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.. 

BACKGROUND OF THE INVENTION 

Field of· the Invention 

200103832-2 
2 2 JUN 2001 

The present invention rel.ates to an electronic displayfonned 

5 by forming EL (electroluminescence) elements on a substrate. In 

·p~ticular, the present invention relates to an EL display using 

semiconductor elements {elements using a semiconductor thin film). 

Further, the present invention relates to a display device with 

an EL display used in its display port~on. 

10 Description of the Related Art • -

Recently, technology for forming TFTs on a substrate has 

greatly progressed, and its appl.1cation to an active matrix 

electronic display is actively developed. In particular, TFTs_ using 

a polysilioon film have higher fieid effect mobility (also referred 

15 to as mobility) than that of conventional TFTs using an amorphous 

silicon film, and thus, they are capable of high-speed operation, 

which makes it possible to control p1.xels with a driver circuit 

formed on the substrate having the pixels formed thereon, while, 

conventionally, such control of pixels is performed by a driver 

20 circuit provided outside the substrate. 

Since vari.ous kinds of circuits and elements are formed -on 

one substrate in such an active matrix electronic display, there 
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are various advantages such as reduction in the manufacturing cost, 

miniaturization of the electronic display1 improvement in yield, 

and improvement in throughput. 

In addition, active matrix EL displays having EL elements 

5 as light emitting elements are actively researched. EL displays 

are also referred to as organic EL displays {OELDs) or organic light 

emitting diodes (OLEDs). 

Different from a liquid crystal display, an EL display is 

of a light emitting type. An EL element is structured such that 

10 a layer containing an organic compound which causes luminescence 

by applying an electric field thereto (hereinafter referred to as 

an EL layer} is sandwiched between a pair of e·lectrodes (an anode 

and a cathode). ?formally 1 the EL layer has a laminated str'l'.lcture. 

A typical laltdnated structure is "a positive hole transport layer 

15 I a light emission layer I an electron transport layer• proposed 

by Tang et al. of Eastman Kodak Company. This structure has a very 

high light emission eff.1.ciency. and thus. is adopted by almost all 

EL disp1ays under research and development at present. 

The structure may also be such that "a positive hole injection 

20 layer / a pos~tive hole transport I.ayer I a light emission layer 

/ an electron transport layer" or "a positive hol.e injection layer 

I a pos1tive hole transport layer I a light enu.ss.1.on l.ayer I an 

electron transport layer I an electron injection l.ayer11 are laminated 
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in this order on an anode. Further, a fluorescent pigment or the 

l1ke may be doped into the light emission layer. 

In the present specification, all layers provided between 

a cathode and an anode are collectively referred to as an EL layer. 

5 Therefore, a.ll of the above-mentioned positive hole injection layer, 

positive hole transport layer, light emission layer, electron 

transport layer. and electron injection layer are included in the 

EL layer. 

When the pair of electrodes apply predetermined voltage to 

10 the BL layer structured as in the above, carriers recombine in the 
h 

light emission layer to emit l.ight. That an EL element emits light 

is herein referred to as "the EL element is driven". It is also 

to be noted that a light emitting element formed of an anode, an 

EL layer, and a cathode is herein referred to as an EL element. 

15 Light emitted by an EL layer can be broken down into light 

emitted when a particle returns from a singlet excited state to 

a ground state (f1uoresoenoe) and light em~tted when a particle 
I 

returns from a triplet excited state to a ground state 

(phosphorescence) . In t:he present invention, either one of the above 

20 two kinds of 11ght emission may be used. or alternatively, both 

0£ them may be used. 

Methods of driving an EL display include an analog driving 

method ( anal.og driving) • An analog-dri.ven EL dispJ.ay is described 

3 



-·-:o: .. ·-~ 

with reference to Figs. 26 and 27. 

Fig. 26 illustrates a structure of a pixel portion 1800 of 

an analog-driven EL display. Gate signal lines Gl - Gy to whicb 

a gate signal from a gate signal line driver circuit is inputted 

5 are connected to gate electrodes of TFTs 1801 for switching of the 

respective pixels . One of a source region and a drain region of 

each of the TFTs 1801 for switching of each pixel is connected to 

a source signal 1ine (also referred to as a data signal line) Sl, 

.•• , SX to Which an analog Video signal 1S inputted, While the other 

10 is connected to a gate electrode of a TFT 1804 for EL driving of . ' 
each pixel and to a capacitor 1808 of each pixel. 

A source region of the TFT 1804 for EL driving of each pixel. 

is connected to a power supply line Vl, -· Vx. whil.e a drain region 

of the TFT 1804 for EL driving .1.s connected to an BL element 1806. 

15 Electric potential. of the power supply l.ines Vl to Vx is referred 

to as power source potential. Further, the power supply lines Vl 

to Vx are connected to capacitors 1808 of the respective pixels. 

The EL el.ement 1806 has an anode. a cathode. and an EL layer 

provided between the anode and the cathode. In case the anode of 

:?O the EL element 1806 is connected to the drain region of the TFT 

l804 for EL driving, the anode of the EL element 1806 is a pixel 
.. 

electrode while its cat;hode is an opposing el.ect:rode. Converse.ly. 

in the case where the cathode of the EL element 1806 is connected 
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to the drain region of the TFT 1804 for EL driving, the anode of 

the EL element 1806 is an opposing electrode while its cathode is 

a pixel electrode. 

It is to be noted that the electri.c potential of an opposing 

5 electrode is herein referred to as opposing potential, and a power 

source -w-hich applies the opposf.ng potenti.a1 to an opposing electrode 

is herein ref erred to as an opposing power source. The difference 

between the potential of a pixel electrode and the potential of 

an oppos:i.ng electrode 1.s voltage for BL driV'1.ng, which is applied 

10 to the EL layer. . -
Fig. 27 illustrates a timing oh.art in the case where the 

EL display illustrated in Fig. 26 is driven in an analog method. 

A period from the time when one gate signal line is selected to 

the t1me when the next gate signal line is selected is referred 

15 to as ·one line period ( L) . A period from the time when one image 

is displayed to the ti.me when the next i.roage is displayed is one 

frame period (F). With regard to the EL di.sp1ay illustrated in Fig . 
• 

26, since. the number of the gate sign.al. l..ines i.s y, y l.ine periods 

(Ll to Ly) are provided in one frame period. 

20 In the present specification, that a gate signal line is 

.. selected means that all the thin film transistors whose gate 

electrodes are connected to the gate si.gnal 11ne a.re in the ON sta.te. 

As the resolution becomes higher, the number of line periods 
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in one frame period increases, and accordingly. a driver circuit 

has to be driven at a higher frequency. 

First. the power supply lines Vl to Vx are held at a certain 

power source potential. The opposing potential which is the 

5 potential 0£ the opposing e1ectrodes is also h~ld at a certain 

potential, which has different power source potential such that 

the EL elements emit light. 

In a first line period (Ll), the gate signal lineGl is selected 

according to a gate signal inputted from_ a gate signal line driver 

IO circuit to the gate signal line.Gl. 

Then. an analog video signal is sequentially inputted to 

the source signal lines Sl to Sx. Since all the TFTs 1801 for switching 

connected to .the gate signal line Glare in the ON state, the·analog 

video signal inputted to the source signal l.ines Sl to Sx is inputted 

15 through the TFTs 1801 for switching to the gate electrodes of the 

TFTs 1804 for EL driving. 

The amount of electric current through channel f orm.ing 

regions of the 'l'FTs 1804 for EL driving is controlled by the magnitude 

of the potential (voltage) of the signal inputted to the gate 

:'.!() electrodes of the TPTs 1804 for BL driving. Therefore, the potential 

applied to the pixel electrodes of the EL elements 1806 is determined 
'. . 

by the magnitude of the potential of the analog video signal inputted 

to the gate electrodes 0£ theTFTs 1804 for EL driving. The Et elements 
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1806 emit l.ight under control of the potential of the analog video 

signal. 

The above~described operation is repeated. When the analog 

video signal has been inputted to all the source signal lines Sl 

5 to Sx, the first line period (Ll) ends. It is to be noted that the 

period inputting of the analog video signal to the source signal 

lines S 1 to sx and a horizontal retrace line period may be one line 

period. 

then. in a second line period (L2}, the gate signal. 1ine 

10 G2 is selected by the gate signal.. As in the ease of the first line 

period {Ll). an analog video signal is sequentially inputted to 

the source signal lines Sl to sx. 

When the gate signal is inputted to all the gate signa.11.ines 

Gl to Gy, al.l. the line periods Ll to Ly end.· When all the li.ne periods 

15 Ll to Ly end. one frame period ends. During one frame period, all 

the piXels carry out d1splay to form one image. · It is to be noted 

that al.l the l~~e periods Ll to Ly plus a vertical retrace 1ine 

period may be one frame period. 

As described above, the amount of light emitted by the EL 

20 elements 1806 is contro11ed according to the analog video signal. 

By control.ling the amount of the emitted light, gradation display 

is carried out. This method is the so-ca1ledana1og driv.1.ng method, 

where gradation display is carried out by changing the potential 
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of the analog video signal inputted to the source signal lines. 

The control of the amount of current supplied to the EL 

elements by the gate voltage of the TFTs for EL driving in the 

above-described analog driv1.ng method will be described in detail 

5 with reference to Fig.28. 

Fig. 28A is a graph illustrating the transistor 

characteristics of the TF':r for EL driving. Reference numeral 2801 

is referred to as Ios-Vcs characteristics (or an Ins-Vcscurve), wherein 

Ios is drain current and Vas is vol.tage between the gate electrode 

to· and the source region (gate vol. tage) . By using this graph. the runoun t 

of current with regard to arbitrary gate voltage can be known. 

When gradation display is carried out in the analog driving 

method, aregionindicatedbyadottedline2802oftheabove-me:ntioned 

Ios-VGs character.1stics is used to drive the EL element. ·Fig. 2813 

15 is an enlarged view of the region surrounded by the dotted line 

2802. 

In F1g.•28B. a region illustrated by diagonal lines is 

referred to as a saturatedreg:ton. More speci.fica.l.ly .. in the region, 

the gate voltage satisfies !Vcs - VTKI < !Vos!, wherein V'l'H is threshold 

20. voltage. In this region. the drain current changes exponentially 

as the gate voltage changes. This region is used to perform current 

control by the gate voltage. 

When a TFT for switching is turned on. an anal.og video signal 
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inputted to a pixe1 is gate voltage of a TFT for EL driving. Here, 

according to the Ins-VGS characteristics i11ustrated in Pig. 28A, 

drain current with regard to certain gate voltage is decided in 

a ratio of one to one. More speoifical.l.y, correspondingly to the 

5 voltage of the analog video signal inputted to the gate electrode 

of the TFT for EL driving. the potential of tbe drain region is 

decided. Predetermined drain current passes through the EL el.emen t , 

and the EL eiement emits l.ight in an amount which corresponds to 

the amount of current. 

tO As described above, the amount of light emitted from the .. -
EL element is contro1led by the video signal. and, by controlling 

the amount of light emission, gradation display is carried out. 

However, the above-described analog driving metho~ has a 

defect in that it is ea~ily affected by variation in the 

15 characteristics of the TFTs. Even in the case where equal gate 

voltage is applied to the ~FTs for EL driving of the respective 

pixels; if there is variation .in the Ii:>s-Vcs characteristics of the 
I 

TFTs for EL driving. the same drain current can not be outputted. 

Further. as is cl.ear from Fig. 28A, since the saturated reg1.on where 

20 the drain current changes exponentially as the gate voltage changes 

is used, a slight shift in the Ios-VGS characteristics can result 

in considerable variation in the· amount of outputted current even 

if equal gate vo1tage is appl1.ed. In this case, slight variation 
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1n the I 0s-VGS characteristics results in considerable difference 

in the amount of light emitted from the EL elements between adjacent 

p~xels even if a signal of equa1 voitage is inputted thereto. 

In this way, analog driving is quite sensitive to variation 

5 in the charaoter1.stics of the TF11's for EL driving. which is an obstacle 

to gradation display by a conventional active matrix EL display. 

SUMMARY OF THE INVENTION 

The present invention is made i.n view of the above probl.em, 

and an object of the present invention is to provide an active matrix 

10 EL display capable of vivid color d.j.$p1ay ~ving many tones. Another 

object of the present invention is to provide a high-performance 

d:i.splay device (electronic apparatus) provided with such an active 

matrix EL display as a display. 

The inventor of the present invention thought that the 

15 problem with regard to the analog driving is attributable to gradation 

display performed by using the saturated region, wh~ch is eas1ly 

affected by itariation in "the Ios-Vi;s characteristics s~nce the drain 

current changes exponentiaily as the gate voltage changes. 

More specif1.cal.1y. in the case where there is variation in 

20 the I 0s-VGS characteristics. si~o~, in the saturated region. the drain 

current changes exponentially as the gate voltage changes, different 
, .•· 

current (drain current) is output:t:ed even when equal gate voltage 

is applied. As a result. there is a problem that desired gradation 
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can not be attained. 

Acco:rdingly ~the inventor of the present invention proposes 

a method ~here control of the amount of light emitted from EL elements 

is carried out not through control of current using the saturated 

5 region but mainly through control of time during which the EL elements 

emit light. According to the present invention. the amount of light 

emitted from the EL elements is controlled by ti.roe to carry out 

gradation display. Such a driving method where gradation display 

is carried out by controlling the 1.ight. em1.ssion ti.me of EL elements 

10 is referred to as a time-division driving method (hereinafter 

referred to as d.1.gital. driving}. It is to be noted that gradation 

display carried out by such a time-division driving method is referred 

to as time-division gradation display. 

By the above-mentioned structure, according to the p:cesent 

15 invention, even if there is variation in the ! 05 -V<;s characteristics 

to some extent .. a situation can be a.voided that there is considerable 

difference in the amount Of light emitted from the EL elements between 

adjacent pixels even if a .signal of equal. voltage is .1.nputted thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a bl.ook diagrant ill.ustrating a circuit structure of an 

EL display according to the present invention. 

Fig. 2 is a circuit diagram of a p~xel portion of the EL display 

according to the present invention. 
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Fig. 3 is a c1rcu1 t diagram of a pixel of the EL display according 

to the present invention. 

Fig. 4 illustrates a driving method of the EL display according 

to the present invention. 

5 Figs. SA and SB are timing charts of a selection signal in a 

driving method according to the present invention. 

Fig. 6 illustrates a driving method of an EL display according to 

the present invention. 

Fig. 7 illustrates a driving method of an EL display.according to 

10 the present invention. 
.; ' ... 

Fig. 8 illustrates a driving method of an EL display according to 

the present invention. 

Fig. 9 is a plan qiew of pixeis of an BL display according to the 

present invention. 

15 F1g. 10 is a block diagram illustrating the structure Of a driver 

circuit of the EL display according to the present invention. 

20 

Figs. llA - llC illustrate a manufacturing process of the EL 

display according to the present invention. 

Figs. 12A - 12C illustrate a manufacturing process of the EL 

display according to the present invention. 

Figs. 13A - 13B illustrate a manufacturing process of the EL 

display according to the present invention. 
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Fig. 14 is a detailed sectional view of an EL display according 

to the present invention. 

Figs. 15A and 15B are a plan view and a sectional view, 

respectively, of an EL display according to the present invention. 

5 Fig. 16 is a circuit diagram of a source signal line driver circuit 

of the EL display according to the present invention. 

Fig. l 7 1.s a plan v1ew of a latch of the source signal. line driver 

circu~t of the EL display according to the present invention. 

Fig. 18 is a circuit diagram of a gate signal line driver circuit 

{() of the EL display according to. tqe present invention . 
• 

Fig. 19A illustrates a structure of a connection between an EL and 

a TFT for EL driving and Fig. 19B illustrates the voltage-current 

characteristics of the EL element and of the TFT for EL driving. 

Fig. 20 illustrates voltage-current characteristics of an EL element 

15 and of a TFT for EL driving. 

Fig. 21 illustrates relationship between gate voltage and drain 

current of a TFT for EL driving. 

Fig. 22 is a block d.1.agram of a display according to the present 

invention. 

~O Figs. 23A and 23B are plan views of a display with a driver 

circuit as a display according to the present invention. 

Figs. 24A - 24F illustrate electronic apparatus using the EL 
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display according to the present invention. 

Figs. 25A - 25C illustrate electronic apparatus using the EL 

display according to the present invention. 

Fig. 26 is a circuit diagram of a pixel portion of a conventional 

5 EL display. 

Fig. 27 is a timing chart illustrating a driving method of the 

conventional EL display. 

Figs. 28A and 28B illustrate I 08-VGS characteristics of a TFT. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
,; . ..,. 

A structure and a driving method of an EL displ.ay according 

to the preset invention are described in the following. Here, a 

case where 2n tones are displayed according to an n-bit digital video 

signal is described. 

Fig. 1 illustrates an exemplary block diagram of an EL display 

15 according to the present invent1.on. The EL display illustrated in 

Fig. 1 has a pixel portion 101 fo:ctned of TFTs formed on a substrate, 

a source signal 1ine driver circuit 102 disposed on the periphery 

of the p~xei portion 101, and a gate signa1 1~ne driver circu~t 

103 - It is to be noted that. though the EL display of the present 

20 embodiment has one source signal line driver circuit and one gate 

signal line driver circuit, the present invention is not limited 

thereto, and there may be two or more source signai·iine driver 
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circuits and t~o or more gate signai 11.ne driver circuits. 

A c1ock signal for sources (S-CLK) and a start pul.se signal 

for the sources (S-SP) are inputted to the source signa1 line driver 

circuit 102. The source signal line dri.ver circuit 102 is dr1.ven 

5 by the clock signal for the sources {S-CLK) and the start puise 

signal for the sources (S-SP). 

A clock signal for gates (G-CLK) and a start pulse signal 

for the gates (G-SP} are inputted to the gate s~gnal iine driver 

circuit 103. The gate signal line driver circuit 103 i.s dr1.ven by 

·w the clock signal for the gates {<:T-<:;:LK) and the start pulse signal 
4 

for the gates (G-SP}. 

In the present invention. the source signal 1.1.ne driver 

ci.rcui t 102 and the gate signal line driver circuit 103 maybe provided 

on the substrate hav.1.ng the pixel portion 101 provided thereon, 

15 or alternatively, may be provided on an IC chj_p and connected through 

an FPC or a TAB to the pixel portion 101-

Fig. 2 is an enlarged vi.ew of the pi.Xel portion 101. Source 

signal l.ines 51 to Sx, power supply lines Vl to Vx, and gate signal 

lines GO, Gl to Gy. and G(y+l) are prov~ded in the pixel portion 

20 101. 

A pixel 104 is a region havj.p.g one of the source signal 1.1.nes 

Sl to Sx. one of the power supply lines Vl to Vx. and one of ·the 

gate signal lines Gl to Gy. A plurality of pixels 104 are !1rranged 

15 



11.ke a matrix in the pixel portion 101. 

It is to be noted that, though no p1.Xel. is formed between 

the gate signal lines GO and G1 in Fig. 2, the present invention 

is not limited thereto, and dummy pixels may be fonned between the 

5 gate signal. l.1nes GO and Gl. 

Fig. 3 is a circuit d1.agram of the pixel 104. Re.i;erence 

numerals 105. 106, 107, 108, 109, and 110 denote a first TFT for 

switching, a second TFT for switching, a TFT for erasing, a TFT 

for EL driving, a capaci.tor. and an EL element, respectively. A 

lO pixel (j, i.) .1l.1ustrated in Fig~ 3 has a source signal 1ine Sj (j 
. . ' 

is an arbitrary number from 1 to x}, a power supply line Vj, and 

a gate signal l~ne Gi (i is an arbitrary number from 1 toy}. 

A gate e1eotrode of the first TFT 105 for sw~tohing is 

connected to the gate signal. line Gi. A gate electrode of the second 

15 TFT 106 for s~itehing is connected to a gate signal line G(i+l) 

of a pixel ( j, i+l) located next to the piXel. ( j, iL It is to be 

noted that. though the present embodiment has the above-described 

structure. it may be that the gate electrode of the second TFT 106 

for switching is connected to the gate signal. line Gi and the gate 

:!O electrode of the first TFT 105 for switching is connected to the 

gate signal line G(i+l) of the pixel. (j, i+l) located next to the 

pixel ( j • 1} . 

A source region or drain region of the first TFT 105 far 
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switching and a source region or dra~n region of the second TFT 

106 for switching are connected in series. The source region or 

drain region of the second TF~ 106 for switching not connected to 

the source region or drain region of the first TFT 105 for switching 

5 is connected to the source signal line Sj. Further. the source region 

or drain region of the ~irst TFT 105 for switching not connected 

to the source region or drain region of the second TFT 106 for switch.ing 

is connected to a gate electrode of the TFT 108 for Et driving. 

A gate electrode of the TFT 107 for erasing is connected 

to to a gate signa1 1ine G ( i-l) of a pixel ( j. i .. 1) located ne:xt to 

the pixel ( j , i) illustrated .in Fig. 3 • One of a source region or 

a drain region of the TFT 107 for erasing is connected to the power 

supply line Vj. and the other is connected to the gate electrode 

of the TFT 108 for EL driving. 

15 The capacitor 109 is provided so as to be connected to the 

gate electrode of the TFT 108 for EL driving and to the power supply 

line Vj. The capacitor 109 is provided for the purpose of retaining . 
i 

the gate voltage of the TFT 108 for EL dri~~ng when the TFT 107 

for switching is in a nonselected state (an OFF state). It is to 

20 be noted that, .though the capacitor 109 1.s provided in the structure 

of the present embodiment. the present invention is not limited 

thereto, and the capac~tor.109 may not ne provided. 

A source :region of the TFT 108 for EL driving is connected 
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to the power supply line Vj, while a drain region of the TFT 108 

for EL driving is connected to the EL element 110. 

It is to be noted that a power supply line may be commonly 

used by two pixels adjacent to each other in one line. In other 

5 words, it may be structured such that the sour~e regions of the 

TFTs for Ei driving of the two pixels are connected to one common 

power supply line. 

The EL element 110 is formed of an anode, a cathode. and 

an EL layer provided between the anode and the cathode. !n case 

10 the anode is connected to the drp.~n region of the TFT 108 for EL 

driving, the anode is a pixel electrode while the cathode is an 

opposing electrode. Conversely. in case the cathode is connected 

to the drain region of the TFT 108 for EL driving, the cat~ode is 

a pixel electrode and the anode is an opposing electrode. 

15 The opposing electrode of the EL e.lement 110 is connected 

to an opposing power source (not shown) providedoutside t:he substrate 

having the pUce~ portion 101 formed thereon. and the opposing 

potential Which is constant is always applied to the opposing 

electrode of the SL element 110. The power suppJ.y lines Vl to Vx 

20 are connected· to a power source (not shown) provided outside the 

"substrate having the pixel portion 101 formed thereon. and the power 

source potential which is cons~an~ is always appl~ed to the power 

supply lines Vl to Vx. The difference between the opposing potential 
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and the power source potential is always held such that the EL element 

110 emits 1ight when the power source potential is applied to the 

pixel electrode. 

With regard to a typical present EL display. in the case 

5 where the a.mount of light emission per area of the pixel portton 

is 200 od/m2
, necessary current per area of the pixel portion is 

several mA/em2
• Therefore. as the size of the pixel. portion becomes 

larger, it becomes more difficult to contro.l by a switch the potential 

applied to the power supply lines by a power source provided in 

lO an IC or the like. According to the present invention, ·since the 
' . 

power source potential. and the opposing potential are always held 

constant and it is not neces$ary to control using a switch the 

potential applied from the power source pro~i.ded in the IC, the 

present invention ~s useful in materializing panels of a larger 

15 screen sii.e. 

As the first TFT 105 for switcbi.ng. the second TFT 106 for 

switching. the TFT 107 for erasing. and the TFT 108 for EL driving._ 
' 

both n-channel TFTs and p-channel TFTs can be used. However. it 

is necessary that the first TFT 105 for switching, the second TFT 

20 106 for sw1 tching, and the TFT 107 forerasi.ng are of the same po1arity. 

Further. in case the anode of the EL element 110 is a pixel. el.ectrode 

and its cathode is an opposing e1ectrode* it is preferable that 

the TFT 108 for EL driving is a p-channel TFT. Conversely, in the 
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case where the anode of the EL element 110 is an opposing electrode 

and its cathode is a pixel electrode, it is preferable that the 

TFT 108 for EL driving is an n-channel TFT. 

Stil.l further, the first TFT 105 for sW'1. tching, the second 

5 TFT 106 for switching, the TFT 107 £or eras~ng, the TFT 108 for 

EL driving may have not only a single-gate structure hut also a 

multi-gate structure such as a double-gate structure or a tripl.e-gate 

structure. 

Next , a method of driving the EL displ.ay according to the 

lO present invention illustrated 1.n Figs. l to 3 is described with .. -
reference to a timing chart illustrated in Fig. 4. In Fig. 4, a 

horizontal axi$ denotes tizne while a vertical axis denotes tne 

position of a selected gate signal line. 

First, during a writing period Tal, the gate s1gna1 line 

l5 GO is selected aooording to a selection signal for writing (a first 

select:1on signal) inputted from the gate signal line driver circuit 

103 to the gate signal line GO. TJlen. the TFTs 107 for erasing of 

the pixels in the first line whose gate e1ectrodes are connected 

to the gate signal line GO are turned on. When the TFT 107 £or erasing 

~O is turned on, ·the gate electrode and the source region of the TFT 

108 for EL dri.ving are electrically connected to each other. 

