WD 2004/ 019314 PCT/JP2003/010644 1 DESCRI PTI1 ONI LIl

VITT T ~IwoBdokotosid ! THTT 1111 *166166* DI SPLAY DEVICE DI SPLAY DEVI CE
DRI VI NG METHOD 5 Technical Field The present invention r BEPH1e 4‘Hlsplay
device and a display device driving nethod. Background A«t Li quid crystal
di spl ays are,generally classified 10 intg active matrix driving liquid
crystal displays and sinple matrix driving liquid crystal displays. The

active matrix driving liquid crystal display displays an | EWMﬂHWMMmmﬂ“
hi gher | um nance, higher contr Sa?d hlgg ;p ution asl

the sinple matrix 15 driving Iﬁgupd ygt dISE| - In the acti veespatrix
driving liquid crystal display, a liquid crystal elenent whi ch al so
functions as a capacitor and a transistor which activates the |iquid
crystal el ement abgs3thangedical AR6THPEXEAy Ibﬁ‘vbff ﬁﬁﬂrﬁfﬁsﬁﬁ#&hén 20
driving liquid crysta i splay, a selection si I nput " Troma
scanning driver serving as a shift register to a scanning line so that the
scanning line is selected. At this tine, when a voltage having a |evel
represesting a |lumnance is appliedebhemsa1datiai1gd driver to a signal I|ine,
the voltage is applied to the |liquid crystal elenent through the

transi stor. Even iten pheséndnshsbatiion trenaedsoftb durdinglaypetdvadef rom
~LEErrr ey verr overlr o verlr ovierl et !

and a display device driving method.

Background Art
Liquid crystal displays are.generally classified
10 into active matrix driving liquid crystal displays and
simple matrix driving liquid crystal displays. The
active matrix driving liquid crystal display displays
an image having a higher luminance, higher contrast,
and higher resolution as compared to the simple matrix
15 driving liquid crystal display. In the active matrix
driving liquid crystal display, a liquid crystal
elemeﬁt which also functions as a capacitor and a
transistor which activates the liquid crystal element
are arranged for each pixel. In the active matrix
20 driving liquid crystal display, a selection signal is
input from a scanning driver serving as a shift
register to a scanning line so that the scanning line
is selected. At this time, when a voltage having a
level representing a luminance is applied from a data
25 driver to a signal line, the voltage is applied to the
liquid crystal element through the transistor. Even

when the transistor is turned off during a period from

L
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*000002* WD 2004/ 019314 PCT/JP2003/010644 2 the end of signal input to the
scanni ng \k/.b%oi/ 931'19 next signal input, the voltage IekaT}J}ng%%(’Hnti I
the next signal 'I's input to the scanning |line because the rrquid crystal
el ement functions as a capacitor. As 5 described above, while the signal is
input to the scanning line, the light trgnsmttance of the liquid crystal
element is newy refreshed. Light froma backlight passes through the
liquid crystal elenent at the refreshed light transmttance so that the

gray 10 level pof the liguid crystal_ displ i s expressed. On the other
hand, an organ?%eéfm(%fe%%g%i%n%ﬂgggeﬁfé%%&:ﬁﬁ%ﬁ%ﬁ&ﬁ§5“3§é§’55§énic EL
el ements as sp n pt i e ui.r no, _ ha ight., | i ke
liquid crystal Rg%gpfgﬁéfl%%ég{c’t hggﬁgoﬁr% ni cl Leldilsspl ae§:/i<c|ll s&bl":dlll Lrﬁun% for a
t hin displ ay. radgition; St g 0k9RRI G; j : m%§: i tat.i on
the angle of_f#gfazgggéTEelfiqug crys?ﬁFlegyﬂgﬁg N cﬁm?%éé?%%dggg,
practical utilizghi@n-pfserganienEht digRl@yhashextegenerallon g splay
devices is greatly 20 expected. Fromthe viewpoint of a high |umnance,
hi gh comtrast degpdibé@habesel uivhone old agerontyHl1gsht agd i matri x
driving schenes have been devel oped not only for liquid crystal displays
but also for osganhtng2bifk, dihpl aygh tHawenesmi dthencapaei tiye of i @M. Or gani c
EL elenent is nuch smaller than that of a liquid crystal

crystal element is newly refreshed. Light from a

backlight passes through the liquid crystal element at
the refreshed light transmittance so that the gray
10 level of the liquid crystal display is expressed.

On the other hand, an organic EL
(ElectrolLuminescence) display which uses organic EL
elements as spontaneous optical elements requires no
backlight, unlike liquid crystal displays. Hence, the

15 organic EL display is optimum for a thin display. 1In
addition, the organic EL display has no limitation on
the angle of field, unlike liquid crystal displays.
For this reason, practical utilization of organic EL
displays as next-generation display devices is greatly

20 expected.

From the viewpoint of a high luminance, high
contrast, and high resolution, voltage-controlled
active matrix driving schemes have been developed not
only for liquid crystal displays but also for organic

25 EL displays. However, the capacity of an organic EL
element is much smaller than that of a liguid crystal

element so a current flows to the organic EL element



el ement so a current flows to the organic EL el enent WO 2004/ 019314

PCT/ JP200§®31f8Ad0z1p 1tself. To hold a voltage, the nunber of transistors
increases. This |eads to an increase in conplexity of a KRGl E3Pq3/010644
constituted by transistors. In a transistor, generally, the channel

resi stance 5 changes due to a change in agbient tenperature or |ong-tine
use. For this reason, the gate threshold voltage changes over tinme or
varies between transistors. It is therefore difficult to uniquely

designate the t |gye be_supplied to an 10 organic EL el ement on
the basis of t%g%g é ngt ;}82}% Fe\ygﬁ%@fgea S dHTRER refnsimansTi B0 Bhangi ng

the value of t ge -he lied to the gate el ectrode of the
transi st or andigﬁﬁégghghgi Egl?héggg\%%oofarf I‘llen%"gﬁar%entlnc FCHPRippIYerf t o the

organic EL el egept iRt L5nQtherwor | evel of the current to be
supplied can har dIr§ be uninquel ytggs?D na%lg%]%%/s%%a%‘gi ng the value of the

vol tage to be applied Hotthe gate €l f ¢ ransistor and thus
changi ng the | um nance of the organ?gcgﬂE{Id%Jfg%’enkf}pee%é B f BVEhS WHRATE a

gate vol%age 26hefigtbedsanec! avehangeanp| ifth it he I gtors. of a
plurality of pixels, the organic EL§eI enent s lof t he I&E{ﬁagt}‘rs%ﬁ? yosrof pi xel s

nmay have di ffeleng—pxhhsshea. I Wﬁkn&h@%s.reﬁg@l,n%é:% %h%aéér?c;]i,&n in
| um nance on the display screen. 25 Disclosure of I'nvention It 1s an
obj ect of the prétegt theepesonves time or varies between
transistors. It is therefore difficult to uniquely
designate the current level *o be supplied to an
10 organic EL element on the basis of the gate voltage
level of a switching transistor by changing the value
of the voltage to be applied to the gate electrode of
the transistor and thus changing the level of the
current to be supplied to the organic EL element. In
15 other words, the level of the current to be supplied
can hardly be uniquely designated by changing the wvalue
of the voltage to be applied to the gate electrode of
the transistor and thus changing the luminance of the
organic EL element. That is, even when a gate voltage
20 of the same level is applied to the transistors of a
plurality of pixels, the organic EL elements of the
plurality of pixels may have different emission
luminances. This may cause a variation in luminance on
the display screen.
25 Disclosure of Invention
It is an object of the present invention to

provide a display device and a display device driving



provi de a display device and a display device driving 4 nmethod, which
allow stable display on the basis of a sinple driving principle. In order
to solve the above problens, according to an aspect of the present
invention, there is provided a 5 display device conprising: a plurality of
scanning lines (e.g., selection scanning 4ines XI to Xnm), the scanning
lines being arranged in rows; a plurality of signal lines (e.g., signal
lines Y1 10 to Yn), the signal lines being arranged in colums; a scanning

driver (e.g., a selectiqgn scannin driwver,.5) which uentjally-supplies
to the scanni n(f]“estl?ﬁoﬁjgs W;gleﬁC}ct‘:"lnlon‘L no“gisgtnaa lse tdnla plsaéi ect Sttef}c:eee[?sacsalnsnié/nfg Ti nes; a
data driver (e.sgmpla datiavidrg verir@)ipstd.ch 15 supplies designation currents

(e.g., a gray level _designation current |DATA) to .the plurality. of signa
lines within a sel ectl it Ferisd 1205 ,tr}ée SEIEC i%rnOb%eenr‘%)baaﬁ%é(%%nt?ﬁe
scanni ng |ines aar esieialg «felwet etre sttt vilriventsiuppl iese e resgtronaldafjea t o

t he pIur%Iity of. 20 sigpal, lines after the selection period; a plurality of
pi xel circuits %?é}ay SE°C STERIYS ™1 to Dmn) arranged in rows and
colums to supply df ipdunge iy enf Sseninasponthary (®©.dhe sareentonval ues of

t he designation currents that flowto the 25 signal ljnes; a plurality of
optical el enent¥¥ 9 4yt -2lnfiq thwg eq}éerre?ﬁasrgﬁr}q ]Itjonﬁnl?ﬁi)ré‘?ranged in

rows and arranged in rows;

a plurality of signal lines (e.g., signal lines Yj
10 to Yp), the signal lines being arranged in columns;

a scanning driver (e.g., a selection scanning
driver 5) which sequentially supplies to the scanning
lines selection signals that select the scanning lines;

a data driver (e.g., a data driver 3) which

15 supplies designation currents (e.g., a gray level

designation current IpaTa) to the plurality of signal

lines within a selection period (e.g., a selection

period Tggp) when the scanning lines are being selected

and which supplies a reset voltage to the plurality of
20 signal lines after the selection period;

a plurality of pixel circuits (e.g., pixel
circuits Dj, 1 to Dy,pn) arranged in rows and columns to
supply driving currents corresponding to the current
values of the designation currents that flow to the

25 signal lines;
a plurality of optical elements (e.g., light-

emitting elements Ej 1 to Ep,p) arranged in rows and

columns which emit light in accordance with the driving
current supplied by the plurality of pixel circuits;
30 and
a power supply (e.g., a common signal power supply

6) which outputs to the plurality of pixel circuits a



colums which emt light in accordance with the driving current supplied
by the plurality of pixel circuits; 30 and a power supply (e.g., a common
signal power supply 6) which outputs to the plurality of pixel circuits a
5 driving current reference voltage (e.g., a voltage VH GH) to supply the
driving currents after the selection peripd. In the above device, in
accordance with the timng 5 when the power supply outputs the driving
current reference voltage, the plurality of pixel circuits supply the

driving current, i,n.accordance wth the current value of i gnation
current that fp6ﬁ§lnﬁdFHFEGQECﬁeggfggffoﬁoﬁéﬁﬁgd}%Agddrﬁi%gﬁﬁggghe opti cal
10 el enents enviikhghto Hepedy when drieipowenrsepplsy aditeputthet he dri vi ng
current reference voltage fromthe end of the selection period of a

predet er ni ned $€ARAILAGN PFE Ol the beginning of the selection period of

the next scanning 15 Mg & WG T 18N LYARIRANG}I NG U0 shn
optical elenment corresponding to the predeterm ned scanning |line and an
optical &l ementhedr t&SpERMicHg SUPP 1tvh @ UFERE Ss ddenidid Vinte FIIHEE Hence, the

optical el enents can emild QR atha desied, Wi panea. 2A4han the power
supply outputs the driving current reference voltage to the pixel circuit
at once after sapplivhehscaivigd igves edrte idelasqcad@argdd i dftg cal

el ements can e%h&r%%Qh%alue of the designation current that flows
within each selection period. Accordingly, the optical

10 elements emit light.

Hence, when the power supply outputs the driving
current reference voltage from the end of the selection
period of a predetermined scanning line till the
beginning of the selection period of the next scanning

15 line, a driving current corresponding to both an
optical element corresponding to the predetermined
scanning line and an optical element corresponding to
the next scanning line flows. Hence, the optical

' elements can emit light at a desired luminance.

20 When the power supply outputs the driving current
reference voltage to the pixel circuit at once after
all the scanning lines are selected, all the optical
elements can emit light.

When the reset voltage is output to the

25 plurality of signal lines within a period when
none of the plurality of optical elements are
selected, the signal lines reset charges stored
in the preceding selection period. For this

reason, the parasitic capacitance of the

30



When the reset voltage is output to the 25 plurality of signal |ines

wthin a e n none of the plurality of optical e nts are
sel ect ed,‘gﬁﬁlé(ﬁgll%mngl | ines reset charges stored in the %fﬂ“ipéﬂ?%ﬂogﬁl ection

period. For this reason, the parasitic capacitance of the 30 WD

2004/ 019314 PCT/ JP2003/ 010644 6 signal |ignes can be quickly charged wthin
the next selection period so that even when a designation current having
a smaller current value is supplied, the current value of the designation

current can rapidl e 5 set in the steady state. Hence, even an_ optical
el ement such §§g§ﬁ‘)ﬁo TR i eencﬁﬁcﬁﬁ%s‘éﬁﬁﬁﬁ?ﬂaﬂﬁghlﬁjSt%dﬁﬁéFed by a

small current on the A aorder is Il awed to ickly display.nultiple gray

l evel | um nar?c?ese.cqf(?rBrpl%?l sTT ?tpl}%ne%fndcjgﬁflnasd%?tgnig?gna vi ew
showi ng an or ' ' y. | 4 LS deyi r.ding _to the
first enbodi ?f:ein@tr%ﬁtrﬂéeé% sent 1 niv%t?%ﬁ?eﬂ:te\%gxles% %ﬁ%ﬁfglggw éc Swi ng a

pi xel shown in, A5 G, ei6‘:’V‘ﬂﬂé’rﬁ@é‘i@fﬁé@@oh”%’dk%h@gcgﬁi gépgfgfaﬁﬂfgﬁ%

protective insulating film and common €lectrode are omt _
under st gndi ngisdtl Gn IS S:888) I Shate Vi echakengbangnachingar! Il - 111 in

FIG 2; 20- FIG 4 is a sectional view taken along a line
element such as an organic EL element whose luminance
is modulated by a small current on the uA order is
allowed to quickly display multiple gray level
luminances.
10 Brief Description of Drawings
FIG. 1 is a view showing an organic EL display
applied as a display device according to the first
embodiment of the present invention;
FIG. 2 is a plan view showing a pixel shown in
15 FIG. 1, in which an oxide insulating film, channel
protective insulating film, and common electrode are
omitted to help understanding;
FIG. 3 is a sectional view taken along a line
ITT - III in FIG. 2;
20 - FIG. 4 1s a sectional view taken along a line
IV - IV in FIG. 2;
FIG. 5 is a sectional view taken along a line
V - V in FIG. 2;
FIG. 6 1s an equivalent circuit diagram of four
25 adjacent pixels;
FIG. 7 is a graph showing the current vs. voltage

characteristic of an N-channel field effect transistor



IV - IVinFIG 2; FIG 5 is a sectional viewtaken along a line V- Vin
FIG 2; F equi valent circuit diagramof four 25 adjacent

pi xel s; F:\@zgmgu?gﬁlgraph showi ng the current-vs. vol tagePC]Ef'H’ B st i ¢
of an N-channel field effect transistor WD 2004/ 019314 PCT/JP2003/ 010644 7
used in the first enbodinent; FIG 8 is atimng chart showing the levels
of signals in the apparatus according to the first enbodinent; 5 FIG 9A
is a view showing a voltage state when no switching circuit is arranged,
and a gray level  designation curren mnth t he maxi mum current value is
suppl i ed acros¥¢het Hrg?ﬁ LhES s ofFee ﬁ?eﬁ tfransi stor and a signal |ine

during the selectio od of FIG 9B is a_view showi ng a
vol t age state when gIBSWAt&ﬁlﬁQE&P?Egl F§taF é%ﬁj%?v Aevel

desi gnati on CLgISﬂ%lgn%g £Q§ ggééugghgu Ségﬁullngh&u%pplled across the

drain and source’o ransr s and a sF % he sel ection
period of the oftha{QuhtFIG 10 is a view showing an organic EL display
applied as a display device according to the second enbodi ment of the

present gnvention, Fncwhbehia §OwHBN 3Q0%i9Aln RAMEHAURRI d Skl gaged in
a controller;
switching circuit is arranged, and a gray level
designation current with the maximum current value is
supplied across the drain and source of a transistor
and a signal line during the selection period of the
10 ith row;

FIG. 9B is a view showing a voltage state when a
switching circuit.is arranged, and a gray level
designation current with the maximum current value is
supplied across the drain and source of a transistor

15 and a signal line during the selection veriod of the
ith row;

FIG. lQ is a view showing an organic EL display
applied as a display device according to the second
embodiment of the present invention, in which a common

20 signal power sﬁpply is arranged in a controller;

FIG. 11 is a view showing an organic EL display
applied as a display device according to the third
embodiment of the present invention, in which the drain
of the transistor of a pixel circuit is connected to a

25 selection scanning line;
FIGS. 12A and 12B are equivalent circuit diagrams

showing adjacent pixels in the third embodiment to



FIG 11 is a view show ng an organic EL display applied as a display

devi ce ac g%ngwé%'the third enbodinment of the present invention, in

whi ch t hear 2 the transistor of a pixel circuit isPESHREWPEAYSHL a 25
sel ection scanning line; FIGS. 12A and 12B are equivalent circuit diagrans
show ng. adj acent pixels in the third enbodj nent to WO 2004/019314

PCT/ JP2003/ 010644 8 indicate current flows in different operation periods;
and FIG 13 is a timng chart showing the levels of signals in the
apparatus according to the third 5 enbodi ment. Best Mde for Carrying Qut
the I nvention l%%%%?k%dCBﬁE8HFn§ﬁP§Santﬁéﬁ&%&ﬁ%ﬁ IRRFEiBh PRidcdsme
descri bed below with reference to the acconpanying draw ngs. The scope and
spirit of the %?ﬁglay device 10 or panel are not limted to the illustrated

G 9pl ay o whi ch  RECpr S56AE. FeRtFbh S Hip U At G G E? 1 5
di spl 1 i - [ t ' di spl I 2,
Gath afiver 3 CLa LT, oF ShanAPRa- arrvar s Do Siha Boher Lubply

switching cirgihtg{mead controller 11. In the organic EL display panel 2,
a display 20 section 4 on which an image is actually displayed is

