig.28 is a view showing a structure of a pixel of the
conventional display device;

Figs.29A to 29D are views showing an operation of the pixel
of the conventional display devica;

Figs.30A to 30D are views showing the structure and the
operation of the pixel of the convenitional display device;

Figs.31A and 31B are views showing the operation region of
the driving'TFT of the conventional display device:

Figs.32A and 32B are views showing the operation region of
the driving TFT of the conventional display device;

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

"sourcecircuitsof thepixelsof thedisplaydeviceof the invention;

Figs.34A and 34B are views showing the structures of the
' ‘ 25
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current source circults of the pixels of the display device of
the invention;

Fig.35 is a view showing a structure of the pilxel of the
display device of the invention:

Fig.36 is a view showing a structure of the current source
clrcuit 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 pilxel of the display device of the invention;

Fig.38 1= a view showing a structure of the current source
circuit of the pixel of the digplay device of the invention:

Figs.39A and 39B are views showing structures of the current
source circuits of thepixelsof the display device of theinvention:

Fig.40 is a view showing a structure of the pixzel of the
display device of the invention:

Fig.4lisaschematicdiagramshowingastructure of adisplay
system of the invention;

Fig.42 is a graph showing a relation of a channel length
L and Alg;

Figs . 43A and 43B afe 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. 1In this embodiment, a case that there are two PAIRs in
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one pixel will be described.

In Fig.2A, each pixel 100 has switch parts 10la and 101b,
current source circuits 102a and 102b, a light emitting element
106, video signal input lines Sa and Sb, scanning lines Ga and
Gb, and a power supply 1ine W. The switch part 101a and the current
gsource circuit 102a are connected serially to form one PATR, The
switch part 102bh and the current source circult 102b are connected
serially to form one pair., These two PAIRs are connected in
parallsl. Also, these two parallel circuits are serially
connected to the light emitting element 106.

In the pixel shown in Figs.2A to 2C, two PAIRs are digposed
but, hereinafter, paying attention to the PAIR of the switch part
10la and the current source circuit 102a, a structu;e of the current
source circuit 102a and the switch part i0la will be described
by use of Figs.2A to 2C.

Firstly, the current source circunit 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 15 defined that
a positive current flows in a directicon of the arvow., Also, 1t
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
gsource circult 102awill be describedbyuse of Fig.2B. Thecurrent
sourcecircuit 102ahas acurrent source transistlor 112 and a current
source capacitof 111. In addition, it is possible to omit the
current socurce capacitor 111l by use of a gate capacitance of the
current source transistor 112, ete.. The gate capacitance is
agsgsumed 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 10¢2a. The current source capacitor 111
holds a gate electric potential of the current source transistor
112,

One of a source terminal and a drain terminal of the current
source transistor 112 is electrically connected to a terminal A,
and other ig electrically connected o a terminal B. Also, a gate
alectrode of the current source transistor 112 is electrically
connected to one electrode of the current sdurce. capacitor 111._
The other electrode of the current source capacitor 11l is
electrically connected toaterminal A’. Inaddition, the current
source transistor 112 which 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

gource 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 desirable that the terminal A’ is electrically connected
to the source terminal of the current source transistor1i2. 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 drailn terminal
of the current source terminal 112 is electrically connected to
the terminal A, and the source terminal is electrically connected
to the terminal B. Also, in order to hold the wvoltage between

the gate and the source of the current source tfansistor 112, it
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is desirable that the terminal A’ i1s electrically connected to
the source terminal of the current source transistor 112. Thus,
1t is desirable that the terminal A' iz electrically connected
to the terminal E.

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 transistor is used as the same, it is fine if the
terminal A' is connected so that the electrilic potential of the
gate electrode of the current gource transistor 112 can be held.
Thug, it may be fine even if the terminal A’ iz connected to a
wiring which is held at a conszstant electric potential at least
during a predetermined period. The predetermined period here
means aperiodinwhichthe current source circult outputs acurrent,,
and a period in which the control current defining the current
which is outputted by the current source circuif is inputted to
the current source circuit.

II-_I addition, in the embodiment 1, a case that the P channel
type translstor is used as the current source transistor 112 will
be described.

Subsequently. the switch part 101a will be described by use
of Fig.2aA. The switch part 101a has a terminal C and a terminal
D. The conductive state or the non conductive state between the
terminal € and the terminal D is selected by the digital video
signal. By selecting the conductive state or the non conductive
state between the terminal ¢ and the terminal D by the digital
video signal., the current flowing fthrough the 1light emitfing
element 106 is made to be changed. Here, to turn ON the switch

part lOlameans to select the conductive state between the terminal
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C and the terminal D, To turn OFF the switch part 10la means to
select the non conductive state between the terminal ¢ and the
terminal P. Then, a detail structure of the switch part 101a will
be described by use of Flg.2C. The switch part 10l1a has a first
switch 181, a second switch 182 and a holding unit 183.

In Fig.2C, the first switch 181 has a control terminal r,
a terminal e, and a terminal £. In the first switch 181, by a
gignal which is inputted to the control tarminal r, the conductive
state or the non conductive state between the terminal e and the
terminal £ is selected. Here, a case that the terminal e and the
terminal f are turned in the conductive state is called as that
the first switch 181 is turned ON. Also, a case that the terminal
e and the terminal f are turned in the non conductive state is
called as that the first gwitch 181 is turned OFF. The same ig
applied to the second switch 182.

The £first switch 181 contrels an input of the digital video
signal to the pixel. In shorit, by inputting a signal from the
scanning line Ga to ‘the control terminal x of the first switch
181, ON or OFF of the first switch 181 ig gelected.

When the first switch 181 is turned ON, the digital wvideo
signal ig inputted from a video gsignal input line Sa to the pixel.
The digital video signal inputted to the pixel isheld in theholding
unit 183. In addition, it is possible to omit the holding unit
183 by utilizing a gate capacitance et¢. of a trangistor which
configures the second switch 182. Alszo, the digital video signal
inputted to the pixel is inputted to the control terminal r of
the second switch 182. In this mannexr, 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 supplied from the current source circuit
102atothe lightemittingelemant 106. Evenafterthe first switch
181 is turned OFF, the digital video signal continues to be held
in the holding unit 183, and the ON state of the second switch
182 is held.

Then, a structure of the light emitting element 106 will
be described. The light emitting element 106 has twe electrodes
(anode and cathode). The light emitting element 106 emits light
with luminance corresponding to a current flowing between the two
aelectrodes., Outof thetwoelectrodes of the lightemittingelement
106, onea is electrically connected to a power supply reference
line (not shown). An electrode to which an electric potential
Voom 1s given by the power supply reference line is called as a
counter electrode 106b, and the other electrode is called azs a
pixel electrode 106a.

As the light emitting element, an EL element which ntilizes |
alactroluminescence has been attracting much attention. The EL
element is of a structure having an anode, a cathode, and an EL
layer sandwiched between the anode and the cathode. By applying
a voltage between the anode and the cathode, the EL element emits
light. TheEL layermay include anorganicmaterial, ormay include
an inorganicmaterial. Also, itmaybeformedbybothof theorganic
material and the inorganic material. Also, it is assumed that
the EL elemeni includes one or both of an element utilizing light
emission {(fluorescence) from a singlet exciton and an element
utilizinglightemission {(phosphorescence) fromatriplet exciton.

Subsegquently, a connecting relation of satructural
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components of the pixel will be described by use of Fig.2A, Again,
the PAIR of the switch part 10la and the current source circuilt
102a will be rgferred. The terminal A is electrically connected
to the power supply line W, and the terminal B is electrically
connected to the terminal C, and the Eerminal D is electrically
connected to the pixel electrode 106a of the 1ight 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
alectrode 106b is the cathode. An electric potential of the power
supply line W is set to be higher than the electric potential Vecom,

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 101la and the current source
c¢irceuit 102a are gerlally conhected. Also, it is fine aven 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
confiqured that the pixel electrode 106a becomes the cathode and
the counter electrode 106b becomes the anode. In addition, since
it was defined that the pesgsitive current flows from the terminal
A to the termlinal B, in such the structure that the pixel electrode
106a iz 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 iz, realized is such a structure that
the terminal A is electrically connected to the terminal C of the
swltch part 10la and the terminal B is electrically connected to
the power supply lineW. Anelectricpotential of the power supply

line W is set to be lower than the electric potential Veoom,
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In addition, in this embodiment, two PAIRs are disposed in
each pixel. A structure of each pair is ag described above, but
there is a necessity of considering the following point as to a
connectionof thaese PAIRs. It isapoint that summation of currents
supplied from the respective current source ¢ircuits of the current
gource circuit 102a and the current source circuit 102bh is made
to.he inputted to the light emitting elemant, 1n short, a polnt
that the two PATRs are connected in parallel and further serially
connected to the light emitting element. In addition, it is
desirable that a direction of curre.nt' £low of the current source
circuit 102a 1s the same ag a direction of current flow of the
current source circuit 102b. In short, it is desirable that added
ﬁalue of a positive current flowing through the current source
circuit 102a and a positive current flowlng through the current
source circuit 102b flows through the 1ight emitting element. By
this configuration, it is possible to carry out the same operation
az that of a convergsion from a digital signal to an analog signal
in the pixel.

Then, an ocutline of the operation of the pixel will be
described. The conductive state or the non conductive state
between the terminal C and the terminal D is selected by the dlgital
video gignal. The current source circuit is set Lo have a constant
current flowed; Acurrent suppliedfromthe current source circuit
is inputted to the light emitting element through the switch part
in which the terminal ¢ and the terminal D are turned in the
conductive state. In addition, one digital video signal controls
one switch part, Aeccordingly, since a plurality of PAIRs have

2 plurality of switch parts, a plurality of the switch parts are
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controlled by the corresponding 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
partg is turnedON. Inthismanner, by changingthe current flowing
through the light emitting element, gray scale is eXpressged and
the image digplay is carried out.

Subsequently, the above-described operation of the pixel
wil]l be described iﬁ more detail. In the description, the PAIR
of the switch part 10la and the current source circuilt 102a is
picked up as an example, and its operation will be described.

Firstly, an operation of the switch part 10l1a will be
described. To the switch part 10la, a Irn::»w selection signal is
inputted from the scanning line Ga. A row selection sidgnal is
a gignal for controlling a timing when the digital video zignal
is imnputted to the pixel. Also, when the scanning line Ga is
selacted, the digital video signal 1g inputted to the pixel from
the video signal input line Sa. In short, through the first switch
181 which is turned in the ON state, the digital video signal is
inputted to the second switch 182. The ON state or the OFF state
of the second switch 182 is gelected by the digital video signal.
Also, since the digital video signal ig held in the holding unit
183, the ON state or the OFF state of the gsecond switch 182 ig
held,.

Then, an operation of the current source circuit 102a will
be degcribed. In particular, the operation of the current source
circuit 102a on the occasion that the control gignal is inputted
will be described. By the control signal, 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
capacitor 111. The current source transistor 112 operates in the
gsaturation region. Adraincurrent of atransistor which operates
in the saturation region is maintained to be constant even if a
voltage between a drain and a source is changed, provided that

a gate voltage is the same. 2Accordingly, 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. Aconstantoutputcurrent of the current
source circuit 102a is inputted to the light emitting element.
After the setting operation of the pixel is once carried out, the
setting operation of the pixel is repeated in response to discharge
of the current source capacitor 111.
AnoperationofeachPATRisasdescribedabove. Inaddition,
in the display device of the invention, the digital wvideo signal
inputted to the switch part of each PAIR included in the pixel
may be either the zame oxr different. Also, the contrel signal
inputted to the current source circuit of each PAIR may he the

same, or may be different.