Therefore, the gate voltage (the.potential difference between the 

gate electrode and the source :region) of the TFT 108 fot EL drivi.ng 
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becomes zero. Which makes the TFTs 108 for EL driving of the pixels 

in the first line in the OFF state. 

Then. with tne gate signal line GO being in the selected 

state according to the selection signal for writing, the gate signal. 

5 l.ine Gl is selected acc:ord1.ng to the selection signal for writing 

inputted to the gate si.gnal. line Gl. Then, the first TFTs 105 for 

switching of ~he pixels in the first l1ne, the gate electrodes of 

which are connected to the gate signal line Gl. and the TFTs 107 

for erasing Of the pixels in the second line, the gate electrodes 

10 of which are also connected to the gate signal line Gl are turned .. 
on. 

Then. with the ga~e signal line Gl being in the selected 

state according to the selection signal for writing. the gate signal 

line GO becomes nonse1ected. and at the same time. the gate signal 

{5 line G2 is selected. Then, the second TFTs 106 for switching of 

the pixels in the first line, the gate electrodes of which are 

connected to the ~ate signal line G2. the first TFTs 105· for switching 

of the p.1xel.s in the second line. the gate electrodes of whi.ch are 

also connected to the gate signal line G2, and the TFTs 107 for 

::m erasing of the pixe.ls in the third line.. the gate electrodes of 

which are also connected to the gate ·signal line G2 are turned on. 

Therefore. bys.imultaneousl.yselectingthegate signal lines 

GO and Gl according to the selection signal. for writing, the fi.rst 
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TFTs 105 for switching and the second TFTs 106 for switching of 

the pixels in the first line are simultaneously turned on. 

When the f 1rst TFTs 105 for switching and the second TFTs 

106 for switching are simultaneousiy in the ON state, a first b1t 

5 of a digital video s1.gnal is inputted from the source signal line 

driver circuit 102 to the source signal lines Sl to sx. The first 

b1.t of the digital. video signal is inputted through tlle first TFTs 

105 for switching and the second TFTs 106 for switching to the gate 

electrodes of the TFTs 108 for EL driving of the pixels in the first 

10 line. That a digital video signal is inputted to a gate electrode 

of a TFT 108 for EL dr1.v1ng is herein referred to as «a digital 

video signal is inputted to a p1Xel". 

A digital video s~gnal has information which is either .. 0,. 

or n1 11
• One of the "O" dig.ital. video signal and the •1• digital 

15 video signal is a signal having voltage of Hi wh1.1e the other is 

a signa1 having voitage of Lo. 

In the pi:e,sent embodiment, in case the digital video signal. 

has the information "O*. the TFT 108 for EL driving is in the OFF 

state. and thus. the power source potential is not applied to the 

20 pixel. electx:ode of the EL element 110~ As a resul.t, the EL el.ement 

llO of "the pixel to which the "O" digital v.ideo signa1 .ts inputted 

does not emit light. 

Conversely, in the case where the digital video signal. has 

:!2 



~-

the information "l", the TFT 108 for EL driving is in the ON state, 

and thus, the power sou+oe potential is applied to the pixel electrode 

of the EL element 110. As a resul.t, the EL element 110 of the pixel 

to which the "On digital video signal is inputted emits light. 

5 In the present embodiment, in the case where the digitai 

video signal has the information uau, the TFT 108 for EL dr~ving 

is in the OFF state, and in the case where the digital video signal 

has the information •1", the TFT 108 ~or EL driving is in the ON 

state. However. the present invention is not limited thereto, and 

10 it may be that, in case the digital video signal. has the information 

f -
0 0". the TFT 108 for EL driving is in the ON state. and in the case 

where the digital video signal. has the information "1 t•. the TFT 

108 for EL driving ~s in the OFF state. 

In this way. simultaneous1y with the input of the digital 
.. 

15 video ·signal to the pixels in the f.irst line, the EL elements 110 

perform light emission or do not perform light emission such that 

the pixel$ in the f~rst line carry out displ.ay. A period during 
I 

wh::ich a p.1Xe1 carries out display .is ref erred to as a d.1splay per:1od 

Tr. In particular, a. display period started with the input of the 

20 first bit of the digital. video signal to the pi..Xels is referred 

to as Trl. The timings when the 'display periods of the respe<::tive 

l~nes are started have time differences with one another. 

Then, with the gate signa1 line G2 being :in the seiected 



state according to the selection signal for writing, the gate signal 

line Gl becomes nonselected, and at the same time, the gate signal 

line G3 is selected. Then, the first TFTs 105 for switching of the 

pixels in the second line the gate electrodes of which are connected 

5 to the gate signai line G3, the second TFTs 106 for switching of 

the pixels in the third line the gate electrodes "of which are also 

connected to the gate signal l.i.ne G3, and the TFTs 107 for erasing 

of the pixels in the fourth line the gate electrodes of which are 

also connected to the gate signal line G3 are turned on. 

lO Therefore, the first TFTs 105 for switching and the second .. ' 

TFTs 106 for switching of the pixels in the second line are 

simultaneously turned on. When the first TFTs 105 for switching 

and the second TFTs 106 for switching are simultaneously in the 

ON state. a digital video signal of a first bit is inputted from 

l5 the source signal l.ine driver circuit 102 to the source signal lines 

Sl to sx. The first bit of the digital video signal. is inputted 

through the first TF~s 105 for switching and the second TFTs 106 

for switching to the gate electrodes of the TFTs 108 for EL driving 

of tbe pixels in the second line. 

Then, -al.l the gate signa1 lines are sequentially selected 

according to the selection signal for writing to input the first 

bit of the digital video signal to-all the puel.s. Th:e period until 

the first bit of the digital video signa1 is inputted to all the 
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pixels is the writing period Tal. 

rn this way, dux;ing a writing period. two gate signal.s are 
simultaneously seiected according to the selection signal for 

wri.ting. 

5 on the other hand, before the first bit of. the digital vid~o 

signal is inputted to all the pixels. that is, before the writing 

period Tal ends, in parallel with the input of the first b1t of 

the digital video signal to the pixels, the gate signal 11ne GO 

is selected according to a selection signal for erasing (a second 

10 selection signal) inputted from the gate signal li.ne driver circuit .. -
103 to the gate signal line GO. 

When the gate signal iine GO is selected according to the 

selection signal for erasing, the TFTs 107 for erasing of the pixels 

~n the first line. the gate electrodes of which are connected to 

l5 the gate signal line GO, are turned ON. Therefore, the power source 

potential of the power supply l.~nes Vl to Vx is applied through 

the TFTs 107 for erasing to the gate el.eotrodes of the Tf'Ts 108 

for EL dr:1v1.ng. By applying the power source potential to the gate 

eieotrodes of the 'l'FTs 108 for EL drivi.ng, the first bit of the 

20 digital v1.deo · si.gnal. retained by the gate electrodes of the TFTs 

108 for EL driving since the gate signal. U.nes Gl and G2 are sel.ected 

according to the selecti.on signai· for writing is erased. In this 

way, L.he power source potential is not app.Lted to the pixel electrodes 
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of the EL elements 110, all the EL elements 110 of the pixe1s in 

the first line no longer emit light, and the pixels in the first 

line do not carry out display. 

A period during which a pixel does not carry out display 

5 is referred to as a non-display period 'l'd. With regard to the p1.Xels 

in.the first 1ine, simultaneously with the selection of the gate 

signal line GO according to the selection signal for erasing, the 

display period Trl ends and a non-display period Tdl starts. 

Similarly to the case of the display periods, the timings when the 

10 non-display periods of the respective l.ines are started have time . ' 
differences with one another. 

Then, the gate signal line GO becomes nonselected by the 

selection signal for erasing, and the gate signal line Gl is selected. 

When the gate signal line Gl .is selected, the TFTs 107 for erasing 

15 in the second line~ the gate eieotrodes of which are connected to 

the gate signal line Gl. are turned on. In this way, the non-di.splay 

period Td is started with regard to the pJ.xels in the second l.ine, 
• 

and the pixels in the second line no l?n~er carry out display. 

Then, all the gate signal. lines are sequentially selected 

20 according to the selection s1.gnal for eras.ing. The period until 

all the gate signal lines are selected according to the selection 

signal. for era.sing to erase the first bit of the digital. video signal. 

from all the pixels is an erasing period Tel. 
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In this way. during an erasing period, only one gate signal. 

line is always selected according to the selection signal for erasing, 

and two or more gate signal l~nes are by no means simultaneously 

selected according to the selection signal for erasing. 

on.the other hand, before the first bit of the digital video 

signal retained by all the pixels are erased. that is. before the 

erasing period Tel ends. in parallel with the erasing of the first 

bit of the digital video signal retained by the pixels. the gate 

signal line GO is again selected according to the selection signal 

10 for writl.ng. 'l'hen •. a second bit of the digital video signal is 

LS 

:!O 
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inputted to the pixels 'in the first line. As ·a result. the pixels 

in the first line again carry out display, and thus, with regard 

to the pixels in the first line, the non-display period Tdl ends 

and a display period Tr2 st~rts. 

Similarly# all the gate signal lines are sequentially 

selected accord1.ng to the s~1ection signal for writing to input 

the second b1.t of the d1.gital video signal to all. the pixel.s. The 
I 

period until the second bit of the digital video signal is inputted 

to ali the pixels is referred to as a writing period Ta2. 

on the. other hand, before the second bit of the digital video 

signal is inputted to all the pixels, that is, before the writing 
. . . 

period Ta2 ends. in paraJ.lel with the input of the second b~t of 

the digital video s~gnal to the pixels, the gate signal line GO 
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is selected according to the sel.ect.1.on signal for erasing. In this 

way, all the EL elements 110 of the pixels in the first line no 

longer emit light, and the pixels in the first 11ne do not carry 

out display. Therefox-e, with regard to the pixel.s in the first line, 

5 the display period Tr2 ends and a non-display period Td2 starts. 

Then, all the gate signal lines are sequentially selected 

according to the sel.ection signal for erasing to erase the second 

bit of the digital video signal from all the pi.Xels. The period 

until the second bit of the digital video signal are erased from 

l 0 all the pixels is an erasing period Te2 . 
. . 

The above operation is repeated until an mth bit of the digital 

video signal is inputted to the pixeis. During that period, the 

display period Tr and the non-display period Td repeatedly appear. 

'!'he display period Trl is a period from the time when the writing 

15 per~od Tal is started to the time when the erasing period Tel is 

started. The non-display period Tdl is a period from the time when 

the. erasing period Tel is started to the time when the next wri ti.ng 
I 

period ( Ta2 in this case) is started. Similar.Ly to the display period 

Trl and the non-display period Tdl. display periods Tr2. Tr3, ·-· 

~) Tr(m-1} and n~n-display periods Td2, Td3, -,Td(m-1) are d.ef~ned 

.. by ~he wr1t1ng periods Tal, Tal, -·Tarn and the eras1ng periods 

Tel, Te2, -· Te(m-l}, respectively. 

For the sake of simplicity of description, a case where m 



= n-2 is .il.l.ustrated in Fig. 4 by way of example. However, it goes 

without saying that the present invention is not limited thereto. 

ln the present invention. moan be arbitraril.y selected among numbers 

from l to n. 

5 Then. a writing period Tam[ n-21 starts (hereinafter the case 

where m = n ... 2 is shown in brackets). An m[n-2Jth bit of the digital. 

video s1gnal is inputted to the pixels in the first line, a displ.ay 

period Trm(n .. 21 starts with regard to the pixe.ls in the first line, 

and the pixels 1.n the first line carry out display. The m{n-2]th 

10 bit of the digital video signal is retained in the pixel.s until 

. ' ' 
the next writing period is started. 

Then, a writing period Ta(m+l) ln-11 starts, and them[n-2] th 

bit of the digital video signal. retained in the pixels is erased. 

Instead, an (m+l) [n-l]th bit of the digital video signal is inputted 

15 to the pixels in the first line. a display period Tr(m+l) {n-1] starts 

wlth regard to the p1xe1s in the f.irst 11.ne. and the pixels in the 

first 11.ne carry out d1splay. The (m..-l)(n-llth bit of the digital 
I 

video signa1 is retained in the pixe1s until the next bit of the 

digital video signa1 is inputted. 

20 The above operation is repeated until an nth bit of the digital 

video signal is inputted to the pixel.a. Displ.ay periods Trm ( n- 2 J , 

... , Trn are periods from the time When writing periods Tam(n-2 J, 

·~· Tan are started to the time when the next writing periods ~re 
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started, respectively. 

When all the display periods Trl - Trn end, one 11\\age can 

be displayed. In the present invention, a period during which one 

image is dispiayed is referred to as one frame period (~). 

5 After one frame per.i.od ends, the gate sign~l line GO is again 

selected according to the selection signal for writing. When the 

gate signal lines Gl and G2 are simultaneously selected, .the first 

bit .of the dtgital video signai is inputted to the pixels, and, 

with regard to the pixels in the first line, the display period 

lO Trl starts again. Then, the above operation is repeated again . 
. f ' 

Fig. 5 shows a timing chart of the selection signal for writing· 

to be inputted to the gate signal lines and of the clock signal 

for the gates {G-CLl<) to be inputted to the gate signal line driver 

circuit 103 in the EL display structured as illustrated in Figs. 

t5 1 to 3. 

F:i.g. SA is a timing chart during a wri t1.ng period. Sa ( i-1) 

to Sa(i+l) indicate seiection signals for writing to be inputted 

to gate signal lines G(i-1) to G(i+l). respectively. Fig. SB is 

a timing chart duX'inganerasingperiod. Se(i-1) to Se(i+l) indicate 

~O selection signals for writing to be inputted to the gate signal 

lines G(i-1) to G(i+l). respectively. 

It is to be noted that the timing charts 1.1.lustrated in Fig. 

5 are With regard t:o a case where the f'1.rst TFT 105 for sw1tchi.n.g. 
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the second TFT 106 for switching, and the TFT 107 for erasing are 

alln-channel TFTs. In thecasewherethefirst TFT 105 for switching, 

the second TFT 106 for switching. and the TFT 107 for erasing are 

all p-channe.l TFTs. the potential of the selection signals for writing 

5 and of the selection signal.s for erasing are invers·ion 0£ the phase 

of the potential of the respective signals in the timing charts 

illustrated in Fig. 5, with the potential of the ground as a reference. 

In a writing period. a period during which one gate signal 

line is selected according to' a selection signal for writing is 

to referred to as a writing selection period (La). In the case . ' 
illustrated in Fig. SA, the potential of a seiection signal for 

writing during a writing selection period is Hi. In an erasing period, 

a period during which one gate signal line is selected according 

to a selection signal for erasing is referred to as an erasing 

LS selection period (Le). In the case illustrated in Fig. SB~ the 

potential of a selection signal for erasing during an erasing 

selection period is Hi.. 

The writing selection period (La) is twice as 1.ong as the 

erasing selection period (Le) . Half of the writing s·eieotion periods 

20 {La) of adjacent gate signal l.1nes overiap each other. Further, 

erasing selection periods (Le) of adjacent gate signal lines do 

not overiap each other. and when· an eras.1ng selection period (Le) 

with regard to one gate signal line ends, an erasing selection period 
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(Le) with regard to the next gate signal line is started. 

It is to be noted that the length Of the writing selection 

period (La) and the iength of the erasing selection per~od (Le) 

are controlled by the start pulse signal for the gates {G-SP). 

5 It is to be noted that, in the timing charts i1lustrated 

in Fig. 5 , the length of the writing selection period (La) corresponds 

to two cycles of the clock signal for the gates (G-CLK), and the 

length of the erasing se.lection period (Le) corresponds to one cycle 

of the clock signal for the gates (G-CLK). Howe~er, the present 

10 invention is not limited thereto. What i.s necessary is that the 
. •' 

writing selection period (La) is twice as long as the erasing selection 

period {Le). 

In the present invention. it is preferable that the EL displ.ay 

ha,s s~xty or more frame periods per second. If the number of .images 

15 displayed per second .is less than sixty, flicker of images may become 

visually conspicuous. 

In additd.on, 1.n the present invention, it i.s necessary that 

the sum of the lengths of all the writing periods is shorter than 

one frame period. Further, it is necessary that the lengths of the 

20 
. 0 

display periods sati.sfy Trl : Tr2 : Tr3 : - : Tr(n-1) : Trn =- 2 : 

21 : 21 : ·-: 2tn- 2>: 2<n-u. Byoombiningthesedispl.ayperiods, "-esired 

tones among the 2" tones can be displayed. 

The sum of the lengths of the display periods during which 
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the BL elements emit 1ight in one frame period dete:r:mi.nes the tone 

displayed by the pixe1 in that frame period. For exampl.e, When n 

~ 8, if the brightness when the pixel emits light during all the 

display periods is expressed as 100%, brightness of 1% can be 

5 materialized by making the pixel emit l.ight 1.n Trl and Tr2, while 

brightness of 60t can be materialized by mak.1.ng the pl:xel emit light 

in Tr3, TrS. and Tr8. 

It is important that the writ~ng period Tam during which 

the mth bit of the digital video signal is written in a pi.Xel is 

lO shorter than the display period 1.'rm. Therefore, it is necessary .. 
that the value of the bit number m is selected from 1 to n such 

that the writing peri<:>d Tam is shorter than the displ.ay period Tnn. 

The display periods Trl to Tm may appear in any order. For 

example. i.n one frame period, it is pos s~b1e that the display periods 

15 appear in the order of Trl, Tr3. TrS, Tr2, ... • However, it is more 

preferable that the order is such that the di.splay periods Trl to 

Tm do not overlap each other. Further, it is r:nore preferable that 
I 

the order is such that the erasing periods Tel to Ten do not overlap 

each other. 

10 According to the present invention, by the above structure. 

.. even if there is a variation to some extent in the Ios-VGs 

'•· 
characteristics between TFTs. variation in the amount of current 

ou~putted when equal. gate voltage is app1ied to the TFTs for EL 
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driving can be suppressed. Therefore, a situat:Lon can be avoided 

that there is considerable difference in the amount of light emitted 

from the EL elements with regard to adjacent pixels due to the 

variation in the Ins-Vas charaaterist~cs even if a signal of equal 

5 voltage is inputted thereto. 

Further, according to the present in~ention, as TFTs for 

EL driving, two TFTs for EL driving may be provided in parallel. 

This makes it possible to effioiently radiate heat generated by 

current through the actiV'e layer of the TFTs for EL driving, which 

10 can suppress deterioration of the TFTs for EL driving. Further • 

• variation in the drai.n current due to variation in the characteristics 

of the TFTs for EL driving such as the threshold and the mobility 

can be suppressed. 

Further, according to the present invention·, a 

15 no-light-emission period during Which no display is carried out 

can be prov.i.ded. In the case of a conventional analog driving method, 

if an image where al.l the pixels display white is displ.ayed on an 

gL disp1ay, the EL elements always emit 1ight, which is a cause 

of accelerating the deteriorat.ion of the EL layer. According to 

20 the present inyention, sinoe a no-light-emission period can be 

provided, the deterioration of the EL layer can be suppressed to 

some extent. 

It is to be noted that. accord.1ng to the present inventi.on, 
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a display per1.od and a writing period overlap each other partially. 

In other words, a pixel oan carry out displ.ay even during a writing 

period. Therefore~ the ratio of the sum ot the lengths of al.1 the 

display periods in one frame period (duty cyc1e} is not determined 

5 only by the lengths of the writing periods. 

It is to be noted that, though, in the present embodiment. 

capac1 tors are structured to be pro-vided for the purpose of retaining 

voltage applied to the gate electrodes of the TFTs for EL drivj_ng, 

the capacitors may be om.1.tted. When a TFT for EL driving has an 

10 LDD region provided so as to overlap a gate electrode through a .. -
gate insulating film, a parasitic capacitance which is generally 

referred to as a gate capacitance is formed in the overlapped regi.on. 

-This ga~e capacitance may be positively used as a capacitor for 

retaining voltage applied to the gate el~ctrode of the TPT for EL 

15 driving. 

Since the value of the gate capacitance varies depending 

on the a:rea where the gate· electrode and the LDD region over1ap • 

each other, the value 1.s determined by the length of the LDD region 

included in the overlapped reg~on. 

20 It i.s to be noted that application of the structure according 

to the present invention described i.n the above is not 11.mited to 

an EL display# and the structure may also be app1ied to other 

apparatuses using electroopt1.cal elements - Further. when 1.iqui.d 
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crystal which can respond at high speed hav1.ng the response time 

of several tens of JJ, sec or shorter is developed, the structure may 

also be applied to a liquid crystal display. 

Embodiments of the present invention are described in the following. 

5 (Emb-Odiment l) 

In the present embodiment. a case where 24 tones are displayed 

according to a 6-bit digital video signal 1.n an EL display according 

to the present .invention is described with reference to Fig. 6. 

It is to be noted that the EL display of the present embodiment 

10 has the structure illustrated in Figs. l to 3. 

First, during a writing period Tal, the gate signal line 

GO is selected according to a selection signal for writing inputted 

from the gate signal line driver circuit 103 to the gate signal 

li.ne GO. Then, the TFTs 107 for erasing of the pi.Xel.s in the first 

15 line whose the gate electrodes are connected to the gate signal 

line GO are turned on. When the TFT 107 for erasing ~s turned on, 

the gate electrode and the source reg:lon of the TFT 108 for EL dr1.v~ng 

are eleotr~cally connected to each other. Therefore, the gate 

voltage (the potential difference between the gate electrode and 

20 . the source region} of the TFT 108 for EL driving becomes zero, which 

makes the TFTs 108 for EL driving ot the pixeis in the first line 

1n the OFF state. 

Then. with the gate signal. line GO being in the selected 
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state according to the selection s.1.gnal. for writi.ng. the gate signa1 

line Gl is selected according to the selection signal for writing 

inputted to the gate signal line Gl. Then, the first TFTs 105 for 

switching of the pixels in the first line whose gate electrodes 

5 are connected to the gate signal line Gland the TFTs 107 for erasing 

of the pixels in the second line whose gate electrodes are also 

connected to the gate signal line Gl are turned on. 

Then. with the gate signal line Gl being in the selected 

state according to the selection signal for writing. the gate signal 

10 line GO becomes noi:i-selected, and at the same time, the gate signal 

line G2 is selected. Then, the 
4
Second TFTs · 106 for switching of 

the pixels in the first 1ine whose gate electrodes are connected 

to the gate signal line G2, the first TFTs 105 for switching of 

the pixels in the second line whose gate electrodes are al.so conneoted 

15 to the gate signal line G2, and the TFTs 107 for erasing of .the 

pixels in the third line the gate e1eotrodes of which are also 

connected to the gate signal line G2 are turned on. 

Therefore,bysimultaneouslyseleotingthegatesigna11ines 

GO and Gl according to the selection signa1 for writing, the first 

20 TFTs 105 for ·switching and the second TFTs 106 for switching of 

the pixels in the first line are simultaneously turned on. 

When t:he first TFTs 105 :t;9r switchi.ng and the second TFTs 

106 for switching are simultaneously in the ON s~ate, a first bit 
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of a digital video signal is inputted from the source signal line 

driver circuit 102 to the source signal lines Sl to sx. The f4'st 

bit of the digital video signal is inputted through the first TFTs 

105 for s~itching and the second TFTs 106 fo:r: switching to the gate 

S electrodes of the TFTs 108 for EL driving of the pixels in the first 

line .. That a digital v1.deo signal is inputted to· a gate electl:'ode 

of a TFT 108 for EL dr.1.~ing is herein referred to as "a digital 

video signal is inputted to a p.ixe1n. 

A digital video signal has .information whicp is either "O" 

10 or "1" • One of the 1
' O" d.1.gi tal video signal and the "'l" digital 

v.1.deo signal is a signal having voltage of Hi while the other is 

a signal having voltage of Lo. 

!n the present example, in case the digital video signal 

has the information "O", the TFT 108 for EL driving is 1.n the OFF 

15 state; and thus. the power source potential J.s not applied to the 

pixel electrode of the EL element 110. As a resu1t, the EL element 

110 of the pi.Xel to which the •o" digital. video si.gnal is inputted 
l 

does not emit l~ght. 

Conversely, in ·the case where the dig! tal video signal has 

20 the infonuation n1", the TF'l' 108 for EL driving is in the ON state, 

.. and thus, the power source potential is applied to the pixel electrode 

of the EL element 110. As a result, the EL element 110 of the pixel 

to which the "lw digital video signal is inputted emits light. 
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In the present example. in case the digital video signal 

has the information 11 0". the TFT 108 for EL driving is in the OFF 

state, and, in case the digital video signal has the information 

11 1u, the TFT 108 for EL driving is in the ON state. However, the 

5 present invent~on is not restricted to this example. In the case 

where the digital. v.1.deo signal. has the information "O", the TFT 

108 for EL driving can be in the ON state, and# in the oase where 

the digital video signal. has the information "l", the TFT 108 for 

EL driving can be in the OFF state. 

10 In this way, simultaneously with the input of the digital 

video signai to the p.ixels in th~ first 11.net· the EL elements 110 

performs light emission or do not perform 1.ight emission such that 

a displayperi.odTrl is started. The timings when thed.isplayperi.ods 

of the :respective lines are started have time differences with one 

15 another. 