Best Mode for Carrying Out the Invention
Detailed embodiments of the present invention will
be described below with reference to the accompanying
drawings. The scope and spirit of the display device
10 or panel_are not limited to the illustrated
embodiments.
[First Embodiment]
FIG. 1 is a view showing an organic EL display to
‘which the present invention is applied. B&n organic EL
i5 display 1 comprises, as a basic arrangement, an organic
EL display panel 2, data driver 3, selection scanning
driver 5, common signal power supply 6, switching
circuit 7, and controller 11.
In the organic EL display panel 2, a display
20 section 4 on which an image is actually displayed is
formed on a transparent substrate 8. The data driver
3, selection scanning driver 5, common signal power
supply 6, and switching circuit 7 are arranged around
the display section 4. The data driver 3, selection
25 scanning driver 5, and common signal power supply 6 may
be arranged either on the transparent substrate 8 or

on a flexible circuit board arranged around the



formed on a transparent substrate 8. The data driver 3, selection scanning
driver 5, wipsgmRgisshgnal power supply 6, and switching ciyrguit 7 are
arranged around the display section 4. -The data driver é?”%ﬁ?@@#?%ﬁ425
scanning driver 5, and conmon signal power supply 6 may be arranged either
on the transparent substrate 8 or on a fgexible circuit board arranged
around the WO 2004/019314 PCT/JP2003/010644 9 transparent. substrate B
In the display section 4, (mXn) pixels PLto Pmn (mand n are arbitrary
nat ur al nun‘oers%i are arrange ir]claE{Tatrix on the transparent substrate B.
5 In the col ulm28PEHTN,SY°%525 Ghe vertical direction, mpixels Pl,j
to Pmj (j is an arhitrary.. nafural nunber; 1 < j < n) are arrayed. In
the row directi on,Ibr} e OqEeR aeyhsoef(fntz% Faf diFedtin PR Si%éls L PC 1 to
Pi,n (i is angarhbitgrtar her 10 ] arrayed. That is,
a pixel whi chP@xinst(?c?r%ld]%g% h™Tihe a(llﬁi.}eé?%gﬂl’él ﬁl%%%v ) f%%‘?n t he upper
side in the yerticaly dif ection andythe,d thelins.thine. subberdil gcol um)
fromthe left siégﬁ$% t he hpriEonta dTrecpfoan?s %Ef?%eq gs a pixel P
,J. 155 n theditgpl ab1seet i @rdetipsel cdi on; SCEARI Pgrcibpes X1 to Xm
running in the row direction are parallelly arranged in the col um
direction on heeddidispal g xSUOSEY 8 ecS. Pl N; adgli Ls08n ArE0EFRAYSI gnal
supply lines Z1 to Zmrunning in the tow direttion are

natural number; 1 = j = n) are arrayed. In the row

direction, i.e., in the horizontal direction, n pixels
Pi 1 to Pi,n (i is an arbitrary natural number; 1 =

10 i = m) are arrayed. That is, a pixel which exists on
the ith line (i.e., the ith row) from the upper side in
the vertical dire;tion and the jth line (i.e., the jth
column) from the left side in the horizontal direction
is defined as a pixel P; 5.

15 In the display section 4, m selection scanning
lines X7 to Xy running in the row direction are
parallelly arranged in the column direction on the
transparent substrate 8. In addition, m common signal
supply lines Zq to Zp running in the row direction are

20 parallelly arranged in the column direction on th

()]

transparent substrate 8 in correspondence with th

)

selection scanning lines Xj to Xp. Each common signal
supply line Zy (1 = k = m-1) is inserted between the
selection scanning lines Xy and Xy43. The selection
25 scanning line Xp is inserted between the common signal
supply lines Zp-7 and Zp. In addition, n signzl lines

Yy to Y running in the column direction are parallelly



20 parallelly arranged in the colum direction on the transparent
substrate“ﬁ)hﬁy&gﬁ{espondence with the selection scannin%gllnes XL to

Each conmmon Srgnal” supply line Zk (1 < k < m1) is inse HPHQ?%@@ﬁ‘the
sel ection scanning lines Xk and Xk+l. The selection 25 scanning line Xmis

inserted between the common signal supplygines Zm1l and Zm In addition,
n signal lines Y1 to Yn running in the colum direction are parallelly WO
2004/ 019314 PCT/ JP2003/010644 10 arranged in the row direction on the

t ransparent substratg 8. %Eﬁ sel ection scannlng lines X1 to Xm comon
signal supply PFhes92%¢ t& any gﬁﬁﬁﬁ 19T HAC tor aERAEE T sul ated from

and common 4i GG ?%%%‘5?3 i REe 2P S A et e”siqaer?nf%éﬁf%%%wiquﬁ%"}?ﬁd)' B n

g;r?yed in thecEBﬂbg % %gnsugpﬁknﬂ%neélima\gT%é ggggﬁcted |% %$IXE|S

to Pm7 arraye the C recti-on: ?anged

at 10 a porti o, syts 9“”% ded bnothe sl eclbene soanoing: |hpe; Mery

signal supply [fne Zi B signal Tin ectl n scannln |nes X1

to Xmarg connggtked EQ & 1%%tpuh.Eﬁiﬂaé¥H 0 | ni ng
driver S. The conngn g?gnél supply lines 2§nt%C£&§%§% ?E%der%dgﬁg

conductive to eaghodt Relgnand se@pnectiachd oz i heroutdshected moal 9ixthe
common si gnal power supply 6. That is, the same signal is output to the

common si gnal #yppl o Ehn§§a2%a@@d2ﬁk1ﬁhﬁeprd@|d£}e¢tmmﬁl e gegesibed next
weh line Yy is connected to m pixels Pj, 4 to Pp, 3 arrayed

in the column direction. The pixel Pj, 4 is arranged at

10 a portion surrounded by the selection scanning line Xj,
common signal supply line Z;, and signal line Yj. The
selection scanning lines X, to X, are connected to the
output terminals of the selection scanning driver 5.
The common signal supply lines Zj to Zp are rendered

15 conductive to each other and connected to the output
terminal of the common signal power supply 6. That is,
the same signal is output to the common signal supply
lines Z1 to Zp.

The pixel Pj 4 will be described next with

20 reference to FIGS. 2 to 6. FIG. 2 is a plan view
showing the pixel Pi,j- To help understanding, an
oxide insulating film 41, channel protective insulating
film 45, and common electrode 53 (to be described
latér) are omitted. FIG. 3 is a sectional view taken

25 along a line III - III in FIG. 2. FIG. 4 is a
sectional view taken along a line IV - IV in FIG. 2.

FIG. 5 is a sectional view taken along a line V - V in



20 reference to FIGS. 2 to 6. FIG 2 is a plan view shovvingthe pixel

Pi,j. To Rehpoodpdssstanding, an oxide insulating film4
prot ective insulating film45, and conmon el ectrode 53 g" %’é"“&é’éwi‘ bed

| ater) are omtted. FIG 3 is a sectional viewtaken 25 along a line IIl -
1l in FIG 2. FIG 4 is a sectional viemtaken along aline IV - IVin
FIG 2. FIG 5 is a sectional view taken along aline V- Vin W

2004/ 019314 PCT/JP2003/010644 11 FIG 2. FIG 6 is an equivalent circuit -
di agram of fouys;-adjacent pixels Di,j, Pi+l,j, Pi,j+l, and Pi+1,j+1 The

pi xel Pi,j is constituted by a light- em'tting 5 element Ei,j which enmts

light with a lum napgeg (Btis_apnCd CUI %Etje%q(}%j ng dltlgig&%% QU I r_%%: val ue of

the driving current and a pi xel arrange around the

i ght-em tting @l £rEnt lxblgnﬁl drllye t he t emlhl@, nt Ei,j.
The pixel 10 C|c?jCU|t I,Ej hol ds*the ¢ ?lléﬁt v&l &6 °a cug?g rTﬁhat f1 ows

to the light-emttingeeberent p§| ] lgubb@gta tlﬁr&ﬂ%veramlﬂ_%tueg{lﬁ-ﬁlﬂgt ting
period on the basis of a voltag% signal and current output fromthe data

driver 853, sele:bémmtsEgm&vwgldmlmeité 1peher wittpplay 19@ananeg Yatdriver 6,
and swtching circuit 7 th this operation, the |um nance of the
light-emtti n@@h&?ﬁan@orEeWOhéiﬂn@I doatha predensr waieed wdl tteeduring a
predet erm ned gfiéfgg zﬂgrgkghéngn;té;ggle!iTi%atEE;jllshﬁade of an
i,§ which is
arranged around the light-emitting element Ei, 5 and
drives the light-emitting element Ei,j- The pixel
10 circuit Dj 4 holds the current value of a current that
flows to the light-emitting element Ej,y during a
predetermined light-emitting period on the basis of a
voltage signal and current output from the data driver
3, selection scanning driver 5, power supply scanning
15 driver 6, and switching circuit 7. With this
operation, the luminance of the light-emitting element
Ej,y is held at a predetermined value during a
predetermined period.
The light-emitting element Ej 4 is made of an
20 organic EL element. The light-emitting element E:,5
has a multilayered structure formed by seguentially
stacking a pixel electrode 51, an organic EL layer 52,
and the common electrode 53. The pixel electrode 51
functions as an anode on the transparent substrate 8.
25 The organic EL layer 52 has a function of receiving
holes and electrons by an electric field and a function

of transporting holes and electrons. The organic EL



20 organic EL element. The light-emtting element Ei,j has a nultilayered
structur , / sequentially stacking a pixel elect n_organic
EL Iayeregéeﬁagﬂagﬁhe common el ectrode 53. The pi xel eleggfﬁﬁg%g%%&“
functions as an anode on the transparent substrate 8. 25 The organic EL

| ayer 52 has a function of receiving hohes and el ectrons by an electric

field and a function of transporting holes and el ectrons. The organic EL
WO 2004/ 019314 PCT/JP2003/010644 12 |ayer 52 has a reconbi nati on region

[Taht - em t 1 ngVEg! G WHer & IegREEEori it DA™ CAIAR | TF excl t ons

' Ght e t 11 nGTFAFEPT Ho Sy h e THE o ST B HS S5 et | ons
xel P ink g%%—é’e{ar?l?'oun ?ﬂé‘%ﬁbi’fﬁ rEihaEa SREEBGLA lines V1
to Jnand sel eehhofs REANNGAL MRhtlt &a Mo the@&@mﬂ%ned%@f the

pi xel electro an interlayer ectric filmb54 which

has a | ayer of, rsja!ﬂfcormmltar%@le 5zarn§1étt£&@s 0x4 dg ib%gtc@mﬁtﬁlﬁ@rpgyer
transistors 21, 22, 15 and 23 of the pixel circuit The upper surface

at the centeri0fs @ dd xedn&d ectrode: Sdmods @x@@sg@laéhwugmcal@@@ta@t hol e
55 in the interlayer dielectric film54. The interlayer dielectric Filmb54
may al so have ;a &egosdk | ayer formed of an insulting filmof nolyimde
The pixel electrode 51 is patterned and separated
for each pixel Pj,5 in each surrounded region
10 surrounded by the signal lines Y7 to Y, and selection
scanning lines Xj to Xp. The peripheral edge of the
pixel electrode 51 is covered with an interlayer
dielectric film 54 which has a layer of silicon nitride
or silicon oxide that covers three transistors 21, 22,
15 and 23 of the pixel circult Dj 4. The upper surface at
the center of the pixel electrode 51 is exposed through
a contact hole 55 in the interlayer dielectric film 54.
The interlaver dielectric f£ilm 54 may also have a
second layer formed of an insulting film of polyimide
20 or the like on the first layer of silicon nitride or
silicon oxide.
The pixel electrode 51 has conductivity and
transmittance to visible light. The pixel electrode 51
preferably has a relatively high work function and
25 efficiently injects holes into the organic EL layer 32.
For example, the pixel electrode 51 contains, as a

principal component, indium tin oxide (ITO), indium



20 or the like on the first layer of silicon nitride or silicon oxide. The

pi xel

The pi xel

t he pi xel

also 5 pattern

w240 ALt

i ndi um WO 2004/ 019314 PCT/ JP2003/ 010644 13 zi nc oxi de,

el egid aneoplihas conductivity and transmttance t?,VISIb|e ght.
el ectrode 51 preferably has a relatively high n and
25 efficiently injects holes into the organic EL | ayer 52. For exanple,
el ectrode 51 contains, as a prifcipal conponent, indiumtin
oxide (1TO,

oxi de (In2®3),

i ndi um

tin oxide (Sn02), or zinc oxide (ZnO . The organic EL
layer 52 is fog ch; ctrade Si he or |c EL | aver
LI LG RUKh o9 88T I00505  F28 G

or each pix P;

I i ght - enlttlngbfggegigév(pgﬂéphor) as an organi c conpound The

light-emtting materi

either a polyneric material or a |ow

nol ecul ar wei ght ”@EBrbﬁbanIEeEQrQ?QEQ Eb l;av ayéﬁ%%gf%&%. %g%l’

two-| ayered structure in which a ho

etr ansport

52 is

r (8802¢onf4i ns a

light-emttinge]layerod2Bsin aTRAr HPYLHERsSer, qg@agoggeqf ggg%ntlally from

the side of the pixel electrode 51, as shown In
| ayer 52B has patteeandd nadt osatBgbOReWOOLE
reconbined and a light-emtting region

excitons genere¢mteimpoa legbirbenattong Abtefnati Uehwsphbe)okgannhc EL

he light-emtting

hol egcapd gh5 iel g6t [ QRS Ak
ére light i's emtted DBy capturing

| ayer 52 may have a three-layered structure in which a hoIe transport
a |ightoegani¢ngotpgendi n Bhe light-emitting material may be

| ayer,

10

25

either a polymeric material or a low molecular weight
material. The organic EL laver 52 may have, e.g., a
two-layered structure in which a hole transport layer
52A and & light-emitting layer 52B in a narrow sense
are formed sequentially from the side of the pixel
electrode 51, as shown in FIG. 3. The light-emitting
layer 52B has a recombination region where holes and
electrons are recombined and a light-emitting region
where light is emitted by capturing excitons generated
upon recombination. Alternatively, the organic EL
layer 52 may have a three-layered structure in which a
hole transport layer, a light-emitting layer in a
narrow sense, and electron transport layer are formed
sequentially from the side of the pixel electrode 51.
The organic EL layer 52 may have a single-layered
structure including a light-emitting layer in a narrow
sense. The organic EL layer 52 may also have a
multilayered structure formed by interposing an
electron or hole injection layer between appropriate

layers of the above layer structure. The organic EL



20 narrow sense, and electron transport |aver are fornmed sequentially from
the side of the pixel electrode 51. The organic EL | ayer 52 may have a

si ngl e- | aY& ¥ uct ure including a light-enmitting | ay@ETITR2M3MH68 bW
sense. The organic EL |layer 52 may al so have a 25 nultil ayered structure
formed by interposing an electron or hole,injection |ayer between
appropriate layers of the above |layer structure. The organic EL WO

2004/ 019314 PCT/JP2003/010644 14 |ayer 52 may have any other | ayer
structure. The organic EL display panel 2 is capable of full-color display
or mul ti.-col ok2¥EEpPAymaynhefies anyagéherhd avregard e Eturzeyer 52 of each of
the pixels 5 Pi,l to Pj,nis fornmed of a light-emtting layer in a broad
sense, which has a FBRCOFGRMIC & Ciliskg ohePatel 2. % Carable ght, green
light, and blug iightl Thgp is, when HQQ pixels Pi,1 to Pi,n selectively
enit red, greeh —ahd-Bfu llspérﬁty, 0% BB 1T R %y ed hybig
appropriately synthesizing the calors. The organi c EL er 52 is
preferably madce:é{% ! aﬁheongﬁin&cc &b&ﬁﬁ’&rt ﬁr?ft % eeaf%kbt‘?%o &Ry Sisutral . In

this case, holes and electrans Are i.njected .and transported in the organic
EL | ayer§52 i nﬁbogdggakém@eggl Irﬁlegdg)ilt iaoﬁli,lgra}]ﬁlc e?r%%q?w trRffEport &bl e

substance nay Q?oaépgéﬂeg,akﬁﬂﬁélﬁmh)é%dai %éﬁ%rli%gtéﬂﬁéitﬁ g;ar{eayoef, in a

narrow sense. A hole transportabl e substance may appro el y 'm xed
into the lighteegi{tiBa hayer,i fraenNalii W SeRSe b AL e RRLY ON H{Ansportabl e

subst ance and
when the pixels Pj 1 to Pj p selectively emit red,
green, and blue light, a color tone is displayed by
10 appropriately synthesizing the colors.

The organic EL layer 52 is preferably made of an
organic compound that is electronically neutral. In
this case, holes and electrons are injected and
transported in the organic EL layer 52 in good balance.

15 In addition, an electron transportable substance may be
appropriately mixed into the light-emitting layer in a
narrow sense. A hole transportable substance may be
appropriately mixed into the light-emitting layer in a
narrow sense. An electron transportable substance énd

20 a hole transportable substance may be appropriately
mixed into the light-emitting layer in a narrow sense.
A charge transport layer serving as an electron
transport layer or a hole transport layer may be caused
to function as a recombination region. Light may be

25 emitted by mixing phosphor into the charge transport

layer.