(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. Algo, an operation of the pixel which has the
switch part will he 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, adeleting transistor 304, and a holding capacitor
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303. 1In addition, it ig possible to omit the holding capacitor
303 by using a gate capacitance etc. of the driving transistor
302. A tramsistor which configures the switch part 101 may be
4 single crystalline transistor, or apolyerystalline transistor,
or an amorphous transistor. Also, it may be a 50T 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 301 is connected
toascanning line G. One of a source terminal and a drain terminal
of the switching transistor 301l is connected to a video signal
input line 5, and the other iz connected to a gate electrode of
the driving transistor 302. One of a source terminal and a drain
terminal c:lf the driving transistor 302 is connected to the terminal
C. The other ig connected to the terminal D One electrode of
the holding capacitor 303 is connected to the gate electrode of
the driving transistoeor 302, and the other electrode iz connected
to a wiring Wee- In addition, it is f£ine if the holding capacitox
303 can keep a gate electric potential of the driving transistor
302, Thus, an electrode which is connected to the wiring W.. out
of the electrodes of the holding capacitorxr 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 We,. 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
trangistor 304 is connected to the gate electrode of the driving
transistor 302, and the other is connected to the wirlng Weo. In
addition, since it is fine if the driving transistor 302 is turned

OFF by having the delefing transistor 304 turned ON, there is no
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problem when connected to another than the wiring Wee.

Then, a basic operation of this swilitch part 101 will be
described with reference to Fig.3. When the switching transistor
301 is turned in the ON state by the row gelection signal inputted
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 to the gate electrode of the driving
transistor 302, The voltage of the inputted digital video signal
is held in the capacitance 303. By the iﬁputted dlglital video
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 € and the terminal D of the switch part
101 ig gelected. Next, when the deleting transistor 304 is turned
ON, electric charges held in the holding capacitor 303 are
discharged, and the driving transistor 302 is‘ turned in the QFF
state, and the terminal C and the terminal D of the switch part
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
ag gwitches. Thus, these transistors operate in the linear 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
region characteristic of the current source transistorl112. Here,
the saturation region characteristic iz assumed to indicate a
characteristicinwhichadraincurrent ismaintained tobecongtant

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 veoltage between the source and the drain

increases also in the current source transistor 112 which operates

in the zaturation region. In addition, in order to obtain the
above-described advantages, the driving transistor 302 and the
current source transistor 112 have to be of the same polarity.
The above-described advantages for compensating the
saturation region characteristic will be hereinafter described.
For example, a case that the voltage between the source and the
drainof the current source transistor 112 increases will bewatched.
The current source transistor 112 and the driving transistor 302
are gserially 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
transistor 302 changes. When the voltage between the source and
the drain of the current source transistor 112 increases, an
abzolute 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 trangistor 302 changes. Adirection of this change
is such a direction that the drain current decreases. In this
case, the drain current of the current source transistor 112 which
is serially comnected to the driving transistor 302 is reduced.
In the same manner, when the voltage between the source and the
drain of the current gource transistor decreasges, the draincurrent
of the current gource 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 PATR of the switch part,
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its basic operation was described, the game 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.

Next, a technigue of gray scale display will be described.
In the display device of the invention, expression of gray scale
is carried out by ON-OFF control of the switch part. For example,
by setﬁing a ratio of magnitude of the currents to be ocutputted
by a plurality of the current source circuits included in each
pixel at 2%:2%:2%:2%: . __, it is possible to provide the pixels with
aroleofD/Aconversion, anditbecomes possible toexpressmilitiple
gray scale. Here, when encugh number of the PATR=s of the switch
part and the current source circuit is provided in one pixel, it
is possible to sufficliently express the gray scale by only control
by them. In that case, since there is no necegslty 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 scale display
technigque with the time gray scale system, a technique for
displaying furhter multiple gray scale will be described by use
of Figs.3 and 4.

As shown in Fig.4, one frame period ¥; is divided into a
first sub frame periods SF:; to an n-th sub frame period 5F,. In
each sub frame period, the scanning line G of each pixel ig selected
in sequence. 1In the pixel corresponding to the selected scanning
line G, the digital video signal is inputted £rom the video signal

input line 5. Here, a period in which the digital video signals
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are inputted to all pixels included in the display device is
represented as an address perieod Ta. In particular, an address
period which corresponds to a k-th (k is a natural number egual
to or less than n) sub frame period is represented as Tax. By
the digital video gsignal inputted in the address period, eachpixel
is turned in the light emission state or the non light emission
state. This period iz represented as a display period Ts. In
particular, a display period which corresponds to the k-th sub
frame period is represented as 'i'sk. InFig.4, in each of the £first
sub frame period 5F¥; to the (k-1)-th sub frame period SFy.;, the
address period and the display period are provided.

Since it is impossible to select the gcanning lines G of
different pixel rows simultaneously and to input the digital video
signal thereto, it iz impossible {0 geminate the address periods.
Then, by using the fallowing technique, it becomes possible to
make the display period shorter than the address period without
geminating the address periods.

After the digital wvideo signal is written into each pixel
and a predétermined display period passes off, the deleting signal
lines RG are selected in sequence. A signal for selecting the
deleting signal line is called as a delsating signal. When the
deleting transistor 304 is turned ON by the deleting signal, it
is pogszible to have the pixel rows turned in the non light emission
state in seguence. By this means. all deleting signal lines RG
are selected, and a period up to time when all pixels are turned
in the nen 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 Tr.. Also, a period in which
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the pixels are uniforﬁlly turned in non light emission after the
reset peried Tr is represented as a non display period Tus. In
particular, the non display period which corregponds to the k-th
sub frame period is represented as Tus;. By providing the reset
period and the non display period, it iz possible to hav.e 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 SFy to the n-th
gub frame period 5F,, the reset period and the non display period
are disposed, and the display periods Tsy to Tsg, which are shorter
than the address periods are set. Here, a length of the display
pericd of each sub frame period can be determined properly.

By this meang, the length of the display period in each sub
frame period which configures one frame period i1s set. In this
manner, thedisplaydevice of the inventioncanrealize themultiple
gray scale by the combination with the tifne gray scale gystem.

Then, as compared to the switch part shown in Fig.3., a
structure which way of allccating the deleting transistor 304 is
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.5A shows one example of the switch part. In Fig.5a,
it is designed such that the deleting transistor 304 is serially
placed on a path through which a durrent iz Inputted to the light
emitting element, and by turning OFF the deleting transistor 304,

the current is prevented from flowing through the light emitting
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element. In addition, if the deleting transistor 304 is serially
bPlaced on the path through whilch the current is inputted to the
light emitting element, the deleting transistor 304 may be placed
anywhere. By turning the deleting transistor in the OFF state,
it is possible to have thé pixels turned uniformty in the non light
emission state. By this means, it is possible to set the reset
pericd and the non display period. In addition, in case of the
switch part of the structure shown in Fig.5A, without disposing
the deleting ‘transistors 304 to respective switch parts of a
Plurality bf the PAIRs included in the pixel, it is possible to
ﬁispose themin one part. By thismeans, it is possible to suppress
the number of transistors in the pixel. Fig.35 shows a structure
of the pixel in case that the delating transistor 304 ig shared
by a plurality of the PAIRs. In addition, here, an example of
the pixel which has two pairs will be described but the invention
is not limited to this. In Fig.35, the same reference numerals
and gigns are given to the same portions as in Figs.2A and 3. In
addition, a portion which corresponds to the switch portion 10la
is represented by adding *a” after the reference numerals of Fig.3.
Also, a portion which corresponds to the switch portion 101b is
represented by adding "b” after the reference numerals of Fig.3.
InFig.35, by turningOFF the deleting transistor 304, it ispossible
te simul taneously shut off both of the currents which are outputted
from the current source circuit 102a and the current source circuit
102b.

In addition, the deleting transistor 304 shared by a
plurality of the switch parts may be placed on a path for connecting

the power supply line W and the current source circuits 102a and
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102b. In short, the power supply line W and the current source
circults 102a and 102b may be connected through the deleting
transistor 304 shared with a plurality of the gwitch parts. The
deleting transistor 304 shared by a plurality of the switch parts
may be disposed anywhere, 1f it is a position where both of the
currents which are outputted from the current source circuit lﬂéa
and the cgurrent source circult 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, 1t 1s fine if it is configured
such that the power supply line W and the terminal A of the current
source circult 102a and the terminal A of the current source clrouit
102b are connected by the deleting transistor 304.

FPig.5B shows another structure of the switch part. Fig.5B
shows a technique in which, through between the source and drain
terminalg of the deleting transistor 304, a predetermined voltage
is applied to the gate electrode of the dviving 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
of the driving transistor, and the other is connected to the wiring
Wr. TheelectricpotentialofthewiringWrisdeterminedproperly.
By thig 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
state.

Alsg, in the structure shown in Fig,.5B, instead of the
deleting transistor 304, a diode may be uged. This structure is

shown inFig.5C. Theelectricpotential of the wiringWr 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 adiode 3040, is changed.
By thismeans, the gate voltage of the driving transistor is changed
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 alectricaliy connected) transgistor. On this occasion, the
transistor may be an N-channel type transistor ora P-channel type
transistor. |

In addition, in lieu of the wiring Wr, the scanning line
G may be used. Fig.5D shows a structure where the scanning line
G 1s used in lieu of the wiring'WIjshown in Fig. 5B. But, in this
case, there iz a necessity to pay attention to a polarity of the
switching transistor 301, taking the electric potential of the
zcanning line G into consideration.

Then, atechnigue inwhich the reset periodand thenondisplay
periodareprnvidadwithoutprovidingthedeletingtransistorwill
be described.

A first technique is a technigue 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 trangistor 302, the driving transistor 302 is turned in
the non conductive state. This structure is shown in Fig.6A, The
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 W,,. By changing a signal of the wiring

Woo, theelectricpotential of one electrode of theholdingcapacitor
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303 is changed. Then, since electric charges in the holding

‘capacitor i1s stored, an electric potential of the other electrode

of the holding capacitor 303 is also changed. By this means, by
changing the electricpotential of thegateelectrode of the driving
tranglstor 302, it is possible to have the driving transistor 302
turned in the OFF state.

A second technique will bhe described. A period in which
one gcanhing line G is selected isg divided into a first half and
a second half. It is characterized in that, in the first half
(representedasafirsthalf of agateselectionperiod), thedigiltal
video signal is inputted to the video signal input line S, and
in the second.half (represented aé a secondhalf of a gate selection
period), the deleting signal is inputted to the video signal input
line 5. The deleting signal in this technigue i1z assumed to be
a signal for having the driving transisteor 302 turned in the OFF
state, on the occaglon of being inpufted to the gate electrode
of the driving transistor 302. By this means, it becomes pogssible
to set the display period which is shorter than a writing period.
Hereinafter, this second technique will be described in detail.