Then. with the ~ate signal line G2 being in the selected 

state accord1.ng to the selection signal for writing. the gate signal 
4 

line Gl becornes nonse1ected, and at tbe same time, the gata signal 

line G3 is se1eoted. Then. the first TFTs 105 for switching of the 

20 p1Xe1s in the second line whose gate electrodes are connected to 

the gate signal 1ine G3, the second TFTs 106 for switching of the 

pixeis in the third line whose gate electrodes are also connected 

to the gate signal iine G3, and the TFTs 107 for erasing of the 
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pixels in the fourth line whose gate electrodes are also connected 

to the gate signa1 line G3 are turned on. 

Therefore, the first TFTs 105 for switching and the second 

TFTs 106 for switching of the pixels in the second line are 

5 simultaneousl.y turned on. When the first TFTs 105 for switching 

and the second TFTs 106 for sw~tch~ng are s1mu1taneously 1n the 

ON state, a digital. Yideo signa1 of a fist bit is inputted from 

the source signal line driver circuit 102 to the source signal lines 

Sl to sx. The first bit of the digital video signal is inputted 

10 through the first TFTs 105 for switching and the second TFTs 106 

for switching to the gate electrodes of the TFTs 108 for BL driving 

of the pixels in the second line. 

Then, all the gate signal lines are sequentially selected 

according to the selection signal ~or writing to input the first 

15 bit of the d.i.gi tal video signal to all the p:f.Xel.s • The period un t11 

the first bit of the digital video signal is inputted to all the 

pixels is the wr~ting period Tal. 
I 

In thi.s way, during a writing period, two gate signals are 

simultaneously selected according to the selection signa1 for 

20 writing. 

On the other hand, before the first bit of the digital. video 

signal is inputted to all the p1:xe1s. that is, before the writing 

period Tal ends. in para11.e1 with the input of the first bit of 
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the digital video signal to the pixels, the gate signal line GO 

is selected acoordin"g to a selection signal for erasing inputted 

from the gate signal line driver circuit l03 to the gate signal 

line GO. 

5 When the gate signal line GO is selected according to the 

selection signal for erasing. the TFTs 107 for erasing of the pixeis 

in the first line whose gate electrodes are connected to the gate 

s'.i.gnal.11ne GO are turned ON. Therefore, the power source potential 

of the power supply lines Vl to Vx .1.s applied through the ·TFTs 107 

10 for erasing to the gate electrodes of the TFTs 108 for EL driving. 

By applying the power source potential to the gate electrodes of 

the TFTs 108 for EL driving, the first bit of the digital video 

signal. retained by the gate e1ectrodes of the TFTs 108 for EL dr1.ving 

since the gate signal lines Gl and G2 are selected according to 

15 the se1ection signal for writing is erased. In this way, the power 

source potential is not applied to the pixel electrodes of the EL 

elements 110, a11 the EL elements 110 of the pixels in the first 
l 

line no longer emi.t l.:Lght, and the pixels in the f.irst line do not 

carry out display. 

20 A peri.od during which a pixel does not carry out displ.ay 

is referred to as a non-di.splay period·Td. With regard to the pixels 

in the first line, simul.taneQusly with the selection of the gate 

signal line GO according to the seiection signal. for erasing. the 
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display period Trl ends and a non-display period Tdl starts. As 

in the case of the d:lsplay periods, the timings when the non-display 

periods of the respective lines are started have time differences 

with one another. 

5 Then, the gate signal line GO becomes nonseleoted by the 

selection signal for erasing, and the gate signal li.ne Gl is selected. 

When the gate s1.gnal. l..1.ne Gl i.s selected, the TFTs 107 for erasing 

in the second line whose gate electrodes are connected to the gate 

signal line Gl are turned on. ln this way. tlle non-display period 

lO Td is started with regard to the pixels in the second line, and 

•' the pixels in the second line no longer carry out di.splay. 

Then, al.l. the gate signal lines are sequentially selected 

according to the selection signal for erasing. The per1.od until 

all the gate sign,al lines ar~ selected according to the selection 

15 signal for eras.ing to erase the fl.rst bit of the digital video signal 

from all the p1Xels is an erasing period Tel. 

In thi.s way. during an erasing per.iod, always on1y one gate 

signal 11ne is se1eoted according to the se1ect1on signal for erasi.ng, 

and two or more gate signal lines are by no means simultaneously 

20 selected according to the selection signal for erasing. 

on the other hand. before the £irst bit of the digital. video 

signal retained by all the piXe£s are erased, that is. before the 

erasing period Tel ends. in parallel. with the erasing of the f .1rst 
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bit of the digital video signal· retained by the pixels, the gate 

signa.l line GO is again sel.eoted according to the selection signal 

for writing. Then, a second bit of the digital. video signal is 

inputted to the pi.Xels in the first line. As a result, the pixels 

5 in the first line again carry out display, and thus, with regard 

to the pixels in the first line, the non-display period Tdl ends 

and a display period Tr2 starts. 

s~mi1ar1y, all the gate signal lines are sequentially 

selected according to the selection signal for writing to input 

10 the second bit of the digital video signal to all the pixel.s . The 

period until the second bit of th~ digital. video signal is inputted 

to al1 the pixels is referred to as a writ1ng period Ta2. 

On the other hand, before the second bi. t of the digital video 

signa1 is inputted to all the p1xe1s, that is, before the writing 

15 perion Ta2 ends, ~n parallel with the input of the second bit of 

the digital video signal to the pixels, the gate signal line GO 

is selected accord:l.hg to the selection signal for erasing. tn this 

way, al.1 the EL el.ements of the pixels in the first line no longer 

emit l.ight, and the p.ixels in the first 1.1.ne do not carry out display. 

20 Therefore. w1. th regard to the pixel.s in the first line. the display 

period Tr2 ends and a non-display period Td2 starts. 

Then, all the gate signal. 1ines are serially sel.ected 
'• 

according to the seleotiQn signal for erasing to erase the second 
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bit of the digital video signal from all the pixels. The pe:x;iod 

until the second bit of the digital video signal are erased from 

all the pixels is an erasing period Te2. 

The above operation is repeated until a fifth bit of the 

5 digital v.1deo signal .is inputted to tbe pixels. During that period. 

the display period Tr and the non-display period Td rep ea tedl.y appear. 

The display period Trl is a period from the time when the writing 

period Tal is started to the time when the erasing period Tel is 

started. The non-display period Tdl is a period from the time when 

IO the erasing period Tel is started to the time when the next writing 

.. -
period {Ta2 in this embodiment) is started. Like the display period 

Trl and the non-display period Tdl. display periods Tr2, 'l'r3. and 

Tr4 and non-display periods Td2, Td3, and Td4 are defined by the 

writing periods Tal. Ta2, -· Ta5 and the erasing periods Tel~ Te2. 

15 - , Te4 • respecti vel.y. 

Then. awritingperiodTaS starts. Af.1fth bit of the digital 

video signal. is inputted to the pixels in the first line, a display 
I 

period TrS starts with regard to the pixels in the first line, and 

the pixel.s i.n the first line carry out display. The fifth bit of 

20 the digital video signal is retained in the pixels until the next 

writing period is started. 

Then, a wri.ting period T<).!l starts, and the fifth bit of the 

digital ~ideo signal retained in the pixels is erased. Instead. 
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a sixth bit of the digital video signal is inputted to the pixels 

in the first 11ne, a display period Tr6 starts with regard to the 

pi~els in the first line, and the pixels in the first line carry 

out displ.ay. 'l'he sixth bit of the digital video signal is retai.ned 

5 in the pixels until the next bit of the digital video s~gnal is 

inputted. 

When the first writing period Tal of the next frame period 

is started, the period Tr6 ends, and at the same time, the prior 

frame period ends. When all the display periods Trl to Tr6 end, 

10 one image can be displayed. Then. the above operation is repeated . 

. . 
A. disp1ay period TrS is a period from the time when the writing 

period Ta5 is started to the time when the writing period Ta6 is 

started. A display period Tr6' 1s a period from the time when the 

writing period Ta6 is started to the time when the writing period 

15 Tal of the next frame period is started. 

The length of the display period '.l'r is set to satisfy 'l'rl 

'l'r2 : - : Tr5 : T:+"6 = 2° : 21 
- : 2.., : 25

• By combining these display 

periods, desired tones among the 2' tones ~an be displayed. 

The suxn of the 1engths of the displ.ay periods dur.1.ng which 

20 the BL elements emit light in one frame period determines the tone 

displayed by the pixel in that frame period. If the brightness when 

the pi.JC.el emits light during ali the display periods is 100~. 

brightness of st can be given by making the pixel emit light in 
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Trl and Tr2. while brightness of 32% can be given by making the 

pixel emit light 1n Tr3 and TrS. 

In the present example. it is important that the writing 

period Ta5 during which the fifth bit of the digital video signal 

5 is written in a pixel is shorter than the display period TrS. 

Further. the order of appearance of the display per:i.ods Trl 

to Tr6 may be changed by changing the order of appearance of the 

writing periods and the order of appearance of the erasing periods. 

For example, in one frame period, it is possible that the display 

10 per.iods appear in the order of Trl, Tr3. TrS , T:r:2, - . However, it 

is more preferable that the order" 1s sue~ that the erasing periods 

Tel to Te6 do not overlap each other. Further. it is more preferable 

that the order is such that the display periods Trl to Tr6 do not 

overlap each other. 

15 ~ccording to the present in~ention, by th.e above structure. 

even if there is variati.on to some extent in the Ins-VGs characteristics 

between ~FTs, variation in the amount of current outputted when 
I 

equal gate vo1tage is app1ied can be suppressed. Therefore, a 

s1 tuation can be avoided that there is considerab1e difference in 

20 the amount of i19ht emitted from the BL elements with regard to 

adjacent pixels due to the variation in the IDs-VGs characteristics 

even if a signal of equal. voltage is inputted thereto. 

Further, according to the present invent~on. a no-light 

46 



~emission period during which no display is carried out can be provided. 

In the case of a conventional analog driving method, if an image 

where all the pixels display white is displayed on an EL display, 

the EL elements always emit light, ·which is a cause of accelerating 

5 the deterioration of the EL layer. According to the present invention, 

since a no-light-emission period can be provided. the deteriorat~on 

0£ the EL layer can be suppressed to some extent. 

(Embodiment 2) 

Inthepresentexamp1e,theorderofappearanceofthedisplay 

10 periods Trl to Tr6 ~s described in a driving method according to 

the present invention which is adapted for a 6-bit digitai video 

signal. 

Fig. 7 illustrates a timing chart of a driving method of 

th~ p.;-esent example. The specific driving method is describe~ in 

15 Embodiment 1, and thus, the description thereof is omitted here. 

In the driving method of the present embodiment, a longest non-display 

period (Tdl in theipresent embodiment) in one frame per:l.od is provided 

last in the one frameper.1od. By this structure, human eyes visual.l.y 

perceive that there is a pause between the non-display period Tdl 

20 and the first display period of the next frame period (Tr4 in the 

present embodiment). Th.is makes 1 t possibl.e to make less 

recognizab1e to human eyes display~unevenness caused due to adjacent 

display periods of light emission of adjacent frame periods when 
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halftone display is carried out·. 

It is to be noted that, though, in the present embodiment, 

the case of the 6-bit digital. video signal is de$cribed, the present 

invention is not 1imited thereto. The present invention can be 

5 implemented without be.tng limited by the number of bi.ts of the digital 

video signal. 

(Embodiment 3} 

In the present example. a case where 2" tones are displayed 

according to a 4-bit digital video signa.l in an EL display according 

10 to the present invention is de~9ribed with reference to Fig. 8. 

It is to be noted that the EL display 0£ the present embodiment 

has the structure illustrated in Figs. 1 to 3. 

First, during a writing period Tal, the gate signal line 

GO is sel.ected according to a selection signa1 for writing inputted 

15 from the gate signal 1:1.ne driver circuit 103 to the gate signal 

l.ine GO. Then. the TFTs 107 for erasing of the pixels in the fi.rst 

line whose gate ~1ectrodes are connected to the gate signa1 line 

GO are turned on. When the TFT 107 for erasing is turned on. the 

gate electrode and the source region of the TFT 108 for EL driving 

20 are electrica1ly connected to each other. Therefore, the gate 

'"voltage (the potential difference between the gate electrode and 

the source region) of the TFT 108 for EL driving becomes zero. which 

makes the TFTs 108 for EL driving of the piXels in the first line 
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in the OFF state. 

Then, with the gate s1gna1 1.1.ne GO being in the selected 

state acc_ording to the selection signal for writing. the gate signal. 

line Gl is selected according to ~he selection signal for writing 

5 inputted to the gate signal line GL Then, the first 'l'FTs 105 for 

switching of the pi.x~ls in the first line whose gate electrodes 

are connected to the gate signal line Gland the TFTs 107 for erasing 

of the pixels in the second line whose gate electrodes are also 

connected to the gate signal line Gl are turned on. 

LO Then. with the gate signal line Gl being in the selected 

state according to the sel.ection signal for wri"t.1.ng. the gate signal. 

line GO becomes nonselected, and at the same time, the gate signal 

line G2 is selected. Then, the second TFTs 106 for switehing of 

the pixels in the first line whose gate electrodes are connected 

15 to the gate signal line G2, the first TFTs 105 for switching of 

20 

the pixels in the second line whose gate electrodes are also connect:ed 

to the gate signal. line G2, and the TFTs 107 for erasing of the 

pixels in the thi.rd l.tne whose gate electrodes are also connected 

to the gate signal 1.1.ne G2 are turned on. 

Therefore. by simultaneously selecting the gate signal. lines 

GO and Gl according to the selection signal. for writing, the first 

TFTs 105 fo~ switching and the second TFTs 106 for switching of 

the pixe1s in tbe f1.rst line are sJ.multaneously turned on. 
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When the first TFTs 105 for switching and the second TPTs 

106 for switching are simultaneously i.n the ON state, a first bit 

of a digital video signal 1s inputted from the source s.i.gna1 line 

driver circuit 102 to the source signa1 lines Sl to Sx. The first 

5 bit of the digital video signal is inputted through the first TFTs 

105 for switching and the second TF'l's 106 fo:r swi:tcbing to the gate 

electrodes of the TFTs 108 for EL dri"7ing of the pixels in the first 

line. That a digital video signa1 is inputted to a gate electrode 

of a TFT 108 for EL driving is herein referred to as "a digital 

10 video signal. is inputted to a pixel•. 

A digital video s.i.gnal ha:s information which is either "o• 

or al". One of the •0 11 digital video signal and the "1" digital 

video signal is a signal having voltage~f Hi while the other is 

a signal having voltage of to. 

15 In the present embodiment, in the case where the digital 

video signa1 has the information non. the TFT 108 for EL driving 

is in the OFF state, and thus~ the power source potential is not 

applied to the p1x.e1 electrode of the EL element 110. As a result, 

the EL el.ement 110 of the pixel to whi.ch the •o" digital video signal 

20 is inputted does not emi.t light. 

Converse1y, in the case where the digital video signal has 

the 1nformat~on "1 8
, the 'l'FT 108 for EL driving .is in the ON state, .. 

and thus , the power source potent::lal is applied to the pixel electrode 
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of the EL element 110. As a resul. t, the EL element 110 of the pixel 

to which the 11 i • digital video signal is inputted emits light .. 

In the present embodiment, in the case where the digital 

video signal has the information "Q", the TFT 108 for EL driving 

5 is in the OFF state, and, in the case where the digital video signal 

has the information n1n, the TFT 108 for EL driving is in the ON 

state. However, the present invention is not limited thereto, and 

it may be that, in the case where the digital video signal has the 

information 11 0 11
, the TFT 108 for EL driving is in the ON state. 

10 and, in the case where the digital video signal has the information 

11 1", the TF'r 108 for EL drivtil.!1'1.s in the OFF state. 

In this way, simultaneously with the input of the digital 

video signal to the pixels in the first iine. the EL elements 110 

perform light entl.ssion or do not perform light emissicn such that 

15 a display period Trl is started. The timings when the display periods 

of the respective lines are started have time differences with one 

another. 

Then, with the gate signal line G2 being in the selected 

state according to the selection s1.gnal for writing, the gate signal 

20 line Gl becomes nonsel.ected, and at the same time. the gate signal 

line G3 is selected. Then. the second TFTs 106 for switching of 

. the pixe1s in the second 1ine w~9se gate electrodes are connected 

to the gate signal line G3, the first TFTs 105 for switching of 
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the pixels in the third line whose gate electrodes are also connected 

to the gate signal line G3. and the TFTs 107 for erasing of the 

pixels in the fourth line whose gate eleat:r:odes are also connected 

to the gate signal line G3 are turned on. 

Therefore, the first TFTs 105 for switching and the second 

TFTs 106 for switching of the pixels in the second l.ine are 

simultaneously turned on. When the first TFTs 105 eor switching 

and the second TFTs 106 for switching are simultaneously in the 

ON state, a digital video signal of a first bit is inputted from 

lO the source signal. line driver circuit 102 to the source signa1 l.ines 

L5 

20 

Sl to Sx. The first bit of the•digital. video signal 1.s .inputted 

through the first TFTs 105 for switching and the second TFTs 106 

for switching to the gate electrodes of the TFTs 108 for EL driving 

of the pixels in the.second. line. 

Then, all the gate signal lines are sequential.ly selected 

according to the selection signa1 for writing to input the fi~st 

bit of the digital vi.deo signal to all the pixels. The period until. 

the first bit of the di.gital video signai is inputted to all the 

pixels is the wr~t1ng period Tal. 

!n th:is way, during a writ.ing peri.od, two gate signal lines 

are simultaneousiy selected according to the selection signal. fo:r: 

writing. 

on the other hand, before the first bit of the d1.g:1.ta.1 vi.deo 
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signal is inputted to al.l the p1Xe1s, that is, before the writing 

period Tal ends, in parailel with the input of the first bit of 

the digital video signal to the pix'.els. the gate signal line GO 

is selected according to a selection signal for erasing inputted 

5 from the gate signa1 line dr~ver circuit 103 to the gate signai 

line GO. 

When the gate signal line GO is selected according to the 

selection signal for erasing. the TFTs l09 for erasing of the pixel.s 

in the first line whose gate electrodes are connected to the gate 

10 signal line GO are turned on. Therefore. the power source potential 

of the power supply lines Vl to· VX. is appU .. ed through the TFTs l 09 

for erasi.ng to the gate electrodes of the TFTs 108 for EL driving. 

By applying the power source potential to the gate electrodes of 

the TFTs 108 for EL driving. the first bit of the digital video 

15 signal. retained by the gate electrodes of the TFTs 108 for EL dr1.'7ing 

since the gate signal i~nes Gl and G2 are selected according to 

the seleotion signal for writi.ng is erased. In this way, the power 

source potent~a1 ~s not applied to the pixel. electrodes of the EL 

elements 110~ a11 the EL elements 110 of the pixels in the first 

20 line no longer emit l.ight. and the pixel.s in the first line do not 

carry out d1sp1ay. 

A period during which a pixel does not carry out display 

is referred to as a non-displ.ay period Td. With regard to the pixel.s 
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in the first 1~ne, s1multaneously with the selection of the gate 

signal line GO according to the selection signal for erasing. the 

display per~od Trl ends and a non-display period Tdl starts. As 

in the case of the display periods, the timings when the non-display 

5 periods ·Of the respective lines are started have time differences 

with one another. 

Then, the gate s~gnal line GO becomes nonselected by the 

selection signal. for erasing, and the gate signal line Gl is selected. 

When the gate signal line Gl is selected, the 'l'FTs 107 for erasing 

10 in the second l.ine whose gate electrodes are connected to the gate 

signal. line Gl are turned on. In' this way, the non-display period 

Td is started with regard to the pixels in the second line, and 

the pixels in the second l.ine no longer carry out display. 

Then, all the gate signal lines are sequential.l.y seiected 

15 according to the selection signal for erasing. The period until 

all the gate signal 1~nes are selected according to the selection 

signal. for eras1.ng to erase the first bit of the digital. vi.dee signal. 

from all the pixeis is an erasing period Tel. 

In th.1.s way, during an erasing period. a1ways only one gate 

20 signal line is selected according to the selection signal. for erasing. 

and two or more gate signal lines are by no means simultaneous1y 

selected according to the selection s1gnal. for erasing. 
'• 

on the other hand, before the first bit of the digital video 
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signal retained by all the pi.Xels are erased, that is, before the 

erasing period Tel ends, in parallel with the erasing of the first 

bit of the digital video signal retained by the pixels, the gate 

signal line GO is again selected according to the selection signal 

5 for writing. Then, a second bit of the digital video signal is 

inputted to the pixels in the first line. As a result, the pixels 

in the first line again carry out display. and thus, with regard 

to the pixels in the first line, the non-display period Tdl ends 

and a display period Tr2 starts. 

10 Similarly, all the gate signal lines are sequentially 

selected according to the select~on signal for writing to input 

the second bit of the digital. video signal. to all the pixels. The 

:r;>eriod until the second bit of the digital-video s1gnal. is inputted 

to all the pixels is referred to as a writing period Ta2. 

15 On the other hand, before the second bit of the digital video 

signal is inputted to all. the p:txels. that is. before the writing 

period Ta2 ends, in parallel with the input of the second bit of 

the digital video signai to the pixels, the gate signal 11ne GO 

is selected according to the selection signal for erasing. In this 

20 way, all the EL elements 110 of the pixels in the first line no 

longer emit iight. and the pixels in the first line do not carry 

out display. Therefore. wi. th regard to the pixels in the first line, 

'• 
the display period Tr2 ends and a non-display period Td2 starts. 
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Then. all the gate signal lines are sequentially selected 

according to the selec;:tion signal. for erasing to erase the second 

bit: of the digital video signal from all the pixels. The period 

until the second bit·of the digital video signal are erased from 

5 all the pixels is an erasing period Te2 . 

Then, a writing period Ta3 starts. A third bit of the digital 

video signal. is inputted to the pixels in the first l.ine, a display 

period Tr3 starts with regard to the pixels in the first line. and 

the pixels in the first line carry out display. The third bit of 

10 the digital V'ideo signal is retained in the pixels until. the next 

. -
writing period is started. 

Then. a writing period Ta4 starts. and the third bit of the 

digital video signal retained in the pixels is erased. Instead, 

a fourth bit of the di.gital v1.deo signal is inputted to tlie pixels 

t5 in the first line, a display period Tr4 starts with regard to the 

pixels in the first line, and the pixel.s in the first line carry 

out display. Th~ fourth bit of the di.gital video· signal. is retained 

in the pixe1s untii the next bit of the digital video signal is 

input:ted. 

20. When the first writing period Tal of the next frame period 

is started, the period·Tr4 ends. and at the same time, the prior 

frame period ends. When all the-display periods Trl to Tr4 end, 

one image can be displ.ayed. Then. the above operation is repeated. 
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A display period Tr3 is a period from the time when the wrj_ ting 

period Ta3 is started to the time when the writing period Ta4 is 

started. A display period Tr4 is a period from the time when the 

writing period Ta4 is started to the time when the writing period 

5 Tal of the next frame period is started. 

The length of the display period Tr is set to satisfy Tri 

Tr2 : Tr3 : Tr4 ; 2° : 21 
: 22 

: 23
• By combining these display periods. 

desired tones among the 2' tones can be displayed. 

The sum of the 1engths of the display periods during which 

10 the EL elements emit light in one frame period determines the tone . ' 
displayed by the pixel in that frame period. If the brightness when 

the pixel emits light during all the display periods is expressed 

as 100%. brightness of 20t can be given by making the pixel emit 

light in 'l'rl and Tr2. whj_1e br1.ghtness of 27% can be given by making 

15 the pixel emit light.only in Tr3. 

In the present embodiment, it is important that the tori ting 

period Ta3 during which the third bit of the d1gita1 video signal. 
' 

is written in a pixel. is shorter than the di.splay period Tr3. 

Further, the order of appearance of the display periods Trl 

20 toTr4maybechanged. Forexample, in one frame period. it is possible 

that the displ.ay periods appear in the order of Trl, Tr3, Tr4, and 

Tr2. However. it is more preferable that the order is such that 

the erasing periods Tel to Te4 do not over1ap each other. Further, 
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it is more preferabl.e that the order is such that the display periods 

Trl to Tr4 do not overlap each other. 

According to the present invention, by the above structure. 

even if there is variation to some extent i.n the I 0s-VGs characteristics 

5 between TFTs, variat1on in the amount of current outputted when 

equal gate voltage is applied can be suppressed. Therefore, a 

situation can be avoided that there is considerabl.e difference in 

the amount of 1ight emitted from the.EL elements with regard to 

adjacent pixels due to the variation in the Ios-VGS characteristics 

10 even if a signal of equal voltage is inputted thereto. 

. -
Further, according to the . present imrention, a 

no-light-emission period during which no displ.ay is carried out 

can be provided. In the case of a conventional analog driving method, 

if an image where all the pixels display white is displayed on an 

15 EL display. the EL elements al.ways emit light, which is a cause 

of accelerating the deterioration of the EL layer. According to 

the present invention. sinoe a no-light-emission period can be 
I 

provided, the deterioration of the EL layer can be suppressed to 

some extent. 

20 It is· to be noted that the present embodiment oan be 

·implemented in combination with Embodiment 2. 