The common electrode 53 formed on the organic EL



20 a hol e transportabl e substance may be appropriately mxed into the

|'i ght -em {id A4l N a narrow sense. A charge transp .b% r_serving
as an electron transport |layer or a hole transport Iayeﬁkﬁﬁ %@“E%ﬂ%ed to

function as a reconbination region. Light may be 25 emtted by m xing
phosphor into the charge transport |ayer.;sThe common el ectrode 53 forned
on the organic EL WO 2004/019314 PCT/JP2003/010644 15 layer 52 is a single
el ectrode connected to all the pixels P111 to Pmn. Alternately, the

comon el ectro 3 C I a ural i of stripe-sha e| ectrodes
connected to tﬁgyﬁgsﬁggﬁfv%ngﬁfﬁﬁ%%.é*%ﬁeF%%%c???n%cE§§|?9 gﬁg E%ﬁnbn

el ectrode 53 k. S Stg i pe ro. connected.to,a group
of pixels Plzgﬁ%xgggpghvﬁh%f ity a%ggggT $%§§§hé€§?a?oﬁﬂﬂBeF}eEtEO  n) in
the col um diregt k@R, AriiifRe acmfiw?ft5Pd§tr£§é‘ﬂﬁ%{:§§ggglggg£8&& of

pixels P1,h to Pmh. In this 10 manner, the common e conpri ses

a plurality of cehnicpeeghapedirl acddpsles: pack; connect adoto gach; sgol um.
Al ternatively, the conmon el ectrode 53 nay conprise a stripe common

el ectrodé conneefléy,t ¢ha gooupn oflgdxebde Pe3 Indyt@ofgris8 £9st8:88
arbitrary natural 15 nunber; 2 < g -<_m in the rowdirection, a stripe

comon el ect r odergonnedteed rogica aprovgcioéd ptxed sgRgud ¢0 pPgels. Py. 1P this
manner, the comon el ectrode 53 conprises a plurality of stripe-é%aped
el ectrodes comedeth10 @acls ragw.arbitrary natural number; 2 £ h =
n) in the column direction, a stripe common electrode
connected to a group of pixels Pj p to Pm,n- In this
10 manner, the common electrode 53 comprises a plurality
of stripe-shaped electrodes each connected to each
column. Alternatively, the common electrode 53 may
comprise a stripe common electrode connected to a group
of pixels Pg_1,71 to Py-1,n (g is an arbitrary natural
15 number; 2 = g = m) in the row direction, a stripe
common electrode connected to a group of pixels Pg,l to
Pg,nr---- In this manner, the common electrode 53
comprises a plurality of stripe-shaped electrodes
connected to each row.
20 In any case, the common electrode 53 is
electrically insulated from the selection scanning line

Xz

, signal line Y-, and common signal supply line Z;.
The common electrode 53 is made of a material having a
low work function. For example, the common electrode

25 53 is made of a single element or an alloy containing
at least one of indium, magnesium, calcium, lithium,

barium, and rare-earth metals. The common electrode 53



20 I'n any case, the common electrode 53 is electrically insulated fromthe

selectio i line iii, signal line Yj, and comon_sianal supply |ine
Zj . Thqug(r\%@r%wle dctrode 53 is nade of a material havi n‘é,ét(%’%“%wl § k

function. For exanple, the common el ectrode 25 53 is made of a single

el ement or an alloy containing at |east gne of indium magnesium calcium
lithium barium and rare-earth netals. The common el ectrode 53 WO

2004/ 019314 PCT/JP2003/010644 16 may have a nmultil ayered structure forned
by stacking a plurality of |ayers nmade of the above paterials. Mre

speci fi cal | y, eNehalipt #] Byéfédayerest e Uriben dUde S Dhi YR dkime @ bari um
|t or face t haP1ESaha Y08t A6Y et FAde o AR CRE Ay 5o L nd HAF Sl &
interface thabP-Hs%-n-Ycont i T—and | um num
Struct ure. may SREFS TACPLLRY UMPEa o O TR S e sT e A ot T
structure nay °F& rthAru a side an & num | ayer
on the upper glide. 0 Wena.Leanspanent, fLeGllode 15, Usef 3.dde; il el

el ectrode 51, “arm Ipigﬁt emtted fromthe organi ¢ EL ayer 5 of the
organi ccEL di splay .p oul | d e, sl 0e -1 ar ent
substrat5e 8 t?\dr%éiﬁéﬁ %{aﬁge@l )%%1 Lgé%e(;egt&r%%eé%(l){,ﬂ"t hmgl%ﬁn;?bﬁé e{jg%; r%%gﬁES 15

preferably shig|ds dhg:kinghtedtdath d rom thge organi gnd Bhnl aveki Hdm More
preferably, the conmon el ectrode 53 has a high refl ectance against the

light emtted fyyp the JBAHL He IByEIub2 asr desglt bedasboeney, i thé he
light-emtting el enent
multilayered structure may have a lithium layer on the
lower side and an aluminum layer on the upper side.

10 When a transparent electrode is used as the pixel
electrode 51, and light emitted from the organic EL
layer 52 of the organic EL display panel 2 should exit
from the side of the transparent substrate 8 through
the pixel electrode 51, the common electrode 53

15 preferably shields the light emitted from the organic
EL layer 52. More preferably, the common electrode 53
has a high reflectance against the light emitted from
the organic EL layer 52.

As described above,.in the light-emitting element

20 Ej, S having a multilayered structure, when a forward
bias voltage is applied between the pixel electrode 51
and the common electrode 53, holes are injected from
the pixel electrode 51 to the organic EL layer 52 while
electrons are injected from the common electrode 53 to

25 the organic EL layer 52. The holes and electrons are
transported in the organic EL layer 52. When the holes

and electrons are recombined in the organic EL layer



20 Ei,jJ having a nmultilayered structure, when a forward bias voltage is

appl i ed bgigweieidee pi xel electrode Si and the comon e @ 3, holes
are injected from the pixel electrode Si to the organi CE)EE}JJF% g/pf_’ugy whi |l e

el ectrons are injected fromthe conmon el ectrode 53 to 25 the organic EL

| ayer 52. The holes and electrons are trnansported in the organic EL | ayer
52. Wien the holes and electrons are reconbined in the organic EL | ayer WO
2004/ 019314 PCT/JP2003/010644 17 52, excitons are generated. The exci tons

excite the organig Iaver 52, Hhe.organig EL | ayer 52 emits |ight. The
em ssion | uni n%ﬁce F otns RES IR %T tﬂe x‘FTEﬁﬁs eTFfﬂr?’ngt}eT“errent

Ei,j depends a t e ofp d ntothat fl L0 the
i ght emtti ngﬁgfeal%encglt{h E_’Lve-f’ ozumal n alhghrgglrﬁégd“e E?F% dgem 8%
| um nance of theyld ght-emitting el ement Ei, | durlng the |ight- emtting of

the light-enitting element Ei,j or 10 obtain an em ssion | um nance

correspondi ng to thee Catiy@ntoval e inde0nayikevel  designari ogscuprent
| DATA drawn fromthe data driver 3, the pi er circuit Di,] 1s arranged

around the | i ghtgtemdriiutg e} eseniert |5 Oi Bnapi ¥el tih , furdbg: pi xe
circuit Di,j controls the 15 current va’i the light-emtting el enent

Ei,j. Each pivedlueciagfuitie [a:uzyrmtrrptmmsﬂdaweetott]a@sisgms@ﬂttzﬁg and 23

and a capacitor 24. Each transistor is forned of a field effect thin film

transi stor (TEDenen iy an- N-ThammedtaMOs stpuetetermined emission
luminance oI the light-emitting element Ej, 4 during the
light-emitting of the light-emitting element Ej 4 or

10 obtain an emission luminance corresponding to the
current value of a gray level designation current Ipara
drawn from the data driver 3, the pixel circuit Di,5 is
arranged around the light-emitting element Ei,j of each
pixel Pji 5. The pixel circuit Dj 4 controls the

15 current value of the light-emitting element Ei,5.

Each pixel circuit Di, comprises three
transistors 21, 22, and 23 and a capacitor 24. Each
transistor is formed of a field effect thin film
transistor (TFT) having an N-channel MOS structure.

20 Each transistor 21 is an MOS field effect
transistor constituted by a gate electrode 21g, gate
insulating filﬁ 42, semiconductor layer 43, source
electrode 21s, and drain electrode 21&. Each
transistor 22 is an MOS field effect transistor

25 constituted by a gate electrode 22g, gate insulating
film 42, semiconductor layer 43, source electrode 22s,

and drezin electrode 22d. Each transistor 23 is



20 Each transistor 21 is an MOS field effect transistor constituted by a
gate electrode 21g, gate insulating film42, sem conductor |ayer 43,
source eV@E?W@@EgQﬁS, and drain el ectrode 21d. Each tr X63/R¢M3/02043 s an
MOS field effect transistor 25 constituted by a gate el ectrode 22g, gate
insulating film42, sem conductor |ayer 43, source el ectrode 22s, and
drain el ectrode 22d. Each transistor 23 it° WD 2004/019314 PCT/ JP2003/ 010644
18 constituted by a gate el ectrode 23g, gate insulating film42,

sem conductor |ayer 43, source el ectrode 23s, and drain electrode 23d.
More specifi catdnstiaustd by isn TG Slecheofler 889, 5getanshstibrt2hai s a
reverse stagger type transistor conprising the gate el ectrode 21g, oxide
insul ating fifim142 gasenieanduaiog FaVaRr443,i sPundeshapetirodeniésnduct or
| ayer 43, channel protective insulating film45, inpurity-doped

seni conduct or 3RFets2 Ul ek * ¥t ectrode 21s, and drain el ectrode 21d.
The gate el ectrode Zlg IS nmade 0{ al um num and ,forped gn the transparent
substrate 8. The oxi'QES| FREFAtIAY Y1 &L SHOYTY dPmEdChy Sandthezitdd SH uni num

t hat COovers the gate 1:el eg{rode 21g. The gate ins IaLi film42 is nmade of
15 silicon ni t?’f%ésb? S 1 feor’® okit %haecg\yg,ggetrhﬁygxigganﬁﬁggpgti ng film
41. The sem co - 43 i Il n e .8 it tio ilm42.
The channel p?%‘lé%?%%/}ég?/%%l %%geilng?gglgi gﬁﬁédgggﬁes?ﬁgggﬁﬁ%g{ri de and
formed on the gaig hpsubatingndil M Ay FA8n 42, island-shaped

semiconductor layer 43, channel protective insulating

film 45, impurity-doped semiconductor layers 44, source
10 electrode 21s, and drain electrode 21d. The gate
electrode 21g is made of aluminum and formed on the
transparent substrate 8. The oxide insulating film 41
is formed by anodizing aluminum that covers the gate
electrode 21g. The gate insulating film 42 is made of
15 silicon nitride or silicon oxide and covers the oxide
insulating film 41. The semiconductor layer 43 is
formed on the gate insulating film 42. The channel
protective insulating film 45 is made of silicon
nitride and formed on the gate insulating film 42. The
20 impurity-doped semiconductor layers 44 are made of
n*t-silicon and formed at both ends of the semiconductor
laver 43. The source electrode 21s and drain electrode
21d are made of a material selected from chromium, a
chromium alloy, aluminum and an aluminum alloy, and
25 formed on the impurity semiconductor lavers 44,
The second and third transistors 22 and 23 have

the same structure as that of the first transistor 21



20 inpurity-doped sem conductor |ayers 44 are made of n+-silicon and

f or med at\ﬁﬁﬁmmﬁ@ﬂﬁ4°f the sem conductor |ayer 43. The source el ectrode
21s and drain el ectrode 21d are nmade of a material sel edtt@@PROGMHNt oni um
a chromiumalloy, alum numand an alum num alloy, and 25 fornmed on the
inpurity sem conductor |avers 44. The secqrd and third transistors 22 and
23 have the sanme structure as that of the first transistor 21 WO

2004/ 019314 PCT/JP2003/010644 19 descri bed above. However, the shapes,

sizes, and dinensjiqQns .of the transistors 21, 22, and 23, and the channel
wi dt hs and chan@;?(aslcrﬁg)ﬁgt RECSF -t h@%”eerﬁec‘bnott}b? otRanesersl 28s arand

appropriately sgt JdR; ordang ith t.he 5 functions of the transistors 21,
22, and 23. The trelélr%éi%glt%or%s %%% \gffanasnldsﬁr beFormd 23i g aredusl y by

the sanme process,arnRit bi §+6as L ectirodes,, oxide insulatin
filn 41, gate leatt as o Pnd t}gfarg’gnlfclgﬁ%gﬁtbtsoro AT SSABLCTRHETIY 10

sem conduct or l1ayens Q@,a§gugg%ﬁyﬁ¥§ggg§§,Ségugﬁkégébrg%ﬁgérgg S %%%the
v

transistors 21, 22, and 23 have the sane conpositlions.

sem condéct or lmyeftioA3 ef the tansistors 2L, 22, Mé? are made of
anor phous 15 silicon, they can be sufficiently driven. wever, the

sem conduct or | ayer STh43 tray sdesteatke f, pod ysihd con.mdhepst yehLses of the
transistors 21, 22, and 23 are not limted to the reverse stagger type.

Even a staggersimyidapecusplyaar thepeasta yetdtes MY He this case, the
gate electrodes, oxide insulating films 41, gate
insulating films 42, semiconductor layers 43, impurity

10 semiconductor layers 44, source electrodes, and drain
electrodes of the transistors 21, 22, and 23 have the
same compositions.

Even when the semiconductor layers 43 of the
transistors 21, 22, and 23 are made of amorphous

15 silicon, they can be sufficiently driven. However, the
semiconductor layers 43 may be made of polysilicon.

The structures of the transistors 21, 22, and 23 are
not limited to the reverse stagger type. Even a
stagger type or coplanar type structure may be

20 employed.

Each capacitor 24 is constituted by an electrode
24A, electrode 24B, and dielectric body. The electrode
24A is connected to the gate electrode 23g of the third

transistor 23. The electrode 24B is connected to the

o
w

source electrode 23s of the transistor 23. The
dielectric body has the gate insulating film 42

interposed between the electrodes 242 and 24B. The



20 enpl oyed. Each capacitor 24 is constituted by an el ectrode 24A,

el ectrod dielectric body. The el ectrode 24A i c to the
gate el ec %é@@/ g%4of the third transistor 23. The e|ec?F§§§5§ﬂ@%%§ '
connected to the 25 source el ectrode 23s of the transistor 23. The
dielectric body has the gate insulating f3¢m42 interposed between the

el ectrodes 24A and 24B. The WD 2004/ 019314 PCT/JP2003/010644 20 capacitor
24 stores charges between the source electrode 23s and the drain el ectrode

23d of the transistor shown _in Fl in e second transistor 22
of 5 each of THEDISH %ﬁr%ﬁ?feﬁ ?}iafgeﬁ%ﬁggfeeph it IFOP6WE  the gate

el ectrode 22g | nnect to the selection, scanningJine Xi of the ith
row. The drai neIZ Cgég Oro%ef/giﬁn%is&&%nﬁgg reldefgct%hgdgo%ﬁ%in o;%i d‘r}{‘a?l supply line

Zi of the ith.[ - she in FIG 5, the drain electrode 10 23d of the
third transis?%r lﬁgbeac%pof the pixel circuit Di,1 to D,, of the ith

row i s connected tondhenoGRMBNFSEINGl, SUPRE ldN& Ofaddiesdd:h Jow =
through a contact hole 26. The gate el ectrode 21g of the first transistor

21 of eagh of thenpbxetnsipeubl Birdute B, n 1% o %th%ﬂ' tdhe QWH S-Kpnnect ed
to the selection scanning line Xi of the™"th row 'The source el ectrode 21s

of the transishergaie ofleathoat bhe pisXebngiectwd Hal,4jhd GelldByif the jth
colum is connected to the signal line Y] of the jth colum.

scanning line X; of the ith row. The drain electrode
22d is connected to the common signal supply line Z; of
the ith row. As shown in FIG. 5, the drain electrode

10 23d of the third transistor 23 of each of the pixel
circuit Dj 1 to Dj,p of the ith row is connected to the
common signal supply line Z4{ of the ith row through a
contact hole 26. The gate electrode 21g of the first
transistor 21 of each of the pixel circuit Dj, 1 to Di, n

15 of the ith row is connected to the selection scanning
line X; of the ith row. The source electrode 21s of
the transistor 21 of each of the pixel circuit Di,5 to
Dp,4 of the jth column is connected to the signal line
Yy of the Jth column.