Firstly, a structure of the entire display device on the
occasion of using the above-described technique will be described.
Fig.6Bis used for the description. The display device has apixel
part 201 which has aplurality of pixels arranged in amatrix shape,
avideo signal input line driving c¢ircuit 902 which inputs a signal
to the pixel part 901, a £irst scanning line driving circuit 9034,
a second scanning line driving circuit 903E, a switching‘circuit
904A and a switching circuit 904B. Each pixel included in the

pixel part 201 has a plurality of the switch parts 101 and the
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current source circuits as shown 1n Filg.6A. Here, the first
scanning line driving circuit 9034 is assumed to be a circuit which
outputs a signal to each scanning lLine G in the first half of the
gate selection period. Alsc, the seacond Scanning line driving
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 circult 503A
and the scanning Iine G of each pixel, or a connection of the second
scanning line driving circuit 203B and the scanning line G of each
pixel is selected. The video gsignal input line driving circuilt
902 outputs the video signal in the firgt half of the gate selection
period. On the other hand, i1t outputs the deleting signalin the
gate selection period second half.

Then, a driving method of the digplay device of the
ahove-described.strudture will be described. A timing chart of
Fla.oCisused forthedescription. Inaddition, the samereference
numerals and signs are given to the same portions as Fig.4, and
descriptions thereof will be omitted. InFig.§C, agate selection
perliod 991 is divided into a first half of a gate selection period
991A and a second half of a gate selection period 991B. In 903A
which is comparable to the writing period Ta, each scanning line
is gelected by the first scanning line driving circuit, and the
digital video signals are inputted. In 903B which is comparable
to the reset pariod Tr, each scanning line ig selected by the second
scanning linedrivingcircuit, and the deleting signal iz inputted.
By this means, it iz possible to set the display perilod Ts which

is shorter than the address period Ta.
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In addition, in Fig.6C,although the deleting signal is
inputted in the second half of the gate selection period, instead
of 1t, the digital video gignal in the next sub frame period may
be inputted.

A third technique will be described. The third technique
is a technique in which, by changing an eleciric potential of the
counter electrode of the light emitting element, a non display
period is provided. In short, the display period is set in such
a manner that the electric potential of the counter electrode has
a predetarmined electric potentials different form that of the
power supply line. On the other hand, in the non display period,
the electric peotential of the counter electrode is set to be
substantially the same as that of the power supply line. By ‘this
means, in the non display period, regardless of the digital video
signal held in the pixel, it is possible to have the pixels turned
uniformly in the non light emission state. In addition, in this
technigue, in the non display period, the digital video signal
iz inputted to all pixels. That is, the address period is provided
in the non display period,

In the pixel having the switch parts of the above-degcribed
structure, eachwiring canbe shared. Bythismeans, it ispossible
to simplify the structure of the pizel, and also to enlarge an
aperture ratio of the pixel., Hereinafter, an example of sharing
each wiring will be described. In the description, an example
that in the structure in which the switch part having the structure
shown in Fig.3 is applied to the plixel shown in Fig.2, the wiring
is shared, is used. 1In addition, the following structure can be

freely applied to a switch part having the structure shown in Fig. 5§
47



10

15

20

25

79 SEP 2005

and Fig.6.

Herelinafter, the sharing of the wiring will be degcribed.
S5ix examples of sharing the wiring will be cited. In addition,
Fig.7 and Fig.8 are used for the description. InFig.7 andFig.s,
the same reference numerals and signs are given to the same portions
asinFig.2andFig.3, and the descriptions thereof will be omitted.

Fig.7A shows an example of a structure of the pixel in which
the wiring We, is shared by a plurality of the switchparts. Fig.7B

shows an example of a structure of the pixel in which the wiring

Weo and the power supply line W are common., Fig.,7C shows an example

of a structure of the pixel using the scanning line in other pixel
row in lieu of the wiring W,,. The structure of Fig.7C utilizes
a fact that the electric potentials of the scanning lines Ga, Gb
are malntained to be constant electric potential, during a period
in which the writing of the video signal is not carried out. 1In
Fig.7C, in lieu of the wiring W.,, the scanning lineg Gaj.; and
Gby_1 in the one previous pixel row are used. But, in this case,
thereisanecessitytopayattentiononthepolarityof theswitching
transistor 301, taking the electric potentials of the scanning
lines Ga, Gb into consideration. Fig.B8A shows an example of a
structure of the pixel which shared a signal line RGa and a gignal
line RGh. This isg because the first switch part and the second
gwitch part may be turned QFF at the same time. The shared signal
lines are represented by RGa all together. Fig.8B shows anexample
of a structure of the pixel in which the scanning line Ga and the
scanning line Gb are common. This structure is due to the fact
that both the first switch part and the second switch part may

be OFF sinultaneously. The common zcanning line are represented
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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
lipe 5b are common. The common video signal input line is
raepresented by Sa.

it is possible to combine Figs.7A to 7C with Figs.8A to 8C.

In addiftion, the invention is not limited to this, and the wirings

. .which configure the pixel can be properly common. Alsgo, wirings

batwaan the pixels can be properly common.
Inaddition, itis posgible to freely combine thig embodiment

with the embodiment 1 to be carried out.

{ Embodiment 3)

In this embodiment, & structure and an operation of the
current source circuit included in each pixel of the display device
of the invention will be described in detail.

The current source circult of one PAIE cut of a plurality
of PAIRgs included in each pixel will be watched, and a structure
thereof will be describedin detail. Inthisembodiment, although
five structural examples of the current gource circuit will be
cited, another structural example may be f£ine if it is a circuit
which operates as a current source. In addition, a transistor
which configures the current source circuit may be a single
crystaliine transistor, a polycrystalline transistor, or an
amorphous transistor. Also, it may be a SOI transistor. It may
be & bi-polar transistor. It may be a trangistor using an organic
material, for example, a carbon nanotube.

Firstly, a current source circuit of a first structure will

be described by use of Fig.9A. 1In addition, in Fig.9aA, the same
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reference numerals and signs are given to the same portions as
in Fig.3Z.

The current source circuit of the first structure shown in
Fig.9A has the current source transistor 112, and a current
transistor 1405 which is paired with the current source transistor
112 to configures a current mirror circuit. It hasacurrent input
transistor 1403, which functions as switch, and a current holding
transgistor 1404. Here, the current source transistor 112, the
current transistor 1405, the current input transistor 1403,' and
the current holding transistor 1404 may be of the P-channel type
or of the N-channel type. However, itisdesirable thatpolarities
of the current source trangigtor 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
type transistors. Alse, it is desirable that ocurrent
characteristics of the current source trangistor 112 and the
current: tranglstor 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
positively using a gate capacitance etc. of a transistor, it is
possible to omit the current source capacitor 111, Further, 1t
has a signal line GN which inputs a signal to a gate electrode
of the current inpuf transistor 1403 and a signal line GH which
inputsasignal toagateelectrode of the currentholding transistor
1404. 2Also, it has a current line CL to which the contrel signal
is inputted.

A connecting relation of thegse structural components will

bedescribed. Thegateelectrodes 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
to the gate electrode of the current source transistor 112, and
the otherelectrode 1s connected to the terminal A. Asource terminal
of the current transistor 1405 is connected to the terminal A,
and a drain terminal ils connected to the current line CL through
the current input transistor 1403. Also, a gate electrode and
a drgin 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 transgistor 1405. However, it may be configured
that asidewhichisone of the source terminal and the drain terminal
of the current holding transistor 1404 and is not connected to
the current source capaa.::.itor 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
as in Pig.%A. With this structure, by adjusting an electric
potential of the current line CLwhen the current holding transistor
1404 is in the OFF state, 1t is possible to lesgsen the voltage
between the source and drain terminals of the current holding
trangistor 1404. As a result, it is possible to lessen an OFF
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 tranzsistor
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112 and the current transistox 1405 are set to be N-channel type
trangistors in tﬁa structure of the current source circuit shown
in Fig.92 is shown in Fig.33A. In addition, in conirast to the
current source circuit of the structure zhown in Fig.%A, in the
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 flowlng between the current line CL and the
terminalAthroughthesourceandthedrainofthecurrenttransistor
1405 on the occasion of the setting operation of the current source
circult 102 £from flowing between the source and the drain of the
current gsource transistor 112 and through the terminal B, Ailzo,
there ig a necesgity to dispose a transistor 1443, in order to
prevent a current from flowing between the source and the drain
of the current transisﬁor 1405 on the occasion that a constant
current is made to flow between the terminal A and the terminal
B in the display operation. By this means, the current source
circuit 102 can output a current of a predetermined current value
accurately.

Also, in the c¢ircuit of the structure shown in Fig.9a, it
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 alectrode of the current source capacitor 111 are connected
through the current holding transistor 1404. In this moment, the
gate electrode and the drain terminal 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 same as that in
Fig.9B. Here, the circuit showninFig.9Ais pickedup as anexample,
and its setting operation will be described. Pigs.9C to 9F are
used for the description. In the current source circuit of the
first structure, the setting operation is carried out by going
through states of Figs.9C to 9F in sequence. In the description,
for the purpose of simplicity, the current input transistor 1403
and the current holding transistor 1404 are represented as switches.
Here, shown is a case that a control signal for seti:ing the current
source circuit 102 is the control current. Also, in the figure,
a path through which a current flows is shown by a heavy-1line arrow.

In aperiod TD1 shown in Fig.9C, the current input transistor
1403 and the current holding transistor 1404 are fturned in the
ON state. In this stage, the voltage between the source and the
gate of the current trangistor 1405 is small, and the current
transistor 1405 iz OFF, and therefore, a current flows from the
current line CL through the path shown and electric charges are
held in the current source capacitoxr 111,

In a period TD2 shown in Fig.9D, by the electric charges
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 zource and the drain of the current transister 1405,

When sufficient time passes and a steady state is realized,
ag in a period TD3 shown in Fig.9%E, a current flowing between the
source and the drain of the current transistor 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
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 QFF,
is earlier or simultanecus. This is because of preventing the
electric charges held in the current scurce bapacitor 111 from
being discharged. After the period TD4, when a voltage ig applied
betwsen the gource and drain terminals of the current source
transistor 112, the drain current corregponding to the control
current flows. In short, when a voltage is applied between the
terminal Aand the terminal B, the current source circuit 102 outputs
& current which corresponds to the control current,

Here, a ratio W1/L1l of a channel width and a channel length
of the current source transistor 112 may be changed relative to
aratioW2/L2 of a channel width and a channel length of the current
transistor 1405. By thismeans, it iz pogaible to change a current
value of a current that the current source ¢ircuit 102 outputs,
relative to the c¢ontrol 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 circuit 102 outputs. By
this means, by use of the control current of large current value,
the setting operation of the current source circuit 102 ig carried
out. Asaregult, it is possible to speed up the setting operation

of the current source circuit. Also ,itiseffective for reduction
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of influence of noise,

By this means, the current source circuit 102 outputs a
predetarmined curreant.

In addition, in the current source circuit of the
above-described structure, 1h case that a signal s inputted to
the sgignal line GH and the current holding transgistor iz 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 1s not inputted to the current line
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
all pixels and the setting operation of the pixel is carried out,
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 usged.

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 fhe current source
transistor 112. ON or OFF of thig switching element is selected
by a gignal which is different from a signal to be inputted to
the signal ‘line GH. Fig.33B shows one example of the
above-described structure. In Fig.33B, a point segquential
transistor 1443 and a point sequential line CLP are disposed. By
thismeans, anarbitrarypixel is gselected onebyone, 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
Fig.9A, Fig.9B and Flg.33, there is no problem in operation if
the current i1nput transistor 1403 and the current holding
trangistor 1404 are switched to be ON or OFF at the game timing.
On that account, polarities of the curreﬁt input transistor 1403
and the current holding transistor 1404 are made to be the same,
and the signal line GH and the signal line GN can be common.