(Embodiment 4) 

In the present embodiment , a plan view (Fig. 9} of the EL display 
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according to the present invent1on illustrated in Fig. 3 is described. 

The same reference numerals denote the same parts in Figs. 3 and 

9. 

In Fig. 9, the pixe1 104 is a region where there are one 

5 source signal line Sj (j is an arbitrary number from l to x), one 

power supply line Vj (j is the arbitrary number from 1 to x). and 

one gate signa1 line Gi (i is an arbitrary number from 1 toy}. 

The pixel 104 has the first TFT 105 for switching. the second TFT 

106 for switching, the TFT 107 for erasing, and the TFT 108 for 

10 EL driving. 

. .. 
The first and second TFTs 105 and 106 for switching have 

a common active layer 906. The first TFT 105 for switching uses 

a part of the gate signal line Gi as its gate electrode, whil.e the 

second TFT 106 for switching use~ a part of the gate signal line 

15 G( i+l) as its gate electrode. 

one of a source region and a drain region of the second TFT 

106 for swJ.tchi.ng is connected to the source signal line Sj. One 

of a source region and a drain region of the first TFT 105 for switching 

is connected to a gate wiring 905 through a oonnecti.on wi.r1.ng 901. 

20 The gate wiring 905 is connected through a connecti.on wiring 

902 ~o one of a source region and a drain region of the TFT 107 

for erasing. The TFT 107 for erasing has an active layer 908. One 

of the source region or drain region of the TFT 107 for erasing 
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not connected to the gate wiring 905 is connected to the power supply 

line Vj. 

The TFT 108 for EL driving has an active layer 907.- The 

TFT 108 for EL driving uses a part of the gate wiring 905 as its 

5 gate electrode. A source region of the 'rFT 108 for EL driving is 

connected to the power supply line Vj • while a drain region of the 

TFT 108 for EL driving is connected to a pixel electrode 903 of 

the EL element. 

It is to be noted that the connection wiring 901 is referred 

LO to as a source wiring or a drain wi.ring depending on the potential 

of a signal inputted to the sourc·e signal line Sj. The connection 

wiring 90 2 is referred to as a source wiring or a drain wiring depending 

-
on the power source potential of the power supply line Vj. 

A capacity wiring 904 is f~nned-of a semiconductor fllrn. 

15 The capacitor 109 is fonned among the capaci tywiring 90 4 ~1.ectrically 

connect:ed to the power supp1y line Vj, an insulating f.ilm (not shown) 

wnich is the same layer as a gate insulating £1lm, and the gate 
I 

wiring 905. Further, a capacitor formed of the gate wiring 905, 

a layer (not shown) which is the same as a first interl.ayer insu.lating 

20 film. and the power supply .line Vj can also be used as a capacitor. 

It is to be noted that, though not shown in the figure, a 

bank having an opening fo.r:med therein by etch1ng an organic resin 

film is formed on the pixel electrode 903. Further, ·though not shown 
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in the figure either, an EL 1ayer and an opposing electrode are 

laminated 1n this order on the pixel e1ectrode 903. The p1xel 

electrode 903 and the EL 1ayer are in contact with each other at 

the opening in the bank. The EL layer emits light only at a portion 

5 in contact with and sandwiched between the opposing el.ectrode and 

the pixel electrode 903. 

It is to be noted that the plaµ. view of the pixel portion 

of the EL display according to the present invention is not limi.ted 

to the structure 11.lustrated in Fig. 9. 

lO It is to be noted that the present embodiment can be 

• implemented in combination with Embodiments 1 to 3. 

(Embodiment 5) 

In the present example, the detailed structure of the dri.ver 

circuit of the EL display according to the present invention 

15 illustrated in Fig. 1 is described with reference to Fig. 10. 

The source $1gna.l line driver circuit 102 basically has a 

I 

shift register 102a, a 1atoh {A) (a first 1atch} l02b1 and a 1atch 

{Bl (a second latch} 1020. 

In the. source signal lined.river circuit 102. tb.e clock signal 

~} for the source (S-CLK) and the start pulse for the source (S-SP) 

are inputted to the shift register l02a. Based on the clock signal 

for the source {S-CLK} and the start pulse for the source (S-SP), 
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the shift register 102a serial.ly generates timing signal.s, and inputs 

them to the latch (A} l02b. 

It is to be noted thatf though not shown in Fig. 10, the 

timing signals outputted from the shift reg1.ster 102a may be inputted 

5 to the latch {A) 102b as a circuit at a subsequent stage after the 

timing signals are buffered by·a buffer or the iike (not shown). 

Since many circuits or elements are connected to wirings to which 

the timing signals are supplied, these wirings have a large load 

capacity (parasitic capacitance) . The buffer or: th.e like is provided 

10 for the purpose of preventing "blunt .. leading and trailing edges 

of the timing signals cau~ed by•th~s l.arge load capacity. 

The latch (A) 102b· has a plurality of stages for processing 

an n-b1t digital video signal. When a timing signal is inputted 

to the latch (A} 102b, the ~atch {A) 102b serially takes in and 

15 retains the n bits of the digj,tal video signal. inputted from the 

external of the source signal line driver circuit 102. 

It ts tq be noted that, ~hen the latch (A} 102b takes in 

a digital video signal, the bits of the digital video signal may 

be serially inputted to the plurality of stages of latches of the 

20 latch (A} 102b. However, the present .invention is not l.irnited to 

the structure. The plurality of stages of latehes of the 1.atch (A} 

102b may be divided into several groups to which the digital video 
'• 

signal is simultaneously inputted, which is so-called division 
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driving. It is to be noted tha~ the number of the groups here is 

referred to as a division number. .:e'or example, when the plurality 

of stages of latches are divided into four groups, the division 

driving is performed in tetrapartition. 

5 A period during which the digital video signal is written 

in all the stages of latches of the latch (A) 1~2b is referred to 

as a 1.ine period. In other words, a period from the time when writing 

of the d~gita1 video signal in a latch at the 1.eftmost stage is 

started to the time when writing of the digital video signal in 

10 a latch at the rightmost stage is ended is a line period. Actually, 

there 1s a case where the perio<l ~rom the time when writing of the 
f 

digital video signal in a iatoh at the 1.eftmost stage is started 

to the time when wr1ting of the digital video signal in a latch 

at the rightmost stage is ended plus a horizontal retrace l.ine period 

15 is a line period. 

When one line period ends, a latch signal is supplied to 

the l.atch (B) 102c. At this time. all the bits of the digital video 

' signal.written inandretainedbythe latch (A) l02bare simu1taneousl.y 

sent to the latch CB) 102c. and are written in and retained by al1 

20 the stages of latches of the latch (B) 102c. 

After the latch (A) 102b sends the digi.tal video signal to 

the l.atch (B) 102c, based on a timing signal from the shift register 

l02a, the digital video signal inputted from the external of the 
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source signal line driver circuit 102 are serially written 1n the 

latch (A} l02b. 

During this second cycle of a line period, the digital video 

signal written in and retained by the latch (B) 102c are inputted 

5 to the source signal line. 

On the other hand, the gate signal line driver circuit 103 

has a shift register 103a and a buffer l03b. Depending on the 

situation, the gate signal line driver circuit 103 may have a level 

shift in addition to the shift register 103a and the buffer 103b. 

lO In the gate signal line driver circuit 103, a timing signal .. ' 

from the shift register 103a is supplied to the buffer l03b, and 

1.s supplied to a corresponding gate signa.l l.ine. For example, th.e 

gate signa11ine Gi ( i 1.s an a.rbi trary number from 1 toy) is connected 

to gate electrodes of the second TFTs 106 for switching of pixels 

15 in the (i-l)th line, gate electrodes of the first TFTs 105 for 

switching of piXe1s in the ith l.~ne. and gate electrodes of the 

TFTs 107 for era;:;i.ng of pixel.sin the {i+l}th line. Therefore, all 

the TFTs connected to one gate signal line are required to be 

simultaneousl.y turned on. Accordingly. as the buffer, one through 

20 which high current can pass is used. 

It is to be noted that the present embodiment can be 

implemented in combination with.Embodiments l to 4. 

(Embodiment 6} 
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In Etnbod.iment 6, a method of manufactu~ing T~Ts provided in 

a pixel portion of the EL disp1ay of the present invention will 

be described. 

First, as shown in Fig. llA, a base film 5002 made of an insulating 

5 film such as a silicon oxide film, a si1icon nitride film, or a 

silicon oxynitr1de film is formed on a substrate 5001 made from 

glass. such as barium borosf:l.1cate glass or aluminum borosi.1ioate 

glass, typically Corning Corp. #7059 glass or #1737 glass. For 

example. a silicon oxynitride film 5002a manufactured from SiH4 , 

10 Nth, and N20 by plasma CVD is formed with a thickness of 10 to 200 

nm (preferably from so to 100 .nm), and a hydrogeni2ed silicon 

oxynitride film 5002b with a thickness of 50 to 200 nm (preferably 

between 100 and 150 nm), manufactured from S1H~ and N20, is similarly 

formed and laminated. The base film 5002 with the two layer structure 

15 is shown in Embod1.ment 6, but the base film 5002 may a1so be formed 

as a single l.ayer of one of the aboV'e insulating films, and it may 

be f orrned having a lam1nat.1on structure in which two or more layers 

are laminated. 

Island shape semiconductor layers 5004 to 5006 are formed of 

20 crystal.line semiconductor film manufactured by using a l.aser 

crystal.1ine method or a known therma;l crystallization method with 

a semiconductor fi.lm having an amorphous structure. The thickness 

of the island shape semiconductor layers 5004 to 5006 is set from 

2 5 to 80 run (pref erab1y between 30 and 6 o nm) . There are no 1.1m1 ta tions 
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on the crystalline sentt.conductor fi.lm material, but it is preferable 

to form the film from a semiconductor material such as silicon 0~ 

a silicon germanimn (SiGe) alloy. 

A laser such as a pUlse oscillation type or continuous emission 

5 type excimer laser, a YAG laser, or a YVO, laser can be used as a 

laser light source in manufacturing the crystaJ.line semiconductor 

film with the laser crystallization method. A method of condensing 

laser light emitted from a laser oscillator into a linear shape 

by an optical system and then irradiating the light to the 

(() semiconductor fil.m may be employed '91hen these types of lasers are 

used. The crysta11ization condi.t.ions may be _suitably sel.ected by 

the operator. However, the pulse oscillation frequency is set to 

300 Hz. and the laser energy density is set form 100 to 400 mJ/cm2 

( typically between 200 and 300 mJ I om2
) when usj_ng the excimer laser. 

15 Further, the second harmonic· is utilized when using the YAG laser, 

the pulse oscillation frequency is set from 30 to 300 KHz. and ·the 

laser energy densi.ty may be set from 300 to 600 mJ/crtJ.2 (typica11y 

between 350 and 500 mJ I cm2
) • The laser light which has been condensed 

into a l.inear shape wi.th a width of 100 to 1000 µm, for example 400 

20 µm, is then irradi.ated onto the entire surface of the substrate. 

This is performed w.i.th an overl.ap ratio of so to 90% for the linear 

laser light. 

A gate insul.ating film 5007 .1.s formed covering the island shape 

semiconductor layers 5004 to 5006. The gate insulating film 5007 
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is formed of an inslil.at.ing film containing silicon to a thickness 

of 40 to 150 run by plasma CVD or sputtering. A 120 nm thick silicon 

oxynitride film .ts foI:Ined in Embodiment 6. The gate insul.ating film 

is not limited to this type of si1icon oxynitride filtn, of course, 

5 and other insulating films containing silicon may also be used. 

in a single layer or in a lamination structure. For example, when 

using a silicon oxide film. it can be formed by plasma CVD w.1th 

a mixture of TEOS (tetraethyl orthosilicate) and 0 2 , at a reaction 

pressure of 40 Pa, with the substrate temperature set from 300 to 

10 400°C, and by discharging at a high frequency ( 13. 56 t-ntz) electric 

power density of 0. 5 to O. 8 WI cm~: Good characteristics as a gate 

insulating film oan be obtained by subsequently performing thermal 

annealing. at between 400 and 500°C, of the silicon oxide film thus 

formed. 

15 1l first conductive film 5008 and a seoond conductive fil.m 5009 

are then formed on the gate 1.nsulating film 5007 1.n order to form 

gate electrodes. The f.1rst conductive film 5008 is formed from Ta 

• with a thickness of 50 to 100 nm, and the second conductive film 

5009 is formed by W with a thickness of lOQ to 300 nm, in Embodiment 

20 6. 

The Ta film is formed by sputtering, and sputtering with a 

Ta target is perfoDned by using Ar. If appropriate amounts of Xe 

and K:r are added t:o the Ar during sputtering. the internal. stress 

of the Ta film will be relaxed. and film pee1ing can be prevented. 
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The resistivity of an a phase Ta film is on the order of 20 µQom, 

and it can be used in the gate electrode, but the resistivity of 

a j3 phase Ta film is on the order of 180 µ.Ocm and .i. t is unsuitable 

for the gate electrode. The a phase Ta fi1m oan eas1J.y be obtained 

5 if a tantalum nitride film, which possesses a crystai structure 

similar to that of a phase Ta. is formed with a th1ckness of 10 

to 50 nm as a base for Ta in order to form the a phase Ta film. 

AW film is formed by sputtering with a W target. Thew film 

can also be formed by the:cmal CVD using tungsten hexafluoride (WF6 ). 

10 Whichever is used. it is necessary to make the film become low 

resistance in order to use it ~s the gate electrode, and it is 

preferable that the resistivity of the W film be made equal to or 

less than 20 µQcm. The resist:1.vity can be lowered by enlarging the 

crystal.s 0£ the W film, but for cases in which there are many iml;lur:1.ty 

15 elements such as oxygen within ·the W film, crystalli2!ation is 

inhib1 ted. and the film becomes high res1.stance. AW target having 

a purity of 99.9999% is thus used in sputtering. In addition, the 

W film is formed while sufficient care is taken in order that no 

1mpurit1.es from within the gas phase are introduced at the time 

20 of fil.m formation. Thus. a resistivity of 9 to 20 µQom can be 

achieved. 

Note that, although the first conductive film 5008 is Ta ~nd 

the second conduot1.ve film 5009 i-s Win Embod1ment 6, the conductive 

films are not limited to these. Both the first conductive film 5008 
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and the second conductive film 5009 may a.lso be formed from an e.lement 

selected from the group consisting of Ta. W, Ti, Mo, A1, and cu , 

from an alloy material having one of these elements as its main 

component, or from a chemical compound of these elements. Further, 

5 a semiconductor film. typ1.cally a polys.111con film, 1nto which an 

impurity element such as phosphorous is doped may also be used. 

Examples of preferable combinations other than that used in 

Embodiment 6 include; a combination of.the first conductive film 

5008 formed from tanta.lum n.1.tride (TaN) and the second conductive 

10 film 5009 formed from W: a combination of the first conductive film 

5008 formed from tanta~um nitrid.~~ (TaN) and the second conductive 

film 5009 formed from Al; and a combination of the first conductive 

filmS008formedfronrtantalumnitride(TaN)andthesecondconductive 

film 5009 formed from cu. (See Fig. llA.) 

15 A mask 5010 is formed next fr.om resist, and a first etching 

process is performed in order to f oz:m electrodes and fKirings. An 

ICP (inductively coupled plasma) etching method is used in Em.bodinten t 

6 • A gas mixture of' CF 4 and Cl2 is used as an etching gas. and a 

plasma ~s generated by applying a 500 W RF electric power (13.56 

20 MHz) to a coi.1 shape el.e.ctrode at 1 Pa. A 100 W RF electric power 

(13.56 MHz) is a1so applied to the substrate side (test piece stage}, 

effectively applying a negative self-bias. The W film and the Ta 

film are both etched on the same otder when CF 4. and Cl2 are combined. 

Edge portions of the first conductive layer and the second 
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conductive l.ayer are made into a tapered shape in accordance with 

the ef feot of the bias voltage applied to the substrate side with 

the above etching conditions by using a suitable resist mask shape. 

The angle of the tapered po~tions is from 15 to 45°. The etching 

5 time may be increased by approximately 10 to 20% in order to perform 

etching without any residue remaining on the gate. insulati.ng film. 

The selectivity of a silicon oxynitride film with respect to a w 

f1lm is from 2 to 4 (typically 3}, and therefore approX'.imately 20 

to 50 nm of the exposed surface of the silicon oxynitride filll\ ts 

10 etched by this over-etching process. First shape conductive layers 

5012 to 5016 (first conductive f~yers 5012a to 5016a and second 

conductive layers 5012b to 5016b) composed of the first conducti:v-e 

layer and the second conductive layer are thus formed by the first 

etching process. Portions of the gate insuiating f11m 5007 not 

15 covered by the first shape conductive 1.ayers 5012 to 5016 are etched 

on the order of 20 to 50 run, forming thinner regions. 

A first doping process is then performed. and an impurity element 

whi.ch imparts n.1.type oonduetiv1.ty is added. Ion doping or ion 

injection may be performed as the doping method. Ion doping is 

20 perfo:cm.ed at eondit.1.ons in which the dosage 1.s set to lxlOu to 5xl014 

atoms/cm2 , and an acceleration voltage is set between 60 and 100 

keV. An element residing in group 15 of the periodic table, typically 

phosphorous (P) or arsenic (As}, is used as then-type conductivity 

imparting 1.mpur1 ty element . Phosphorous ( P) is used here. The 
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conductive layers 5012 to 5015 become masks with respect to the 

n-type conduct.i.vity 1.mpartl.ng int.purity element. and first impurity 

regions 5019 to 5025 are formed in a se1f-align1ng manner. The 

impurity element which ilnparts n-type conductivity is added to the 

5 first impurity regions sn19 to 5025 at a concentration within a 

range of 1xlo20 and lxl021 atom.s/cm3
• (See Fig .. llB.) 

As shown in Fi.g. 11 { C} , a second etch.1.ng process is performed 

without removing resist mask. The W film is selectively etched by 

using a mixture 0£ CF 4. Cl2, and 0 2 as the etching gas_ Second shape 

10 conductive layers 5027 to 5031 {first conductive layers 5027a to 

503la and second conductive layers 5027b to 503lb} are thus formed 
' . 

by the second etching process. Portions of the gate insulating film 

5007 not covered by the second shape conductive layers 5027 to 5031 

are etched on the order of 20 to 50 run. forming thinner regions. 

15 -The etching reaction of "the W f.11.m or the Ta film in accordance 

with the mixed gas of CF 4 and C12 can be estimated from the generated 

radicals • or from the ion species and vapor pressures of the reaction 

products. Compar:lng the vapor pressures of W and Ta fluorides and 

chlorides, the W fl.uoride compound WF6 is extremely high, and the 

20 vapor pressures of WC1s, TaFs, and TaCl5 are of simil.ar order. 

Therefore the W film and the Ta film are both etched by the CF 4 and 

Cl2 gas mixture. However, .1f a suitable quantity of 0 2 is added 

to this g'as mixture, CF" and 02 react, f ooning co and F, and a large 

ainoun t of F radicals or F ions a.I:"e genel:'ated. .As a res"Ul. t . the etching 
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speed of the W film having a high fluoride vapor pressure becomes 

high. On the other hand. even if F increases, the etching speed 

of Ta does not relatively increase. Further. Ta is easily o:icidized 

compared to W. and therefore the surface of Ta is o~idized by the 

5 addition of 0 2 • The etching speed of the Ta film is further reduced 

because Ta oxides do not react with fluorine and chlorine. It 

therefore becomes possible to have a difference in etching speeds 

of the W film and the Ta film, and it becomes possible to make the 

etching speed 0£ the W f1lm larger than that of the Ta film. 

LO A second doping process is then performed as shown in Fig. 

l2A. In this case. an intpurif;y element which imparts n-type 

conductivity is doped under cond.it~ons of a lower dosage than that 

in the first doping process, and at a higher acceleration voltage 

than tbat in the first doping process. For exampl.e, doping may be 

l5 performed at an acceleration voltage of 70 to 120 keV and with a· 

dosage of lxl013 atoms/cm2
, forming new 1.mpurity regions inside the 

first impurity regions formed in the island shape semiconductor 

layers of Fig. l'lB. Doping is performed W'i th the second shape 

conductive l.ayers 5027 to 5030 as masks with respect to the impurity 

20 element. and doping 1.s done sueh that the impurity element is also 

added to regions below the first conductive layers 5027a to SOJOa. 

· Third impuri t:y regions so 33 to 503 6 are thus formed. A concentration 

of phosphorus (P) a.dded to the third impurity regions 5033 to 5036 

is provided with a gradual concentration gradient in accordance 

72 



C:7T -=· 

with a film thickness of the taper porti.on of the first conductive 

layers 5027a to 5030a. Further, in the semiconductor layer 

overl.apping the taper portion of the first conductive layers 5027a 

to 5030a, from an end porti.on of the taper portion of the first 

5 conductive layers 5021a. to 5030a toward an inner side, the iropurity 

concentration is more or less reduced, however, .the concentration 

stays to be substantially the same degree. 

As shown i.n Fig. 12(B), a third etching process is carried 

out by using a reactive ion etching process {RIE process) with an 

10 etching gas of CHF6 • The tapered ·portions of the first 

conductive layers 5027a to 5031a are partially etched, and the region 
. f~ . 

in which the first conductive layers O'fZ"erlap with the semiconductor 

layer is reduced by the th.1rdetchingprocess. Third shape conductive 

layers 5038 to 5042 (first conductive layers 5038a to ·5042a and 

l5 second conductive layers 5038b to 5042b) are formed. At th~s point, 

regions of the gat~ insulating film 5007. which are not covered 

with the third shape conductive layers 5038 to 5042 are made thinner 

by about 20 to so nm by etching. 

By the third etching process, in the third impur.1ty regions 

20 5033 to 5036, th.i.rd impurity regions 5033a to 5036a wh1.ch overlap 

with the first conductive layers 5038a to 504la, and second impurity 

regions 5033b to 5036b between the first impurity regions and the 

third impurity regions are formed. 

Then, as shown in Fig. 12C, fourth impurity regions 5049 to 
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5054 having a conductiv.1ty type opposite to the first conductivity 

type are formed in an isl.and-l.i.ke semiconductor layer 5006 forming 

p-channel TFTs. The third shape conducti~e layer 504lb is used as 

masks to an impurity element. and the impurity regions are formed 

5 l.n ·a sel.f-aligning manner. At this time, the whol.e surfaces of the 

island-like semiconductor .layers 5004 and 5005, and the wiri.ng 

portion 5042, whioh form n-channel TFTs are covered with a resist 

mask 5200. Phosphorus is added to the impurity regions 5049 to 5054 

at different concentrations. respective1y. The reg1ons are formed 

10 by an ion doping method using diborane (B2Hd and the impurity 

concentration. is made 2 x 1020 to 2 x ion a.toms/cm3 in any of the .. -
regions. 

By the steps up to this, the impuri~y regions are formed in 

the respective island-like semiconductor layers. The third shape 

15 conductive I.ayers 5038 to 5041 ov~r1apping with the island-like 

semiconductor l.ayers function as gate electrodes. The conductive 

layer 5042 functions as an island-like source signal line. 

After the resist mask 5200 is removed, a step of activating 

the impurity elements added in the respective is1and-1ike 

20 semiconductor layers for the purpose of controll.ing the conductivity 

type. This step is carri.ed out by a thermal. annealing method using 

a furnace annealing oven. In add~tion. a laser annealing method 

or a rapid thermal annealing metliOd (RTA method) can be applied. 

The thermal. annealing method is performed in a ni.trogen atmosphere 
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having an oxygen concentration of 1 ppm or less, preferably 0.1 

ppm or 1.ess and at 400 to 1oo~c, typically soo to 600°c. In Embodiment 

6, a heat treatment is conducted at 500°C for 4 hours. However, 

in the case where a wiring material used for the third shape conduct1 ve 

5 layers 5038 to 5042 is weak to he·at, it is preferable that the 

activation 1s performed after an interlayer· insul.ating film 

(containing silicon as its main ingredient) is formed to protect 

the wiring line or the like. 

Further, a heat treatment at 300 to 4S0°C for 1 to 12 hours 

10 is conducted in an atmosphere containing hydrogen of 3 to 100 %, 

and a step of hydrogenating the·fisland-1ike semiconductor layers 

is conducted. This step is performed to te.rminate dangling bonds 

in the semiconductor J.ayerbytherm.a.ll.yexcitedhydrogen. As another 

means for hydrogenation, piasma hydrogenation (using hydrogen 

15 excited by plasma) may be carried out. 

Next, as shown in Fig. l3A, a first interlayer insulating film 

5055 having a thickness of lOO to 200 nm is formed of a silicon 
I 

n:i.tride oxide film. A second interlayer insulating film 5056 made 

of an organ:J..c i.nsul.ator material i.s fanned thereon. Contact holes 

20 are then formed with respect to the first interlayer insulating 

film 5055, the second inter1ayer insqlating film 5056, and the gate 

insuiating fil.nt 5007, respective wirings (including aonneotLon 

wirings and signal lines) 5059 to 5062, and 5064 are formed by 

patterning, and then, a pixel electrode 5063 that contacts with 
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the connection wiring 5062 is £onned by patterning. 

Next. the film made from organic resin :Ls used for the second 

interlayer insulating film 5056. As the organic resin, polyimide, 

polyamide, acryl. BCB (benzocyclobutene) or the 1ike can be used. 