20 In each of the pixels Pj 1 to Py, ns the source
electrode 22s of the second transistor 22 is connected
to the gate electrode 23g of the third transistor 23
through a contact hole 25 formed in the gate insulating
£ilm 42, as shown in FIG. 4. The source electrode 22s

25 .is also connected to one electrode of the capacitor 24.
The source electrode 23s of the transistor 23 is

connected to the other electrode of the capacitor 24



20 In each of the pixels P1,1 to Pmr, the source electrode 22s of the
second tr ) is connected to the gate electrode 23g of the third
transi sto?ig%ﬁi/tﬁfh?%gh a contact hole 25 forned in the gé’f:ér%ﬁpﬁ%waiﬁi‘ﬁg
film42, as shown in FIG 4. The source electrode 22s 25 is al so connected
to one el ectrode of the capacitor 24. Thg source el ectrode 23s of the
transistor 23 is connected to the other electrode of the capacitor 24 WO
2004/ 019314 PCT/ JP2003/ 010644 . 21 and al so to the drain electrode 21d of

the transistor d211 Th% S ngﬁ el,ectrode 23s of. the transistor, 23, the
ot her el ectro8B%f-tRe 8ag Ei C5A 184 SLGTF R i PT dihg (HRRS B9ePBf t he

transi stor 21.are nnected to.the 5 pi el ectrode 51 of the

light-emitti ngzgite'l e(r\?glﬁt o e‘?‘ﬁé:%\?&q%aég%fofh@ecg:rﬁwje?%‘i rotte B® of the
light-emttin I Lojaal Seakef ce. voltage VSS.. . In.this

enbodi ment , t gﬁggg%%cgkglgﬁ %&et‘g% g:fra%%} TR g%?’- earﬁqsttrlh% L 3Hents E1, 1 to
Emn is groun ; t olehepefiargne t VSS. | o0 )
Protective fi Ig%c}%g%%otrzggdc’tgy%gaet ttgc; ni nSSﬁt/ e %%ﬁaere %%%%@E?%a%o o’%ﬂg he

seni conguct or phgyar £143t0bdkhe1 UraARS SO $hiled 0 23 AT &L d bet ween
t he sel ecti onp scanning line Xi and the si%nal Ilinel ] an Ig?\j\%'rﬂ'the 15

comon si gnal ThepRlo) thige ofi tard ddiencti Hdctidd 3 asr wed| as the gate
insulating film42. The controller 11 outputs a control signal group DCNT

including a datightrewet tdingelelsngmed EGK1; B4 ad trefdghate SIdL edge IBEch
signal L to the data driver 3 on
In this embodiment, the common electrode 53 of all
light-emitting elements E1,1 to Ep,pn is grounded so
10 ‘that the reference voltage Vgg 1s set to 0 [V].
Protective films 43A formed by patterning the same
film as that of the semiconductor layers 43 of the
transistors 21 to 23 are arranged between the selection
scanning line Xj and the signal line Y4 and between the
15 common signal supply line Z; and the signal line_Yj as
well as the gate insulating_film 42.
The-controller.ll outputs a control signal group
Doyt including a data driver.clock signal.CKl, start.
signal STl and latch signal'L'to'the-data.driﬁer 3 on
20 the basis of a dot clock signal CKpp, horizontal sync
sigﬁal Hgync and vertical sync signal Vgyyc, which are
input from the outside. The controller 11 also outputs
a control signal group Geyr including a selection
scanning driver clock signal CK2 and start signal ST2.
25 The controller 11 also outputs a common signal clock
signal CK3 to the common signal power supply 6. The

controller 11 also supplies a reset voltage Vpgr to the



20 -t he basis of a dot clock signal CKDT, hori zont al sync signal HSyNC and
verti cal I | VSYNC, which are input fromthe o | de.
controlIé?“%@”gpgggoutputs a control signal group CI)H}¥€%&€@F%@3%4

sel ection scanning driver clock signal CK2 and start signal ST2. 25 The
controller 11 also outputs a common signal clock signal CK3 to the common
signal power supply 6. The <controller 11 also supplies a reset voltage

VRST to the WD 2004/ 019314 PCT/ JP2003/ 010644 22 switching circuit 7 and

t put i t chi .sighal 4..tqg th it chi irguit, 7. M
ggeg?f?cglF$1sgﬂég%ﬁﬁégggf$gﬁtcﬁoéfggﬁgﬁgﬁﬂ{n (%éfluQﬁ%ﬁaflr%a%eﬁuentiaIIy

shift the selgg;%ﬁefsagk% H éﬂggayéwq§n1mﬁth the dot clock signal CKDT-
igita

An 8-bit red gray Tevel 'inmage signal SR green digital gray |evel

i mge signal SG a???%t%%éyﬁgﬁégllﬁuayhéeagtai@?%§i§igfggrsgk§ﬁgireceived

froman external at the ti'mng of the sl gha 0 The

start signal gih ii% & %!i?;ﬁx%'l bR rRHidht g1 5@l aof #d 100! YaNtpefhe first

colum in synchroni sm w the horizontal sync signal HSYNC. The | atch

signal b is accli@idlid ¢yRhaldreldny i Yhé heoanad @k géﬁ%né&V_@kDT. _
designation current | DATA based on an anal og gray |evel 15 designation

signal to thezsi gnalid ivees dibittlYryradyel eednl Dfa g ayi gyl sesggsahi on
signal is obtained by causing the DA converter in the data driver 3 to
D/ A-convert thilgldtel gfragnédeved, inage shenakdSgi gandlblgeagibével i mage
signal 5R, green digital gray |eve
gray level image signal Sy are received from an
- external circuit at the timing of the clock signal CK1.
10 The start signal ST1 is a signal to return the selected
column to the first column in synchronism with the
horizontal sync signal Hgync. The latch signal L is a
signal to parallelly supply the analog gray level
designation current Ipara based on an analog gray level
15 designation signal to the signal lines Y; to Y. The
analog gray level designation signal is obtained by
causing the D/A converter in the data driver 3 to
D/A-convert the data of one row, i.e., the red digital
gray level image signal.SR, green.digital gréy level
20 image signal Sg, and blue digital gray level image
signal Sg which are received in correspondence with the
pixels Pj 1 to Pj n-
The selection scanning driver clock signal CK2 is
a signal to sequentially shift the selected row in
25 synchronism with the horizontal sync signal Hgync. The

start signal ST2 is a signal to return the selected row

to the first row in synchronism with the vertical sync



20 image signal SG and blue digital gray level inmage signal SB which are
recei ved wop sbhpspondence with the pixels Pi,1 to Pi,n_The sel ection
scanning driver clock signal CK2 is a signal to sequent Palfl§2WpP10644 he
selected row in 25 synchronismw th the horizontal sync signal HSYNC. The
start signal ST2 is a signal to return theyselected row to the first 'row
in synchronismw th the vertical sync WO 2004/019314 PCT/ JP2003/ 010644 23
signal VSYNC. The common signal clock signal CK3 is a clock signal to °
out put a co ignal to the common signal supply lines Z1 to Zm 5 The
data driver mggrl eagcs}i%fﬁ\]cs'canni ng driver 5, and common signal power supply

6 arranged around t i y..sectjon, 4 wll be.d ri bed next, The

sel ecti on scanni ng %% véegr I?SSlagqé%i c%%‘?%)ém SLfPRL &gél 1% ef Fﬁoﬁﬁi ch m
flip-flop circuidryiang HhGRANGCt &Gl SEL e.driver 5 outputs a
selection signal to the sél ect%i on sccg}}m:se%ggﬁngg Sget%m%nn?nﬁja alfs, in

accordance W idugdle, selRe i9n tgeanning driver clock signal CK2 received
fromthe controller 11, the ™ sel edtion scanni ng driver 5 sequentially

outputsSa 15 sel ectiion &i@halriofeN) eyehechi8h LEYRhInG 0t NgerSEl €Ction
scanning lines X1_to Xmin this order (the selection stanning I1he X]

follows the selrettdoomorscamalg gower XMppl {ies edyrsege@nt+&hhy St ecting
the selection scanning lines X1 to Xm ' S :
' display section 4 will be described next.
The selection scanning driver 5 is a so-called

shift register in which m flip;flop circuits are

10 connected in series. The.driver 5 outpﬁts ;'sélection
signal to the selection scanning lines X1 to Xp. That
is, in accordance with the selection scanning driver
clock signal CK2 received from the controller 11, the
selection scanning driver 5 sequentially outputs a

15 selection signal of ON level (high level) to the
selection scanning lines.Xl.to Xp in this order (the
selection scanning line X foilows the selection
scanning line Xp), thereby sequentially-selectingVthe
‘selection scanning lines Xj to Xm;

20 More specifically, as shown in FIG. 8, the

- selection scanning driver 5 individually applies, to

the selection scanning lines Xj to Xy, one of an ON
voltage Vony (e.g., much higher than the reference
voltage Vgg) as a high-level selection signél and an

25 OFF voltage Vopp (e.g., equal to or lower than the
reference voltage Vgg) as a low-level selection signal,

thereby selecting each selection scanning line X; at a



20 More specifically, as shown in FIG 8, the selection scanning driver 5
i ndi vi du ies, to the selection scanning lines X1 to Xm one of an
ON voIt%éW%%ﬁg., nuch higher than the reference vBfTARRO0YHEP4455 2
hi gh-1evel selection signal and an 25 OFF voltage VOFF (e.g., equal to or
|l ower than the reference voltage VSS) as,a |owlevel selection signal,

t her eby sel ecting each selection scanning [ine Xi at a WD 2004/ 019314

PCT/ JP2003/ 010644 24 predeterm ned period. During a selection period TSE
when the selectio scanni lipe Xi is to be selected, the selection
scanni ng dri vétt$% %Wje%ecﬁ]%?e SENPY ol tage VON as a 5 sel ection signal of ON

| evel (high level) to_the ﬁ ton scanni ?i]d i ne Xi Accordl ngly, the
transi stors 21 and Eri”f“ﬂe t‘?’% F5t8PsPST18Md TsE dher) the weleSkdionircuit s
D,1to D,n) d the e ctlon cannlng ine Xi are turned on.
When the 10 fl$§ tTa s#s or)blzl ;gs PRed® ﬁCtte h?r 8RLSCHACD flows to

the signal |ing.X,caR &J_.pN‘\;S\%]g%t%?%giégl neél i 'v'é;l@' On the other hand,

a non-selection period T sent rom he “end VpNe @SelPect i on

period BSE of gdhe-selsgtd Sctappi gg L by X| 1 till the
begi nni ng of the selecti ojr?lé%erl od TSE %f@lt hgﬁ g 2%?%%2 s]':garrl;‘gl:gng line Xi+1

of the (1 4)theepsctihescidieisgl echion; SCanRagadhbYg! Brapplies the CFF
vol tage VOFF of low level to all the seﬁectlon -scanning lines X1 to Xm
the transi storsr2dsastdo?? »f ahd 2hPe(the transistors 21 and 22 of all
the pixel ;ircuits Dj,1 to Dj, p) connected to the
selection scanning line Xj are turned on. When the
10 ~ first transistor 21 is turned on, the curreﬁt that
flows to the signal line Yy can flow to the pixel
circuit Di,j- On the other hand, a non-selection
period Tygg is present from the end of the selection
period Tgg of the selection scanning line X of the ith
15 row till the beginning of the selection perioa Tgr of
the selection scanning line Xj437 of the.(i+1)th row.
When the selection scanning driver 5 applies the OFF
voltage VOFF of low level to all the selection scanning
lines X3 tole, the transistors 21 and 22 of all the
20 selection scanning lines Xj to Xy, are turned off. When
the transistor 21 is turned off, supply of the gray
level designation current Ipapa to the signal line Yy
is stopped. The period from the start of the selection
'peribd Tgg of the selection scanning line X7 of the
25 first row to the start of the next selection period Tggp
of the selection scanning line X1 of the first row is

defined as one scanning period Tgc. The selection



20 selection scanning lines X1 to Xmare turned off. Wen the transistor

21 is turweshwibiespupply of the gray Ievel designation t | DATA to
the signal line Yj is stopped. The period fromthe star?gﬁb$ﬁwgogﬁﬁbction

period TSE of the selection scanning line X1 of the 25 first rowto the
start of the next selection period TSE ofsthe selection scanning line X1
of the first rowis defined as one scanning period TSC. The sel ection WO
2004/ 019314 PCT/ JP2003/ 010644 25 periods TSE of the selection scanni ng

lines X1 to X tpove a ach ot The cammo nal pomer supply 6
is an indepeng%g? oggme? sé%p Y t%e%ﬁ SF Da SSEIMES %Vgﬂt 41 5

t he common sigﬂ€{ gy@phggléﬁgﬁ ntp Zm The common signal pomer supply 6
out puts a signal having ase corresponding to the common signal clock

signal CK3 to the ¢gaMRRMSLIN p N t he
sel ection scanning driver 5b| sggggggl %éwlt ﬁjg%gé]i&; é;g f&‘hm%perbq\een%f al |
the sel ection gémafi BGppLResoXdupPl M 8828 18€HHILRSIIR! +d 83 during

the selection period TSE, the commbn signhal power supply out put's a

| ow| eved vol teige St@Mbhosabhal heuspnyoniskgnal, sepply lhaesfhdP Zm as a
reference potential for the gray 15 | evel de5|gnat|o current. During the

non-sel ecti on spgnabdpFNSE tuppiyhe endpatst he sigireqt haRiRer i:0$rESE of the
selection scanning line Xi of the ith rowtill the beginning of the
sel ection periedrTserohding tel ke commspasiiong ll icleck sigeklt kI itd )th
row, the conmon
the common signal supply lines Z7 to Zp. While the
selection scanning driver 5 is applying the ON voltage
10 VON-to one of all the selection scanning lines X7 to Xy
as a selection signal, i.e., during the selection
period TSEI the common signal power supply 6 outpﬁts a
low-level voltage Vigy to all the common signal supply
lines Zj to Zp as a reference potential for the gray
15 level designation current. During the non-selection .
period Tygg from the end of the-seleétion period Tgg of
the selection scanning line Xj of the ith row till the
beginning of the selection period Tgr of the selection
scanning line Xj47 of the (i+1)th row, the common
20 signal power supply 6 outputs a high-level voltage
Vuigy as a reference potentlal for a dr1v1ng current.
Hence, when the common Slgnal from the common signal
power supply 6 is the voltage Vygy, the selection
scanning driver 5 outputs the selection signal of the
25 ON voltage Voy to one selection scanning line X4 of the

Sselection scanning lines Xj to Xp. The selection

scanning driver 5 outputs the selection signal of the



20 signal power supply 6 outputs a high-level voltage VH GH as a ref erence
potentim (mﬁhﬂﬁﬂy'ng current. Hence, when the comon S|8§ fromt
conmon si Gu Y& supply 6 is the voltage VLON the sBFE ywﬂm"§ﬁbnnlng
driver 5 outputs the selection signal of the 25 ON voltage VON to one

sel ection scanning line Xi of the selectijgon scanning lines X1 to Xm The
sel ection scanning driver 5 outputs the selection signal of the WD

2004/ 019314 PCT/ JP2003/010644 26 OFF voltage VOFF to the sel ection
scanning lines X1 to Xm except, the selection scanning line Xi. Wen the
common si gnal 988t et trdsmMorr dhmidie s?%%?tib%ﬂ/e?ca%ﬁbbgylenﬁﬁoﬁﬂ; £Pom t he

hi gh-1 evel voltage VHLGHd.to t low | evel ,volta t he sel ection
si gnal out put HI%@H?ﬂﬁagﬂﬁ tﬁ?ﬁF%ﬁﬁnﬁﬁﬂﬁnﬁ?gviFgS to- on@ &F the

| ect I 1 X Wh I t put
?foﬁcthi”cica””' R o R G, FERC PR, RO o BEYRE vol t noe
VLOWNtoO th 1 I I h I t
voltagg VCE ol } fﬁgxI Q f ctlonq‘ék(l;d;l §e§8?eggi§§gg; g&@ ge egglon

scanni ng, | | “eihokﬁel— é%re?imxﬁéiéége \Iﬁq,h OveLEvELI¥akiages S%F( blieple! erence

voltage for t S|gnat|on curr as t e common Si tput from

the common si G@m RAEs SLEPE Yor® ééaﬂ@ﬂﬁ@ dthaart Berpepaeenge el tage VSS.
However, the |owlevel voltage VLOWnay be equal to the reference voltage

VSS- For this JeQasdtl ot Vefaiibfig t henéHi xd tbang stees.23wakn the pixels
Pi,1 to Pion are ON during the selection

common signal output from the common signal power
supply 6 rises from the low-level voltage Vygw to the

10 high-level voltage Vgicy, the selection signal of the
ON voltage Vgy output from the selection driver 5 to

- one of the selection scanning lines X; to Xp falls.
The low-level voltage Vigy (the reference voltage

for the designation current) as the common signal

15 output from the common signal power supply 6 is lower
than the reference voltage Vgg. However, the low-level
voltage VLOW may be equal to the reference voltage Vgg.
For this reason, even when the third transistors 23 of
the pixels Pj, 1 to Pi,n-afe_ON durihg'the selection

20 . ‘period Tgg of the ith row, a voltage of 0 V or a
reverse bias voltage is applied between the anode and
the cathode of each of the light-emitting elements Ej ;
to Ej, pn because the voltage Vigy of the common signal
is lower than the reference voltage Vgg. Hence, no

25 current flows in the light-emitting elements Ej 1 to
Ei,n- Light is not emitted. On the other hand, the

high-level voltage (the reference voltage for the



20. period TSE of the ith row, a voltage of O V or a reverse bias voltage
is appliedefodBed 4 he anode and the cathode of each of the Iéght enlttlng
elenents Ei,| to E,n because the voltage VLOWVN of the c SO

| ower than the reference voltage VSS. Hence, no 25 current flows in the
light-emtting elenments Ei,1 to E,n. Light is not emtted. On the other
hand, the high-level voltage (the reference voltage for the WO 2004/019314
PCT/ JP2003/ 010644 27 driving current) VH GH output fromthe conmon signal

power supply 6 er th n th r.ef er vol t age VSS. That
is, when the é%%%%n él%ﬁ%fg?gjt 1G§o PE 8 VHF@ﬂ eQQQPQPt% anni ng

d 5 | t VOEF | he | et
[ hes X1 b XA e Teane of ors S5 acd E% sRoher TER FReeReREhero P n
are turned Offvoftigé wasd, b'?ﬁatslsapﬂhbﬁdtﬁgt%Eﬁﬁm&p% bh%&t 1 @Ml ng

elenments E1,1 to mn and the transistors 2 connecte in séries mnth 10

the |ight- en1t¢¢Dga§é€W§f@§,Eﬂhé é@lEﬁk@onTB%ahﬂh%ﬁg%fYH%gH9N£ﬂpﬂT%s

described. FIG 7 is a graph showi ng the current vs. voltag
charact éri sti ctioé ormeva&tﬁ@@nebFﬁuebda@ﬁf@ﬁb %%@%%ﬁﬁdﬁ’s%%nnﬁ%berring to

FIG 7, the abscissa represents the voltage val ue 15 between the drain and
the source. TheimesliXateo XgpreBkat srahsistbrentlvande 2pebween it keedrain
and the source. In the unsaturated region (the regi on where source-drain
vol t age VDS < ®ik¥¢hs sBi ur at ofin}hir @shokdrned bdge VEHforiwerdr aiirssatsur ation
t hreshol d vol tage. VTH
applied between the light-emitting elements E1,1 to
Em,n and the transistors 23 connected in series with
10 the light-emitting elements Ej,1 to Ep,n
The voltage Vgygy will be described. FIG. 7 is a
graph showing the current vs. voltage characteristic of
the N-channel field effect transistor 23. Referring to
FIG. 7, the abscissa represents the voltage value
15 between the drain and the source. The ordinate
represents the current value between the drain and the
source. In the unsaturated region (the region where
source-drain voltage Vpg < drain saturation threshold
vqltage Vry: the drain saturation threshold voltage Veg
20 ~ 1s a function of a gate-source voltage Vgg and is
uniquely defined in accordance with the source-drain
voltage Vpg when the gate-source voltage Vgg is
deﬁermined) shown in FIG. 7, when the gate-source
voltage Vgg has a predetermined valué, a source-drain
25 current Ipg increases as the source-drain-voltage Vpg

lncreases. In the saturated region (source-drain

voltage Vpg 2 drain saturation threshold voltage V)



20 is a function of a gate-source voltage VGS and is wuniquely defined in

accordanq& g@%& ggg source-drain voltage VDS when the gate-source voltage
VGS is  duPHIH shown in FIG 7, when the gate-sour cBCTAHRWOIUYLOHYGS has
a predeterm ned value, a source-drain 25 current IDS increases as the
source-drain voltage VDS increases. In 4pe saturated region (source-drain
voltage VDS ? drain saturation threshold voltage VITH) W 2004/019314

PCT/ JP2003/ 010644 28 .shown in FIG 7, when the gate-source voltage VGS
has. a predeterm ned val ue, _the source-drain current IDS is_ al nost
constant evershgin imeFLGur ée- WREPNtRB| PaGE VST G cTedsds VEsRERS @ ng to
FIG 7, gate-source voltages VGSO .to VGSMAX have a relatioqship'given by
VGSO = 0 [V] Rreqeigrrineg valyggsthe\BRATSoEHHR HHRESYE 188 *F appar ent
fromFIG 7, en fhe so%rcg-drai n _vol t% e VDS has, a predeterm ned val ue,
the source- dratRORhr FRRPEPBS FFPnEPERs g‘eassc}%ecegadfreal]srbt}’ro FA%5 R VGS

i ncreases independently of whether it is the unsaturated region or

sat ur at ed regf%ﬁ?e?ﬁeﬁddition, as the gate-source voltage VGS increases,

the drain saturati ?\@fte?é%%golt% ™M tage %%lg&ﬁf@ée‘%lgé%%ﬁst §Tibed

above, Tn the unsatura egion, when source-draln VDS

changes even té'{rg%, nbhe $oWeaetrdbaish iGrd&idn 5P whanges hn the

saturated region, t he gate-source voltage VGS's efi ned, the

source-drai n querert vpRS ks whiguelysy < Vggmax. That is, as is
apparent from FIG. 7, when the source-drain voltage Vpg
has a predetermined value, the source-drain current Ipg

10 increases as the gate-source voltage Vgg increases
independently of whether it is the unsaturated region
or saturated region. In addition,.as the gate—soﬁrce
voltage Vgg increases, the drain saturation threshold
voltage Vgpy increases.