Then, a current source circuit of a second structure will
be described. Inaddition, Fig.l0isreferredforthedescription.
In Fig.l10A, fthe same reference numerals and gsigns are given fo
ihe game portions as in Fig.2.

Structural components of the current source circuit of the

second structure will be described. The current source circuit

of the second struncture has the current source transistor 112.

Also, 1t has a current input transistor 203 and a current helding

transistor 204, and a current stop transistor 205 which function

as gwitches. Here, the current source transistor 112, the current

input transistor 203, the current holding transistor 204, and the

current stop tré.ﬁsis‘tor 205 may be of the P-channel type or of
the N-channel ftype. Here .j..s shown an example that the current
source transisto:f 112 is a P channel type transistor. Further,
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 gignal line GH which inputs
a signal to a gate electrode of the current holding transistor
204 and a signal line GNwhich inputg a signal to the gate electrode
of the current input transistor 203. Also, it has a current line
CL to which the contreol signal is inputted.

A connecting relation of these structural components will
be described. Thegateelectrodes of the current source transistor
112 is connected to one of the electrodes of the current source
capacltorlll. Theotherelectirode 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
also, connected to the current line 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.l0A, the source
terminal or the drain terminal of the current holding transistor
204 is connected to the current gource 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
connected to the current line CL. The above-described structure
isshowninFig.34A. With this structure, by adjustingan electric
potential of the current Line CL when the currentholding transistor

204 is in the OFF state, it is possible to lessen the voltage between
' 57



10

15

20

25

79 SEP 2006

the source and drain terminals of the current holding trangigtor
204. As a result, it is possible to lessen the OFF current of
the current holding trangistor 204. By thismeans, it is possible
to leszen the leakage of the electric charges from the current
source capacitor 111.

Then, the setting operation of the current source circuit
of the second structure sghown in Flg.l0A will be described.
Figs.l0B to l0E are used for the description. Inthe current sourca
circuit of the gecond structure, the setting operation is carried
out by going through states of Pigs.10B to 10E in sequence. In
the description, for the purpose of simplicity, the current input
transistor 203, the current bolding transistor 204 and the current
atop translstor 205 are represented as switches. Here, shown is
a cage that a control signal for setting the current 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.

InaperiodTDi shown inFig.10B, 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.
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.l0C, by the electric charges
held, the voltage between the gate and the source of the current
source transistorl12becomes more than a thresholdvoltage. Then,
the drain current £lows through the current source transistor 112,

When sufficlent time passes and a steady state iz realized,

as in aperiod TD3 gshown in Fig. 10D, the drain current of the current
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source Ttransistor 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.

InaperiodTp4 shownin Fig .10E, the current input transistor
203 and the current holding transistor 204 are turned in the OFF
state. Bythismeansg, thecontrolcurrentispreventedfromflowing
through the pixel. In addition, it is desirxable that a timing
that the current holding transistor 204 is turned OFF, as comparead
to'a timing that the current input transistor 203 is turned OFF,
is earlier orx simultanecus. This is because of preventing the
electric charges held in the current source capacitor 111 £from
belng discharged. Furthermore, the current stop transistor 205
iz turned in the ON state. After the pér:l.od TD4, when a voltage
is applied between the source and drain terminals of fhe current
source transistor 112, the drain current corresponding to the
control current £flows. Inshort, whenavoltage is appliedbetween
the terminal A and the terminal B, the current source circuit 102
has the drain current corresponding to the control circuit flowed.
By this meang, the current | source circuit 102 outputs a
predetermined current.

In addition, the current stop transistor 205 iz not
indispensable. For example, in case that the setting operation
is carried out only when at least one of the terminal A and the
terminal B is in an opened state, the current stop transistor 205
is not necessary. Concretely, inthe current source circuit which
carrieg out the setting operation only in c¢ase that the switch

partmaking the pairisin the OFF state, the current stop transistor
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205 is not necesgszary,

Also, in the current source clrcuit 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
current 1line CL hag 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 inputted to the current line CL, when
both of the current holding transistor 204 and the current input
tranzistor 203 are turned in the ON state, i:he electrj._c charges
held in the current source capacilitor 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 all pixels
and the setting operation .bf the pixel is5 carried out, 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 uszed,

Added is a switching elemenf for gselecting a connection of
the gate electrode and the drain terminal of the current source
transistor 112. ON or OFF of this switching element iz selected
by a slgnal which is different from a signal to be inputted to
the signal 1line 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
thigmeang, an arbitrarypixel is selected one by one, and a constant
current is made to be inputted at least to the current line CL
of the selected pixel, and thereby, the gsetting 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
transistof 203 and the current holding transistor 204 are madle
to be the same, and the signal line GH and the signal line GN can
be shared. Also, there iz no problem in operation if the current
gtop transistor 205 1s turned ON at the same time when the current
input transistor 203 i1s turned OFF. On fhat account, polarities
of the current input transistor 203 and the current stop transistor
205 are made to differ, and the zignal line GN and the signal line
GS can be shared.

Also, a structural example in case that the current source
transistor 123 ig the N channel type transistor is shown in Fig.37.
In addition, the zsame reference numerals and signs are given to
the same portion as in Fig.10.

Then, a current source circuit of a third structure will
bedescribed. Inaddition, Fig.llisreferredfor thedescription.
In Fig. 11A, the same reference numerals and signs are given to
the same portions as in Fig.2,

Structural components of the current source clrcuit of the
third structure will be described. The current source circuit
of the third structure has the current source transistorliz. Also,
ithasacurrent input transistor 1483, acurrentholding transistor
1484, a light emitting transistor 1486, and a current reference
transistor 1488 which function as switches. Here, the current
source trangistor 112, the current input transistor 1483, the

current holding transistor 1484, the light emitting transistor
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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 transistor112 isaP channel type transistor.
Further, it hag the current source capacitor 111 for holding the
gate electrode of the current source transistor 112, Inaddition,
by positively using a gate capacitance etc. of a transistor, it
is posgible to omit the current source capacitor 111. Also, it
has a signal line GN which inputs a signal to a gate electrode
o£ the current input transistor 1483 ,.a signal line GH which inputs
a signal to a gate electrode of the current holding transistor
1484, a éignal line GE which inputs a signal to a gate electroda
of the light emitting transistor 1486, and a signal line GC which
inputs a signal to a gate electrode of the current reference
transistor 1488. Further, it has a current line CL to which the
control signal is inputted and a ¢urrent reference line SCL which
i1s held at a congstant electric potential.

A connecting relation of these gstructural components will
be described. The gate electrodes and the source terminal of the
current source trangigtor 112 are connected through the current
source capacitor 111, The source tefminal of the current source
transistor 112 is connected to the terminal A through the light
emitting 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
connected through the current holding transistor 1484. The drain
terminal of the current source transistor 112 is connected to the
Terminal B, and also, connected to the current reference line SCIL

through the current reference transistor 1488,
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In addition, a side of the source terminal or the drain
terminal of the current heolding transistor 1484 which is not
connected to the current source capacitor 111 is connected to the
drain terminal of the current source transistor 112 but, it may
be connected to the current reference line SCL. The
above-described stracture is shown inFig.38. Withthis structure,
by adjusting an electric potential of the current reference line
SCL when the current holding transistor 1484 is in the OFF state,
it 1s possible to lessen the voltage between the source and drain
terminals 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,

Then, the setting operation of the current source circuit
of the above-described third structure will be described.
Figs.11Bto l11E areused for the description. Inthe current source
circuit of the third structure, the setting operation is carried
out by going through states of Figs.11B to 11E in gequence. In
the description, for the purpose of simplicity,. the current input
transigstor 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
current. Also, in the figure, a path throﬁgh which a current £liows
is shown by a heavy-line arrow.

InaperiodTDl gshowninFig.11E, the current input transistor

1483, the current holding transigstor 1484 and the current reference
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transistor 1488 are turned in the ONstate. Bythismeansg, acurrent
flows from the path shown and electric charges are held in the
current source capacitor 111.

In a period TD2 shown in Fig.1l1C, by the electric charges
held in the current source capacitor 111, the voltage between the
gate and the source of the current zource transistor 112 becomes
more than a threshold veltage. Then, the drain current flows
through the current source transistor 112,

When sufficient time paéses and a steady state 15 realized,
as in aperiod TD3 shown in Fig. 11D, the drain current of the current
source transistor 112 is determined as the control current. By
this means, the gate voltage on the occasion that the drain current
is set at the control current isheld in the current source capacitor
111.

Inaperiod TD4 shown inFlg.1l1lE, the current input transistor
1483 and the current holding transistor 1484 are turned OFF. By
this meang, the control current iz prevented from £lowing through
the pixel. 1In addition, it is desirable that a timing that the
current holding transistor 1484 is turned OFF, as compared to a
timing that the current input trangigtor 1483 is turned OFF, isg
earlier or simultaneous., This is because of preventing the
electric charges held in the current source capacitor 111 £rom
being discharged. Further, the current reference transistor 1488
are turned in the OFF state. After that, the light emitting
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 drain current

corresponding to the control current f£flows through the current
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source transistor 112, Inshort . when avoltage is applied between
the terminal A and the terminal B, the current source clrcuit 102
has the drain current corresponding to the control circult £flown.
By this means, the current source c¢ircuit 102 outputs a
predetermined current.

In addition, the current reference transistor 1488 and the
current reference line SCL are not indispensable. For example,
in the current source circuit which carries cut the setting
operation only in case thét the switch part making the pair is
in the ON state, the current reference trangistor 1488 and the
current reference line SCL are not necegsary. since a current does
not flow through the current reference line SCL in the periods
TD1 to TD3 but simply flows through the terminal B.

Each signal line of the current source circuit of the third
structure can be shared. For example, there is no problem in
operation if the current input transistor 1483 and the current
holding transgsistor 1484 are switched to be ON or OFF at the game
timing. Oon that account, polarities of the current input
trangsistor 1483 and the current holding trangistor 1484 are made
to be the same, and the signal line GH and the zignal line GN can
be ghared. 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. Onthataccount, peolarities
of the current reference transistor 1488 and the current input
transigstor 1483 are wmade to be the same, and the signal line GN
and the signal line GC can be shared. Further, there is no problem
inoperation if, at the same time when the light emitting transistor

1486 is turned in the ON =tate., the current input transistor 1483
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is turned in the OFF gstate, 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.