5 Especially, since the second ~nterlayer 1nsulating fi1m 5056 has 

rather the mean~ng of flatten~ng, acry1 excellent in flatness i~ 

desirable. In Embodiment 6, an acryl fil.In is formed to such a 

th.i.ckness that stepped porti.ons formed by the TFTs can be adequately 

flattened. The thickness is preferably made 1 to 5 µm (more 

10 preferably 2 to 4 µm). 

In the formation 0£ the contact holes, dry etching or wet etching 

is used. and contact holes reaching the n-type impurity regions 

5019. 5020, 5021 and 5023. a contact hole reaching the wiring 5042, 

a contact hole reaching the power source supply 1.ine (not shown), 

15 and con tact holes reaching the gate electrodes (not shown) are f o:aned, 

respectivel.y. 

Further. a lamination film of a three layer structure, in which 
I . 

a 100 nm thick Ti. fi1m, a 300 nm th..ick al.Ull\inum. film containing 

Ti, and a 150 nm th1.ok Ti film are formed 1.n suocessi.on by sputtering. 

20 is patterned into a desirable shape, and the resultant lamination 

film is used as the wir:1ngs (includi.ng connection wirings.and signaJ. 

l.ines} 5059 to 5062 .. and 5064. Of course, other conductive films 

may be used. 

FurtheJ:lllore, in :embodiment 6, an ITO film is formed with a 
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thickness of 110 nm. and patterning is performed to form the pixel 

el.eotrode 5063. The pixel electrode 5063 is arranged.so as to contact 

and overlap the connection wiring 5062 so that contact is obtained. 

Further. a transparent conductive film in which zinc oxide (ZnO) 

5 of 2 t:o i O % is mi.xed with i.ndium _o:xide may be used. This pixel el.ectrode 

5063 corresponds to an anode of an EL element. (Fig. l3A} 

Nest. as shown in Fig. 13B, an insulating film containing sil.icon 

{a silicon oXide film in Embodiment 6}. is formed wi.th a thickness 

of 500 nm. an opening portion is formed at the position corresponding 

10 to the pi:xel electrode 5063, and then, a third inte:r:layer insulating 

film 5065 that functions as a bank 1IS formed. In forming the openi.ng 

portion, side walls having a tapered shape may be easily fo:cmed 

by using wet etching. The deterioration of the EL layer due to stepped 

portion becomes a remark.able problem if the side wa.l.1s of the opening 

15 port1o_n are sufficiently flat. 

An EL layer 5066 and a cathode (MgAg electrode) 5067 are formed 

next in succession, without exposure to the atmosphere, using a 

c 
vacuwn evaporation method. Note that the film thickness of the EL 

layer 5066 may be set from 80 to 200 nm (typi.oa1l.y between 100 and 

20 120 nm) 1 and the thickness of the cathode 5067 ntay be set from 180 

to 300 nm (typically 200 to ~so.run). 

The EL layer and the cathode are formed one after another with 

respect to pixels corresponding to the color red, pixels 

corresponding to the color green, and pi.xels corresponding to the 
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c~lor blue. Howev-er. the EL layer is weak with respect to a sollltion, 

and therefore the EL layer and the cathode must be fo:tmed with respect 

to each of the coiors without using a photolithography technique. 

It is preferable to cover areas outside of the desired pixels using 

5 a metal mask, and selectively form the EL layer and the cathode 

only in the necessary locations. 

In other words, a mask is f i.rst set so as to cover all pixels 

except for those corresponding to the color red, and the EL layer 

for emitt1ng red color light is select.1.v-ely fonned us.1.ng the mask. 

10 Next, a mask is set so as to cover ali pixels except for those 

corresponding to the color green, and the EL layer £or emitting . . .. 
green color light is sel.ectivel.y formed using the mask. Similarly, 

a mask is set so as to cover all. piXe1s except for those corresponding 

to the color bl.ue, and the EL layer for em1 tt.1.ng blue color light 

15 is selectively formed using the -mask. Note that the use of al.I. 

different masks is stated here. but the same mask may also be reused. 

The method of fornd.ng three kinds of EJ'., elements corresponding 

to the colors RGB ~s used here, but a method of combining a white 

coior light emitting EL element and a color filter, a method of 

20 combining a bl.ue or blue-green color light emitting EL element and 

a fluorescing'bqdy (fl.uorescing color conversion layer: CCM), a 

method of using a transparent electrode as a cathode (opposing 

electrode) and overlapping it wi.th. EL elements each corresponding 

to one of the colors RGB and the like may be used. 
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A known mater:i.al can be used as the EL layer 5066 6 Considering 

the driver voltage. ~t is preferable to use an organic material 

as the known material - For example. a four layer structure 

constituted of a hole injecting layer, a hole transporting layer. 

5 a l~ght emitting layer and an electron injecting l.ayer may be adopted 

as an EL layer. 

Next. the cathode S067 is formed using a metal mask on the 

pixels having the switching TFTs of whioh the gate electrodes are 

connected to the same gate signal line (pixels on the same line}. 

10 Note that. in Embodiment 6, although MgAg is used as the cathode 

5067, the present invention is not: limited to this. Other known 

materials may be used for the cathode 5067. 

Finally, a pass~vation film 5068 made of a si1icon nitride 

film is formed with a th.1ckness of 300 nm. The formation of the 

15 passivation film 5068 enables the.EL layer 5066 to be protected 

against moisture and the 11.ke, and the re11.ab:llity of the EL e1ement 

can further be enhanced. 

Consequentiy, the EL display with the structure a.s shown in 

k'ig. 13B is completed. Note that, .in the manufacturing process of 

20 the EL display in Embodiment 6. the source signal. lines are formed 

from Ta and W. which are materials for fonning gate e1ectrodes, 

and the gate signal. lines are formed from Al, which is a material 

for forming wirings, but different materials may be used. 

~n n-channel type TFT 5101 is a T~T for erasing, 5102 is a 
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first switching TFT. and 5103 is a second switching TFT. Also, 

p-channel type TFT 5104 is a TFT for EL driving. A.n n-type impurity 

region 5023 formed in the second switching TFT 5103 is connected 

to the gate electrode 5041 of a TFT 5104 for EL driving through 

5 a connection wiring 5061. 

Incidentally, the EL display in Embodiment 6 eXhi.bits the vecy 

high reliability and has the improved operational cha:racteristic 

by providing TFTs having the most suitab1e structure .in not oniy 

the pixel portion but also the driver circuit portion. Further. 

10 it is also poss1b1e to add a metallic catalyst such as Ni in the 

crystallization process, therebr, increasing crystaliin~ty. It 

therefore becomes possible to set the driving frequency of the source 

signal line driver circuit to 10 MHz or higher. 

~irst. a TFT hav.ing a structure in which hot carrier 1.njeotion 

15 is reduced without decreasi.ng the operating speed as much as possible 

is used as an n-channel TFT of a CMOS circuit fonning the driver 

circuit portion. Note that the driver c:lrcuit referred to here 

includes circuits such as a shift register, a bttf fer, a level. shifter, 

a latch in l.1.ne-sequential. drive. and a transmission gate in 

20 dot-sequential drive. 

In Embodiment 6, the active layer of then-channel TFT contains 

the source region, the drain region, the LDD region overlapping 

with the gate electrode with the gate insulating film sandwiched 

therebetween (Lov region). the LDD region not c;>verlapping with the 
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gate electrode with the gate insulating fi.lm sandwiched the:r:ebetween 

(Loff region), and the channel forming region. 

Further. there is not much need to worr:y about degradation 

due to the hot carrier injection with the p-channe1 'l'FT, and therefore 

5 LOO regions may not be formed i.n particular. It is of course possible 

to form LDD regions s~milar to those of then-channel TFT, as a 

measure aga1nst hot carriers. 

Note that, in practice, 1 t is preferable to perform packaging 

(sealing). without exposure to the atmosphere, using a protecting 

10 film (such as a laminated film or an ultraviolet cured resin film) 

having good airtight properties' and l.1.ttle outgassing, or a 

transparent sealing material, after completing through the state 

of Fi_g. 13B. At this t.ill\e, the reliability of the EL element is 

increased by making an inert atmosphere on the inside of the sealing 

15 material. and by arranging a drying agent (barium oxide, for example) 

inside the seal.ing material. 

Further, after t:he airtight properties have been increased 

' by the packagJ.ng process. a connector {flexible printed ci.:ccui t: · 

FPC) .is attached in order to connect terminals led from the elements 

20 or circui.ts formed on the substrate with external signal term.1.nals. 

Then, a finished product is completed. This state at which the 

product: is ready for shipment is referred to as an EL module throughout 

this specification. 

Furthermore, in accordance with the process shown in Embodiment 
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6 , the number of photo masks requi:t;ed for manufacture of an EL module 

can be suppressed. As a result. the process can be shortened, and 

the reduction of the manufacturing cost and the improvement of the 

yield can be attained. 

5 Note that it is possible to implement Embodiment 6 in combination 

with Embodiments 1 to 5. 

(Embodiment 7) 

An outline of a cross sectional structure of an EL display 

of the present 1.nvention is explained in Embodiment 7 using an example 

W shown in Fig. 14 different from that of Fig. 13. An example is shown 

in Fig. 13 in which the first ~d~the second switching TFTs, the 
• 

TFT for erasing. and the TFT for Et driving are top gate TFTs, but 

an example of using bottom gate thin film transistors for the TFTs 

is explained in Embodiment 7. 

15 In Fig. 13, reference numeral 811 denotes a substrate, and 

reference num.erai 812 denotes an insUl.ating film which becomes a 

base (hereafter referred· to as a base fil.m). A l.ight transm:i.tting 

substrate, typ.1c~1y a gl.ass substrate, a quartz substrate, a glass 

ceramic substrate, or a crystalline glass substrate can be used 

20 as the substrate 811. However, the substrate used must be one able 

to withstand the highest process temperature during the 

manufacturing processes. 

Further, the base film 812 is particularl.y effective when 
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using a substrate containing mobile ions or a substrate which has 

conductivity, but the base film 812 need not be :formed on a quartz 

substrate. An insu1ating film containing silicon m~y be used as 

the base film 812. Note that the term •insulating film contai.ning 

5 s.i.licon • in this specification specifically indicates an :lnsulating 

film such as a silicon oxide film, a silicon nitride film, and a 

silicon oxyni tride film (denoted as Sj_OxNy, where x and y are arbitrary 

1ntegers) containing oxygen or nitrogen at predeteI:m.ined ratios 

with respect to silicon. 

10 Reference numeral 8201 denotes a first switching TFT, 

reference numeral 82Q2 denotes a second switching TFT, 8203 denotes 

a TFT for EL driving. 8204 denotes a TFT £or eras:l.ng. and respective 

TFTs are formed by both n-channel TFTs and p-channei TFTs. 

When the light emitting d:f:.rection of an EL element 8206 is 

15 toward the substrate 811 lower side (sur:face where TFTs and the 

EL layer are not fonned), it is preferable that the switching TFT 

and the TFT for EL driv1.ng have the above structure. However, the 
• 

present :lnvention i.s not 11.mited to this structure. The first and 

second switching TFTs 8201 and 8202. the TFT 8203 for EL driving, 

20 and the TFT a 20 4 for erasing may be either n- channel TFTs or p-channel 

TFTs. 

The first switching TFT 8291 has impurity regions 813 and 

816, LDD regions 815a and 815b, a channel forming region 817a, a 
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gateelectrode819a, agateinsulatingf1lnt818, andafirstinterlayer 

insul.ating film 820. The impurity region 813 is connected to a source 

signal line (not shown in the f1.gure} through a connection "4iring 

821. 

The second switching TFT 8202 has impurity regions 816 and 

814. LOO regions 815c and 815d, a channel forming region 817b. a 

gate electrode 819b, agateinsuiatingfilm.818, andafirst interlayer 

insulating film 820. The first switching TFT 8201 and the second 

switching TFT 8202 ho1d the impurity reg1.on 816 in common. Further, 

10 the impurity region 814 is connected to a gate electrode 830 of 

·-a TFT 8203 for EL driving through a connection wiring 822. 

Note that the gate 1.nsulat1ng f1.lm 818 or the first i.nterlayer 

insulating film 820 may be common among all TFTs on the substrate, 

or may differ depending upon the circuit or the element. 

15 Furthermore, the first and second switching TFTs 8201 and 

8202 shown in F1.g. 13 have a common active J.ayer. however, the present 

invent~on is uot1 limited thereto. The first and.second sw~tching 

TFTs 8201 and 8202 have active layers which a.re separated from each 

other, respectively. 

20 In addition, the LDD regions 815a to 815d are formed so as 

not to overJ.ap the gate electrodes Bl9a and 819b through the gate 

insulating film 818. This type of structure is extremely effective 

in reducing the off current. Furthermore, the length (width) of 
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the LDD regions 815a to 815d may be set from o. s to 3. 5 µm., typically 

between 2.0 and 2.5 µm.. 

NeJtt. the TF'l' 8203 for EL driving is formed having an active 

layer oonta1n1ng a source region 826, a drain region 827, and a 

5 channel fonning region 805; the gate insulating film 818; a gate 

electrode 830. the f.1rst interlayer insul.ating fi.lm 820; a source 

wiring 831; and a drain wiring 832. The source region 826 is connected 

to a power source line (not shown in the figure} through the source 

wiring 831. Further. the drain region 827 is connected to a pixel 

10 electrode 849 through the drain wiring 832. 

The TFT 8203 for EL driving is an el.ement for controlling 

the amount of electric current injected to the EL eiement 8206, 

and a relat1vely large amount of current fl.ows. !t is therefore 

preferable to design the channel width W of the TF~ 8203 for EL 

15 driving to be larger than the channel width of .the first and second 

switching TFTs 8201 and 8202. Further, it is preferable to design 

the channel length L to be larger such that an excess of electric 
I 

current does not fl.ow in the TFT 8203 for EL driving. It is preferable 

t:o have from o. 5 to 2 µA (more preferably between 1 and 1. 5 µA) per 

20 plxel.. 

In addition. by m.aki.ng the film thickness of the active layers 

(particu1arly the channel. forming region) of the TFTs 8203 for EL 

driving thicker (preferably from SO to 100 nm. morepreferablybetween 
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60 and 80 nm} , degradation of the TFT due to a large amount of current 

may be suppressed. Conversely, it is also effective to make the 

fil.rn thicknesS' of the acti.ve layer (particularly the channel forming 

region) thinner (preferably from 20 to 50 nm. more preferably between 

5 25 and 40 nm) , from the standpoint of making the off current smaller. 

for the case of the switching TFT 8201. 

The TFT for eras1.ng 8204 is fo:r:med having an acti..-e layer 

contain.ing impurity regions 835 and 836, LDD regions 837a and 837b, 

a channel forming region 838; a gate insulating film 818; a gate 

10 electrode 839~ a first interlayerinsulatingfilm820, andoonnection 
... 

wirings 846 and 844. The LDD regions 831a and 837h overlap the gate 

electrode 839 through the gate insulating film 818. 

One of the impurity regions 835 and 836 :ts connected to the 

power source supJ;!l.Y line (not. shown inf igure} through the connection 

l5 wiring 846 or 844. The other is connected to the gate electrode 

830 of the TFT 8203 for EL driving through the connection wiring 

846 or 844. 

Note that. reference numerals 862 to 865 are masks for fonning 

channel forming regions 817a# 817b, 805 and 838. 

20 Note that it is preferab1e to form an offset region (a region 

made of a semiconductor layer having the same component as that 

of the channel fox:mi.ng region and ga1:e voltage is not applied thereto) 

between a channel forming reg~on and an LDD region, giving the 
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advantage of reducing an off curr~nt. In Embodiment 1. a case where 

a single gate structure is used, is shown. and the present invention 

may also have a multi-gate structure. 'l'he multi-gate structure 1s 

very e£f ecti ve in reducing OFF current. If the OFF current 0£ the 

5 first and second switching TFTs 8201 and 8202. and the TFT 8204 

for erasing is lowered enough, the minimum capacitance necessary 

for the capacitor connected to a gate electrode of the TFT 8203 

for EL driving can be reduced that much. In other words, the area 

occupied by the capacitor can be diminished. Therefore giving the 

·10 multi-gate structure to the switching TFT is also e£fective in 

increasing the effective 1ight emission area of the EL element. 

Note that the first and second switching TFTs 8201 and 8202. 

and the TFT 8204 for erasing and the TFT 8203 for EL driving may 

be a p-channel. type or an n-channel type. It is necessary that the 

15 first.and second switching TFTs 8201 and 8202. and the TFT 8204 

for erasing have the same polarity. 

Next,referenoenumeral847denotesafir~tpassivationf~ln\. 
I 

and 1.ts f1.l.m thickness may be set from 10 nm to 1 µm (preferably 

between 200 and 500 nm) • An insulating film contai.n.i.ng si.licon (in 

20 particular, it is preferabl.e to use an oxidized s11.icon nitride 

fi.lm or a silicon nitride film) can be used as the passivation film 

material. The passiva"tion film 847 possesses a role of protect.i.ng 

the TFTs from alkal.1ne meta.ls and moisture. Alkal.ine metals such 
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as sodium are contained in an EL layer formed last over the TFT 

(in particular. the TFT for EL driving) . In other words, the first 

passivat~onfilm847worksasaprotectinglayersothatthesealkaline 

metals (mobile ions) do not penetrate into the TFT. 

Further, reference numeral. 848 denotes a second interlayer 

insulating film, which has a .function as a level.ing film for perf ornu..ng 

leveling of a step due to the TFTs. An organic resin f 1.lm is preferable 

asthesecondinterl.ayerinsu1atingf1lm848,andonesuohaspolyimide, 

polyamide, ac:r:ylic, or BCB {benzocyclobutene) may be used. These 

10 organic resin films have the advantages of easily forming a good, 

~' 

level surface, having a low specific dielectric constant. The EL 

layer is extreme1y sensitive to unevenness, and therefore it is 

preferable to mostly absorb the TFT step by the second inter1ayer 

insulating film 848. In addit1.on. it is preferable to form tlie l.ow 

15 specif le dielectric constant material thickly .1n order to reduce 

20 

the paras~tic capacitance fo:cmed between the gate s~gnal 11ne or 

source s1.gnal line and the cathode of the EL element. The thickness, 

therefore, 1s preferably from 0.5 to 5 µm (more preferably between 

l. s and 2 . 5 fJlll} • 

Further, reference numeral 849 denotes a pi.Xel electrode 

(anode of an EL el.ement) made from a transparent conductive film. 

After forming a contact hole (op~~ing) in the second interlayer 

insulating film 848 and in the fi:rst passivation film 84 7, the pixel 
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electrode 849 is formed so as to be connected to the drain wir~ng 

832 of the TFT 8203 for RL driving. 

A third interlayer insul.ating film 850 1.s :fonned on the pixel. 

electrode 849 from a s_ilicon oJCide film., a silicon oxyn.itride film, 

5 or an organi.c resin film, with a thickness of from 0.3 to 1 µm. The 

third interlayer insulating film 650 funot1ons as a bank. An open 

portion is formed in the third interlayer insulating film 850 over 

the p.UCel electrode 849 by etching, and the edge of the open portion 

is etched so as to become a tapered shape. The taper angle may be 

10 set from 10 to 60°, (preferably between 30 an.d 50°). In particular, 

light emitting irregularities o~ xhe EL layer 851 due to a step 

in the pixel. electrode 849 which deV'elops in a contact hole portion 

can be prevented by forming the third interlayer insulating f 11.m 

850 on portions in which the pixel electrode 849 and the drain wiring 

15 832 of the TFT 8203 for EL driving are connected to each other. 

An EL l.ayer 851 is fonned on the third interlayer insUlating 

film 850. A single layer structure or a land.nation structure can 
. . 

be used for the EL layer 851. but the lamination structure has a 

better 1:1.ght emitting efficiency. In general, a hole injecting layer .. 

20 a hole transporting layer, a light emitting ~ayer. and an el.ectron 

transporting layer are formed in order on the pi.Xel el.eotrode, but 

a structure having a hole transporting layer, a light emitting layer, 

and an electron transporting iayer, or a structure having a hole 
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injecting layer, a hole transporting layer, a light emitting l.ayer. 

an electron transporting layer. and an electron injecting layer 

may also be used. Any known structure may be used by the present 

invention, and doping of such as a fluorescing pigment into the 

5 EL layer may aiso be performed. 

The structure of Fig. 14 is an example of a case of forming 

three types of EL elements corresponding to R. G, and B. Note that 

al though onl.y one pixel i~ shown 1.n Fig. 14. pileels having an identical 

structure are fonned corresponding to red, green and blue colors, 

lO respectively, and that color display can thus be performed. It is . -
possible to implement the present invention without concern as to 

the light emitting method. 

A cathode 852 of the EL element is formed on the EL layer 

851. A material containing a low work coefficient material. such 

15 as magnesium (Mg). lithium (ti), or calcium (Ca}, is used as the 

cathode 852. Preferaply, an electrode made from MgAg (a material 

made from Mg and Ag at a mix:ture of Mg: Ag = 10: 1) is used. In addition. 
I 

a MgAgAl. el.ectrode, an L:iA.l electrode. and an LiFA1 electrode can 

be given as other examples. 

20 It is.preferable to form the cathode 852 in success~on. 

without exposure to the atmosphere, after forming the EL layer 851. 

This is because the 1.nterface state between the cathode 852 and 

the EL 1ayer 851 greatly 1.nfluences the light emitting efficiency 
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Of the BL element. Note that, throughout this specification, a light 

emitting element formed by a pixel electrode (anode). an EL layer, 

and a cathode is referred to as an EL element 8206. 

The laminat~on body composed of the EL layer 851 and the 

5 ca.thode 852 must be formed separately for each pixel. but the EL 

layer 8 51 is extremely weak with respect to moisture, and consequently 

a normal photoli thography technique cannot be used. It is therefore 

preferable to use a physical mask material suob as a metal mask, 

and to selectively form the layers by a gas phase method such as 

10 vacuum evaporation, sputtering, or piasma CVD • 

. -
Note that it is also possible to use a method such as ink 

jet printing, screen ·printing or spin coating as the method of 

selectively form.1.ng the EL layer. However, the cathode cannot be 

formed :i.n succession with th~se methods at present, and therefore 

15 it is preferable to use the other methods stated above. 

Further, reference numeral 853 denotes a p:r:otecti~e 

electrode, which1 protects the cathode 852 from external moisture, 

and at the same time ~s an electrode for connecting the cathodes 

852 of each pixel. It 1.s preferable to use a low resistance material 

20 containing allimintim (Al). copper (Cu), or silver (Ag) as the 

protective electrode 8fi3. 'l.'he protective electrode 853 can aiso 

be expected to have a heat radiating .effect which relieves the amount 

of heat generated by the EL layer 851. Further, it is effective 
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to form the protect:Lve e1ectrode 853 in succession, without exposure 

to the atmosphere, after forming the EL layer 851 and the cathode 

852. 

Reference numeral 854 denotes a second passivation film, 

5 which may be formed with a film thickness of 10 nm to 1 µm (preferably 

between 200 and 500 run} . The aim of fonn.ing the second passivation 

film 854 is mainly for protecting the EL layer 851 from moisture. 

but it is also effective to give the ~econd passivation film 854 

a heat rad1.ating effect. Note that the EL layer 851 is weak with 

10 respect to heat, as stated above, and therefore it is preferable 

·~ to perf o:rm fiim formation at as low a temperature as poss~ble 

(preferably within a temperature range from room temperature to 

120°C}. Plasma cvn. sputte.ri.ng, vacuum evaporation, ion pl.ating~ 

and solution coating (spin coating} can therefore be considered 

15 as pre.ferable £ilm formation methods. 

Note that it goes w1.thout sayi.ng that the present invention 

is not limited to the structure of the EL disp1ay shown in Fig. 

14, and the structure shown in F1g. 14 ~s merely one preferred 

embodiment for implementing the present invention. 

20 Note that it is possib1e to implement Embodiment 7 in 

, . combination with Embodiments 1 to 5 . 

(Embodiment 8} 

An example of manufacturing an EL d.1splay using the present 
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1.nvention will be described. Note that Fig. 15A is a top surface 

diagram of an EL display of the present 1nvent1oni and Pig. lSB 

is a cross sectional diagram. 

In Figs. 15A and l5B, reference numeral 4001 denotes a 

5 substrate, reference numeral 4002 denotes a pixel portion, reference 

nwneral 4003 denotes a source signal line driveroircuit, 4004 denotes 

a gate signal line dri.ver circuit. Each of the driver circuits is 

connected to an external equipment via a W:i.ring 4005 leading to 

an FPC (flexible printed circuit) 4006. 

10 Afixst sealing material 4101, a cover material 4102, a filler 

material 41031 and a second sealing material 4104 are formed at 

this point so as to surround the pixel portion 4002, the source 

signal line dri7er circuit 4003, and the gate signal line driver 

circuit 4004. 

15 Fig. 15B is a cross sectional diagram corresponding to Fig. 

l5AcutalongthelineA-A'. Adri-verTFT4201 (notetha.tann-channel 

TFT and a p-ohannel TFT are. shown here) contained in the source 

signa1 line driver circuit 4003 on the substrate 4001, and a TFT 

4202 for EL driving {a TFT for oontro11ing the electric current 

20 flowing .1n an EL element) conta.ined in the pixel. portion 4002 are 

formed. 