15 Aé described above, in the unsaturated region,
when the source-drain voltage Vpg changes even
slightly, the source-drain current Ipg changes. In the
saturated region, when the gate-source voltage Vgg is
defined, the source-drain current Ipg is uniquely

20 defined independently of the source-drain Voltage Vpsg-

When the maximum gate-source voltage Vggmax is
being applied to the third transistor 23, the
source-drain current Ipg is set to the value of the
current that flows between the anode 51 and the céthode

25 of the light-emitting element Eji,5 that emits light at

the maximum luminance.

In addition, to make the third transistor 23



20 defined independently of the source-drain voltage VDS Wen the maxi num
gat e- sour VGSMAX is being applied to the thir ransi st or ,

~the sourgg)gﬁg?%gghrrent IDS is set to the val ue of the%c%aﬁ?%ﬁ@"Wﬁht

fl ows between the anode 51 and the cathode 25 of the light-emtting el enent
Ei,J that emits light at the maxi mum | umgance. In addition, to make the

‘third transistor 23 WD 2004/ 019314 PCT/ JP2003/010644 29 mmintain the

saturated region even when the gate-source voltage VGS of the third

i 23 h | VGSVAX he f diti i
e T
anode and thecsaLhodsy yolda0se WGl T BrLrgubEsd by LhenLigbLigmhiting

or e t at t

el enent Ei., max| mum I um nancé duri ng i ght
em ssion |ifeyoner tr 1) 56 ¥hat LBA4L RI&Shok dsypl L d%O

bet ween t he sggrceéghiq rain of the th?rd trans?stors g,gmg?ch
corresponds. to VGS}\@% They vnlxtg'agegvrsﬂ [ set such that the above

condition is SatISer&{ Hence even when e source-drain voltage VDS of

the thipd trangiexteovR 3 degpares limgeusetwebhethd ¥abdagendi ¥hei on of the
light-emtting element Ei,] connected in series with the transistor 23,

the source-draithodd tagetadds athviagts fal kequitrbinbyhehe ange of the
saturated state. For this reason, the source-drain current IDS that flows
to the third light—-emitting element Ei,j for emitting light at the
maximum luminance during the light emission life
period. Vopyvax is the saturation thréshold voltage
10 between the source and the drain of the third
transistor 23, which corresponds. to Vggmayx- The
voltage Vygigg is set such that the above condition is
satisfied. Hence, even when the source-drain voltage
Vpg of the third transistor 23 becomes low due to the
15 voltage division of the light-emitting element Eji, 5
connected in series with the transistor 23, the |
' source—drain voltage VDS always falls within the range
of the saturated state. For this reason, the
source-drain current IDs.that flows to the third
20 transistor 23 is uniquely defined by the gate-source
voltage Vgg.

The data driver 3 will be described next. As
shown in FIG. 1, the signal lines Y; to Y, are
connected to current terminals CTy{ to CT, of the data

25 driver 3, respectively. The data driver 3 receives the
control signal group DenT including the data driver

clock signal CKl, start signal ST1, and latch signal L



20 transistor 23 is uniquely defined by the gate-source VOI tage VGS The
i, | e described next. As shown in FIG t he signal |ines
Ho gt

data driv

Y1 to Yn

driver

3,

ted to current terminals CT1l to CTn och/ﬂ’eZOQi’ 96455

respectively. The data driver 3 receives the control signal

group DCNT including the data driver clogk signal CKl1, start signal ST1,
and | atch signal L WD 2004/019314 PCT/JP200010644 30 fromthe contro
11. The data driver 3 also receives the 8-bit red digital gray |evel

si gnal

SR, green digital %
gray |evel inma§g&C% GhEl C8BLFPOAFEN Text e

signal s are converted

driver 3. The 4&F&*dF° ng‘%g 2§ﬁfL' gF? %ﬁaﬁ%t&{%’eqe@f onj;/%%gr%%%n?t gt idg';]a.

current

| er
i mge

| evel |rn%£% signal , SG and blue digital
d?&ﬁ (EHer Fhed¥¥Rei ved digital

| DATA d t h dth ted I
Flows from  10°Rhe CERGRaFIAE REL 910 Vah TS STl (o 708 SE o
CTn of the dat ﬁl@l‘t‘éﬂrgﬁ 2y Thedray .l §\ée|Sl Vgﬁnatﬁo&n gﬂ_ﬂ_g (\%%It_e [g)fj‘fl'A i's a

current that

s equl v to the current

(curr hat

flows tosthe |ighingW ttirg ebeasrty Bldlito ERghdls lér&ae&?vélpe to emt

light at a lum nance corresponding to a gray |evel 1mage signa

rom an

external circulinto i lwgnibauels desianaty an sityented DATAhL ageedom the
lines Y1 to Yn to the current termnals CT1 to

si gnal

10

15

20

25

driver 3. The data driver 3 controls such that the
gray level designation current Iparp based on the latch
signal 1L and the converted analog signals flows from
the signal lines Yj to Yp to the current terminals CTq
to CTp of the data driver 3. The gray level
designation current Ipara is a current that is
equivalent to the current level (current value) that
flows to the light-emitting elements Ej, j to Em,h to
cause them to emit light at a luminance corresponding
to a gray level image signal from an external circuit.
The gray level designation current Ipara flows from the
signal lines Yj; to Y, to the current terminals CT; to
CTh.

The switching circuit 7 is formed of switching
circuits S71 to Sp. The switching circuits S; to Sp are
connected to the signal lines Y7 to Yp, respectively.
In addition, the current terminals CT; to CTp of the
data driver 3 are connected to the switching circuits
S1 to Sp, respectively. Each of the switching circuits
S1 to Sp receives the switching signal ¢ and a reset

voltage Vgpgr from the controller 11.



20 The swtching circuit 7 is formed of switching circuits Sl to Sn The
swi tching 1 to Sn are connected to the signal lines Y1 t
respectlvgﬁghﬁ%?%ggﬁdltlon the current termnals CT1 tol%ﬁﬁnsz@W@*4data
driver 3 are connected to the switching circuits 25 S1 .to Sn, respectively.
Each of the switching circuits Sl to Sn geceives the swtching signal 4
and a reset voltage VRST fromthe controller 11. WO 2004/019314

PCT/ JP2003/ 010644 31 A smﬁtching circuit S (the switching circuit § is

connected to the sign unn) wi t ches between two
operations: an opergt?%nkln %rcyﬁi &ﬂay&ﬁb PRG I Er rant I DATA

is supplied 5 {éoggﬂgggggah ?eEMgengF%ﬂdw@d% %ﬁbcﬁpq:the OuréFWFﬁal T

the third transi stor and the si i Né

of the data dréwffcﬁesaﬂgtﬁgenOQQEaEFggqu&My(jaéiﬁﬁﬁfﬁ%iﬂy.contr§1¥BST

having a predeterm ned voltage |evel Is output er

to the signal thaegYhy Meve1saeshbhatgah! Yuwhen t%ﬁ itCh g %hegi’a' 0

input fromthe <controller 11 to the switching cir is at high

| evel , the swifedimnghei patht bSEwedhs takf dtﬂaqrptzj&rgncpfthet he W d eds
terninal CTj. The switching circuit § 15 also outputs the reset voltage

VRST from the cbnthel tkirdlirtnstibeosi gnaladd rheYjsidanlt hamat her dwnd, when
the switching signal cb input fromthe controller 11 to the i t chi ng
circuit S is @agrfent| eeghinaheCwi pchithg drtecuiti@r Supplicesrd he gray
| evel designation current
operation in which the reset voltage Vgpgr having a
predetermined voltage level is output from the
10 controller 11 to the signal line Yj. More'specifi—
cally, when the switching signal ¢ input from the
controller 11 to the switching circuit S5 is at high
level, the switching circuit Sj cuts off the current of
the current terminal CT4. The switching circuit S+
15 also outputs the.reset voltage Vrpgr from the controller
11 to the signal line Yy. On the other hand, when the
switching signal ¢ input from the controller 11 to the
switching circuit S5 is at low. level, the switching
circuit S5 supplies theigray level designation current
20 IpaTa between the current terminal CTy and the signal
line Y4y to the path between the drain 23d and the
source 23s of the transistor 23.and thé signal line ¥y,
The switching circuit S+ also cuts off the reset
voltage Vpgr from the controller 11.
25 In the organic EL display 1 having no switching

circuit 7 for reset, assume that, e.g., .the pixel Pi,j

of the ith row on the signal line Yj of the jth column



20 | DATA between the current termnal CTj and the signal Iline Y] to the

pat h bet ain 23d and the source 23s of fhe transistor 23 and the
si gnal |Y§§ﬁ4@9&”$ﬁe switching circuit § also cuts off FﬁEJP@@@P‘MWbItage
VRST fromthe controller 11. 25 In the organic EL display 1 having no
swtching circuit 7 for reset, assume thad, e.g., the pixel Pi,j of the
ith rowon the signal line Yj of the jth colum WO 2004/019314
PCT/JP2003/010644 32 should emt light at the highest gray | evel , as shown

in FIG 9A As t hat,. f.or _thi ose, ra ev desi nation
urrent | DATA e S ed“fo pat h

c s S gt e R E0hr e I8y LoBt Lo o= hAEn

bet ween t he dr.ai ]ﬁh %gh qﬁghe squrce 2 the third tr S|stor 23 and

t he signal Iiﬁ@ j S%ﬂﬁe;hé%ﬁlggfl ?Sgurgfseth ©t PREY a

hi ghest gra I A urren is_much | ower

thgn thegvo?/t age\é%l\/L%léla%ga ﬂ?rgr ence voI Vggwb? Eﬁelécrc%%rj%}ﬁ&s[ﬁ gnal 10

power supply G thate Vxﬁ?lﬁgels{)/oéd%ﬁiféddtgf BhENEGnDBLIRED:! @ﬁeca&ra%t

term nal CTj t age t he conmon sighal power supply 6 is
sufficiently J=afggqgFofe tibgréeasnd, o2 LARIGHGHHN @PhncaBtHaPhal \nle
supplied to the path between the drain 23d and the 15 source 23s of the
transistor 23t dhensl gnahe | YN ingOotBbaLEe cuR ibheppat 88l trig %
capaci tance of the signal line Yj, and a steady state can quiCkly be set.
Next, assune dtiad ¢ihee pi xehidhedt; jgpayt heveltivpllhagewabbubd tewi t | i ght
at the | owest gray |evel |um nance. Assune

current terminal CT4 is much lower than the voltage

?‘c

Vi,ow and reference voltage Vgg of the common signal

10 "power supply 6. That is, the potential difference
betweeﬁ the current terminal CT4 and the voltage Vigy
of the common sigﬁal power supply 6 is sufficiently
large. For this reason, a large current can rapidly be
supplied to the path between the drain 23d and the

15 source 23s of the transistor 23 and the signal line Y5
to charge up the parasitic capacitance of the signal
line Yj, and a steady state can quickly be set. Next,
assume that the pixel Pi+1,j of the (i+l)th row should
emit light at the lowest gray level luminance. Assume

20 that, for this purpose, the gray level designation
current Ipara having the minimum current value (the
current value is not zero) is to be supplied to the
signal line Y4.. That is assume that the potential of
the current terminal CT4y is to be changed to a lowest

25 gray level voltage V1sb which has a small potential
difference to the voltage Vygy of the coﬁmon signal

power supply 6 by supplying the very small gray level



20 that, for this purpose, the gray |evel designation current |DATA having
t he m ni My s value (the <current value is not zero) is to be
supplied to thgnﬁgﬁanal line Yj., That is assune that thé%H&FEWPﬂHWM6f t he
current terminal CTS is to be changed to .a | owest 25 gray |evel .voltage

VI sb which has a small potential differenge to the voltage VLOWNof the
common signal power supply 6 by supplying the very small gray |evel WO
2004/ 019314 PCT/JP2003/ 010644 33 designation current | DATA" and the gray

I | desi L OF :ent |d th et in _the t ead tate.
Atevtehi S te?kg?a(?%gﬂg%é%tgﬂth?ﬁgﬁgzggg%'cI?l%%' B:%SG;ScﬂI@:i’ iJT‘F“E%Spar a)s/i fi C

capaci tance of gtbeqpashgnalkhiR8+ Yk, waen 4 evel desi.gnation current

| DATA for the ith <rJOSV 'S sublplri%eé: ??AiTﬁ’r S’eh%%lilgi; attxhﬁjss\ﬁer ésaegcor}%t pot enti al

di fference thattegnyespards tay thhe ¢hande iy RQLENt als of, the signal line

Y] per unit tine bgcorres smal | . All onga{é?rrgﬂr%ay i %ﬁerﬂe%ofr ec%aergfos_ required

until the potemhish afetBeosicgnah kh@ep\éiréﬁti@%%%%\}{ﬂagmé gﬁf hest gray
sb and”se

| evel voltage Vhsb to the |owest gray |evel voltage in the
steady 5tate.signatldiihenyswibent hBeseirect ilevderdad ghskich SBl-dft be
short, a difference corresponding to a 15 voltage VDF 1s generated before
the potential EpagheSort hoel awbstrogr dy Ilseppll ieel tiage Mgeh. Hepcenpithe pixe
Pi+1,] cannot emt light at an accurate |um nance. The organic EL display 1
of this enbodi AeAEoRas thenpodwintdhilndidifieqeirtce? thdn e rmssphasn Hal Fl G
9B,

the change in potential of the signal line Y4 per unit
time becomes small. A long time may therefore be

10 '_required until the potential of the signal line Yy is

| changed from the highest gray level voltage Vhsb to the

lowest gray level voltage Vlsb and set in the steady
state. In addition, when the selection period Tgg is
set to be short, a difference correspdnding to a

15 voltage Vpgp is generated before the potential reaches
the lowest gray level voltage Vlsb. Hence, the pixel
Pi+1,5 cannot emit light at an accurate luminance.

The organic EL display 1 of this embodiment has

the switching circuit 7. Hence, as shown in FIG. 9B,

20 the switching circuit Sy forcibly switches the
potential of the signal line Yy to the reset voltage
VrgT much higher than the highest gray level voltage
Vhsb during the non-selection period Tygg, i.e., before
the gray level designation current IﬁATA for the

25 '(i+1)th row is supplied to the path between the drain
23d and the source 23s of the transistor 23 and the

signal line Yj. During the selection period Tgr, the



20 the switching circuit S forcibly switches the potential of the signal
line Y] tQ.t et voltage VRST nuch higher than the hi ghest gray |evel
vol t age 8%§£8ﬁﬁﬁiﬁg the non-sel ection period TNSE, i.e. PC @?BWEgHWﬁb gray
| evel designation current |DATA for the 25 (i+l)th rowis supplied to the
path between the drain 23d and the sourgg 23s of the transistor 23 and the
signal line Yj. During the selection period TSE, the WO 2004/019314

PCT/ JP2003/ 010644 34 anmpunt of charges stored in the signal line Y,

~serving as a parasitic capacitance quLckhéPchan es_so . the signal line Y,
can rapidly b8MeERTaPfa et EftEed .11 Fohe t P enRrbasdbRe EyetCHRERS t he
gray |level designation § current |DATA for t el§i+l th row has a very snal
current val ue28ofr BEpATdiMY tTRIE 1S TG ALY eGRANICEhE pbERnti al ~ can
qui ckly reach _the_l.owest ay.level . voltage S The.reset,. vol t age VRST
is set to be ﬁilaﬁlgtl \tﬁﬁélr? gﬁrﬂo THie a|1pglhe§3f bg%a‘?’/é/#e%iél avoﬁggggo%%bl.a he
hi ghest gray devel ;woltage Vhsbd i h e t N accordance
wi th charges g?%r?él%hx%%e é?bﬁ%yéfiiéépYQhétgr%% g§¥?%eéé§égﬂ?gve

desi gnats on Cl&g&%&m‘ @M&? N%g(@s%ﬁfwﬁ_eﬁéwvaggeae%@ Efa &g MBXi mum

gray level 15 driving ent he maxi numgray |evel driving current
| MAX fl ows to uheddtgRiaian tdd igeShom@tS €3, thet 0okBLR WhED 1hey1emit

light at a maxinumgray |evel |um nance LMAX for brightest |ight during
the sel ection thpeiddnkSk1 Mee @ieferabtyachheheesevexol gage VRS1I s
voltage Vlsb.
The reset voltage Vgygr is set to be higher than
10 the highest gray level voltage Vhsb. The highest gray
level voltage Vhsb is set in the steady state in
accordance with charges stored in the signal lines Yy
to Yn by the gray level designation current Ipapa which
has a current value equal to a maximum gray level
15 driving current Ipmax. The maximum gray level driving
currént Imax flows to the light-emitting elements Ejp j
to Ep,pn when they emit light at a maximum gray level
luminance Iypy for brightest light during the selection
period Tgg. More preferably,.the reset voltage Vygr is
20 set to be equal to or higher than an intermediate
voltage that has an intermediate value between the
lowest gray level voltage Vl1sb and the highest gray
level voltage Vhsb. The lowest gray level voltage Vl1sb
is set in the steady state in accordance with charges
25 stored in the signal lines Yj to Y, by the gray level
designation current Ipara Which has a current value

equal to a minimum gray level driving current IyTy-



20 set to be equal to or higher than an internediate voltage that has an

i nt er medi etween the |owest gray |level voltage Vlsb and the

hi ghest g?%(,;/mblg}g\&/%llpvoltage Vhsb. The |owest gray | evel &&Tf'lgé@?’m@ﬁ“is set.
in the steady state in accordance with charges 25 stored in the signal
lines Y1 to Yn by the gray |evel designatison current |DATA which has a
current value equal to a mninumgray level driving current IMN WO