Also, a structural example in cage that the current source
transistor 112 is the Nchannel type transistor is shownin Fig. 39A.
In addition, the same reference numerals and signs are glven to
the same portion as in Fig.11, In addition, in the structure of
Fig.39A, a side of the source terminal or the drain terminal of

the current holding transistor 1484 which is not connected to the

-current source capacitor 111 is connected to the drain terminal

of the current source transistor 112 but, it may be connected to
the current line CL. The above-described structure igs shown in
Fig.39B. With this structure, by adjusting an electric potential
of the current lLine 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 holding transistor
1484. As a result, it ls possible to lessen the OFF current of
the current holding transistor 1484. By thismeans, it ispossible
to lessen the leakage of the electric 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.1l2 is
referred for the description. In Fig.l23A, the zsame reference
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 described. The current source circuit

of the fourth structure has the current source transistor 112 and
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a current stop tramnsistor 805. Also, it has a current input
transistor 803 and a current holding transistor 804 which function
ag switches. Here, the current source transistor 112, a current
gtop transistor 805, the current input transistor 803, and the
current holding transistor 804 may be of the P-channel type or
of the N-channel type. But, thereisanecessitytomake the current
source transistor 112 and the current stop trangistor 805 the same
polarity. Here is shown an example that the current source
transistor 112 and the current stop transistor 805 are P channel
type transistors. Algo, it is desirable that current
characteristics of the current source transistor 112 and the
current stop transistor 805 are the zame. Further, it has the
current source capacitor 11l for holding the gate electrode of
the current source trangistor 112. In addition, by positively
using a gate capacitance etc. of a transistor, it is possible to
omit the current source capacitor 111. Puarther, it has a signal
line GN which inputs a signal to a gate electrode of the current
input trangsiztor 803, a signal line GH which inputs a signal to
agate 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 desgcribed. The source electrode of the current source
transistorli? isconnectedtooneof theelectrodesof the current
source capacitor 111. The other electrode of the current source
capacitor 111 ig connected to the terminal A. The gate elactrode
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
67
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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
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.

Inaddition, :LI; the structure shown inFig.12A, it is possibla
to configure the circult structure as shown in Fig.12B, by changing
a location of the current holding transistor 804. 1In Fig.l12RB,
the current holding trangsistor 804 1s connected between the gate
electrode and the drain terminal of the current source transistor
112.

Then, the setting operation of the current source circuit
of the above-described fourth structure will be described. In
addition, the setting operation in Fig.12A is the same as that
in Fig.l2B. Here, the circuift shown in Fig.l2A is picked up as
an example, and its setting operation will be described. Figs.12C
to 12F areused for the description. In the current source circuit
of the fourth structure, the setting operation is carried out by
going through states of Figs.1l2C 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
signal for setting the current source circuit is the contrel current.
Als;:x, in the figure, a path through which a current flows is shown
by a heavy-line arrow,

Inaperiod TD1 shown inFig.12C, the current input transistor
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803 and the current helding transistor 804 are turned in the ON
state. Inaddition, onthis occasion, the current stop transistor
805 is in the OFF state. Thls is because, by the current holding
transistor 804 and the current input transistor 803 which were
turned in the ON state, the electric potentials of the source
terminal and the gate electrode of the current stop transistor
805 are maintained to be the same, In short, byusinga transistor
which ig turned in the OFF state when the voltage batween the spurce
and the gate is zero as the current stop transistor 805, in the
preriod TPl, the current stop transistor 805 is turned in the OFF
state. By this means, a current flows from the path shown and
electric charges are held in the current source capacitor 111.

In a period TD2 shown in Fig.l1l2D, by the electric charges
held, the voltage between the gate and the source of the current
snurcetransistor112becomesﬁ0rethanathresholdvoltage. Then,
the drain current flows through the current source transistor 112.

When sufficient time passeg and a steady state iz realized,
asin aperliodTD3 shownin Fig.12E, the drain current of the current
source trangistor 112 is determined as the control current. By
this means, the gate voltage of the current source trangistoxr 112
on the occasion that the drain current is set at the control current
is held in the current source capacltor 111} After that., the
current holding transistor 804 is turned in the OFF state. Then,
the electric charges held in the current source capacitor 111 are
digstributed alsc to the gate electrode of the current stop
transgistor 805. By this means, at the same time when the current
holding transistor 804 is turned in the OFF gtate, the current

stop transistor 805 is auntomatically turned in the ON state.
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IinaperiodTD4 showninFig.12F, the current input transistor
803 are turned OFF. By thismeans, the control current isprevented
from flowing through the pixel. In addition, it is desirable that

a timing that the current holding transistor 804 is turned OFF,

‘ag 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
casethatavoltageis appliedbetweenthe terminalAandthe terminal
B, through the current source transistor 112 and the current stop
transistor 805, a constant current is outputted. In shoxrt, on
the ocecasion that the current source circuit 102 outputs the
conztant current, the current source transistor 112 and the current
stop transigtor 805 function like one multi-gate type transistor.
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
gource transistorli2 aremade tobe the same. Also, itisdegirable
that current characteristics of the current stop trangistor 805
and the current gsource 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
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 only the current stop transistor 805 but
also a transistor which converts the control current, which is
inputted, into the corresponding géte voltage {(current source
transistor 112}, a current ig outputted from the current source
circuit 102. On one hand. in the current source circuit of the
first structure, the control current 4is 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 trangistor). Thus, the fourth

structure can more reduce influence which is given to the output

current of the current source dircuit 102 by variation of a current

characteristic of a transistor, than the first structure.

Each signal line of the current source circuit of the fourth
structure can be shared. There iz no problem in operation 1f the
current input trangistor 803 and the current holding transistor
804 are switched tobe ON or OFF at the gsame timing. Onthat account,
polarities of the current input transistor 803 and the current
holding transistor 804 are made to be the same, and the signal
line GH and the signal line GN can be shared.

Then, a current source circult of a £ifth structure will
be described. Inaddition, Fig,l13isreferredfor thedescription.
In Fig.1l3A. 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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trangsigtor 883, a current holding transistor 884, and a current
reference trangistor 888 which function ag switches. Here, the
current source transistor 112, a light emitting transistor 886,
the current input transistor 883, the current holding transistor
884,andthecurrentreferencetransistorBBBmaybéoftheP-channel
type or of the N-channel type. But, there is a necegsity that
polarities of the current source transistor 112 and the 1ight
emitting transistor 886 are the same. Here is shown an example
that the current source transistof 112 and the light emitting
transistor 886 are P channel type transgistors. Also, it is
desirable that current characteristicz of the current source
transistor 112 and the 1light 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. Inaddition,
by positively uging a gate capacitance etc. of a transistor, it
is possible to omlt the current source capacitor 111. 2Also, it
has a signal line GN which inputs a signal to a gate electrode
of the current input trangistor 883, and a signal line GH which
inputsasignal toagateelectrode of the currentholding transistor
884. Further, it has a current line Ci. to which the control signal
is inputted, and a current reference line SCL which 1z maintained
to be a constant electric potential.

A connecting relation of thesgse structural components will
hedescribed. The source terminal of the current source transistor
112 is connected to the terminal B, and alse, connected to the
current reference line 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
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 heolding transistor 884. The drain terminal
of the lLight emitting transistor 8586 is connected to the terminal
A,

Inaddition, in the structure showninFig.13A, it iz 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
112,

Then, the setting operation of the current source clreouit
of the above-described f£ifth structure will be described. In
addition, the getting operation in Fig.13A is the same as that
in Fig.13B. Here, the c¢ircuit shown in Fig.13A is picked up as
an example, and itg getting operation will be described. Figs.13C
o 13F are uged for the description. In the current gource circuit
of the £ifth structure, the setting operation iz carried out by
going through states of Figs.13C te 13F in sequence. In the
description, for the purpose of simplicity, the current input
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

c¢ircuit is the controlcurrent. Also, inthe figure, apaththrough
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which a current flows is shown by a heavy-line arrow.

InaperiodTDl showninFig.13C, the current input transistor
883, the current holding transistor 884, and the current reference
transistor 888 are in the ON state. Inaddition, on this occasion,
the light emitting transistor 886 iz 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
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 1ight emitting
transistor 886, in the period TD1, the light emitting transistor
886 is turned in the OFF state. By this meansg, a current flows
from the path shown and electric charges are held in the current
source capacitor 111.

In a period TD2 shown in Fig.13D, by the electric charges
held in the current source capacitor 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 f£lows
through the current source transistor 112.

When sufficient time passes and a steady state ig realized,
ag inaperiod TD3 shown in Fig.13E, the drain gurrent of the current
source transistor 112 is determined as the control current. By
thig means, the gate voltage of the current source transistor 112
on the occasion that the drain current is set at the control current
iz held in the current source capacitor 111. After that, the
current holding transistor 884 is turned in the OFF state. Then,

the electri¢ 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 turnedinthe OFF state, the lightemitting
transistor 886 is automatically turned in the ON state.

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 timing
that th_Le current holding transistor 884 iz turned OFF, as compared
to a timing that thé corrent input transistor 883 iz turned OFF,
is earlier of simpltaneous. 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
current source trangistor 112 and the light emitting transistor
886, a constant current is cutputted. 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 function likeonemulti-gatetype transistor. Onthataccount,
it is possible to lessen a value of the constant current to be
outputted, to the control current to be inputted. By this means,
1t is possible to speed up the setting operation of the current
source circuit. Inaddition, there is anecessitythat the current
characteristics of the light emitting transistor 886 and the
current source transistor 112 are made to be the same., 3Also, it
iz desirable that current characteristics of the light emitting
transistor 886 and the current source trangistor 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 cutput current of the
current source cilrcuit.

In addition, in the current source circuit of the £ifth
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
of the first structure, the control current is inputted, and the
trangigtor which converts the inputted control current into the
correspondlng gate voltage (current transistor) 1s completely
different from the transistor which converts the gate voltage into
the drain current (current source transistor). Thus, 1t is
possible to more reduce influence which is given to the output
current of the current gsource 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 £low through
the terminal B in the periods TD1l to TD3 on the occasion of the
setting cperation, 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
holding transistor 884 are switched to be ON oxr OFF at the same
timing. On that account, polarities of the c¢urrent dinput
tranzistor 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 1f the current
reference transistor 888 and the current input transistor 883 are
gwitched to be ON or OFF at the same timing. On that account,
polarities of the current reference transistor 888 and the current
input transistor 883 are made to be the same, and the signal line
GN and the signal line GC can be shared.

Then, the current source circuits of the above-described
first structure to the fifth structure will be organized with
respect to each feature and with silightly larger framework.

The above-described five ocurrent source circults are,
roughly divided, classified into & current mirror type current
source circult, a same transigstor type current source circuit,
and a multi-gate type current source circult. These will be
described hereinafter.

As the current mirror type current source circult, cited
ig the current source circuit of the first structure. In the
current ﬁirror type current souxce 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 gscaling factor. On that account,
it ig possible to set the control current larger to some extent.
Thug, it is possible to speedup the settingoperation of the current
source circuit of eachpixel. However, if current characteristics
of a pair of transistors, which configure a current mirror circuit
that the current source circuit has, differ, there is a problem
that image display is varied.

Az the same transistor type current source circuit, cited

are the current source circuits 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 ag the current value of the control current which is
inputted to the pixel. Here, in the same transistor t'ype current
gsource circuit, the transistor to which the control cuxrent is
inputted is the same as the ftransistor which outputs a current
to the light emitting element, On that account, reduced is image
irregularity due to variation of current charactexrlstics of
trangistors.

As the multi-gate type current source circuit, cited are
the current source circuits of the fourth structure and the £ifth
structure. In the muiti-gate type current source circuit, the
signal which is imputted to the light emitting element ig 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 spead up the setting
operation of the current source c¢ircuit of each pixel. Also, a
portion of the transistor to which the control current is inputted
and the transistor which cutputs 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.

Then, in each of the above-degcribed current source circuits
in three clasgifications, 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 operation 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 duringaperiod
that the contrel 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 which
makes the pair and the setting operatlion of the current source
circuit in synchronous with each other.