A p-channe.l TFT or an n-ohannel TFT manufactured by a known 

method is used in the driver TFT 4201 in Embodiment 8. and a p-channel 
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TFT manufactured by a known method is used in the TFT 4202 for EL 

driving. Further, a capacitor connected to a gate of the TF'l' 4202 

for EL driving is formed in the pixel portion 4002. 

An interl.ayer insulating film {leveling film} 4301 is fonned 

5 on the driver TFT 4201 and the TFT 4.202 for EL driving from a resin 

material, and a pixel electrode (anode) 4302 which is eJ.ectricall.y 

connected to a drain region of the TFT 4202 for EL dr.iving is formed 

on the interlayer insulating film. A transparent conductive film 

having a large work: coefficient is used as the pixel electrode 4302. 

10 A chemical compound of ind.illll\ oxide and tin oxide, a chemical com.pound 

of indium oxide and zinc oxide, tfno oxide. t·in oxide, and indium 

oxide can be used as the transparent conductive film. Further, 

galliume may also be doped into tbe above transparent conductive 

films. 

15 An insulating fj_lm 4303 is then formed on the pj_:x:;el electrode 

4302, and an open portion is formed in the insulating film 4303 

over the pixel electrode 4302. An EL (electroJ.uminescence} layer 
l 

4304 is foJ:nted on the p1xei eiectrode 4302 in the open portion. 

Known organic EL materials and known inorganic materials can be 

20 used£ortheEL.1ayer4304. Further, 1owmolecuJ.arweight (monomer) 

materials and high molecular weight (polymer) mater1als exist as 

organic EL materials, and both may be used. 

A known evaporation technique or a known application· 
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technique may be used as a method of fonuing the EL layer 4304. 

F~rther, the structure of the EL layer may be a lamination structure. 

or a single layer structure, in which hole injecting layers, hole 

transporting layers, light emitting layers. electron transporting 

5 layers, and electron injecting layers are freely combined. 

A cathode 4305 composed of a conducting film having l.1.ght 

shielilng properties (typically a conductive film having aluminum, 

copper, or silver as its main constituent, or a lamination film 

of these and another conducting film) is formed on the EL layer 

10 4304. Furthermore, it is preferable to remove, as much as possible, 

moisture and oxygen existing in the interface between the cathode 

4305 and the EL element 4304. It is therefore necessary to employ 

a scheme such as forming both films in succession within a vacuum. 

or one in which the EL layer 4304 is formed in a nitrogen or 1.nert 

15 gas environment, and then the cathode 4305 is formed without exposure 

to oxygen or moisture. It is possible to perform the above stated 

film formation in Embod.1.ment 8 by using a multi-chamber method 

' (cluster tool method) film formation apparatus. 

The cathode 4305 is then electrically connected to the wiring 

20 4005 in a region shown by reference numeral 4306. The w1.r1ng 4005 

is a wiring for imparting a predetenn.tned vo1tage to the cathode 

4305 ~ and the wiring 4005 is electrically connected to the FPC 4006 

through an anisotropic conductive film 4307. 

95 



An EL e1ement composed of the pixel. electrode (anode) 4302, 

the EL layer 4304. and the cathode 4305 is thus formed. The EL element 

is surrounded by the fir~t sealing material 4101, and by the cover 

material 4102 which is joined to the substrate 4001 by the first 

5 seal.ing material 4101. and i.s enclosed by the fill.er materia.14103. 

Further, a glass material., ametall.icmaterial ( typical.ly a stainless 

steel. material). a ceram1.c material, and a plastic material 

(including pl.ast:tc £ilms) can be used as the cover material 4102. 

An FRP (fiberglass reinforced pl.astics) plate, a PVF (polyvinyl 

IO fluoride) film, a mY:l.a:r film. a polyester £ilm, and an acryl.i.c resin 

4' 

fil.r:n can be used as the plastic material. Further, a sheet having 

a structure in which alum1num :fo.11 is sandwiched by a "PVF film or 

a mylar film can also be used. 

Note that. 1.t is necessary for the cover materiaJ. to be 

15 transparent for cases in which the irradiating direction of light 

from the EL elements is toward thecovermaterial. side. A transparent 

material such as. a gl.ass plate, a plastic plate, a polyester fil.m, 

or an acry1ie film. is used in this case. 

Further, an ultrav~oiet hardentng resin or a therma1ly 

20 hardening resin can be used as the fi1ler material 4103. PVC 

{polyv1nylohloride),acrylio.polyimide,epoxyresin,siliconresin, 

PVB (polyvinyl butyral} and EVA {ethylene viny1 acetate) can be 

used. Deterioration of the EL elements can be suppressed if a dry:lng 
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agent (preferably barium oxide) or an oxidation preventing agent 

having an oxygen capturing effect is formed on the inside of the 

filler material 4103. 

Furthe.r::more. spacers may also be .included within the filler 

5 material 4103. It ispossibl.etogive the spacers themsel.vesmoisture 

absorbency by forming the spacers from barium oxide. Further. when 

forming spacers, it is also effective to fonn a res~n film on the 

cathode 4305 as a buffer layer for relieving pressure from the spacers. 

The wiring 4005 is electrically connected to the FPC 4006 

10 through the anisotropic conductive film 4307. The wiring 4005 
4' 

transmits signals sent from the pi:x:el portion 4002, the source signal 

line driver circuit 4003. and the gate signal line driver circuit 

4004 to the FPC 4006, and the wiring is electrically connected to 

external equipment by the FPC 4006. 

15 Further, the second seal1ngmater1al 4104 is form~d so as 

to cover exposed por~ions of the first sealing mater~al 4101 and 

a portion of the FPC 40061 resul.ting 1.n a structure in Which the 

EL elements are oompl.etel.y cutoff from the atmosphere. This becomes 

the EL display hav~ng the cross sectiona1 structure of Fig. lSB. 

20 Note that it is poss1bJ.e to imp~ement Embodiment 8 in combination· 

~1th Embodiments 1 to 7. 

(Embodiment 9) 

In Embodiment 9 1 a deta11ed structure of the source signal 
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line driver circuit 102 shown in Fig. 10 will be described. 

A shi£t register l02a, a latch (A) 102b and latch (B) 102c 

are p.laced as shown in Fig. 16. In Embodiment 9, a series of latch. 

(A) l02b and a series of latch (BJ 102c correspond to four source 

5 signal l.ines St through S{t+3). Although not provided in this 

embod1ment, the designers may appropriately provide a level shift 

for varying a widt~ of amplification 0£ a voltage of a signal. 

A clock signal for sources (S-CLK), a clock signal for inverted 

sources (S-CLKb} having an inverted polar:i.ty of the (S-CLK), a start 

10 pulse signal for sources (S-SP), and a driving direction switching 

signal for sources (S-SL/R) are4respectively input to the shift 

register 102a th:rough wirings shown in the f.igure. A d.1..gital video 

signa1 inputted externally is inputted to the latch (A) 102b through 

a wiring shown in the figure. A latch signal S_LAT and a ~ignal. 

15 S_LATb having an inverted polarity of the latch signal. S_LAT are 

respectively input to the 1atoh (B) 102c tlu:ough wirings shown in 

the figure. For a detail.ed structure of the latch (A) 102b, a 

part 801 of the '1atoh (A} l02b corresponding to the source signal. 

l.ine St (where tis an arbitrary number from 1 to(x-3}) is described 

20 by way of example. The part 801 of the latch (A) 102b incl.udes two 

clocked inverters and two inverters. 

Fig. 17 shows a top vi.ew of the part 801 of the latch (A} 102b. 

Reference numeral.s 93la and 93lb are aot1.ve layers of TFTs form.1..ng 

one of the inverters incl.uded 1.n the part 801 of the latch (A) l02b, 
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respectively. 936 is a gate electrode common to the TFTs forming 

one of the inverters_ Reference numerals 932a and 932b are active 

layers of 'l'FTs formi.ng the other one of the inverters incl.uded in 

the part 801 of the latch (A) 102b. respectively. 937a and 937b 

5 are gate electrodes respectively p.rovided on the active layers 932a 

and 932b. Further, the gate electrodes 937aand 937b are electrical.ly 

connected with each other. · 

Reference numerals 933a and 933b are respectivaly active layers 

0£ TFTs forming one of the clocked inverters included in the part 

10 801 of the latch (A) 102b. Gate electrodes 938aand 938b are provided 

on the active layer 933a to proy~de a double-gate structure. In 

the same manner, gate electrodes 938b and 939 are provided on the 

active layer 933b to provide a double-g~te structure. 

Reference numera1s 934a and 934b are respeotiveJ.y active layers 

15 of TFTs forming the other one of the ciocked inverters included 

in the part 801 of the latch (A) 102b. Gate electrodes 939 and 940 

are provided on the active layer 934a to provide a double-gate 

structure. In the same manner, gate electrodes 940 and 941 are 

provided on the active J.ayer 934b to provide a double-gate structure. 

20 Note that it is possible to .implement Embodiment 9 in combi.nation 

With Embodiments 1 to 8. 

(Embodiment 10} 
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In the present embodiment, the detai1ed structure of the 

gate signal iine driver circuit 103 illustrated in Fig. 10 is 

described. 

The shift register 103a and the buffers 103b ar~ arranged 

5 as illustrated in Fig. 18. It 1.s to be noted that, in the present 
. . 

embodiment, a buffer l03b is structured to have three inverters 

for one gate signal line. However, the number of the inverters is 

not litni ted thereto. Further. though no l.e~el shift for changing 

the amplitude of voltage of a signal is not provided in the present 

10 embodiment~ a designer of the circuit may appropriately provide .. 
such a level shift. 

The clock signal for the gates G-CLK, a clock signal for 

inverting gates G-CLKb where the polarity of G-CLK is inverted. 

the start pU1se signal for the gates G-SP. and a drive direct1on 

15 switch signal. for the gates G-SL/R are inputted to the shift register 

103a through corresponding wirings illustrated in the figure, 

:r:espectivel..y. 

The structure of the present embodiment can be implemented 

in combination with Embodiments l to 9. 

20 · ( Embod1.men t 11) 

In the EL display accord1ng to the present invention. the 

material used as the EL layer of the EL elements is not limited 

to an organic EL material., and an inorganic EL mater1a1 may also 
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be used. However, since presently avail.able inorganic EL mater.ial.s 

have a very high driving voltage. TFTs with a resistance property 

which can withstand such dr1v1ng voltage have to be used. 

or. when an inorganic EL material having a lower driving 

5 voltage is developed in the future, it can be appl.ied to the present 

invention. 

The structure of the present embodiment can be implemented 

in combination with Embodiments 1 to 10. 

[Embodiment 12] 

10 In the present invention, an organic material used as an EL layer . ~ 
may be either a low molecuJ.ar weight organic mater.ial or a polymer 

{high moiecular} orga~ic material. As the low mo1ecular weigh~ 

organic material, materials are known centering on Al.q3 

(tris:-8-quinolyli.te-aluminum). TPD (tripheny1amine derivative) or 

15 the like. As polym~ type organic material., x-ooopera.tive polymer 

material.scan be gj_ven. Typicall.y, PPV (pol.ypheny1enevynilene). PVK 

(polyvyni1carbazp1e), polycarbonate or the like can be given. 

The polymer {high mo1ecu1ar) organic material can be formed with 

a simple thin film fonnation method such as the spin coating method (which 

20 is referred to also as solution application method) , the dipping method, 

the dispense method, the printing method. the ink jet method or the like. 

The polymer organic material has cr·high heat res1.stance compared with 

the low molecular weight Qrganic material. 
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Furthermore, i.n the case where the EL layer incorporated in the 

EL element of the EL display according to the present inventi.on has an 

electron transport layer and a posit! ve bole transport layer, the electron 

transport layer and the positive hole transport layer may be fonned of 

5 an inorganic material such as. for example, an amorphous semiconductor 

formed of amorphous Si. or amorphous Si1-xCx or the like. 

In the amorphous semiconductor, a large quantity of trap level 

is present, and at the same time. the ~orphous semiconductor fonns a 

l.arge quantity of interface levels at an interface at which the amorphous 

10 semiconductor contacts other layers. As a consequence. the EL el.ement 

can emit 1.ight at a l.ow voltage~ and at the same time, an attempt can 

be made to provide a high 1unti.nance. 

Besides. a dopant (impurity} is added to the organic EL layer, 

and the col.or of light emission of the organic EL 1.ayer may be changed. 

15 These dopant includes DCMl, nile red.. rubren,. coumarin 6, TPB and 

20 

qui.naquelidon. 

The structure of the present embodiment can be implemented 

·( 

in combinat~on w1th Embodiments l to 11. 

(Embodiment 13} 

In the present embOdiment, preferable voltage-current 

characte+:istics of a region where the TFT for EL,driving is driven 

when the driving method of an EL disp1ay according to the present .. 

invention is used is described with reference to Figs. 19 to 20. 
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In an EL element. if voltage applied to the EL element varies 

even slightly. current passing through the EL el.ement exponentially 

changes accordingly. From a dif~erent point of view, it can be said 

that, even the current flowing through the Et element varies, the 

5 voltage applied to the EL element does not change so much. By the 

way, the brightness of the EL element is increased almost in proportion 

to the current flowing through the EL element. Therefore, compared 

with a method where the brightness of the EL el.ement is controlled 

through control of the voltage applied to tlle EL element. a method 

10 where the brightness of the EL element is controlled through control 

of the current through the BL element is less l.1ab1e to be .1.nf luenced . ' 
by the characteristics of the TFT, and therefore the brightness 

of the EL element can be controlled more easily with such a method. 

Reference is made to Fig. 19. Fig. 19A ii1ustrate~ only 

15 the components of the TFT 108 for ·EL driving and of the EL element 

110 in the pixel of the Et display of this .invention shown .1.n Fig. 

3. 

• 
Fig. 19B illustrates voltage-current characteristics of the 

TFT 108 for EL driving and of the EL element 110 111ustrated in 

20 Fig. 19A. It is to be noted that the graph of the voltage-current 

characteristics of the TFT 108 for EL driving .111ustrated ill ~ig. 

19B shows voltage V»s between the source region and the drain region 

versus current f1ow.1.ng through the drain region of the TFT 108 for 
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EL driving. Fig. l9B shows a plurality of gJ:"aphs having different 

values of voJ. tage Vc;s between the source region and the gate electrode 

Of the TFT 108 for EL driv~ng. 

As iilustrated in Fig. 19A, the voltage between the pixel 

5 electrode of the EL element 110 and an opposing electrode 111 is 

denoted as VEL, and the voltage between a terminal 3601 connected 

to a power supply line an~ the opposing electrode 111 of the EL 

element 110 is denoted as VT. It is to be noted that the value of 

VT is determined by the potential of the power supply line. Further, 

10 the voltage between the source region and the drain region of the .. 
TFT 108 for EL driving is denoted as Vos. and.the voltage between 

a wiring 3602 connected to the gate electrode of the TFT 108 for 

-EL driving.and the source region of the gate eledtrode of the TFT 

108 for EL driving, that is, the voltage b~tween the gate electrode 

15 and the source region of the TFT 108 £or Et driving, is denoted 

as Vr;s. 

The TFT 108 £or EL driving may be an n-channe1 TFT or a . . 
p-channel TFT. 

Further, the TFT 108 for EL driving and the EL element 110 

20 are connected in series. Therefore, the amount of current flowing 

through the TFT 108 for EL driving and the amount of current flowing 

through the EL element 110 are the.same. AccordingJ.y, the TFT 108 

for EL driving and the EL element 110 illustrated in Fig. 19A are 
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driven at an intersection {an operati.on point) of the graph 

illustrating the voltage-current characteristics of the TFT 108 

for EL driving and the graph illustrating the voltage-current 

characteristics of the EL el.ement 110. In Fig. 19B, VBi:. is the voltage 

5 between the potential of the opposing electrode 111 and the potential 

at the operation point. Vos is voltage between the potential at 

the terminal 3601 of the TFT 108 for EL driving and the potent.1.al 

at the operation point. Therefore, VT is equal to the sum of VEt. 

and Vos• 

10 Here. a case where VGs is changed is examined. As can be .. ~ 
seen from Fig. 19B. as jVGs - V'l'H! of the TFT 108 for EL driving becomes 

larger, in other words as I VGs I becomes larger. the amount of current 

flowing through the TFT 108 for EL driving becomes larger. It is 

to be noted that VTH is a threshold voltage of the TFT 108 for EL 

15 driving. Therefore, as can be seen from Fig. l9B. as jVGsl becomes 

larger, the amount of current through the EL element 110 at the 

operation poj_nt becomes larger as a matter of course. The brightness 

of the EL eiement 110 becomes higher in proport1on to the amount 

of current f1ow~ng through the EL element 110. 

20 When the amount of current flowing through the EL element 

110 becomes larger as !VGsl becomes larger, the va1ue of VEL a1so 

becomes larger according to the ~ount of current. Since V-r is 

determined by the potential. of the power supply line, when VEt becomes 

105 



c:.. . --

larger, VDs becomes smaller accordingly. 

Further, as illustrated in Fig. 19B. the voltage-current 

characteristics of the TFT 108 for EL driving can be divided into 

two regions by the values of Vcs and Vos. A region where I VGs - v'rH I 

5 < !Vnsl is a saturated region. while a region where !VGs - V'l'HI > 

!Vosl is a linear region. 

In the saturated region, 

Ios -= f3 (VGs - VTR) 
2 I 2 ... ( 1) 

wherein Ins is the amount of current flowing through a channel forming 

10 region of the TFT 108 for EL driving, /3 =- ILCoW/L. µ, is the mobility 
• 4 ~ 

of the TFT 108 for EL driving, Co is the gate capacitance per unit 

area, and W/L is the ratio of the channel width W to the channel 

length L of the channel forming region. 

!n the 1£near region, 

15 IDS -= f3 { (Vcs ... VTH)Vos - Vns2 I 2} ... (2} 

As can be seen_from Eq. (l}, in the saturated region, the 

amount of current almost does not change depending on VDs. and is 

determined onl.y by Vc;s. 

on the· other hand. as can be seen £rom Eq. ( 2) , 1n the linear 

20 region, the amount of current is determined by Vos and VGS. As I Vcs l 

becomes larger, the ~FT 108 for ~~ driving starts to operate in 

the linear regi.on. In addition, VEL graduall.y becomes larger 
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accordingly, and thus VDs becomes smaller accordingly. In the linear 

region, as Vns becomes smaller. the amount of current becomes smaller 

accordingly. Therefore. even if !Vasi becomes larger. it is 

difficult to inorease·the amount of current. When !Vasi =- oo. the 

5 amount o:f current becomes IMAX. In other words. no matter how large 

IVcsl becomes, current which passes can not exceed IMAX. Here, IM}JC 

is the amount of current through the EL element 110 when VF.L -= VT• 

In this way, by controlling {Vf#Sj. the operation point oan 

be moved into the satu~ated region or into the linear region. 

10 By the way, it is desirable that all the TFTs 108 for EL 

driving of a11 the pixels ideally have the same characteristics. 

However, actually, it is often the case that the threshold V'l'({ and 

the mobilityµ differ among the respective TFTs 108 for EL dr.i.ving. 

When the threshold VTH and the mobi1ity /.L differ among the respective. 

15 TFTs 108 for EL driving, as oan be seen from Eqs. ( l) and ( 2), even 

if Vcs is the same, the amount of current flowing through the channel 

forming region differs among the TFTs 108 for EL driving. 
I 

Fig. 20 11lustrates current-voltage characteristics of the 

TFT 108 for EL driving where there is a shift in the threshoJ..d VTH 

20 and the mobility µ • A soli.d line 3701 illustrates ideal 

· -current-\l'"oltage charaoterist.1.cs, and sol.id l.ines 3702 and 3703 

i1lustrate current-vol.tage characteristics of the TFT for EL driving 

where the threshold VTH and the mobility ~ differ from the ideal 
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values. Suppose that, 1.n the saturated region. each of the graphs 

3702 and 3703 of the current-voltage characteristics shifts from 

the ideal graph 3701 of the current-voltage characteristics by the 

same amount of current ~I1, and an operation point 3705 of the graph 

5 3702 of the current-voltage characteristics is in the saturated 

region while an operation point 3706 of the graph 3703 of the 

current-voltage characteristics is in the linear region. In this 

case, when sh.i.fts in the amount of current at the operation points 

3705 and 3706 from the operation point 3704 of the graph 3701 of 

10 the ideal ctll:'rent-voltage characteristics are expressed as .6.I2 and 

t-i.1:J, respectively, .6.l~ is smaller than .6I2 • 
4 ' 

Accordingly, in the case where a digttal driving method 

according to the present invention is used, by driving the TFTs 

for EL driving and the EL elements such that the operation pqints 

15 exist in the J.inear region, gradation di.sp1ay can be carried out 

suppressing unevenness 1.n the brightness of the EL e1ements caused 

due to shifts in the characteristics of the TFTs for EL driving. 

With regard to a case 0£ a conventional ana1og di:iving# it 

is preferable to drive the TFTs for EL driving and the EL el.ements 

20 such that the operation points exist in the saturated region where 

the amount of current can be controlled by only !VGsl· 

As a summary of the above ana1ysi.s of the operation, Fig. 

21 illustrates a graph of the gate voltage JVGsl Of the TFT for EL 
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driving versus the amount of current. When JVcsl becomes larger 

and at last becomes larger than the absolute value IVTHf of the 

threshold voltage of the TFT for EL driving. the TFT for EL driving 

becomes a conductive state to pass current therethrough. IVGsl at 

5 that time is herein referred to as "l.ighting start voltage" . When 

!Vcsl becomes stil.1 larger, IVGSI reaches a value ·where jVGs - V'l'lt 

I = I Vos I (let A denote the value). and the graph goes from a saturated 

region 3801 1nto a linear region 3802. When IVGSJ becomes still 

larger and the amount of current becomes larger accord~ngly, the 

10 amount of current is at 1ast saturated, where IVGsl = oo. 

As can be seen from Fig. 21;·in a region.where IVG!>! -S: IVTHI, 

almost no current passes. A region where IV'1'1d ~ !Vasi ~ A i.s a 

saturated region, where the amount of current changes according 

to !VGsl. A region where A~ jVGSI is a ~inear region, where the 

15 amount of current flowing through the EL element changes according 

20 

to IVcsl and !Vos I. 

In the digital driving according to the present invention, 
I 

it is preferab.le -co use the region where I VGs I ~ I Vm I and the linear 

region where A~ IVssJ. 

It 1.s ·to be noted that the present embodiment can be 

implemented in combination with Embodiments 1 - 12. 

(Embodiment 14) 

In thi.s invention, an external light emitt1.ng quantum 
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efficiency can be remarkably improved by using an EL material by 

which phosphorescence from a triplet exciton can be employed for 

emitting a light. As a result, the power conswuption of the EL element 

can be reduced, the lifetime of the EL element can be elongated 

5 and the weight of the EL element can be lightened. 

The following is a report where the external light emitting 

quantum efficiency is improved by using the triplet exciton (T. 

Tsutsui, C.·Adachi, S. Saito. Photochemical processes in Organized 

Molecular Systems, ed. K. Honda, (Elsevier Sci. Pub •• Tokyo, 1991) 

10 p. 4.37). 

The molecular formula of an-EL material (coumarin pigment) 

reported by the above article is represented as follows • 
• 

15 (M.A. Baldo, D.F.O' Brien, Y. You, A. Shoustikov, S. Sibley, M.E. 

Thompson. S.R. Forrest, NatUfe 395 (1998) p.151) 

The mol.ecular formu1a of an EL material {Pt compl.ex) reported 

by the above art~cle is represented as follows. 

Et 

E. t E: t 

Et· 

Et 

(M.A. Baldo, S. Lamansky. P.E. Burrows, M.E. 'l'hompson, S.R. Forrest; 

Appl. Phys. Lett., 15 ( 1999) p. 4.) (T. Tsutsui, M. -J. Yang, M. Yahiro. 

K. Nakamura, T.Watanabe, T. tsuji, Y. Fukuda, T. Wak.imoto, S. 
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Mayaguch.1., Jpn, Appl. Phys .• 38 (12B) (1999) Ll502.} 

The molecular fo.x:mula of an EL material. {Ir complex} reported 

·by the above article is represented as follows. 

l r 

3 

As desor.1.bed above, if phosphorescence from a triplet exciton 

can be put to practical. use, it can re<:lize the external light emitting 

quantum efficiency three to four times as high as that in the case 
• 

10 of using fluoresc~nce from a singlet exci.ton in principle. 

The structure according to this embodiment can be freely 

implemented in combination of, any structures of Embodiments 1 to 

13. 

(.Emb~d.i.men t 15 ) . 

15 In the present embodiment. a case where a connector such 

as an FPC or a T~ is connected to the d1sp1ay panei according to 

the present invent~on to actually finish a sh~ppable product is 

described. 

In F1g. 22, a plural.ity of pixels are provided in a pixel 

20 portion 1801. A module having the pixel portion 1801 and a connector 

for connect~ng wirings of the pixel portion 1801 to the external 

is herein referred to as a display panel 1806. 

Reference numerals 1802 and 1803 denote a source signal line 
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driver circuit and a gate signal. line driver circuit, respectively. 

The number of the source signal line driver circuit(s} 1802 and 

the number of the gate signal line driver c1rcuit(s) 1803 may be 

arbitrary. 