2004/ 019314 PCT/ JP2003/ 010644 35 The mininmum gray |evel driving current

N0 o S GET e ST L LI S p st e e e
0 A for darke | i _ reset, volta VRST, e preferably has a
val ue equal to%thgr lgg’?lg ;Eﬁlgr%lhnggsleolﬁ\é%%n%gg%ﬂdJev%?%ma@ée]‘%ﬂ SRy A Eanpl e
of the switchiRgnGinkgdt FaPf1dNe It w |l ,be described. The
switching cirecul t S s g?c?r%}s)tli t ut edl‘%?/”g %%Wrgg%‘fes‘{%?’ 31"Formed of a

10 P-channel fighgealtf aetvedir ansingtr @ngh & fif th t&ﬁﬁ??ﬁojgi%ﬁtforﬂ?g of
e o0 e

an N-channel field effect transistor. The gate electro t ransi stor

31 and she ga&@seke%ﬂ@ﬁ@@fvg%p Ifldlaeﬂsgb_ﬁéﬁr_aagls@r@as C&“@@P\Eﬁdecg@ai
controller 11 so that the switching 15 circuit § receives the swtching

signal The sowrceocekedtraodeinf tdveedt ansaptiuveal voLEopaeeigd to the
signal line Yj. The drain electrode of the transistor 31 is connected to
the current terni naArCHxamfle hef dete siwivenisy dhecdiai 55ebectrodgtiof the
column will be described. The switching circuit Sj is
constituted by a fourth transistor 31 formed of a
10 P-channel field effect transistor and a Ffifth
transistor 32 formed of an N-channel field effect
transistor. The gate electrode of the transistor 31
and the gate electrode of the transistor 32 are
connected to the controller 11 so that the switching
15 circuit S5 receives the switching signal ¢ . The
source electrode of the transistor 31 is connected to
the signal line Yj. The drain electrode of the
transistor 31 is connected to thé current terminal CTy
of the data driver 3. The drain electrode of the
20 transistor 32 is connected to the signal line Y5. The
source electrode of the transistor 32 is.connected to
the controller 11 so that the switching circuit 85
receives the reset voltage Vggr. 1In this arrangement,
when the switching signal ¢ from the controller 11 is
25. _.rat.highfleVél, the fifth tranSiStor'Bz.is turned on
while the fourth transistor 31 is turned off. On the

other hand, when the switching signal ¢ from the



20 transistor. 32 is connected to the signal line Yj. The source eI ectrode
of the trﬁ’BSioﬁf/@l 3 2 is connected to the controller 11 5 t hat

swi tching circui receives the reset voltage VRST | nt ﬁ?guﬂngﬂﬁenent
when the sw tching S|gnal O fromthe controller 11 is 25 at high-level, the
fifth transistor 32 is turned on while tfe fourth transistor 31 is t ur ned
off. On the other hand, when the switching signal fromthe WO 2004/019314
PCT/ JP2003/ 010644 36 controller 11 is at low level, the transistor 31 is

turned on while the ranS|stor 2 is turned off. The tranS|stor 31 may be
set to a P-ch&MdiT &n&stﬁg hvanksSebr @Een%a%@%E?rt% ah®N- channel

t . In thi nmod f t h
changed by Lim"a%ﬁ R EH AR SOr Tohi 7 8 éﬁsw'lé‘% Sthe pRPod of
th i t chi |_.4 th t I be d bed h
A shown 1n 10TFIG: %ﬁ@ﬁ*ﬁ}’e Bt Bh Soxrir A et beSs FEE EBBiying
the ON | t .t t X1 th

e ON vol tage NON.{0.ane 0l g, el &etL ooy SEanRLAgeY i pes X1 tg iyt he

swi t chi ng si gna input ~"to the contro

ot her and, g t PELEI T, t ekection
canni ng dr ver et 4 S R R Do S PR aal T he s e ect | on

scanni ng | inesi Xletghodl Bhe-evd O Nhsi gRALe (Bri BRYL s tERengontrol | er
11 is at high level. That is, the switching signal O input to "the
controller 11 ¢gmwalpubse si gnal whi ch changes to

The period of the switching signal ¢ input to the
controller 11 will be described here. As shown in .

10 FIG. 8, when the selection scanning driver 5 is
applying the ON voltage Vony to one of the selection
scanning lines X1 to X, the switching signal ¢ input
to the controller 11 is at low level. On the other |
hand, during the non-selection period Tygg when the

15 selection scanning driver 5 is applying the OFF voltage
Vorpr to all the selection scanning lines X7 to Xp, the
switching signal ¢ input to the controller 11 is at
high level. That is, the switching signal ¢ input to
the controller 11 is a pulse signal thch changes to

20v high level for each of the m non-selection periods Tygg
in one selection period Tgg.

The switching circuits S7 to Sn are circuits which
switch between two operations: an operation for
supplying the gray level designation qurrent IpaTa from

25 the signal lines Y1 to Y, to the current téfminals CTq
to CTp in accordance with the switching signal ¢ from

the controller 11; and an operation for forcibly



20 high level for each of the mnon-sel ection periods TNSE in one

sel ecti onwesdoPP1o8RE The switching circuits S1 to Sn are cjrcuits which
switch between two operations: an operation for supplyiﬁgkpﬁgmépgym1evel
designation current | DATA from 25 the signal lines Y1 to Y. to the current
termnals CT1 to CIn in accordance withsthe switching signal ~ from the
controller 11; and an operation for forcibly WO 2004/019314

PCT/ JP2003/ 010644 37 charging the signal lines Y1 to Y. to the reset

vol tage VRST Wen.the _switchin i.gnal in fromthe controller 11 is
2t 1ow I evel , CRogOing, ARG SERBA s diidi ori Pt T FRERT TRRP bf VEHeRee

sel ection scapning 5.1ines, X1 m.._each. swiching circuit turns on the
transi st or 31%%§§'ofwhﬁﬁe PFaﬁ§§39§;quS%@?$.tﬂié%pgﬁeﬁiFPbﬁgmihe gray

| evel designat] rrent -1 DATA+ fl owe he, current_term.nals CTl to CIn
through the tgggﬁsr%géte\%eé% ?ﬁe%&r allon %&eainbl th%’ ’so%l%%lem'gzgiléh%f the 10
transistors 23 angdihe $.998lg |T'$%fﬂorfa@|gf m@{géef@c%fwgéé igggnal 4

input fromthe controlleéer 11 1s hi g evel, uring the

non- sel gct i 0N 10efd0¢; TNSEX O caldh thei 5eh 8BS | ONr SEANNE RGNS | HESERd to Xm
each switching circuit turns off the transistor 31 and on 15 the

transistor 32.trAnditert 318 add@ f ahe eveansdeso et | ongLek rentis | DATA does
not flowto the drains 23d and sources 23s of the transistors 23 and the

signal |ines Ybdmatlon, ndheadirahel ot endéeai gnatishecusignal IHjipes Y1 to Yn
are forcibly set to the reset
flows to the current terminals CT; to CTy through the
paths between the drain 23d and the source 23s of the
10 transistors 23 and the signal lines Yj to Yn. When the
switching signal ¢ input from the controller 11 is at
high level, i.e., during the non-selection period Tysg
of all the selection scanning lines X7 to Xy, each
switching circuit turns off the transistor 31 and on
15 the tramnsistor 32. At this time, the gray level
designation current Ipara does not flow to the drains
23d and sources 23s of the transistors 23 and the
~ signal lines Yj to Y. Instead, the potentials of the
signal lines Y1 to Yp are forcibly set to the reset
20 voltage Vggr.
Hence, in the selection period Tgg of each row,
the gray level designation current Ipara flows from the
- signal lines Yj; to Yp to the current terminals CTq to
CTp. On the other hand, in the non-selection period
25 Tnsg between the rows, the reset voltage Vggr is
forcibly applied to the signal lines Y; to Y,. The

charge amount of the parasitic capacitance of the



20 vol tage VRST Hence, in the selection period TSE of each row, - the gray

| evel desh?“&@&ﬁﬁ current | DATA flows fromthe signal lines Y1 to Ynto
the curre Afis CT1 to CT.. On the other hand, inPEREPHEHOWEMection
period 25 TNSE between the rows, the reset voltage. VRST is forcibly
applied to the signal lines YL to Yn. Th charge anmobunt of the parasitic
capaci tance of the WD 2004/019314 PCT/JPZ003/010644 38 signal lines Y1 to
Yn becones al nost the sanme as the charge anount when the small gray |evel
designation current |DATA flows, and the steady state is set. For this
reason, even wHemalhdings &ut Smalle RFCORes grupost | Ebel s@wsi ghathen current
| DATA is very small, the steady state can quickly be set. In the selection
peri od TSE of &IPS GROW e hith the i $BR1L gERYrAPBslt fesdpaptienel

desi gnation current . I.DATA whi ch should _flow fromthe, conrmon signal supply
10 1ines 21 { CHRYY (AT TIRHET RGPS ETI2H8 ETRESL AFOdGh - { haoT
transistors 23, transistors 21 i gna. lines Y1 to.Yn, and. sw.tching
circuits S1 t§ﬂ§ﬁ TP CTur T ent @%%%ek%? FHErEPéyVFé98IOgegpﬁngfﬁgn current
| DATA i g equal t ; { the_drivypn nt ichis
supplie§ to t&éqé%ﬂﬁééiﬁﬁfﬁﬂﬁyq%#ﬁ%%%FSEE%?& #% %ﬁ%% %ggggﬂsgw?henlto em t
light at a |umaoanceiay layeluforigspandbpg to image data. A method of

causing the data driver 3, selection “scanning driver 5, and comon signa
power supply 6 to 1n the selection period Tgg of each row, the data

driver 3 generates the gray level designation current
IpaTa which should flow from the common signal supply
10 lines Z7 to Zp to the current terminals CT7; to CTp
through the transistors 23, transistors 21, signal
lines Y7 to Yy, and switching circuits S; to S;. The
current value of the gray level designation current
IpaTa is equal td the current value of the driving
15 current which is supplied to the light-emitting
- elements Ej 1 to En,p to cause them to emit light at a
luminance gray level corresponding to image data.
A method of causing the data driver 3, selection
scanning driver 5, and common signal power supply 6 to
20 drive the organic EL display panel 2 and the display
operation of the organic EL display 1 will be described
next.
As shown in FIG. 8, on the basis of the selection
scanning driver clock signal CK2 received from the
25 controller 11, the selection scanning diiver 5
sequentially applies the ONl&bltage VoN to the

selection scanning line X1 of the first row to the



20 drive the organic EL display panel 2 and the display operation of t he
organic E w Il be described next. , As shown in on the
basi s of ?ﬁgm?grg%%%on scanni ng driver clock signal CK2 PEEQ?yQWOFW$h1the
25 controller 11, the selection scanning driver 5 sequentially applies the
ON vol t age VON to the selection scanning3kine X1 of the first rowto the
WO 2004/ 019314 PCT/ JP2003/ 010644 39 selection scanning line Xmof the nth
rowin this order (the selection scanning line X1 follows the selection

.scanning |line n t| p d sel ect, the
electlo% scan%?g%c ?%g g&%@%ggiﬁél% %%bcgggg} §5bﬂx§%éﬂhl 9 i9%ELIX1 to
Xm are scanned *Het é§ecgrg%rsd§%?ﬂ%€ ggigy wﬁg% the . ectlo .scanni ng

driver 5 sequentla [y selects an 5§t 49hes, the

common Slgna|_Q@&ﬁﬁlﬁgpmhﬁeGqutQH&%H%O@QEEfg%l t%:a%i he .common
signal ..supply lines .~ The- common signals Lﬁ 16t Sﬁhnnn

signal supply stises Zhet @eZ@c&;h%rzS}é&%*ﬂ{n%igzqfiﬂé t h o{%{;ﬁ aI |
pixel circuits D1,1 to Dmn, the comon signal of the vo éfVL

i nput toSthe sseieetibrctrad®i?s 1inesf X thsggfgrgi:é rﬁih”‘dn%c@&:?ﬁ: %d the
source electrode 23s of the third transistor I n addition uring the

sequential scaPhiigy. by the selection scanning driver, the data driver 3
receives and latches the 8-bit red digital gray | evel i mge

Slmultaneously when the selection scanning driver
5 sequentially selects and scans the selection scanning
lines, the common signal power supply 6 outputs common

10 signals to all the common signal supply lines 27 to Zp.
The common signals output to the common signal supply
lines Z; to Zp are synchronized with each other. In
all pixel circuits Dj,1 to Dy, pn, the common signal of
the voltage Vygy is input to the source electrode 22s

15 of the second transistor 22 and the source electrode
23s of the third trénsiétor 23.

In addition, during the sequential scanniné by the
selection scanning driver, the data driver 3 feceives
and latches the 8-bit red digital gray level image

20 signal Sgr, green digital gray level image signai Sar
and blue digital gray level image signal Sg from an
external circuit on the basis of the data driver clock
signal CK1l input from the controller 11. When the
selection signal Vpy that selects the seiection

- 25 scanning line X; 1is output, the switchiﬁg,signal ¢ is
synchronously input to the switching circuit 7. The

switching signal ¢ turns on the transistor 31 and off



20 signal SR, green digital gray level image signal SG- and blue digital
gray level image signal Sg froman external circuit on the basis of the
data dri v&P 2@?‘@%’1?314si gnal CK1 input fromthe controller RCT/IVHEH01064

sel ection signal VON that selects the selection 25. scanning line Xi is
output, the swtching signal 0 is synchQﬂpously i-nput to the sw tching
circuit 7. The switching signal O turns on the transistor 31 and off WD
2004/ 019314 PCT/ JP2003/010644 40 the transistor 32. The gray | evel
designation currents | DATA having current values based on the gray |evel
of the |atchédesitgrralsistow 3. t e Wrayit Levehi dafsgcatiionoc@inentst he
data driver 3 through the common signal 5 supply line Zi, the paths between
the drains 23dDamd REE.RHFEEEDBVHfUeHebPRFEASPEt BRe 2Bapf lewelppkel s

Pi,1to Pi, n, the paths between the drains 21d and the sources 21s of the
transistors 2FN6F YHEH%FEIFRL HPW PO nChgngurhensi §RERinghesCY1 to Yn

10 When th I ' [ | .of ON J | _VON i ' tput tot [

ol eotton Scamfl (0 (4o SHe SF R cHbtTn? ok BRARIBT CAF CPEVED PLSBRLpuL Lo

th ini l.ect ' | i 1.to0 X t_ Xi). Thi i od
o the Sol oot PSY i B oE: bf CORGPEE (ROFBRE P ERRe At RoPS RpPRET o
[ its D,1 ' LEh L [ d d

ransi stor 22 Be U FT TRE B el o FRU S B 1 2000 DR s PEYELR: the

pixel circuits. D, ledopDi, n)tRE bhens rEERLAEATtheWEraie bhbShnkr @RS stor

21 and second ~’ !
sources 2ls of the transistors 21 of the pixels Pj 1 to
Pi nr and the signal lines Y; to Yy.

10 When the selection signal of ON level Vgy is being
output to the given selection scanning line Xj, a
selection signal of off level is output to the
remaining selection scanning lines Xj; to Xp (except
Xj). This period is the selection period Tgg of the

15 ith row. Hence, for the pixel circuits Di,1 to Dj p of
the ith row, the first.transistor 21 and second
transistor 22 are ON. For the pixel circuits Di,; to
Dp,n (except the pixel circuits.Dill to Di,pn) of the
remaining rows, the first transistor 21 and second |

20 transistor 22 are OFF.