A relation of the setting operatiorn in case of the game
transistor type curreni source circuit ami the operation of the
corresponding switch part will be shown hereinafter. In case of
the same transistor type current source circuit, during a period
that the control 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 setting operation of the current source circuit in
synchronous with each other, For example, only when the switch
part is in the OFF state, it iz possible to carry out the setting
operation of the current source circuit.

Arelation of the setting operation in case of the multi-gate
type current gource circuit and the operation of the corresponding
switch part will be shown hereinafter. In case of the multi-gate
type current source circuit, during a period that the control
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 switchpart whichmakes the pair and the setting

operation of the current source circuit in synchronous with each
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other. For example, only when the switch part is in the OFF state,
it is possible to carry out the setting operation of the current
gource circuit.

Then, an operation on the occasion of combining with the
time gray scale system, in case that the setting operation of the
current source ¢ircuit ismade o be synchronous with the operation
of the switchpart whichmakes the pair, willbe describedindetail,

Haere, a case that the setting operation of the current source
circuit is carried out only in case that the switch part is in
the OFF state will be watched. In addition, since detail
explanationof the time gray scale systenis the same as the technigue
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,
in the non display period, it is possible to carry out the gsetting
operation of the current zource circuit.

The non display period is initiated by selecting each pixel
row in gsequence in the reset period. Here, it is possible to carry
out the setting operation of each pixel row with the same frequency
as frequency for selecting the zcanning line in sequence. For
example, a case of using the switch of the structure shown in Fig.3
will be watched. It is posszible to select each pixel row and carry
out the setting operation of the current source circuit with the
same frequency ag freguency for selecting the scanning line G and
the deleting 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 gircuit 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 ig
slowly carried out, by using the selection period of a plurality
of rows. To carry 6ut the setting operation of the current source
circuit slowly meang to carry out an operation for stering
predetermined electric charges slowly by taking long time into
the current source capacitance which the current source circuit
has.

Ag just described, gince gach row is selected by using the
selection period of a plurality of rows., and by using the same
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 anecegzity to carryout the settingoperations
in a plurality of the non display periods.

Then, a structure and a driving method of a display device
on the occagion of using the above-described techniques 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 periced in which a plurality of the scanning
lines are selected will be described. Fig.l4 is used foxr the
description. In the figure, as an example, shown is a timing chart
for carrying out the getting operation of the pixel of one row
during a pericd in which ten scanning lines are selected.

~ Fig.14A shows an operation of each row in each frame pexriod.
In addition, the same reference numerals and sians are given to
the same portions ag the timingchart showninFig.4 in the embodiment
2, and the description thereof will be omitted. Here, shown is

a case that one frame period is divided into three sub frame periods
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5F; and S8Fy. In addition, it is configured that the non disgplay
period Tus is disposed in the sub frame periods SF; to SFi,
respectively. InthenondisplayperiodTus, thesettingoperation
of the pixel is carried out (in the figure, the period A and the
period B).

Then, the operaticon in the period A and the period B will
be described in detail. Fig.1l4B ls used for the description. 1In
addltion, in the figure, a period in which the setting operation
of the pixel is carried out is shown by the period in which the
signal line GN is selected. In general, thé signal line GN of
thepixel ofi(iisanaturalnumber)-throwisshownbyGn;. Firstly,
in a period A of a first frame period F;, GN;., GNu1, GNay,---...
are selected at intervals. By this means, carried out is the
getting operation of the pixels of a first row, an eleventh row,
4 twenty first row,.....(period 1). Then, in a period B of the
first frame period F;, GN3, GNiz, GNas, ... .. are selected. By this
means, carried out iz the getting operation of the pixels of a
second row, a twelfth row, a twenty second row,....(period 2}.
Byrepeating the above-describedoperations during5 frame periods,
the setting operations of all pixels are ordinarily carried out.

Here, a period which c¢an be used for the setting operation
of the pixel of one row 1s represented by Te. in case of using
the above-described driving method, it is possible to set Tc at
ten times of the selection period of the scanning line G. By this
means, 1t is possible to lengthen time which 1s used for the setting
operation per one pixel. Also, 1t is possible to carrcy out the
setting operation of the plxel efficiently and accurately.

In addition, in case that the ordinary setting operation
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ig not enough, it is fine to carry out the setting operation of
The pixel gradually by repeating the above-dezcribed operation
a plurality of times.

Then, a structure of a driving circuit on the occagion of
using the above-described driving method will be described by use
ofFig.15. Inaddition, Fig.l5showsadrivingcirocuitwhichinputs
a signal to the signal line GN. However, the same is applied to
a signal which is inputted to other gignal lines that the current
source circuithas. Twostructuralexamplesoftheﬁrivingcifcuit
for carrying out the setting operation of the pixel will be cite.d.

A first example is the driving circuit of such a structure
that an cutput of 2 shift register is switched by a switching signal
tobe outputted to the signal line GN, An example of thls structure
of the driving circuit (setting operation use driving circuit)
is shown in Fig.15A. A setting operation use driving circuit 5801
is configured by a shift register 5802, an AND circuit, an inverter
¢circuit (INV) and so on. In addition, here shown is an example
0f 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 desgcribed. The output of the shift register 5802
is gelected by a switching signal 5803 and outputted to the signal
line GN through the AND circuit.

A second example 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.l15B. A setting operation use driving circuit 5811 has a shift
register 5812, a latech 1 circuit 5813, and a latch 2 circuit 5814,

An operation of the setting operation use driving circuit
5811 will be described. By an cutput of the shift register 5812,
the latchleircuitb8i3holdsarowselectionsignal 5815inseguence.
Here, the row selection signal 5815 is a signal for selecting an
arbitrary output signal out of the output of the gshift register
58l2. The signal held in the latch 1 ¢ircuit 5813 is transferred
to the latch 2 circuit 5814 by a latch signal 5816. By this means,
a signal is inputted to & specific signal line GN.

Inaddition, eveninthedisplayperiod, incase of the current
mirror type current source circuit, the setting operation can be
carrled out. Also, in the same transistor type current source
circult and the multi-gate type current source circuit, may be
used such a drive method that the display period is once interTupted
to thereby carry out the setting operation of the current source
¢ircuit, and after that., the display period iz resumed.

It is pogsible to realize this embodiment by be.ing freely

combined with the embodiment 1 and the embodiment 2.

(Embodiment 4}

In this embodiment, a structure and an operation of each
pixel will be described. In addition, a case that each pixel has
two palrs is taken as an example. And, a case that structures
of two current source circuits of two pairs are selected £rom and
combined with structures of the five current source circuits shown
in the embodiment 3 will be described az an example.

A first combination example will be shown. In the first
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combination example, each of two current source circuits (a £irst
current scurce circuit and a second current source circuit)} that
the pixel has 1s the current source circuit of the second structure
shown in Fig.10A. Inaddition, since a structure of these current
gource circuits is the same as in the embodiment 3, detail
description will be omitted.

Fig.16 shows the structure of the pixel of the first
combination example. In addition, in Fig,16, the same reference
numerals and signs are given to the same portions as in Fig.10.
Inaddition, aportionwhichcorregponds to the first current source
circuitis shownbyaddingaafter thereferencenumeralsof Fig.10a,
and a portion which corresponds to the second current source
circuit igshownbyaddingbafterthereferencenumeralsof Fig.10A.
Also, dezcription of a structure of the switch parts (a first switch
part and a second switch part) of the respective pairs will be
omitted here by referring to the embodiment 2.

Here, the firgt current source circuit 102a and the second
current source circuit 102b can share wirings and elements. 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, & signal line G5a and a signal line GSb can be shared.
This structure is gshown in Fig.17A. Also, a current line CLa and
acurrent line CLbcanbe shared., ThisstructureisshowninFig.17B.
In addition, structures of Fig.l7A and Fig.l17B can be freely
combined.

A way of setting of each current source circuit 102a and
102b is the same as in the eambodiment 3. The current source circuits

102a and 102b are the same transistor type current source circunit.
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Thus, it is desirable that its setting operation is carried out
insynchronouswith the operationof theswitchpart. Also, current
stop transistors 205a and 205b may be unnecessary depending upon
a drive method.

It is possible to realize this embodiment by belng freely

combined with the embodiment 1 to the embodiment 3.

(Embodiment 5)

In this embodiment, a structure and an operation of each _

plxel will be described. In addition., a case that each pixel has
two pairs is taken as an example., And, a cazse that structures
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.

Inaddition, asecondcombinationexample, whichisdifferent
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 sacond structure
shown in Fig.10A. The other current source circuit (a second
current source circuit} is the current gource circuit of the first
structure shown inFig.9aA. Inaddition, since astructure 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 e.xamplé. In addition, in Fig,18, the same reference
numerals and signs are given Lo the same portions as in Fig.10A

and Fig.9A. Inaddition, aportion which corresponds to the firgt
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current source circuit is shown by adding a after the reference
AUmeralsofFig.lﬂA,and a portion which corresponds to the second
current source circuit is shown by adding b after the reference
numerals of F1g.9A. Also, descriptionof a gtructure of the switch
parts (afirst switchpart and a secondswitchpart) of therespective
pairs will be omitted here by referring to the embodiment 2,

Here, the first current source circuit 102a and the second
current source ¢ircuit 102b can share wirdngs and elements. Also,
the first curreat source circuit 102a and the second current source
circuit 102b can ghare the current source capacitance. This
structure is shown in Filg.40. In addition, the same reference
numerals and signs are given to the same portions as in Pig.18.
In addition, it is possible to share the current transistor 1405b
between different pixels.

Also, signal lines can be shared. For example, a signal
line GNa and a signal line GNb can be shared. 2Also, a signal line
GHa and a signal line GHb can be shared. This structure is shown
in Fig.1l9A. Als0, a current line ClLa and a current line CLb can
be shared. This structure is shown in Fig.19B. Also, in lieu
ufthecurrentlineCLa,asignallinaSbcanbeused. Thizs structure
is shown in Fig.19C. In addition, structures of Fig.40, Figs.194
to 19C can be freely combined.

A way of setting of each current source circuit 102a and
102big the same as in the embodiment 3. The current source circuits
102a is the same transistor type current source circuit. Thus,
it is desirable that its setting operation is carried out in
gynchronous with the operation of the switch part. Also, current

stop transistors 205 may be unnecessary depending upon a drive
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methoed., Onohnehand, the current source circuit 102h is the current

mirror type current sourge ¢ircuit. Thus, it is possible to CArTy

out its setting operation in asynchronous with the operation of
the switch part.

In apixel structure of this embodiment, in case that curren‘t
values of currents which are outputted by the same transistor type
current source circuit and the current mixrror type current source
circuit of each pixel are made to differ, it is desirable that
an output cu;:rent of the game transistor typé current source circuit
is set larger as compared to a current value of an output current
of the currentmirror type current sourcecircuit. Areasonthereof
Wwill be hereinafter described.

Az described in the embodiment 3, in the game transistor
type current source circuit, there is a necessity to inpﬁt the
control current which is of the same current value as the output
current, but in the current mirror type current source circuit,
it 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 cuxrent of larger current value, it is possible
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
type cuxxrent source circult gets later than in the current mirror
type current source ¢ircuit. Then, in the same tr;msistor type
current source cir¢uit, it is desirable that the current value

of the output current is made larger than that of the current mirror
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type current source circuitf go that the current value of the control
current ig enlarged, and the settingoperation of the current source
circuit is carried out quickly and accurately.