A module having a dr1 ver circuit formed of the source signal 

line driver circuit 1802 and the gate signal line driver circuit 

1803. the pixel. port.ion 1801, and the connector for connecting the 

wiring of the p1.xel portion 1801 and wirings of the driver circuit 

to the external is herein referred to as a display panel 1807 with 

10 the driver circuit. The display panel 1807 with the driver circuit 

is the displ.ay panel 1806 provided with the driver circuit. 

With regard to the display panel 1807with the driver circuit. 

there are two cases: a case where the driver cireui. t and the pixel 

portion 1801 are provided on different substrates and are connected. 

15 to each other through a connector such as an FPC or a TAB; and a 

case where the driver circuit and the pixel portion 1801 are provided 

on one substrate. The fo:x:mer is herein referred to as a display 
I 

panel with an externa1 type driver circu1t. while the latter is 

herein referred to as a display panel with an .integral type driver 

20 circuit. 

Fig. 23A is a plan view of the display panel with the externa1 

type driver circuit. The p1xe1 ~ortion 1801 is provided on a 

substrate 1810. The wiri.ngs of the piXel portion 1801 are connected 
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through an FPC 1811 to the source signal line driver circuit 1802 

and to the gate signa.1 1ine driver circuit 1803, both of which are 

provided on a substrate 1814 £or external. provision. The source 

signal driver circuit 1802~ the gate signa1 11ne driver circuit 

5 1803, and the wiri.ngs of the pixel. portion 1801 are connected to 

the external through the FPC 1811 for connection· to the external. 

It is to be noted that, though in Fig. 23A, a case where 

the substrate 1810 having the pixel portion 1801 prov:Lded thereon 

is provided on the substrate 1814 for external. provision is described. 

10 the present embodiment is not limited thereto. It is not necessary 

that the substrate 1801 :ts prov:idedon the substrate 1814 for external 

provision. 

Fig. 238 is a plan view of the display panel with the integral 

type driver ci.rcu.1t. The pixel po.i:tion l.801. the source signal line 

15 driver circuit 1802, and the gate signal. 1.1.ne driver c1.rcu1.ts 1803 

are provided on the substrate 1810. The wirings of the pixel portion 

1801, 0£ the source signal line driver circuit 1802, and of the 
' . 

gate signa11ine driver circuits 1803 are connected to the external 

through an E'PC 1812 for connection to the external. 

20 It is to be noted that, 1n Fi.g. 23 , the number of the source 

signal line driver circuit 1802 and the number of the gate s1.gnal 

line drive:c circuits 1803 are not l.;imited thereto, and the numbers 

can be appropriately selected by the designer. 
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In Fig. 22. a contro1ler 1804 has a function to drive the 

driver oircui.t and to make the pix:el portion 1801 di.splay an image. 

For ex:amp1e, it has a function to input to the source signal line 

driver oircu1.t 1802 a signal with image information inputted from 

5 the external. a function to generate a signal for driving the driver 

circuit (for example, a clock signal (CLK), or a start pulse signal 

(SP)}. and a function as a power source for supp1y1ng voltage or 

current to the driver o~rcuit and the pixel portion·1ao1. 

A module having the dri. ver c:ircui t {the source signal line 

10 driver circuit 1802 and the gate signal line driver circuit 1803}, 

the pixel. portlon 1801, the contr~ll.er 1804, and the connector for 

connecting the wiring of the pixel portion 1801, wir1ngs of the 

driver oircu.it. and wiring of the controller 1804 to the external 

1s herein referred to as a display panel 1808 with the controller 

15 and the driver circuit. The display panel 1808 with the control.ler 

and the driver circuit is the display panel 1806 provided with the 

driver circUit and the controller 1804. 

Amiorooomputer1805contro1sdrivingof thecontro1ler1804. 

A modu1e having the mi.crooomputer 1605, the driver circuit. the 

20 pixel portion. 1801, the contro1ler 1804, and the connector for 

connecting the wiring of the pixel portion 1801, wirings of the 

driver circuit, and t:he wiring of the controller 1804 to the external. 

is herein referred to as a disp1ay panel. 1809 w1.th the microcomputer, 
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the controller. and the driver circuit. The display panel 1809 with 

the microcomputer, the controller, and the driver circuit is the 

di.splay panel 1806 provided with the driveroircu1.t and the controller 

1804, and the microcomputer 1805. 

5 It is to be noted that, actually, a product is shipped in 

the form of the d~splay panel 1806, the display panel 1807 with 

the driver circu1.t, the display panel 1808 with the controller and 

the driver circuit. or the display panel 1809 with the microcompute:t". 

the controller, and the driver circuit. Any one of the di.splay panel 

10 1806, the display _panel 1807 with the driver circuit, the displ.ay 

panel 1808 with the controll.er and i:he driver ~1rou1t, or the display 

panel 1809 with the microcomputer, the controller, and the cb:'iver 

circu1.t is herein referred to as a module (a display}. The EL display 

according to the present invention is one of such displ~ys. 

15 (Embodiment 16) 

An EL displaywh1.ch is an appl.1.cation of the d1spl.ay of the present 

invention has superi.or vi.sibility in bright locations because .it is 
I 

of a sel.£-1um.1nous type. and moreover viewing angle is wide. 

Accord1.ng1y, it can be used as a displ.ay port.ion for various electronic 

20 apparatuses. For exampl.e, 1.t is appropriate to use the display of 

the present invention as a display portion of an EL display having 

a diagonal equa1 to 30 inches or greater (typically equa1 to 40 inches .. 
or greater) for appreciation of TV broadcasts by a la:r;ge screen. 
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Note that all displays exhibiting (displaying) infonnat1on such 

as a personai computer display, a TV broadcast reception display, 

or an advertisement display are included as the EL display_ Further, 

the disp1ay of the present 1.nvention can be used as a display portion 

5 of the other various electronic apparatuses . 

The following can be given as examples of· such electronic 

apparatuses: a video camera; a digital camera; a goggle type dis~l.ay 

( hea.d mounted display) : a oar navigation system; an audio reproducing 

device (such as a car audio system, an auiuo oompo system); a notebook 

10 personal computer; a game equipment; a portable information te.rmi.nal 

(such as axnob1l.e computer, amobile
4
t.e1ephone, a.mobile game equipment 

or an electronic book); and an image playback device provided with 

a recording medium (specif ioally. a devi.oe which performs playback 

of a record.ing medium and is provided with a di Splay which can display 

15 those ·images, such: as a digi ta.I. video disk (DVD} ) • In part~cu1ar, 

becauseportab1einformationterminalsaraoftenviewedfromadiagonal 

direction, the w~deness of the f~e1d of vision is regarded as very 

important. Thus,• it is preferable that the OLED display device is 

empl.oyed. Examp.les of these el.eotronio apparatuses are shown in Figs. 

20 24 and 25. 

Fig. 24A illustrates an EL monitor which 1.nol.udes a frame 3301. 

a support table 3 302, a display portion 3303, or the like. The present 

invention can be used as the d:isplay portion 3303 - The display in 

accordance with the present invention can be used as the display portion 
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3303. 

Fig. 2 4B j_llustrates a V1deo camera which includes a ma.in body 

3311, a display portion 3312, an audio input portion 3313, operation 

sw~tohes 3314, a battery 3315, an image receiving portion 3316, or 

5 the 1.ike. The di.splay in accordance with the present i.nvent.1.on can 

be used as the disp1ay portion 3312. 

Fig. 24C illustrates a portion {the r~ght-half piece) of a 

head-mounted EL disp1aywhich 1.ncludes amain body 3321, signal cables 

3322, a head mount band 3323, a screen portion 3324, an optical system 

10 3325, a display 3326, or the like. The display in accordance with 

the present invention can be usep,as the display portion 3326. 

Fig. 24D illustrates an image reproduct~on apparatus which 

includes a recording medium (more specifically. a DVD reproduction 

apparatus) , which includes a main body 3331, a recording medium {a 

15 DVD or the 1ike) 3332, operation switches 3333, a display portion 

(a} 3334, another displ.ay portion (b) 3335, or the like. The display 

portion (a) 3334 is ~sed main1y for displaying image information, 

whi1e the displ8Y portion {b) 3335 is used m.ain1y for displaying 

character info.r:mation. The d1.sp1ay in accordance with the present 

20 invention can be used as these displ.ay port.ions (a) 3334 and (b) 3335. 

The image reproduction apparatus including a recording medium further 

··includes a domestic game equ~pment or the like. 

Fig. 24E illustrates agoggl.e type display (head-mounted display} 

which includes amain body 3341, ad1.sp1ay port1.on 3342, an a.nnportion 
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3343. The display in accordance With the present invention can be 

used as the display portion 3342. 

Fig: 24F 1.~1ustrates a personal computer whieh. incl.udes a main 

body 3351, a frame 3352, a display portion 3353, a key board 3354, 

5 or the like. The display of the present invention can be used as 

the display portion 3353. 

Note that if emiss1.on luminance of an EL mater.1.a1 becomes higher 

in the future .. 1.t will be app1icable to a front-type or rear-type 

projector in which light including ·output image information is 

10 enlarged by means of 1enses or the like to be projected. 

The above mentioned electranic apparatuses are more likely 

to be used for d~sp1ay information distributed through a 

telecommunication path such as Internet, a CATV (cable television 

system), and in particular likely to display moving pi,cture 

15 information. The Et disp1ay is suitable for displaying moving 

pictures since the EL material can exhibit high response speed. 

I 

Further, since a Iight emitting port~on of the EL di.splay 

consumes power, it is desirab1e to display ~nformation in such a 

20 manner that the 1ight emitting portion ther~ln becomes as sma11 

as poss ibl.e. Accordingly, when the EL display is applied to a display 

portion whi.ch naainly displays character information, e. g - • a disp1ay 

portion of a portabl·e inf oJ:111.at1on terminal.. and more particular, 

a portabl.e telephone or an audio reproducing device .. it is desirable 
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to drive the EL di.splay so that the character info:r:mation is formed 

by a l.ight-emittingportion while a non-emission portion corresponds 

to the background. 

Fig. 25A illustrates a portable telephone which includes a main 

5 body 3401. an audio output portion 3402, an audio input portion 3403, 

a disp1ay portion 3404, operation switches 3405. and an antenna 3406. 

The displ.ay in accordance with the present invention can be used as 

the display portion 3404. Note that the display portion 3404 can 

reduce power consumption of the portable telephone by disp1aying 

10 white-colored characters on a black-colored background. 

Further. Fig. 25B illustrates a sound reproduction deviae. 

spec1.:fically. a car audio equipment. which inoludes a main body 3411, 

a display portion 3412, and operation switches 3413 and 3414. The 

display in accordance with the present invention can be used as the 

15 display portion 3412. Although the car audio equ1pment of the mount 

type is shown in the present embodiment. the present invention is 

al.soappli.oabletoaportabletypeordomestiosoundreproducingdevice. 
l 

The d..1sp1ay portion 3414 can reduce power consumption by displ.aying 

white-coiored character~ on a black-colored background, which is 

20 particularly advantageous for the portable type sound reproduction 

device. 

Fig. 2sc illustrates a digital camera which in.eludes a main 

body 3501, a displ.ay portion (A) 3502. a view finder portion 3503, 

operation switches 3504, a display portion (B) 3505, and a battery 
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3506. The display panel of the present invention can be used for 

the d~splay portions (A) 3502 and (B) 3505. Further, in a case where 

;the display portion (B) 3505 is used for an operation panel, the 

power consumption can be reduced by dispJ.aying white-col.ored 

5 characters on a black-colored background. 

In the case of the portabl.e tY{le electronic apparatuses sho'tffi 

in this embodiment, the sensor portion is provided to perceive the 

external light and the function to lower the brightness of display 

when it is used in the dark area as a method to lower the power 

10 consumption. 

As set forth above. the present.invention can 'be appl.1.ed variously 

to a wide range of electronic apparatuses in all fields. The electronic 

apparatuses in the present embodiment may use any one of configurations 

shown in Embodiments 1 to 15. 

15 According to the pres~nt invention by the above structure, 

20 

even ·if there is a variation to some extent in the Ios-VGs 

characteristics between TFTs. variation in the amount of~current 

outputted when equa1 gate voltage is app1ied can be suppressed. 

Therefore, a sit~ation can be avoided that there is considerable 

difference in the amount 0£ light emitted from the EL elements with 

regard to adjacent pixe1s due to the variat~on in the Ins-Vas 

characteristics even if a signal of the same vo1tage is. inputted 

thereto. 

Further, according to the present invention, a 
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no-iight-emission period during·whicn no display 1s carried out 

can be provided. In the case of a conventional analog dri. ving method, 

if an image wnere all. the pi.Xe.ls d.1.splay white is displ.ayed on an 

EL display, the EL elements always emit light, which is a cause 

5 of accelerating the deterioration of the EL layex;. According to 

the present 1nvention. since a no-light-emission period can be 

provided, the deterioration of the EL layer can be suppressed to 

some extent. 

. ' 
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What is claimed is: 

1 . A displ.ay device comprising; 

a p~urality of gate signa1 lines and 

a plura1ity of pi.Xels, each of said plurality of pixels 

5 control.led by at 1east one of said plurality of gate signal lines, 

wherein: 

each of said p~urality ~f pixels comprises a first TFT for 

switching. a second TFT for switching, a TFT for erasing, a TFT 

for electrolwninescence driving, and an electro1uminescence 

10 element: 

switching of said TFT foD.~rasing is controlled by voltage 

applied to a kth gate signal line of said plurality of gate signal 

lines (where k is a natural number}: 

switching of said first TFT for switching is controlled by 

15 voltage applied to a (k+l)th gate signa1 line of said plurality 

of gate signal lines~ 

switching of said second TFT for switching is contro1led by 

• 
voltage applied to a (k+2)th gate signa1 1ine of saLd p1ura1ity 

of gate signal iines; 

20 a di.gi tal. v1.deo ~ignal is inputted to a gate el.eotrode of said 

TFT for electrol.umi.nesoence driving when both said first TFT for 

switching and said second TFT for switching are ON; 

switcb.ing of sa1.d TFT for.· eleotr01un\inescence driving is 

controlled by said digital video signal; 
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said TFT for electroluminescence driving is turned off when 

said TFT for eras1ng is turned on: and 

said electroluminescence element emits light when said TFT 

for eleotroluminescence dr1.ving is ON and does not emit light when 

5 said TFT for electroluminescenae driving is off. 

2. A disp1ay device comprising: 

a plurality of source signal lines; 

a plura1ity of gate signal lines crossing said plurality of 

10 gate signal lines; 

a plurality of power supply ,tines along said plurality of gate . . . 

signal lines of said plurai~ty of source signal lines; and 

a plurality of pixeis disposed in Jl!.atr~x-form, wherein: 

each of sa~d plurality of pixels comprises a first TFT for 

15 switching, a second TFT tor switching. a TFT for erasing, a TFT 

for e1ectro1uminescence driving, and an electroluminescence 

el.ement: 

a gate electrode of said TFT for erasing is connected to a 

ktb gate s1.gnal line of said plural.ity of gate signal lines, wherein 

20 k is a natural. number: 

a ga"te electrode of said first TFT for switching is connected 

to a (k+l)th gate signa1 line of said plurality- of gate signal. lines; 

a gate electrode of said second TFT for switching is conne~ed 

to a (k+2)th gate signal line of said plurality 0£ gate signal lines; 
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one of a source region and a drain region of said second TFT 

for switching is connected to one of said plurality of source signal 

lines and the other is connected to a source region or a drain region 

of said first TFT for switching: 

5 said source region or dra1.n region of said first TFT for switching 

not connected to said source region or drain region of said second 

TFT for sw.1. tching i.s connected to a gate electrode of said TFT for 

electroluminescence driving; 

·· one of a source region and a drain region of said TF'l.' for erasing 

10 is connected to one of said plurality of power supply lines and 

the other is connected to said gate electrode of said TFT for . ' 
electroluminescence driving: and 

a source region of said TFT for electroluminescence driving 

is connected to one of said plurality of power suppLy Lines and 

15 a drain region of said TF~ for electro1umi.nescence dr1ving is 

connected to said e~ectroluminesoenoe element. 

3. A d1.sp9.ay device comprising: 

a plural.ity of source s.1.gnal l.ines: 

20 a plurali. ty of gate signal lines crossing said p1ura1i ty of 

gate signal. 11.nes: 

a p1urality of power supply lines along said plurality of gate 

signal lines of said plurality of source signal lines; and : 

a plurality of pixels disposed in matrix-fonn. wherein: 
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each of said plurality of pixels comprises a first TFT for 

switching. a second TFT for switching, a ~FT for erasing. a TFT 

for electroluminescence driving, and an electro luminescence 

element; 

5 a gate eiectrode of said TFT for erasing is. connected to a 

kth gate signal line of said plurality of gate signal lines, {wherein 

k is a natural number); 

a gate electrode of said first TFT for switching is connected 

to a {k+2}th gate signal line of said plurality of gate signal. l.ines; 

10 a gate el.ectrode of said second TFT for switching is connected 

to a (k+l) th gate s.tgnal. line of sGid plural.1.ty of gate signal lines: 

one of a source region and a drain region of said second TFT 

for switching is connected to one of said plurality of source s.ignal 

l.1nes and the other 1s connected to a source region or a drain reg.ion 

15 of said first TFT for switching: 

said source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

TFT for switching is connected to a gate electrode of said TFT for 

electroluminescence driving: 

20 one of a souroe region and a drai.n reg:i.on of said TFT for erasing 

is connected to one of sa.1.d plurality of power supply lines and 

the other is connected to said gate electrode of said TFT for 

electro1um.1nescence driving; and 

a source region of said TFT for electroluminescence driving 
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is connected to one of said plurality of power supply lines and 

a drain reg~on of said TFT for electroluminescence driving is 

connected to said electroluminesoence element. 

5 4. A displ.ay device comprising: 

a plurality of source signal lines: 

a plurality 0£ gate signal. 1ines crossing said plurality of 

gate signa1 1ines: 

a plurality of power supply 11.nes along said plurality of gate 

10 signal lines 0£ said plurality of source signal Lines; and 

a plurality of pixels dispbsed in matrix-form. wherein: 

each 0£ said plurality of pixels comprises a first TFT for 

switching. a second TFT for switching, a TFT for erasing, a TFT 

for eleotroluminescence driving. and an electroluminescence 

15 elemen.t: 

saidelectrolwninescenceelementco.cnprisesananode.acathode, 

and an electroluminescence layer provided between sa1d anode and 

said cathode: 

a gate electrode of sa.1.d TFT for erasing is connected to a 

20 kth gate s1.gnal 11.ne of sai.d plural.ity of gate signal lines (where 

k is a natural number); 

a gate electrode of sai.d first 'l'FT for switching is connected 

to a (k+l}thgate signal line of said plurality of gate signal lines; 

a gate electrode of said second TFT for switching is connected 
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to a (k+2) th gate signal line of sa:td plurality of gate signal lines; 

one of a source region and a drain region of said second TFT 

for switching is connected to one of said plurality of source signal 

lines and the other is connected to a source reg:l..on or a drain region 

5 of sa:ld fi.rst T~T for switching: 

said source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

TFT for switching 1.s connected to a gate electrode of said TFT for 

elecfroluminescence driving: 

10 one of a source region and a drain region of said TFT for erasing 

is connected to one of said pltµ'a~:tty of power supply lines and 

the other is connected to said gate electrode of said TFT for 

electro1uminescence driving; 

a source region of said TFT for electrol.uminescence dr~ving 

15 is connected to one of said plurality of power supply lines and 

a drain region of said TFT for e1ectroluminescence driving is 

connecte~ to said anode: and said TFT foreleotro1uminescence driving 

1s a p-ohannel TFT. 

20 5 • A displ.ay dev1.ce compris 1ng: 

a plurality of source si~ai 11nes: 

a plural.ity of gate s~gnai 1ines crossing said plurality ~f 

gate signal l~nes: 

a pl.urality of power supply lines along saJ.d pluraJ.ity of gate 
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signai lines of said plurality of source signal lines: and 

a plura1ity of pixels disposed in matrix-form, wherein: 

each 0£ said piuraltty of pixels comprises a first TFT for 

switching, a second TFT for switching. a TPT for erasing, a TFT 

5 for electroluminescence driving, and an electro luminescence 

element; 

saidelectroluminescenceelementcomprisesananode.acathode, 

and an electro1uminescence layer provided between said anode and 

sai'd cathode; 

10 a gate electrode of said TFT for erasing is connected to a 

kth gate signal. line of said plu.rality of gate signal. l.ines (where 
f. 

k is a natural number); 

a gate electrode of said first TFT f9r swi tch.i.ng is connected 

to a (k+l)th gate signal line of said plurality of gate signal. l.ines; 

15 a gate electrode of said secona TFT for switching is connected 

to a (k+2)th gate s.1gnal.11ne of said plurality of gate signal lines; 

one of a source region and a drain region of said se~ond T?T 

for switching is'connected to one of said plurality of source signal 

lines and the other is connected to a source region or a drain region 

20 of said first TFT for switching: 

said source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

TF'f for switching is connected t(i a gate electrode of said TF'f for 

electroluminescence driving; 
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one of a source region and a drain region of said TFT for erasing 

is connected to one of said plurality of power supply lines and 

the other is connected to said gate electrode of said TFT for 

electroluminescence driving; 

5 a source region of said TFT for electrolutninescence driving 

is connected to one of said plurality of power-supply lines and 

a drain region of said TFT for electrolu:minesoenoe driving is 

connected to said cathode; and 

·· said TFT for e1ectrolu.minescence driv.i.ng is an n-channel TFT. 

10 

6 . A display device acco'?\'f.ing to claim 4 , wherein said 

electroluminescence layer is formed of a small molecular organic 

substance or a polymer organic material. 

15 7 • A display device according to claim s. wherein said 

electrolum.inescence layer 1.s formed of a sma.11 molecular organic 

substance or a polymer organic material. 

8. A d1.sp1ay dev1.oe aocord.ing to cla1.m 6 1 wherein said small 

20 molecul.ar organ.ic material. is to.:cmed of Al<b 

{tris-8-quinolinolate~aiuminum) or a TfD (triphenylamine 

derivative). 

9 • A displ.ay dev1.ce according to claim. 7 , tiirherei..n said small 

129 



<· 

1 IlltlE Jilli DI~ ltlll ll 1111 
* C l M S * 

molecular organic material is formed of 

(tris-8-quinol1no1ate-aluminum) or a TPD (triphenylantine 

derivative}. 

5 10 . A display devi.ce according to claim 6, wherein said pol.ymer 

organic material is formed of PPV (polypheny1sne vinylene), PVK 

(polyvinyl oarbazole). or polycarbonate. 

11. A displ.ay device according to claim 7, wherein said polymer 

10 organic mater~al 1s formed of PPV (polyphenylene vinylene), PVK 

(polyvinyl carbazole), or polyG:arbonate. 

12. A display device according to claim 4, wherein: 

said anode or cathode is connected d.1.reotl.y or through at least 

15 otie wiring to said drain region of said TFT for electro luminescence 

driving; and 

a bank is fo:nned over a region where said anode or cathode 

is connected to slid drai.n reg.ton of said TFT for el.ectrol.uminescence 

driving or to sa~d at least one wiring. 

20 

13. A di.splay device according to claim 5, wherein: 

said anode or cathode is oonnected directly or through at least 

one wir1.ng to said drain region of·said. TFT for electro1uminesc~nce 

driving; and 
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a bank is formed over a region where said anode or cathode 

is connected to sa.1.d drain region of said TFT for electroluminescence 

driving or to sa.1.d at 1east one wiring. 

5 14. A display device according to claim 9, wherein said bank 

has a light b1ocki.ng property. 

l 5 • A displ.ay device comprising: 

a plurality of source signal lines: 

10 a plura1ity of gate signal lines crossing said plurality of 

gate signal lines; 

a plurality of power supply li.nes al.ong said plura1ity of gate 

signal lines of said p1uraiity of source signa1 lines; and 

a plurality of .pixels disposed in matrix-form, wherein: 

15 ea.ch of said plurality of pixels comprises a first TFT for. 

switching, a second TFT for switch.1.ng. a TFT for erasing. a TFT· 

for el.ectro1uminescence driving, and an electroluminescence 

e1ement; 

a gate electrode of said TFT for erasing is connected to a 

20 kth gate signa1 l.ine of said plurality of gate signal l:Lnes (where 

k is a natural number); 

a gate electrode of said fi.rst TFT for sw1.toh.1ng is connected 

to a (k+l)th gate signal. line of said p1urality of gate signal li~s; 

a gate eJ.ectrode of sai.d second TFT £or switching is connected 
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to a (k+2)th gate signal. l.ine of said plurality of gate signal l.ines; 

one of a source region and a drain region of said second TfT 

for switching is connected to one of said plurality of source signal 

J.ines and the other is connected to a source region or a drain region 

5 of said first TFT for switching; 

said source region or drain region of said first TFT for swi tchin:g 

not connected to said source region or drain region of said second 

TF'l' for switching is connected to a gate electrode of said TFT for 

eleotroluminescence driving; 

10 one of a source region and a d.t:'ain region of said TFT for erasing 

is connected to one of said plurality of power supply lines and '. . 

the other is connected to said gate electrode of said TFT for 

electroluminescence driving; 

a source region of said TFT for electroluminescence driving 

15 is connected to one of said plurality of power supply Lines and 

a drain region of said TFT for electroluminescence driving is 

connected to said e1ectrolwninescence element; 

a pl.urality of wr:l..ting periods Ta and a pl.urality of erasing 

periods Te are provided in one frame period; 

20 said p1ura1ity of gate. signa11.ines are sequential.J.y seJ.ected 

according to a first selection signal sequentially inputted to said 

plurality of gate signal lines during said plurality of writing 

periods Ta; 

said plurality of gate signal. lines are seria11y selected 
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according to a second selectio~ signal serially inputted to said 

plurality of gate signal lines during said plurality 0£ erasing 

periods Te, 

a period where a gate signal.11.ne .i..s selected from said plural.i ty 

5 of gate signal 11.nes accord:Lng to said first selection signal and 

a period where an adjacent gate signal 11.ne is.selected overlap 

each other; 

a period where a gate signa11.ine is selected from said plural.1 ty 

of gate signal lines according to said second selection signal. and 

10 a period where an adjacent gate signal line is selected do not overlap 

each other; and .­• 

a period where an arbitrary gate signal line .is selected from 

said plural.i ty of gate signal lines accordiI].g to said first seJ.ection 

signal is twice as long as a period where said gate signal line 

15 is selected according to said second selection signal. 