That is, when the voltage Voy is applied to the
selection scanning line X4 during the selection period
Tgg of the ith row, the first transistoré 21 and sécond
transistors 22 in the pixel circuits Dj,1-to Di, are

25 turned on. At this time, the voltage Vigy from the
common signal supply lines Zj to Zyp is supplied to the

drain electrodes 23d of the third transistors 23 and



20 transistor 22 are OFF. That is, when the voltage VON is applied to the
sel ect i onvee@ asmijo ine Xi during the selection period of -the ith row,
the first transggfgés 21 and second transistors 22 in tﬁgﬁbFQQP”%mytuits
Di,1-to Di,n are 25 turned on. At this tinme, the voltage VLONfromthe
common signal supply lines Z1 to Zmis supplied to the drain electrodes
23d of the third transistors 23 and WO 2004/ 019314 PCT/ JP2003/ 010644 41
the drain electrodes 22d of the second transistors 22 of all the pixel

circuits D1, 1 te.Dga.; S.qul ously, the data drjver 3 is going to
supply the gray | ev%llndgg:éé%\%{&%ﬁ %%rd)r/gn H%A‘Isﬁctod‘c{ He AR YHRTS d%rmi nal s

CTl to CT, in agcgndarge Withqt - ign At this tinme, the
switching signal 0 is in\g‘lﬂxté r%%cﬁg%%orﬁs 'g-l ?Jeor o tHE SR ng

circuit 7 to bulslyon thise dahansirSts 33%1532{;%%8}‘5 eﬁtoggst&rl:lgpgl it%eorﬁsﬁﬁf '

2
Hence, the current termnals CTl to CIn ar 'y T ted to

t he common si glaleldupplsy gniaf@ onlicurHae +val e tyY- QY of nmon si gna
supply line Zi is set to be higher than t ot e%al%&%}%ﬁe current

termnal § CTl ter@inalBoCTyhite 0FASAR, azcor@ldraae Wial Suppldies, the gray
| evel designation 15 current | DATA to the path between the source and the

~drain of the tBilggatrdnsi $tothdd itsmapplihed hattegemd he grgat ep 23g and t he
source 23s and between the source 23s and the drain ZSJJof the third
transi stor 23. 1TREtcdrPEntthealcoatabliles grlayd el stesignald @ircuit 7
to turn on the transistors 31 and off the transistors
32. Hence, the current terminals CT; to CT, are
10 electrically connected to the common signal supply line
Zj. The voltage Vigy of the common signal supply line
Zy 1s set to be higher than the potentials of the
current terminals CT; to CT,. For this reason, a
voltage that supplies the gray.level designation
15 current Ipara to the path between fhe source and the
drain of the third transistor 23 is applied between the
gate 23g and the source 23s and between the source 23s
and the drain 23d of the third transistor 23.
The current value of the gray level designation
20 current IDATA is based on the red digital gray level
image signal Sy, green digital gray level image signal
S, and blue digital gray level image signal S input
to the data driver 3. During the selection period Tgg,
the data driver 3 stores charges in the capacitor 24
25 between the gate 23g and the source 23s of the

transistor 23 of each of the pixel'Pi 1 to Pj . With
4 ’

this operation, the current value of the gray level



20 current IDATA is based on the red digital gray level inmage signal SR
green di gj | evel imge sighnal SG and blue digital gray |eve

i mage sighgfﬁgﬁﬁﬁ%ﬁut to the data driver 3. During the g@F@%ﬂWéﬂ“ﬁ@#iod
TSE, the data driver 3 stores charges in the capacitor 24 25 between the
gate 23g and the source 23s of the transjstor 23 of each of the pixel Pi,1
to Pi,,. Wth this operation, the current value of the gray |evel WO

2004/ 019314 PCT/ JP2003/ 010644 42 designation current |DATA that flows to

the current ternminals CTl to CTn of the data driver 3 through the common
signal supply 18T/t PpaF AR EbépaERNtRAE TdPYSnEo2SdeasyrrRBtSOUr COS

23s of the transistors 23 of 5 e pixels Pi,1 to Pi, n, the paths between
the drains Zi%e%la[]f% é%hrE‘és&gmsgﬁf t{"ﬁed?tan@étv&rs 32 Fhgrughe thEi xel s

Pi,1 to Pion, d th ' N 1 to,Yn | inth t tate.
That i9, the e TbVE CULLI HEETSnleRPr Ght FRTROAR A5 ¥ SpRodBEer mi ned
10 t I ' | i t t th drai 23 th
our oes 235 of STHEY ot Shar 5155 GPPCE a2 AE(HEs B TIPSR AT OATPoP T hat

h [ | . har, I dur.i ; I, i od
TSC or e, 1R SUREr Wor bt 1L KG [PaRG: SPer D33 Ts I sing Lo ceapRy b

driving curren;hayidoride C8618BEs YakugredHal thanlhe tgnay Jheyel cfesi gnation
current | DATA at least for a tine corresponding to. one scanning period

TSC or nore bypikel€hal gestonpthg, capackher s24na1Thathdss. vt kg gapagitor 24
serves as a storage neans for

set in the stead state. That is, the gray level
designation current Ipara having a predetermined

10 current value is supplied to the paths between the
drains 23d and the sources 23s of the transistors 23 of
the pixels Pj, ;1 to Pj p. After that, the capacitor 24
can hold the charges at least during one scanning
period Tgc or more. In other words, the transistor 23

15 is going To supply a driving current having a current
‘value equal to the gray level designation current Ipapa
at least for a time corresponding to one scanning
period Tgc or more by the charges in the capacitor 24.
That is, the capacitor 24 serves as a storage means for

20 storing the curfent value of the gray level designation
current IpaTa that flows during the selegtion period
Tgg and flowing a driving current having a current
value equal to the gray level designation current Ipama
to the light-emitting elements Ej 3 to Ei n during'the

25 non-selection period Tygg.
| Hence, during the selection period Tgg of the ith

row, the first transistors 21 and second transistors 22



20 storing the current value of the gray |evel designation current |DATA
that fl owsy@lbgosogosihe sel ection period TSE and flowng a driving current
having a current value equal to the gray |evel designatﬂgﬁmEHWPgHW“FDATA
tothe light-emtting elements Ei,|I to Ei,n during the 25 non-sel ection
peri od TNSE Hence, during the selection pggiod TSE of the ith row the
first transistors 21 and second transistors 22 WO 2004/ 019314

PCT/ JP2003/ 010644 43 of the pixel circuits DO ill to Di,n of the ith row
are turned on rdingly,..the.gray level designation .current |DATA
supplied from ?Eéﬁgfg %g#iﬁéégwgﬁo ¥nl t e nd&tta W6 vid 9% afiored in

t he capacitor 5. eachy, hxel .circuits. D ,l. to Di,n of the ith
row. In each %?rr{?%% %lﬁkelAglé?%ﬁlngigi, f%teo PRAYn L1Edede SR 2 Hioms|
circuits D, 1 L) h LAI ous, fiir t ransi.st 21 and
second transi s{:gg%%ﬁapg‘&a&;uﬁﬁeﬂ%ég, %tgr??en \gﬁlaeytslqg\?&l dlégllegsn Y gP rent

| DATA is not lfostpeedatd §heveapachEoLs 24 Oft he i-nj. .dghat is,
the third transistors 23 of the renui nisng rovvsln caﬁngﬁﬁ@&v%%ceﬁ%roafy | evel

desi gnat$on cueaentof DATA phseleserthed sabgve, t@U"Di-”Cél‘ e 138! eqt on,period

TSE of the ith row, charges between the gat'é and & source of 15 the

third transistdn @8chrefrebei pegebyceachiafs the ; pioxel, i r@idesptDitye tO
Di,n in correspondence with the gray |evel déSignati o current |DATA
Accordi ngly, théxethaipesibetepn theDgatye afd thiee reaaicdef ridies,t hied
transi stor 23, which have been stored so far, are
first transistor 21 and second transistor 22 are OFF.
Hence, the gray level designation current Ipppa is not
10 stored in the capacitors 24 of the remainiﬁg YOWS.
That is, the third transistors 23 of the remaining rows
cannot flow the gray level designation current IpaTa-
As described above, during the selection period Tgr of
the ith row, charges between the gate and the source of
15 the third transistor 23 are.reéeived by each of the
pixel circuits Dj, 1 to Di,n in‘correspondence Qith the
gray level designation current Ipara. Accordingly, the
charges between the gate and the source of the third
transistor 23, which have been stored so far, are
20 refreshed. During the plurality of non-selection
periods Tngg after the selection period Tgg of the ith
row, the pixel circuits Dj 1 to Dj n supply driving
currents (the driving currents have the same level as
that of the gray level designation current Ipapa)
25 corresponding to the charges stored between the gates

and the sources of the third transistors 23 to the

light-emitting elements Ej,1 to Ei,p, thereby causing



20 refreshed. During the plurality of non-selection periods TNSE after the
selectio I E of the ith row, the pixel circuits D, 1 to Dien

suppl y dﬁ?@ﬁﬁgﬂggggrents (the driving currents have the BOTAIPI00Y/106485 ¢ hat
of the gray |evel designation current |DATA) 25 corresponding to the
charges stored between the gates and thg,sources of the third transistors
23 tothe light-emtting elenents Ei,1 to Ei,n, thereby causing WO

2004/ 019314 PCT/JP2003/010644 44 themto emt light. As described above,
"the selection scanning driver 5 line-sequentially shifts the selection
signal from Rew tsemidwli@hthe nth row. Accordingly, the gray 5 |eve

D onof the first RavasCHIRE A e rEor Sobrraien BRARnSROt RELHER row i n
e e firs [ r row in
accordance w th .the red digi.tal. gray. Level. image signal . SR een digital
Groy lovel | migd digasal it i 56 ot (S Tef L oL PR ESE gnal | o8
input to the ta .drd.Vv W, t hi ratJ ar ed

bet ween t he gf’i:t%ee afﬂ1$%%?o£§rocg% ng%l?:hﬂ?‘ﬁi rdAgg?%%%?%fgf gggaéég&ef reshed.
Wien sugh |ing-sgqu F L LS+ T e i i C ed on
the 15 gispla?’sectﬁ%%h%hg?ﬁgﬁgqggggﬁﬁg §§£ﬁ$sg%%§§ﬁ%%§€53#§a$%2pgggration
of causing the i xelxLi rGuidisidd .o, forHipp Loofeerd veithe ghayrhevel

designation current | DATA during the selection period TSE of the ith row
and the operatiih pixepusimgiithe by ght ténbfit{Ngf the mth row in

accordance with the red digital gray level image signal
Srs -green digital gray level image signal Sg, and blue

10 digital gray level image signal Sg input to the data
driver 3. With this operation, the charges stored
between the gate and the source of each third
transistor 23 are refreshed. When such line-sequential
scanning is repeated, an image is displayed on the

15 display section 4 of the organic EL display panel 2.

The operation of causing the pixel circuits Dj j

to Dj, pn to receive the gray level designation current
IpaTa during the selection period Tgg of the ith row
and the operation of causing the light-emitting

20 elements Ej, 1 to Ej p to emit light on the basis of the
received gray level designation current Ipara will be
described here in detail.

During the selection period Tggp of the ith row, a

selection signal of the ON voltage Von is output from

25 the selection scanning driver 5 to the selection
scanning line Xi of the ith row in accordance with the

control signal group Geyr including the clock signal



20 elenments Ei,1 to Ei,n to emt light on the basis of the received gray
| evel deswgnajl rrent | DATA wll be described here in detail. During
the sel ection !;‘)/girbiz’gﬂ TSE of the ith row, a selection si AP HEON
voltage VON is output from 25 the selection scanning driver 5 to the
selection scanning line Xi of the ith rowgsn accordance with the control
signal group GCNT including the clock signal WO 2004/ 019314

PCT/ JP2003/ 010644 45 CK2 fromthe controller 11. Then, the first

transi stors 21C§Qdf§§ﬁggﬂet EBB%E%tﬁre& izlﬁgor |Tﬁ3|eelr5(|t hfg_feepi xel circuits D,1 to

Di,n connected to t ectron” “§cann Setstn the ON state

during the 5 sekggtiep,perb9d JSE. t tart_ of t sel ectiaon period
TSE of the ith row, t'hg commrall ?igr?gltonc- :Cr%aenss Sotortsn gt VAN Dur i ng

the selection pexk0dcI8E19ks bhe. i th maw,_ t V. \Y is.applied to
pexeadTets the 1 b ta, Uinsligesongllis sagli s

all the conmon signal supply INnes Z1 nieh I nce
transistor 22 ksafhing Vohtage bsecapRid ad, a4RN A 48 Qﬂ%neds‘?;t‘i{g ode 23g
r [

of the third transistor 23. Hence, the third transisto ur ned on.

Furthernbre, wheheatgomepeedbdn®sef. th& HHghtHH td4 ﬂﬂueehseé'ipe@t%cﬁl | to E
,n of the selected 15 rowis to be caused to emt light during the

non-sel ection period TsﬁEottbhbeiﬁesmbmbeiﬂéﬂdﬁﬁmqﬂ'Higﬂgﬂféﬂgﬂggg £
controls the potential of one of the current termnals CIl to n, which
corresponds tothRevoebRAMMVLOWbe Dagded tiheerdlddtghn derikel ITyero#t han the
the ith row, the voltage Viow is applied to all the
common signal supply lines Z1 to Zm. Since the second
10 transistor 22 is ON, a voltage is applied even to the
gate electrode 23g of the third transistor 23. Hence,
the third transistor 23 is turned on.
Furthermore, when a given column of the
light-emitting elements Ej, 1 to Ej p of the selected
15 row is to be caused to emit light during the
non-selection period Tygg (to be described later), ﬁhe
data driver 3 controls the potential of one of the
current terminals CTj; to CT,, which corresponds to the
column to be caused to emit light, to be ldwer than the
20 voltage Vyow. Accordingly, in the column of the pixel
circuit Di,jr which should emit light, the gray level
designation current Ipara flows from the common signal
supply line 74 to the data driver 3. When a given
column of the light-emitting elements Ej,1 to Ej p of
25 the selected ith row is to be inhibited from emitting
light during the non-selection period Tygg (to be

described later), the data driver 3 controls the



20 vol tage VLOW Accordingly, .in the colum of the pixel circuit D-J;

whi ch sh ght, the gray |level designation current ! DATA flows
fromthe c3ﬂmﬁﬂ&éf%nal supply line Zi to the data drivePCHIPIREARI0844i ven
colum of the light-emtting elenents Ei,,| to Ei,n of 25 the selected ith

rowis to be inhibited fromenitting i ght during t he non-sel ection period

TNSE (to be described later), the data driver 3 controls the WO 2004/019314
PCT/ JP2003/ 010644 46 potential of one of the current termnals CT, to

CT-n, which corresponds to the colum that should be “inhibited from
emitting |igotantird efusing @k Hde VorEagRt VEERiBR R @ hgFy, CFn t he

colum of the pixel 5 circuit Di whi ch should e L gg the gray | evel
deS|gnat|on(ﬁh#%hﬂcqqﬂﬂaPQRﬁﬁsqﬂntHQCﬁP%Fﬁﬂ1FﬁétcﬁhﬂB d ?gnal supply line

Zi to the data drlver 3. During the el ection period TS the ith row,
the data dri \Pé% @l%tﬁ’iﬂ% nf?‘ﬁp fQ' 58 gEPPEN E @P% nals CTl to

_ h I
L Tl AL B 9 Sy AP the s

gray esignation current

| DATA t, | i f tt
Tght) =1 n ach O e gl el e con 1o B o oo %Z*r%' of BT BT 0w, ' e

first transis Qélﬁé?@fgnsgﬁﬁﬁgnttEﬁ#@ésﬁgész%o%r%lbwr@%gmoﬁheH%Bﬁ&onthe

gray | evel esignatron current | ows through a path of conmon
si gnal SUpplysigﬂglzgupglpaihﬁebggmeenthaedai@mdyiv%adsandDh&an@owm@es 23s

of the transistors

selection period Tgg of the ith row, the data driver 3
controls the potentials of the current terminals CTj to

10 CTp to supply the gray level designation current IpaTa
to the data driver 3 to the signél lines Y7 to Yp (the
gray level designatiorn current Ippara does not flow for
a column which should be inhibited from emitting
light). 1In each of the pixel circuits Dj, 3 to Dj p of

15 - the ith row, the first transistor 21 and second
transistor 22 are turned on. Hence, the gray level
désignation current IpaTza flows through a path of
common signal supply line Zj; — paths between the
drains 23d and.the sources 23s of the transistors 23 of

20 the pixels Pj, 1 to Pi,n — paths between the drains 21d
and the sources 21s of the transistors 21 of the pixels
P;j 1 to Pj,pn — signal lines Y; to Y, — transistors 31
of the switching circuits S td Sp — current terminals
CT, to CTp of the data driver 3.

25 As described above, charges corresponding to the
current value of the gray level designation current

IpaTa are received by the pixel circuits Dj, 1 to Dj n.



20 the pixels Pi,1 to Pion -+ paths between the drains 21d and the sources

21s of thed foeeiesiors 21 of the pixels Pi,I to Pi,n ->_sj | . lines Y1 to
Yn -> transistors 31 of the switching circuits Sl to SnPé?&pgﬂWb@gﬁ

terminals CT1 to CIn of the data driver 3. 25 As descri bed above, charges
corresponding to the current value of thgygray |evel designation current

| DATA are received by the pixel circuits Di,l to Di,n. WO 2004/019314

PCT/ JP2003/ 010644 47 At this tinme, in all of the first to nth colums, the

current val ue ,of EﬂE%ckiﬂ@fmh§“£if”%£f£§@‘QQr%QVESenthi%E g%gkgg%ﬁgva

elements Ei,1 to Bi,n i1s equal tot arien alue “of

desi gnation cubkerind JOATA Jhecur aghtixal ue bsndesignated y e data
driver 3. Hence., the current value of thé gray Peve esi gnati on current
| DATA whi ch i s1Lgt+éanonis] ivg hel emedHET 8 he nen- sek ect.i per, TNSE i s
constant. That is, during t%e selectiongbgr?8d9+sﬁ,h?h%hg?éy%olgﬂﬁevel
desi gnati on curuenént DATAS | ofsthe yheyt hiekdl Heanghstebn23urragtvol tage
across the common signal supply line Zi, third transistors 23, first
transi stiors 2lpasignathé i mesr¥ittvaYoe 4@ deblipgacklcbijt $h8ldk@aSn, and
data driver 3 is set in the steady state. 15 Accordingly, a voltage at a

| evel correspodtlviertd. t lBentevethef ctiheegrtayalleeebfdeaiegaatiyon evglr ent

| DATA that flows to the third transistor 23 is applied between the gate
el ectrode 23g @fEyhetsoureereeett foaea29bich isheonhiindotusdyshsfidr 23.

Charges with a_nagnitude , _
during the non-selection period Tyggp is constant.

That is, during the selection period Tsg, the gray

10 level designation current Ipara flows to the third
transistor 23. The voltage across the common signal
supply line Z4, third transistors 23, first transistors
21, signal lines Yj to Yp, switching circuits S7 to Sp,
and data driver 3 is set in the steady state.