Also, as described in fthe embhodiment 3, in th:e.s current mirror
type current source circuit, ag 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,
themore 1ts current value ig, the larger influence of the variation
appears. On that account, in case that the output cu_rrents of
the same current value are tentatively get, variation of the output
current becomes larger in the current mirror type current source
circuit than in the gsame trangistor type current source clrcuit.
Then, in the current mirror type current source circuit, it is
degirable that the current value of the output current is made
smaller thanthat of the same transistor type current source circuit
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 gircuit and the current
mirror type current source circuit of each pixel respectively are
made todiffer, it is degirable that the current value of the cutput
current of the same transistor type current source clrcult is set
larger as compared to the current value of the output current of
the current mirror type current source circuit.

Also, 1in case that the pixel structure of Fig.40 is used,
itisdesirable that the output current of the current source circuit
l02a is set to be largexr than the output current of the current

sourcecircuit 102b. Bythismeans, byenlargingthe output current
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of the current source c¢ircuit 102a for which the setting operation
is carried out, it is possible to carrcy out the setting operation
guickly. Also, in the current source circuit 102b in which the
drain current of the transistor 112bh, which is different from the
transistor to which 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.

It is possible to realize this embodiment by belng freely

combined with the embodiment 1 to the embodiment 3.

(Embodiment &)

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 cage that structures
of two eurrent source circuits of two palirs are selected from and
combined with structures of the five current source circuits shown
in the embodiment 3 will be described as an example.

In addition, a third combination example, which is different
from the first combination example and the szecond combination
example shown in the embodiment 4 and the embodiment 5, will be
described. In the third combination example, one (a first current
gource circuit) of two current source circuit that the .pixel has
is the current source structure of the second structure shown in
Fig.10A, Theother current source circuit (asecondcurrent source
circuit) is the current source circuit of the third structure shown
inFig.1l1A. Inaddition, since structures of these current source
clircuits are the same as in the embodiment 3, detail description

wWwill 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.l0A
andFig.11A. Inaddition. aportionwhich corresponds tothe first
current source circuit is shown by adding a after the reference
numerals of Fig.1l0A, and aportionwhichcorresponds to the second
current source circuit is shown by adding b after the reference
numeralsofFig.11A, Also, descriptionofastructureof the switch
p;rts (afirstswitchpartanda secondswitch part) of therespective
pairs will be omitted here by referring to the embodiment 2.

Here, the f£first current source circuilt 102a and the second
current source cilrcuit 102b can share wirings and elements., Also,
the first currant source circuit 102a and the second current gource
clrcuit 102b can share the current source capacitor 1i1. This
structure can be made to be the same as in Fig.40. In addition,
the same reférence numerals and gsigns 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.
asignal line GSaandasignal line GEb can be shared. Thisgstructure
is shown in Flg.21A. Also, a current line CLa and a current line
CLb can be shared. Thisstructureisshownin¥Fig.21B. Inaddition,
structures of Fig.40, Figg.21A and 21B can be freely combined.

A way of setting of eaich current source circuit 102a and
102bis the same ag in the embodiment 3. The current source circults
102a and the current source circuit 102b are the same transistor
typé current sourcecircuit. Thug, itisdegirable that its sattiﬁg

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 ig possible to realize this embodiment by being freely

combined with the embodiment 1 to the embodiment 3.

{Embodiment 7}
pixel will be described. In addition, a case that each pilxel has
two pairs is taken as an example. And, a case that structures
of two current source circults of two pairs are selected from and
combined with structures of the £ive current source circuits shown
in the embodiment 3 will be described ag an example.

Inaddition, afourthcombinationexample, whichis different
fromthe first combination example to the third combination example
shown in the embodiment 4 to the embodiment 6, will be described.
In the fourth combination example, one (a first current source
circuit) of two current source circuiteg that the pixel has is the
current source structure of the second structure shown in Fig. 10a.
The other current source circuit (a second current source circuit)
is the current source circuit of the fourth structure shown in
Fig.l2A. 1In addition, since a structure of these current source
circuits is the same as in the embodiment 3, detail description
will be comitted.

Fig.22 shows the structure of the pixel of the fourth
combination example. In addition, in Fig,22, the same reference
numerals and signs are given to the same portions as in Fig.l1l0A
andFig.12A. Inaddition, aportionwhichcorresponds to the £first

current source circuit is shown by adding a after the reference
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numerals of Fig.10A, and aportionwhichcorresponds to the second
current gsource circu:i.tl is shown by adding b after the reference
numeralsof Fig.12A. Also, descriptionof astructure of the switch
parts (afirst switchpartandasecondswitchpart) of therespective
palrs will be omitted here by referring to the embodiment 2.

Here, the first current source circult 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
and a signal line GHb can be shared. This structure is shown in
Fig.23A, Also, a current line ClLa and a current line CLb can be
shared. This structure iz shown in Filg.23B. Alsgo. 1in lieu of
the current line ClLa, a signal 1ine Sa can he used. This structure
iz shown in Flg.23C. In addition, structures of Figs.23A +to 23C
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 trangistor type current source clrcuit. Thus,
it is desirable that its setting operation is carried out in
synchronous with the operation of the switch part.' Also, the
current source circult 102b is the multi-gate type current source
circuit. Thus, it is deslirable 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
upon a drive method.

In a pixel structure of this embodiment, in case that cﬁrrent
values of currents which are ocutputted by the same transistor type

current zource circuit and the multi-gate type current source
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circuit of each pixel are made to differ, it is desirable that
anoutput current of the same transistor type current source cixrcuit
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.

Ag described in the embodiment 3, in the same transistor
type current 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
is posgible 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
to realize the setting operation of the current source circuit
quickly and accurately becaunse of difficulty of coming under
influence etc. of noise. On that account, in cage that the output
currents of the game current value are tentatively set, the setting
operation of the current source circuit in the same transisteor
type current gsource circuit gets later than in the malti-gate type
current source circuit. Then, in the same transigstor type current
source circuit, it is desirable that the current value of the ocutput
current is made laxgexr than that of the multi—.gate type current
source circuit so that the current value of the control current
isenlarged, and the settingoperationof the current source ¢ircuit
is evarried 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, Ag to the output current of the current source ¢ircuit,
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themore its current value 1s, 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 cutput
current becomes larger in the multi-gate type current source
clrcuit than in the same transistor type current source circuit,
Then, inthemulti-gate type current source circuit, it isdesirable
that the current value of the outj;mt current is made smaller than
that of the saine transistor type current source circuit and
variation of the output current is‘ made smaller.

By the foregoing, in the pixel gstructure of this embodiment,
in case that current values of currents which are outputted by
the same trangistor 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
current of the same transistor fype current source circuit is set
larger 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)

in thi; embodiment, a structure and an operation of each
pixel will be described. In addition, a case that each pixel has
two pairs is taken az an example. And, a case that structures
of two current source cilrcuits of two pairsg are gselected from and
combined with structures of the five current gsource circuits shown

in the embodiment 3 will be described az an example.

Inaddition, afifth 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. Inthe fifth combination example, one (afirst current
source circuit) of two current source circuits that the pixel has
is the current source structure of the second structure shown in
Fig.1l0A. The other current source circuit (asecondcurrent source
circuit)isthecurréntsourcecircuitofthefifthstructuneshcwn
inFig.13A. Inaddition, sincea structure of these current source
clrcuits is the same as in the embodiment 3, detail description
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.10a
and Fig.13A. Inaddition, aportionwhichcorresponds to the first
current source cixrcult is shown by adding a after the reference
numerals of Fig.1:0A, and aportionwhich corresponds to the second
current source circuit is shown by adding b after the reference
numeralg of Fig.13A, Also, descripitionofastructureof theswitch
parts (afirstswitchpart andasecond switchpart) of the respective
pairs will 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. 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 Gﬁa
and a signal line GHb can be shared. This structure is shown in
Fig.25A. Also, a current line CLa and a current line CLb can be
shared. This structure is shown in Fig.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 102a and
102b jig the same as in the embodiment 3. The current source circuit
102a 1is the same trangistor type current source circuit. ‘Thusg,
it is desirable that its setting operation is carried out in
synchronous with the operation of the switch part. Alsc, the
current source c¢ircuit 102b is the multi-gate type current source
circuit. Thus, it is desirable that its setting operztion is
carried out in synchronous with the operation of the switch part.
Also, current stop transistor 205a may be unnecessary depending
upon a drive method.

In apixel structure of this embodiment, in case that current
values of currents which are outputted by the same transistor type
current gource circuit and the multi-gate type current source
circult of each pixel are made to differ, it is desirable that
a current value of an output current of the same transistor type
current source ¢lrceuit is set larger as compared to a current value
of an output current of themulti-gate type current source circuit.
A reagon thereof will be hereinafter described.

It is possible to realize this embodiment by being freely

combined with the embodiment 1 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 abasic explanation relating to the time gray scale
system is carried out in the embodiment 2, the explanation will

be omitted hexe. 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 approprilately 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 changed with a ratio of 1:2. In
thismoment, one frame periodis divided into two sub frame periods,
and a ratio of a length (T) of the display perilod of each sub fra.me..
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
I) flowing through the iight emitting element and the length
(represented by a periocd T) of the display period, it is possible

to express 64 gray scale.

Table. 1
period T
] 4 16
curreat |
1 1 4 16
Z Z 8 32

A second example is shown. By appropriately determining
the output currents of a plurality of the current source cirecuits
that each pixel has, the current value (I) of the current flowing
through the light emitting element is changed with a ratioc 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 periocd of each
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sub frame period is set to become 1:2:16. By this means, azs 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.,

Table. 2
periad 1
1 ) 16
turreat |
1 1 ? 16
4 4 i 64

A third example is shown. By appropriately determining the
output currents of a plurality of pairs of source circuits that
eachpixalhas,thecurrentvalue(I)ththecurrentflowingthrough
the 1light emitting element is changed with a ratio of 1:2:4. In
thiSmoment,oneframeperiodisdividedintothreesubframeperiods,
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 current I flowing through the light
emitting element and the period T, it is possible to express 64

gray scale.
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Table. 3
period T
1 8
current |
1 i 8
Z Z 16
4 4 32

A fourth example is shown. By appropriately determining
the output currents of a piurality of the current source circuits
that each pixel has, the current value (I} of the current flowinlg
throughthe light emittingelement is changedwitharatioof1:4:16.
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

express 64 gray scale,

100



i ]
Ry

10

15

20

25

79 SEP 7006

Table. 4
periad T

current |

1 t 2

16 16 32

In addition, it is possible to realize this embodiment by

being freely combined with the embodiment 1 to the embodiment 8.

(Embodiment 10).

In the embodiment 1 to the embodiment 9, shown was the
structure in which each pixel has a plurality of the current source
¢ircuits 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 posgible
Lo express 2 gray scale. In addition, by combined with other qray
scaledisplaymethod, it ispossible torealize multiple grayscale.
For example, it ig possible to carry out gray scale display by
combined with the time gray scale system.

It i5 possible to realize this embodiment by being freely

combined with the embodiment 1 to the embodiment 9.

(Embodiment 11)

1t 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 example shown in the embodiment
4 to the embodiment 8, it is possible to add a circuit arbitrarily
gselected from the current source circuits of the f£ive structures
shown in the embodiment 3.