16 • A di.splay device comprising: 

a plura11ty of source signal lines: 

a plural..1.ty of gate signa1 lines crossing said p.lurality of 

20 gate signal lines2 

a plurality of power supply lines along sa:i.d pl.ura1ity of gate 

signal lines of said plurality of source signal lines; and 

a p1urality of pixels disposed in matr.i.x-form. wherein: 

each of said plurality of pi~els comprises a first TFT for 
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switching. a secon~ TFT for switching, a TFT for erasing, a TFT 

for electroluminescence driving, and an electroluminescence 

element; 

a gate electrode of said TFT for erasing is connected to a 

5 kth gate signal 11ne of said plurality of gate signal l.ines (where 

k is a natural number); 

a gate electrode of said first TFT for switching is connected 

to a ( k+l) th gate signal line of sa.id plurality of gate signal lines; 

a gate el.ectrode of said second TFT for switching .1.s connected 

10 to a (k+2)th gate signal line of said plurality of gate signal lines; 

one of a source region and a ,dJ:'ain region of said second TFT 
' . 

for switching :ls connected to one of said pl.urality of source signal 

lines and the other is connected to a source region or a dra.i..n region 

of said first TFT for switching; 

15 said source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

TFT for switching is connected to a gate el.ectrode of said TFT for 

electrolunti.nescence driving; 

one of a source region and a drain region of said TFT for erasing 

20 is connected to one of sa~d p1urality of power suppiy lines and 

the other is connected to said gate electrode of said TFT for 

electroluminescence driving: 

a source region of said TFT for electrol.wninescence driving 

is connected to one of said plurality of power supply lines and 
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a drain region of said TFT for electroluminesoence driving is 

connected to said electro1uminescence element; 

a plurality of writing periods Ta and a plurality of erasing 

periods Te are provided in one frame period; 

S said plurality of gate signal l~nes a:r:e serially selected 

according to a first se1ection signal serially- inputted to said 

plurality of gate signal lines du.ring said plurality of writing 

periods Ta; 

·· said plurality of gate signal. l~nes a:r:e seriall.y selected 

10 according to a second selection signal. serially inputted to said 

pl.ural1.ty of gate signal lines. ,c;lJlring said plurality of eras1.n.g 

periods Te; 

a period "1.'Vhere a gate signal line is sel.ected from said pl.urality 

of gate signal lines according to said first selection signal and 

15 a pe~iod where an adjacent gate signal line is selected over1ap 

each other; 

a period where a gate signal line is selected from said plurality 

of gate signal. lines according to said second selection signal and 

a peri.od where an adjacent gate signal line is selected do not overlap 

20 each other• 

a digi.tal. video signal is inputted to said plurality of source 

signal iines during a period where said plurality of gate signal 

lines are selected according to ·said fi~st selection signal: :and 

a period Where an arbitrary gate signal line is seJ.ected from 
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saidp1uralityo£ gate signal lines according to said first selection 

signal is twice as long as a period where said gate signal line 

is selected according to said second sel.ection signal. 

5 1 7 . A display device comprising: 

a plurality of source signal lines: 

a plural.1.ty of gate signal lines crossing said plurality of 

gate signal lines; 

a pl.ural.ity of power supply lines along said plura.lity of gate 

10 signal .lines of said plurality of source signal lines~ and 

a plurality of p:i.Xels d;f,sposed 1.n matrix-form. wherein: 

each of said plurality of pixels comprises a first TFT for 

switching. a second TFT for switching, a TFT £or erasing, a TFT 

for el.ectroluminescence driving, and an electroluminescence 

15 eleme~t: 

a gate electrode of sa~d TFT for erasing is connected to a 

kth gate s1.gna1 l.1.ne.of sai.d plural.ity of gate signal lines (where 

• k i.s a natural. number): 

a gate e.l.ectrod.e of said first TFT for switching is connected 

20 to a (k+l) th gate signa1 line of said plural.ity of gate si.gna11ines; 

a gate electrode of said ~econd TFT for switching is connected 

to a (k+2)th gate si.gnal l.ine of said plurali.ty of gate signal lines; 

one of a source region and a~drain region of said second:TFT 

for switching is connected to one of said plura.lity of source signal 
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lines and the other i.s connected "to a source region or a drain region 

of said first TFT for switching; 

sa1.d source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

5 TFT £or swi tchi.ng is connected to a gate electrode of sa.1.d TFT for 

electroluminescence driving: 

one of a source region and a drain regi.on of said TFT for erasing 

is connected to one of said piurality of power supply 1ines and 

the~other is connected to said gate electrode of sa~d TFT for 

10 electroluminescence driving; 

a source region of said TF~ for electroluminescence driving . . 

is connected to one of said plurality of power sup~ly l.i.nes and 

a drain region of said TFT for electroluminescenoe driving is 

connected to said electroluminescence element: 

15 n writing periods Tal, Ta2, _,·and Tan and (m-1) erasing periods 

Tel, Te2. -· and Te{m-1) are pro~ided in one frame period {where 

mis an arbitrary number from 2 ton}; 

a dig~ta1 ~ideo s1gnal is inputted to said gate eiectrodes 

of said TFTs for electroluminescence driving during said writing 

20 periods Tal, Ta2, - , and Tan; 

sa1d d~gital video signal inputted to said gate e1eotrodes 

of said TFTs for e1ectrol.umi.nesaence driving is erased during s~d 

erasing periods Tel. Te2, -· and''"Te(m-1}; 

periods £rom the start of said writing periods Tal, Ta2, -· 
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and Tan to the start of writing periods or erasing periods appearing 

subsequently to said writing per:l.ods Tal , Ta2, ·-. and Tan are display 

periods Trl, Tr2, -· and Tr(m-1). respectively; 

periods from the start of said erasing periods Tel, 'I.'e2. . .. , 

5 and Te(m-1) to the start of writing periods appearing subsequent1y 

to said erasing periods Tel. Te2, ... , and 'l'e(m-1) are non-display 

periods Tdl, Td2. -· and Tdn, respectively: 

whether said electroluminescence elements emit light or not 

during said display periods Trl. Tr2. - • and Trn is selected according 

10 to said digital video signal: and 

ratio of .lengths of said displ.ay periods Trl, Tr2 .... , and Trn 
• 

is represented as 2° : 21 : ... : 2<n-1>. 

18. A display "device comprising: 

15 a plurality of source signa! lines; 

a plurality of gate s~gnal lines crossing said plurality of 

gate signal lines; 

a plurality of power supply lines along said plurality of gate 

signal lines 0£ said plura1ity of source signal lines: and 

20 a p1urality of pixels disposed i.n matriX-form, wherein: 

each of said p1ura1ity of pixe1s oomprises a f~rst TFT for 

switching, a second TFT for switching, a TFT for erasing, a TFT 

for electroluminesoence driving·, and an electroluminesc~nce 

element; 
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a gate electrode of said TFT for erasing is connected to a 

kth gate s1.gnal line of said plurality of gate signal lines (where 

k is a natural number); 

a gate electrode of said first Tf'l' for switching is connected 

5 to a (k+l) th gate signal line of said pl.urality of gate signal lines, 

a gate electrode of said second TFT for switching is connected 

to a ( k+2) th gate signal. "i.tne of said plurality of gate signal lines: 

6ne of a source region and a drain region of said second TFT 
.. ··..c-

for switch.1.ng is connected to one of said plurality of source signal 

10 lines and the other is connected to a source region or a drain region 

of said first TFT for switching; , 
•• 

said source region or drain region of said first TFT for switching 

not connected to said source region or drain region of said second 

TFT for switching is connected to a gate el.ectrode of said TFT for 

15 electroluminescence driving; 

one of a source region and a dra1n region of said TFT for erasing 

is connected to one of said p1urality of power supp1y 1ines and 

the other .is connected to said gate eiectrode of said TFT for 

electrolum.inescence driving; 

20 a source region of said TFT for e1ectroluminescence driving 

is connected to one of said plurality of power supply lines and 

a drain region of said TFT for electroluminescence driving is 

connected to said electrolum1nescence element; 

n writing periods Tal, Ta2. _,and Tan and (m-1) erasing periods 
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Tel, Te2. -· and Te(m-1) are provided in one frame period (where 

mis an arbitrary number from 2 ton}~ 

a digital video signa1 is inputted to said gate electrodes 

of said TFTs for e1ectrolum.inescence driving during said writing 

5 periods Tal, Ta2, _, and Tan: 

said digital video signal. inputted to sai.d gate electrod$.S 

of said TFTs for electrolum.i.nescence dr1ving is erased during said 

erasing periods Tel, Te2, ·-· and Te(m-1); 

··periods from the start of said writing periods 'l'al. Ta2, -· 

10 and Tan to the start of writing periods or erasing periods appearing 

subsequently to said writing peripds·Tal, Ta2. -· and Tan are di.splay 

periods Trl, Tr2, _, and Tr(m-1). respectively; 

periods from the start of said erasing periods Tel, Te2. ·-· 

and Te(m-1) to the start of writing periods appearing subsequently 

15 to said erasing periods Tel, Te2, .. ., and Te(m-1) are non-display 

periods Tdl, Td2, -· and Tdn1 respectively; 

whether said eiectrolun\inescence elements· emit light or not 

during said d.1..sptay periods Trl. Tr2. - • and Tm is selected accordi.ng 

to said digita1 v~deo signal; 

20 ratio of l.engths of sa1.d di.splay periods Trl, Tr2, _, an.d Trn 

is represented as 2° : 21 : _ : z<n-1
> ~ 

sa~d plurality of gate signal lines are serially selected 

according to a first selection signal serially inputted to said 

plurality of gate s1gna1 11.nes during said writing periods Tal, 
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Ta2 , ... • and Tan; 

said plurality 0£ gate signal lines are serially selected 

according to a second selection signal serially inputted to said 

plurality of gate signal lines during said erasing periods Tel, 

5 Te2, .... and Te(m-1); 

a period where a gate signal. 1.1.ne 1.s selected ·from said p1ura1i ty 

of gate signal lines according to said f1.rst selection signal and 

a per~od where an adjacent gate signal line is selected overlap 

each· other; 

10 a period where a gate signal line is selected from said plurali. ty 

of gate signal lines according ta "Said second .selection signal and 

a period where an adjacent gate signal line is selected do not overlap 

each other; and 

a period where an arbitrary gate signal line is selected from 

15 said p_lura1i ty of gate signal lines according to said first sel.ectioiJ. 

signal is twice as long as a period where said gate signal. line 

is selected according to sa~d second sel.ect~on signal. 

19 • A di.spl.ay de-vice according to claim 17, wherein sai.d displ.ay 

20 periods Tri. Tr2, _, and Tm appear in random order. 

20. A display device according to claim 16, wherein said display 

periods Trl, Tr2. ·-· and Trn app.ear in random order. 
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21. A display device according to cla.1.m 17, wherein a 1-ongest 

non-display period among said non-display periods Tdl, Td2. _, and 

Tdn appears last in one frame period. 

5 22. A display devJ.ce according to claim 18, wherein a 1-ongest 

non-display period among said non-display periods Tdl. Td2, .... arid 

~dn appears last in one frame period. 

23. A displ.ay dev:i..ce according to cl.aim 15·, wherein said 

10 plural1ty of writing periods Ta do not overlap each other. 

24. A display device according to claim 16, wherein said 

plurality of writing periods Ta do not overlap each other. 

15 2 5. A display device according to claim 1 7, wherein said writing 

periods Tal, Ta2, -· and Tan do not overlap each other. 

26 • A di.spl.ay device according to claim 18, wherein said writing 

periods Tal, Ta2, _, and Tan do not overlap each other. 

20 

27. A display device according to claim 15, ~herein said 

plurality of erasing periods Te do not over1ap each other. 

28. A display device according to claim 16~ wherein sa~d 
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plurality of erasing periods Te do not overlap each other. 

2 9. A display device according to claim 17, wherein said erasing 

periods Tel, Te2, -· and Te(m-1) do not overlap each other. 

5 

3 O . A display device according to olaim 18, wherein sa1.d erasing 

periods Tel, Te2, -· and Te(m-1} do not overlap each other. 

31. A display device according to claim 2, further comprising: 

IO gate wiring connected to said gate electrode of said TFT for 

electroluminescence driving: and~ 

capacity wiring connected to one of said pluraiity of power 

supply lines, 

wherein a gate insul.ating film of said first TFT for switching, 

15 said second TFT for switching, said TFT for eras1.ng. and said TFT 

for electroluminescence dri.ving is provided between sa.1.d gate wiring 

and said capacity wiring. 

32. A display device according to claim 3. further comprising: 

20 gate wiring connected to said gate electrode of sa:td TFT for 

electroluminescence dr~ving; and 

capacity wiring connected to one of said plurality of power 

supply lines, 

wherein a gate insulating fJ..l.m of said first TFT for switching. 
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said second TFT for switching, said TFT for erasing. and said TF'r 

for electro luminescence driving is provided between said gate wiring 

and said capacity wiring. 

33. A display device according to claim 4, further comprising: 

gate wiring connected to said gate electrod~ of said ~FT for 

electroluminescence driving; and 

capacity wiring connected to one of said plurality of power 

supply lines, 

wherein a gate insu1at1ng film of said first TFT for switching, 

said second TFT for switching, said TFT for erasing, and said TFT 
.4 , ... ' 

for electrol.uminescence driving is provided between said gate wiring 

and said capacity wiring. 

3 4 . A display device according to claim 5, further comprising: 

gate wiring connected to said gate electrode of said TFT for 

e1ectro1um.inescence driving: and 

capacity w~ring connected to one of said plurality of power 

supply lines. 

wherein a gate insul.ating fil.m of said first TFT for switching, 

said second TFT t:or switching, said TFT for erasing, and said TFT 

for electroluminescence driving is provided be tween said gate wiring 

and said capacity wiring. 
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3 5 . A display device according to cl.aim 15. further comprising: 

gate wiring connected to said gate electrode of said TFT for 

electroluniinescence driving: and 

capacity w~ring connected to one of said plurality of power 

5 supply lines, 

wherein a gate insulating film of said first TFT for switching, 

said second TFT for switching, said TFT for erasing, and said TFT 

for electroluminescence driving is provided between said gate wiring 

and said capacity wiring. 

10 

36. A display device acoordipg to claim 16, further comprising: 

gate wiring connected to said gate electrode of said TFT for 

electroluminescence driving; and 

capacity wiring connected to one of said plurality of power 

15 supp1y 1ines. 

wherein a gate 1.nsulating film of said first TFT for switching. 

said second TFT for sw1 tching, said TFT for erasing, and said TFT 

for e1ectro1uminescence driving is provided between sa:ld gate wiring 

and said capac~ty w~ring. 

20 

37. Ad.i.splaydevice accordingtocl.ai.m.17, further comprising; 

gate wiring connected to said gate electrode of sa~d TFT for 

electroluminesoence driving; and 

capacity wiring connected to one of said plurality of power 
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supply l.ines, 

wherein a gate insulat.ing film of said first TFT for switching, 

said second TFT for switch.ing, said TFT for erasing, and said TFT 

for electroluminescence driving is provided between said gate wiring 

5 and said capacity wiring. 

38 . A display device accord.1ng to claim 18 ~ further comprising~ 

gate wiring connected to said gate electrode of said TFT for 

electroluminescence driving; and 

10 capacity wiring connected to one of said plurality of power 

supply lines, 
" 

wherein a gate insulating film of said first TFT for switching, 

said second TFT for switching. said TFT for erasing, and said TFT 

for electroluminescence driv.1.ng is provided between said gate wiring 

15 and said oapaci ty wiring. 

39. A display device according to claim 2, wherein: 

two of said p1urality of pixels disposed along a direction 

of provision of said plurality of gate signal lines are adjacent 

20 to each other nth sandw1.ch.1ng any one of sa1.d pl.urali ty of power 

suppiy lines therebetween and said respective source regions of 

· · said TFTs for electrolwainescence driving of said two pixels are 

connected to said one of said plurality of power supply lines. 
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40. A display dev~ce according to claim 3~ wherein. 

two of said plural~ty of pixels disposed along a direction 

of provision of said plurality of gate signal lines are adjacent 

to each othe~ with sandwiching any one of said plurality of power 

5 supply lines therebetween and said respective source regions of 

said TFTs for electroluminescence driving of sqid two pixels are 

connected to said one of said plurality of power supply lines. 

41. A display device according to claim 4, wherein: 

.. two of said plurality of pixels disposed along a direction 

10 of provision of said piura1~ty of gate signal lines are adjacent 

to each other with sandwiching qny one of said plurality of power 
•• 

supply lines therebetween and sa~d respective source regions of 

said 'I'FTs for electroluminescence driving of said two pixels are 

connected to said one of said plurality of power supply lines. 

15 

42. A display device according to claim s. wherein: 

two of said plurality of pixels disposed along a direction 

of provis~on of Ga.id plurality 0£ gate signal lines are adjacent 

to each other with sandwiching any one of said plurality of power 

20 supply 1ines therebetween and said respective source regions of 

said TFTs for electroluminesaence driving of said two pixels are 

connected to said one of said plurality of power supp1y lines. 

43. A display device according to claim 15, wherein: 
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two of said plurality of pixels disposed along a di.rection 

of provision of said plurality of gate signal lines are adjacent 

to each other wj_th sandwichi.ng any one of said plurality of power 

supply lines therebetween and said respective source regions of 

5 said TFTs for eleotroluminescenoe driving 0£ said two pixels are 

connected to said one of said p1urali.ty of power supply lines. 

44. A display device according to claim 16, Wherein: 

two of said plurality of pixels disposed along a direction 

10 of provision of said plurality of gate signal lines are adjacent 

to each other with sandwiching dfl.¥ one of said plural.ity of power • 

supply lines therebetween and said respective source regions of 

said TFTs for electroluminescence drivisg of said two pixels are 

connected to said one of said pluraiity of power supply lines. 

15 

45. A display device according to claim 17, wherein: 

two of said plurality of pixels dis~osed aiong a direction 

of provision of lsaid plural.ity of gate signal lines are adjacent 

to each other w1. th sandwiching any one of said pl.urali ty of power 

20 supply lines therebetween and said respective source regions of 

said TFTs for alectroium1nescence driving of said two pixels are 

connected to said one of said plurality of power supply l~nes. 

46. A display device according to claim 18, wherein: 

148 



' fllfllf fllf J llllf If If I 111111 * C L M S * 

two of said plurality of pixels disposed along a direction 

of provision of said plurality of gate signal 1ines are adjacent 

to each other with sandwiching any one of said plurality of power 

supply lines therebetween and said respective source regions of 

5 said TFTs for eleotrolwninescence driving of said two pixels are 

connected to said one of said plura1ity of pow~r supply lines. 

4 7. A display dev1.ce according to claim l. wherein said first 

TFT f.or switching. said second TFT for switch.ing, and said TFT for 

10 erasing are n-channel TFTs. 

48. A display device according to claim 2. wherein said first 

TFT for switching. sa1.d second TFT for switching, and said TFT for 

erasing are n-channe1 TFTs. 

15 

49. A display device according to claim 3, wherein said first 

TFT for switching, said second TFT for switching. and said TFT for 

eras.1.ng are n-channe1 TFTs. 

20 so. A disp1ay device according to c1aim 4, wherein said first 

TFT for swi tchi.ng, said second TFT for switching, and said TFT for 

erasing are n-channe1 TFTs. 

51 • A display device according to claim 5. wherei.n sa~d fi.rst 
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TFT for sw1 tching, said second TFT for switching, and said TFT for 

erasing are n-channel TPTs. 

52. A display device according to claim 15, wherein said first 

5 TFT for switching, sa.1.d second TFT for switching, and said TFT for 

erasing are n-ohannel TFTs. 

53. A display device according to claim 16. wherein said first 

TFT for swi. tching, said second TFT for switching, and said TFT for 

10 erasing are n-ohannel TFTs. 

15 

20 

54. A display device according to claim 17, wherein said first 

TFT for switching, said second TFT for switching, and said TPT for 

erasing are n-channel TFTs. 

55. A display device according to claim 18. wherein said first 

TFT for switching, said second TFT for switching, and said TFT for 

erasing are n-ctiannel TFTs. 

56. A display device according to claim l, wherein said f.1.rst 

TFT for switching. sa1.d second TFT for switching, and said TFT for 

eras1.ng are p-channel TFTs. 

s 7 • A display device according to claim 2 , wherein said first 
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TFT for switching, said second TFT for switching, and said TFT for 

erasing are p-channei ~FTs. 

58. A disp1ay device according to claim 3, wherein said first 

5 TFT for switching, sai.d second TFT for swi. tching, and said TFT £or 

erasing are p-channel TFTs. 

59. A displ.ay devi.oe according to claim 4, wherein said first 

TFT for switching. said second TFT £or switching, and said TFT for 

10 erasing are p-channe1 TFTs. 

60. A display device according to claim s, wherein said first 

TFT for swi tch1ng, said second TFT for switching, and said TFT for 

erasing are p-channel. TFTs. 

15 

61. A display dev1.ce according to cl.aim 15 • wherein said first 

TFT for switching .. sai.d second TFT for switching, and said TFT for 

erasing are p-ctlannel. TFTs. 

20 62. A display device according to olaitn 16. wherein said first 

TFT for switching, said second TFT for switching, and sai.d TFT for 

erasing are p-channel TFTs. 

63. A disp1ay device according to claim l 7, wherein said first 
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TFT for switching .. said second TFT for switching, and said TFT for 

erasing are p-channel TFTs. 

64. A display device according to cl.aim 18. wherein said first 

5 TFT for switching. said second TFT £o:r; switching, and said TFT for 

erasing a:ce p-channel TFTs. 

65. A display device acoording to cl.aim 1, wherein sa1.d TFT 

for.el.ectroluminescence driving is driven in a linear region. 

10 

66. A display device acoord~ng to cla1.m 2, wherein said TFT •• 

for electroluminescence driving is driven in a linear region. 

67. A display device according to claim 3, wherein said TFT 

15 for electroluminescence driving is driven in a linear region. 

6 8. A disp1ay device accord.1.ng to claim 4. wherein sa.1.d TFT 

for electroluminescence driving is driven in a linear region. 

20 69. A dispLay device according to cl.aim 5. wherein said TFT 

for el.ectroluminescence driving is driven in a linear region. 

70 . A display device according to o~aim 15, wherein said "I:FT . 

for electroluminescence driving is driven in a linear region. 
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71. A display device according to cl.aim 16, "1herein said TFT 

for electroluminescence driving is driven in a linear region. 

5 72. A display device according to claim 17, wherein said TFT 

for electroluminescence driving is driven in a linear region. 

7 3. A display device according to cl.aim 18, wherein said TFT 

for·electro1uminescence driving is dri~en in a linear region. 

10 

7 4 . A display device accord:J_ng to claim 1 , wherein said display • 
device is a device selected from t;he group of consisting: a computer, 

a video camera and a DVD pl.ayer. 

15 7 s . A display device according· to claim 2, wherein sai.d display 

device i.s a device selected from the group of consisting: a computer. 

a video camera and ~ DVD player. 

76. A d.1.spl.ay device according to claim 3, wherein said display 

20 device is a device selected from the group of consisting: a computer. 

a video camera and a DVD player. 

77 . A display device according to cl.aim 4 , wherein said dis~lay 

device is a device selected from the group of consisting: a computer, 
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a video cam.era and a DVD player. 

7 8 . A display device according to cl.aim 5, where1.n said display 

device is a device selected from the group of consisting: a computer. 

5 a video camera and a DVD player. 

7 9 . A. display device according to claim 15, wherein said display 

device is a device selected from the group of consisting: a computer, 

a video camera and a DVD player. 

IO 

8 O . A display device aocord;ing to claim 16, wherein said displ.ay 

device is a device se1ected from the group of consisting: a computer, 

a video camera and a DVD player. 

15 81 . A display device according to claim l 7 , wherein sai.d display 

device is a device selected from the group of consisting: a computer, 

a video camera and a DVD player. 

82. A d.1.spl.ay dev1.oe according to cl.aim 18, wherei.n said disp1ay 

20 device is a device selected from the group of consisting: a computer, 

a video camera and a DVD player. 
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