It 1s possible to realize this embodiment by being freely -

combined with the embodiment 1 to the embodinment 10.

(Embodiment 12)

In this embodiment, a structure of a driving circuit which
inputs the control sidanal to each pixel in the display device of
the invention will be described.

If varied is the control current which is inputted to each
pilxel, the current value of the current that the current source
cilrcuit of each pixel outputswill be alsovaried. Onthataccount,
there occurs a necessity of a driving circuit of a structure that
approximately a constant contrel current is outputted to each
current line. An example of such driving circuit will be
hareinafter shown,

For example, it is possible to use a signal line driving
circuit of a structure shown in Fatent Application NO.2001-333462,
Patent Application No.2001-333466, Patent Application
No.2001-333470, Patent Application N0.2001-335917 or Patent
Application No.2001-335918. In sghort, by setting the output
current of the signal line driving circuit at the control current,
it is possible to input it to each pixel.

In the display device of the invention. by applying the

above-described signal line driving circuit, it is possible to
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input approximately a congtant control current to each pixel. By
thismeans, it is possible to further reduce variation of luminance
of an image.

It is possible to realize thils embodiment by being freely

combined with the embodiment 1 to the embodiment 11.

{ Embodiment 13)

In this embodiment, a display system to which the invention
iz applied will be described.

Here, the display systemincludes amemory which stores video
glgnals which are inputted to the display device, a circuit which
outputs a control signal (a clock pulsze, a start ﬁulse, etc.) which
Js inputted te each driving civcuit of the display device, a
controller which controls them, and so on.

An example of the display system is shown in Fig.41. The
display system hasg, besides the display device, an A/D conversion
circuit, a memory selection switch A, a memory selection switch
B, a frame memory 1, a frame memory 2, a controller, a ¢lock signal
generation circuit, and a power source generation circuit.

An operation of the display system Qill be described. The
A/Dconversion circuit converts the video signal whichwas inputted
tothedisplaysystemintoadigital videosignal. The framememory
A or the frame memory B stores the digital video signal. Herxe,
by separately using the frame memory A or the frame memory B with
respect to each period (with respect to one frame period, with
respect to each sub frame period), i1t is possible to take an extra
room in writing a signal to the memory and in reading out a signal

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 thememory selection switchBby the contreller. Also,
the clock generation circuilt generates a clock signal etc. by a
gignal from the controller. The power source generation ¢circuit
generates a predetermined power source slgnal from the controller.
The signal which was read out from the memory, the clock signal,
the prowar source and soon are inpetitadtothe display device through
FPC.

In addition, the display system to whiéh the invention was
applied is not limited to the structure shown in Fig.41l. In a
display system of well known every structure, it is possible to
apply the invention to it.

It is pogsgible 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 poxrtion which the various electronic devices
have and which carries out image display.

An one example of the electronic device of the invention,
clted are a video camera, 2 digital camera. a goggle type display
(a head mount display), a navigation system, an audio reproduction
device (acar audioset, an audio component set andsoon) , anotebook
i:ype personal computer, a game machine, a portable information
terminal {a mobile computer, a portable telephone, a portable type
gamemachine oranelectronicbook, andsoon), 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 ete., and has a
display which can display its image), and so on.

Inaddition, it is possible to apply the inventicon to various
electronic devices but not 1imit to the above-described electronic
device.

it iz possible to realize this embodiment by being freely

combined with the embodiment 1 to the embodiment 13.

(Embodiment 15)

In the display device of the invention, the current source
transistor operates in the sgaturation 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
canbe guppressed, andvyet, linearityof the operationof the current
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 gsaturation region, and its drain
current Id is represented by the £following formulal. Inaddition,
1t 1= assumed that Vgs is a gate voltage, and n is mobility, and
Co is a gate capacitance per unit area, and W is a channel width,
and L, ig a channel length, and Vth is a threshold value, and the
drain current is Id.

Id = pCoW/L(Vgs-Vih)2/2 ... (1)

From the formulal, it isunderstood that, in case that values
of n, Co, Vth, and W are fixed, Id is determied by wvalues of L
and Vgs, without depending upon a value of vds.

Meanwhile, power consumption is comparable to product of
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acurrent and avoltage. Also, since Id is proportion to luminance
of the light emitting element, when the luminance is determined,
the value of Id is fixed. Thusg, in case that reduction of power
consumption is taken into consideration, it is understood that
|Vgs| is desired to be lower, and therefore, L is desired to be
of a smaller value.

However, when the value of L gets smaller, the linearity
of the saturation region is getting not o be maintained gradually
due to Early effect or Kink effect. In- short, the operation of
the current source transistorx i1s getting not to follow the
ahove-described formula 1, and the value of Id is getting gradually
to depend upon Vds. BSince the value of Vds is increased baged
upon decrease of Vg due to deterioration of the light emitting
element, as a chain thereof, the value of Id becomes apt to be
swayed by the deterioration of the light emitting element.

In short, it is not desgsirable that the value of L ig too
small, taking the linearity of‘ the saturation reglon into
conslideration, but if too large., it is not possible to s'uppress
the power consumption. It is most desirable that the value of
L i1s made to be small within a scope that the linearity of the
saturation region can be maintained,

Fig.42 shows a relation of 1. and ATId in a P channel type
TFT at the time of W=4pm and Vds=10v. AId is a wvalue which
differentiates Id by L, and comparable to an inclination of Id
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, it is understood that, as L is enlarged, the Value

of AId is getting drastically smaller from an area that L is
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approximately 100pm. Thug, in order to maintain the linearity
of the saturation region, it is understood that L is desirable
to be the value of approximately 100um and more than that.

aAnd, taking the power consumption into conslderation, since
itisdesirablethatLissmaller, inordertosatisfybothcoconditions,
it is most desirable that L is 100+x10pm. In short, by setting
the scope of L at 90um=L=1%2um, the power consumption of the digplay
apparatus having the current source transistor can be suppressed,
and yet, the linearity of the current source transistor in the
saturation region can be maintained.

It iz pogssible to realize this embodiment by being freely

combined with the embodiment 1 to the embodiment 14,

{Embodiment 16)

In this embodiment, shown is a2 structural example of the
pixel using a driving methed 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
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
is shared. One digital video signal is inputted fto 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 tc enlarge
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an open arearatio. Inaddition, aplurality of the current source
circuits which shared the switch part are set in such a manner
that they output the game constant current each ether., And, on
the occasion of expressing the same gray scale, the current source
cgircuits which output the same constant current are separately
used. By this means, even if the output currents of the current
sourcecircuitsaretentativelyvaried, thecurrent flowingthrough
the light emitting element is temporarily averaged. On that
account, it 1z possible to visualiy redqce the variation of the
luminance due to variation of the output currents of the aurrent
gource clrcouits between respective pixels.

Fig.43 shows the structure of the pikel in this embodiment.
in addition, the same reference numerals and signs are given to
the same portions as in Fig.7 and Fig.8.

Fig.43A is of a structure that, in the switch parts 10la

and 101b corresponding to the current source circuits 102a and

102b, the switching transistor 301 is shared. Also, Fig.43B is

of a structure that, in the switchparts 101a and 101b corresponding
to the current source ¢ircuits, the switching transistor 301 and
the driving transistor 302 are ghared. In addition, althoygh not
shown in Fig.43, the deleting transistor 304 which wag shown in
the embodiment 2 may be disposed. A way of a connection of the
deleting trangistor 304 in the pixel can be made to be the same
as in the embodiment 2,

As the current source circuits 102a and 102b, the current
gource circuits of the firgt structure to the fifth structure shown
in the embodiment 3 can be freely applied. But, in the structure

that the switch part making a pair with a plurality of the current
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source clrcuits is shared as in this embodiment, it is necessary
for the current source circuits 102a and 102b themselves to have
a function for selecting the conductive state or the non conductive
state be.twéen the terminal A and the terminal B. A reason thereof
is that, it is not possible to select the current source circuit
which supplies a current to the light emitting element, out of
a plurallity of the current source circuits 102a and 102b, by one
switch part which was disposed to a plurality of the current source
circuits. |

For example, in the embodiment 3, as to the current source
circuits of the second structure to the £fifth structure shown in
Figs.10, 11, 12, 13 and s0 on, the current source circuit 102 itself
has the function for selecting the conductive state or the non
conductive state batween the terminal A and the terminal B. That
iz, in the current source circuit of such structure, on the occasion
of the setting operation of the current source circuit, it is
possible to turn in the non conductive state between the terminal
A and the terminal B, and on the occasion of carrylng out the image
displiay, it is possible to turn in the conductive state batween
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. 2 etc., the current source circuit 102 itself does not have
the function for selecting the conductive state or the non
conductive state between the terminal A and the terminal B. That
is, in the current zource circuit of such structure, on the occasion
of the setting operation of the current source circuit and on the
occasion of carrying out the image display. it is in the conductive

state between the terminal A and the terminzal B. Thusg, in case
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that the current source circuit as shown in Fig.9 is used as the
current source circuit of the pixel of this embodiment ag shown
in ¥Fig.43, there is a necessity to dispose a unit £for controlling
the conductive and non conductive states between the terminal A
and the terminal B of the respective current source circuits by
a signal which is different from the digital video signal.

In the pixel of the structure of thig embodiment, during
a period that the setting operation of one current source circuit
out of a plurality of the .current source c¢ircuits which shared
the switch part is carried out, it is possible 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 circuit of the second structure to the
fifth structure which can not carry out the setting operation of
the éurrent source c¢ircult and the current cutput at the same time,
it is possible to carry out the setting operation of the current
gource circuit and the display operation at the same time.

It is possible to realize this embodiment by being freely

combined with the embodiment 1 to the embodiment 15.

(Embodiment 17)

In this embodiment, shown i1s an example that the structure
of the switch part shown in Fig.3 ig applied to the pixel of the
structure shown in Fig.l0A in the embodiment 4.

The pixel structure of this embodiment is shown in Fig. 444,
In addition, the same reference numerals and signs are given to
the same portions as in Fig.3 and Fig.l0A, and the description

thereof will 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 1 to the embodiment 1é6.

In the display device of the invention, since the current
flowing through the light emitting element can be maintained to
be the predstermined constant current on the occasion of carrying
out the image display, it is possible to have 1t emitted light
with constant luminanée regardless of the change of the current
characteristic due to deterioration etc. of the light emifting
element. Also, by selecting the ON state or the OFF state of the
gwitch part by the digital video signal, the light emisslon state
or the non light emission state of each pixel is selected. On
that account, it is possible to speedup writing of the video signal
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,

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 problemthat the influence of noise is Large.
On one hand, in the pixel structure of the display device of the
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
111
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emitted light with constant luminance regardless of change of the
current characteristic due to deterioration etc., and a speed of
writlnga signal to each pixel ig fast, and it is possible to express
accurate gray scale, and it is possible to provide the display

devicewithlowcostandsmaller gizeandthedrivingmethodthereof.
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What is claimed is:

1. A display device including a pixel comprising:
a plurality of current source circuits; and
a plurality of switch parts,
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 first current source circuit connected to the light emitting element through
a first switch;

a second current source circuit connected to the light ermitting element
through a second switch; and

a power source line,

wherein said first 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 first 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 coﬁtrol 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
firat 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
first 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 selecﬁng 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 frorm 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

s0 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
contro] currents which are input to the plurality of current source circuits are set

50 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 froim 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

50 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

s0 as to be different from each other.,
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