15 Accordingly, a voltage at a level corresponding to the
level of the gray level designation current Ipara that
flows to the third transistor 23 is applied between
the gate electrode 23g and the source electrode 23s of
the third transistor 23. Charges with a magnitude

20 corresponding to the level of the voltage between the
gate electrode 23g and the source electrode 23s of the
third transistor 23 are stored in the ca?acitor 24.
During the selection period Tgr of the ith row, in each
of the pixel circuits Dj ; to Dj p of the ith row, the

25 first transistor 21 and second transistor 22 function
to supply the gray level designation current Ippra

flowing to the signal line Yy to the third transistor



20 corresponding to the I evel of the voltage between the gate el ectrode

23g and t el ectrode 23s of the third transistor 23 are stored in
t he capacgﬁbﬁﬁgﬂﬁﬁhturing the sel ection period TSE of t h&CTHR2403(106#, each
of the pixel circuits Di,1 to Di,n of the ith row, the 25 first-transistor
21 and second transistor 22 function to ggpply the gray |evel designation
current | DATA flowing to the signal line Y] to the third transistor WO

2004/ 019314 PCT/ JP2003/ 010644 48 23. The third transistor 23 functions to

t th lLue_of th | eyel. designati t | DATA
"m0 the val udi IR VOFs Hhc- bR RBBAOFhe SoAFBELAARt 8 SOUTEET £bas
described ab dur he sel ecti iod. TSE.of the ith row, th
magnit ude of 1 RRFLHAT QT TEAEe | R EHe 1 EXphe ABOIGIZE P (e el

circuits Dial to D, f ' r LS ref hed, fromth recedi ng
scanni ng peri%BAﬁ%xfn5§ ?%%eg%%get?%%?R?hgogﬁépﬁ-?85%€§nb3?gbﬁF' | evel
and the sourcesdgaine vobtage | evel of the third transistors 23 of the

pi xel circuits Di,| to Dien of the ith row are also refreshed fromthe

br eceding _scanni ngnpeatad: T661 T okl elil:ahngalra ALY Jal g on the
path of 15 the third transistor 23, first tggnsistor Zlf'an §?g%al l'i ne

Yj changes_dep@gﬁi@g tife t e | A6V} N8he mMEFhStanee o@f thie dHANRI SISl 22,
and 23, which changes over tine. However, in this enbodi nent, the 'current
val ue of the giaytheveapalestgnat 2dnofuthenbixel circuits Dj ; to Dy, p
of the ith row is refreshed from the preceding scanning
. period Tgc. At the same time, the drain-source current
10 level and the source-drain voltage level of the third
transistors 23 of the pixel circuits Dj, 1 to Di,n of
the ith row are also refreshed from the preceding
scanning period Tgc. |
The potential at an arbitrary point on the péth of
15 the third transistor 23, first transistor 21, and
signal line Yj changes depending on the internal
resistance of the transistors 21, 22, and 23, which
changes over time. However, in this embodiment, the
current valug of the éray level designation current
20 IpaTa that flows through the path of third transistor
23 — first transistor 21 — signal line Yy is forcibly
supplied by the data driver 3. Hence, even when the
internal resistance of the transistors 21, 22, and 23
changes over time, the gray level designation current
25 Ipara that flows through the path of third transistor
23 — first transistor 21 — signal line Yy has a

desired level.



20 | DATA that flows through the path of third transistor 23 -+ first
transisto asdgpal line Y] is forcibly supplied by the data driver 3.
Hence, evgﬁg (%ﬁﬁ?%g internal resistance of the transi stE§141P2403/028644 and 23
changes over tine, the gray |evel designation current 25 | DATA that fl ows
through the path of third transistor 2349+ first transistor 21 signal
line Yj has a desired level. WO 2004/019?14 PCT/ JP2003/ 010644 49 During
the selection period TSE of the ith row, the common signal supply line Zi

is set to the voltage. VL t ha is\_,e ual to or lower than the reference
voltage VSS. In addfi8f, 2% &5 S5 HLRHP eI sbshi @5 BhesiibprPed across

t he anodes and,the cathodes of the .light-emtting elenments Ei,| to E ,n of
the rin row CHEnceTiRE PPt ST (o ine | hiathn e | Fae cvaheds B |

to Ei,n, and the 10t it, light. At the_.end tinme of the sel ection
peri od TSE of tv?'f*?é' céT‘g%i ?% reg\%la.l( éctogt%re ig?véerlf TR %tfetﬂ%’gﬁﬁﬁ@gﬁl ection
period TNSE of1thgel i1 r owry, Liesselgetion signal output from ghe

sel ection scanning driver. 5to the sé1ébt|on-scann|ng ihe %fs%haﬁ%%s from

the high-1eveli spaientical acYNst eHheloysd evel pot ent =The_ sel ection
15 scanni ng drlisvetrp%SlappFices tshe OFF vol tage VOFF t%%ﬁ%d%/gzgj:epg%trodes

21g of the finSighit-ansk$taps <dbmditd @-,gaﬁ@ ©] 6CtE pUEse 2200 0ol Ne second
transistors 22 of the pixel circuits al to ,n of the ith row Hence,
during the nofitesrlesChiooruperingd fINSE ofo thiee light-emitting elements
Ei,1 to Ei, pn, and they does not emit light.
At the end time of the selection period Tgg of the
10 ith row (at the start time of the non-selection period
Tnsg of the ith row), the selection signal output from
the selection scanning driver 5 to the selecﬁion
écanning line X;i changes from the high-level potential
Von to the low-level potential Vopp. The selection
15 scanning driver 5 applies the OFF voltage Vgpp to the
gate electrodes 21g of the first transistors 21 and the
gate electrodes 22g of the second transistors 22 of the
pixel circuits Dj, 1 to Dj, p of the ith row.
Hence, during the non—selectibn period Tygg of the
20 ith row, the first transistors 21 of the pixel circuits
Dj,1 to Dj, n of the ith row aré turned off. The gray
level designation current IpaTa that flows from the
common signal supply line Zj tO'the corresponding
signal lines Y1 to Y, is cut off. In addition, during
25 the non-selection period Tyggp of the ith row, in all
the pixel circuits Dj 1 to Dj, p of the ith row, even

when the transistor 22 is turned off, charges stored in



20 ith row, the first transistors 21 of the pixel circuits D ,l to D,,n
of the ia& row are turned off. The gray |evel designation current |DATA
that f1 owSOAPEHIPHE common signal supply line Zi to t hePEHIPHEHBNEHNg
signal lines Yl to Ynis cut off. In addition, during 25 the non-sel ection
period TNSE of the ith row, in all the p%ﬁel circuits D.1 to Di,n of the
ith row, even when the transistor 22 is turned off, charges stored in WO
2004/ 019314 PCT/ JP2003/010644 50 the capacitor 24 during the i medi ately
preceding selection period TSE of the ith row are confined by the. second
transi stor 22.tHrcaRAel teaseh, drRiap thee ingieddatE e inerediing t o Di en of
the ith row, the third 5 transistor 23 is kept ON during the non-sel ection
peri od TNSE. TRatCFsiOR PEF1CEhdspi REI thier Aty £ are @rHinehdy HdS t h

row, the second tra sistor.Z% hokgs %he % t.e- source voltage Iﬁyel VGS of
the third trandfstdr 2F8utR-Phat “the *§at j’sléurrc?@s\/cﬁ’r'tddbar dife 10 VGS of
the third trangsij r Lng the _non-sel ection .period TNSE hecones equa
to the gate- s%%%%fv%ﬁ%gg%l g\]reFL \9 %(% 2 k?e%tt S d‘p&%} i st'or® %31 ing the

sel ectiap peri ?fiaﬂ_ {1 5y Egekgﬁg %ﬁl %ﬂl%@p%?{/é %%n}'\é%ﬁheéﬁeoncommn 15

signal output fromthe conmon sighal power 's e conmmon si gna

RED Y, u"C.riREEEe Mgk uektate, ad 3 Bl 10,108 aoneleq o, BT
row are at thetpebergnse vaktage Yo%, BH: second transistor 22 holds
the gate-source voltage level Vgg of the third
transistor 23 such that the gate-source voltage level
10 Vgs of the third transistor 23 during fhe non-selection
- period Tngg becomes equal to the gate-source voltage
level Vgg of the third transistor 23 during the
selection period Tgg.
- During the non-selection period Tygg, the common
15 signal output from the common signal power supply 6 to
the common signal supply line Z; rises to the voltage
Vgrgu- During the non-selection period Tygg, the
cathodes of the light-emitting elements Ej 1 to Ei;n of
the ith row are at the reference voltage Vgg. The
20 - common signal supply line Zi is at the voltage Vyicggy
higher than the reference_voltage Vgg. In addition,
charges corresponding to the gray level designation
current IDATA_flowing during the selection period Tgg
are stored between the gate 23g and the source 23s of
25 the third transistor 23 connected in series. In this
case, a forward bias voltage corresponding to the gray

level designation current Ipapa is applied to the



20 common signal supply line Zi is at the voltage VHIGH higher than the

ref erence w@hs@@gosYpS- |n addition, .charges corresponding to the gray
| evel designation current |DATA flowi ng during the seleé%ﬂéﬁQﬁEFF%E4TSE

are stored between the gate 23g and the source 23s of 25 the third

transistor 23 connected in series. In thig; case, a forward bias voltage
corresponding to the gray |evel designation current |DATA is applied to
t he WO 2004/ 019314 PCT/JP2003/ 010644 51 Iight emtting elenents Ei,1to

Ei,n of the it al | pIX circuits Di to Di,n of the
ith row, a drlgl §¥;%?:§€ ng %g?m?%ch lgﬂaiolgueb °§e§P§né¢moﬁT&Urrent

| DATA flows fr e suppl I|n o the light- enlttlng
el enents Ei, Q@ﬁ&% EgggP?he |?ﬁ£¥§%/gﬁfgﬁﬁ %Pn?lzzs &3€%ources
23s of the thlight£QQSI§t@f§vg%ICgﬁ?ggnLtggggﬁ thtﬁnlttlgg el enents Ei, |

to Ei,n.emt |ight. Mre speci its 10

D,1 to Di,n dassngniheonopaseLeet i e QehsT e st tr.ansi.stor
functions to electglcally di sconne nghe gbfrggggngﬁgg ghéha 53ﬁ§Ln fron1

the third transuspdy 28nsugh thathéheighay k8l ngdeskgRakion current | DATA
flowing to the signal |ine Q” 15 does%noteflowlpg t% gl'@?}ird&tl'r'alnmstor 23.

The second transiBioy @2 tmacitnnSOWOtth@gthhEOB&égﬁsbg@%e%ﬂxihe gate
23g and the source 23s of the third transistor 23, whichis converted

during the selgeuroasp2dsodf TSke byirdontanisnigtohe char gesnice, th@mpapaC|tor
24. In all thellght emitting elements Ei,1 to Bi, n emit light.
More specifically, in each of the pixel circuits
10 Di,1 to Dj p during the non-selection period TINSE/ |
the first transistor 21 functions to electrically
disconnect the corresponding signal line Y4 from
the third transistor 23 such that the gray level
designation current IpaTa flowing to the signal line Y4
15 does not flow to the third transistor 23. The second
transistor 22 functions to hold the voltage between the
gate 23g and the source 23s of the third transistor 23,
which is converted during the selection period Tsg, by
confining the charges in the capacitor 24. 1In all the
20 pPixel circuits Dj 1 to Dj, n of the ith row, when the
common signal is set to the voltage Vyigy during.the
non-selection period Tygg, the third transistor 23
functions to supply a driving current of a level
corresponding to'thelheld gate—source voitage level to
25 the light-emitting element Ei,j-
Hence, the light-emitting elements Ej,1 to Ej p of

the ith row do not emit light during each of the



20 pixel circuits Di,I to Di,n of the ith row, when the comon signal is

set to tt\g()?gtl,“t@gﬁ‘tvw GH during the non-selection peri Opcf;ﬁpyﬁl%ut hird

transi st or unctions to supply a driving current of a

corresponding to the held gate-source voltage level to 25 the
light-emtting elenent Ei,]j. Hence, the Isipght-emtting elenents Ei,1 to
Ei,n of the ith rowdo not emt |ight during each of the WO 2004/019314
PCT/ JP2003/ 010644 52 sel ection periods TSE of the first to mh rows. The

light-emtti [ ts Ei .1 .to.Ei, i.t 1iaght i h of th

nlo%- sele(rancti BzgstggﬁigniﬂgéiPﬂsgﬁF@% g)cfg%%g%%eﬁ %orlf%% I:eﬁla"gs CSrTIé%te \Tal ue

f the drivi . . f h i -enm.titli . el i,

2 enen thoLigntsEh shdth @] Bl NE 1o HL S WL BT S S L 1O

flowing to the Ui b¢ Lhansl sbar Al sacke flodbenpixely cofguits D, 1 to

Dien. That is, the currem value Is equal” to t e gray 10 | evel

desi gnat i on C'é'&:_ra%&tirﬂgD%-Eéib@a?TSfé OWSTHO ERerdii I éa1dd ansi shor g23vohgeach of
the pixel circuits D, 1 to D, n during the selection period TSE of "the ith

row. Dgring ihereelechaen mekisodol $nef11ider +éhi fomg WiEsmeh e €T { ent
value that flows to the third transistor 23 15 of each of the pixéel
circuits D, 1tlc0 B ,n wifert el dommcaw & 5g1s€l , 14 het Wi yimoisuthensamé each
of the light-emtting elements Ei,1 to Ei,n has a desired current val ue.
Hence, the |i gist Wmat tahhdghel emmtentEi § lowing Ee ntleei thirdghtrabsasdesi red
gray | evel |um nance.
23 of each of the pixel circuits Dj,; to Dj, p. That
is, the current value is equal to that of the gray
10 level designation current Iparp that flows to the third
transistor 23 of each of the pixel circuits Dj 1 to
Di p during the selection period Tgg of the ith row.
During the selection period Tggp of the ith row, when
the current value that flows to the third transistor 23
15 of each of the pixel circuits Dj 1 to Dj p of the ith
row is set, the driving current of each of the
light~emitting elements E; 1 to Ej p has a desired
current value. Hence, the light-emitting elements E; 1
to Ej,pn emit light at a desired gray level luminance.
20 As described above, in this embodiment, even when
the current vs. voltage characteristic of the third
transistor 23 changes between the pixel circuits Di
to Dy, p, the gray level designation current Ipapp
having a predetermined current value is forcibly
25 supplied between the source 23s and fhe drain 23d of

the third transistor 23 during the selection period

Tgp. In addition, when the voltage between the source



20 As descri bed above, in this enmbodi nent, even when the current vs.

vol t age cway api/eiobiti ¢ of the third transistor 23 chang t he
pi xel circuits D1,1 to Dmn, the gray |evel designationgéaﬁf%ﬁﬁ&ﬁﬁﬁTA

having a predeterm ned current value is forcibly 25 supplied between the
source 23s and the drain 23d of the thirgBtransistor 23 during the
"selection period TSE. In addition, when the voltage between the source WO
2004/ 019314 PCT/ JP2003/ 010644 53 23s and the drain 23d of the third

t i st 23 4 JVYS t tn FLG 7. the non si gna
o¥aPﬁLSv8[tagék%iﬂ%§4 is:%i?%%%ﬁt%g?H%ﬁcgﬁgﬁﬁhgfanéFangaﬁép§ ??néE Zilgo Z.

during the nonrSelyctd of.rPechoda5 JNSE, AcGordEnahy, 1 driving current
havi ng a current 3’\%glue éaual toathe gracgﬁeggF'dZéiSﬁgtf8ﬂm8urFéﬁPa DATA

is supplied tmﬁﬂWEHét&&i@@@éCergﬁeﬁﬁdaﬁﬁﬁugr%B”tﬁédcekmbﬂesigééaeen the

transi stor 23. For this reason, | um hance does not vary

light-enittingudble}l enenés £1, dot, BMAI QG the AbxeksieFRabni SerkBat Nis
enbodi ment, even when a | um nance gray |evel signal having the sane

vol t age J evel Thgmput putcondphyky s, a adyi vingptareenar haviag hnchypbpance
bet ween the pixels can be suppressed. Hence, the organic EL display 1 of
this 15 enbodiv¥reie ceaall spbafha drgh-hembit festragetibur togréhe Ipnra
non-sel ecti on period TNSE, the conmon signal changes to VHHGH mtines. The
| i ght emi ssi ontS diiRPbed Heetvgpr - B¢ t sonycel 8Renanti thei draboue380% To
the contrary, ip a sinple matrix_driving display
of the third transistor 23. For this reason, the
luminance does not vary between the light-emitting
10 elements Ej, j to Ep, p of the'pixels. That is, in this
embodiment, even when a luminance gray level signal
having the same voltage level is output to pixels, any
in-plane variation in luminance between the pixels can
be suppressed. Hence, the organic EL display l.of this
15 embodiment can display a high-quality image.
During the non-selection period Tygg, the common
signal changes to Vyigy I times. The light emission
~ duty of the light-emitting element Ei, 4 1s about 50%.
To the contrary, in a simple matrix driving display
20 having m light-emitting elements arrayed in the
vertical direction and n light-emitting elements
arrayed in the horizontal direction, the light emission
duty is 1/m. In the simple matrix driving display, as
the resolution becomes high, the light emission duty of
25 the light-emitting element decreases. In the organic

EL display 1 of this embodiment, however, even when the

resolution becomes high, the light emission duty of the



20 having mlight-emtting elenents arrayed in the vertical direction and
nlight-emtting elements arrayed in the horizontal direction, the |ight
eni ssi on a4y ”ﬁgnilﬁl In the sinple matrix driving dlspFQ?”P%EyOHﬁ@

resol ution becones hi gh, the Iight em ssion duty of 25 the light-emtting
el ement decreases. In the organic EL display 1 of this enbodi nent,
however, even when the - resolution becones high, the light em ssion duty of
t he WO 2004/ 019314 PCT/JP2003/010644 54 light-emtting elenent Ei,j does
not decrease. The organic EL display 1 can display an inmage at a high

| uni nance, h|éhg€§ﬁ@m$§¢lQ9uﬁMﬁ%ﬁﬁqwﬁxu1n¢@%5 TRE SerEesFen s€AAning line
Xi and one common 5 signal, supply |ine Z; are arranged in each row. Not a

signal for sc&ﬁﬁ?ﬁdcb SiThfoh il %%p%?HpFQ lHEEButhFoH%EHe conmon
si gnal power y 6 to th conmon S|gnal e Zi. The only shift
regi ster foriggé é§19%92ﬁ nhfﬁg %F PEIRR-10 display 1,

is the selection SQ§nn|QQLdr|v§£ g%aéﬁln by L %IStn IS generally forned
frommflip-flop ciTeuI TS, ONToN s?gnap po%er guBB y gmgﬁpy needs to

out put 551 gnals ! g, VAL SLAL raL el IR COIIDaS! JRBE PRI Y

l i nes Z to Z e can ve a circurt structure.

For this reasQfigrl tie: mélwlape%oﬁue%x @ ikhesfgagting area is
smal l er, the structure Is sinpler, and the nunber F s is smaller

than a shift [RASHETErd® ETPESRon 191 gnEPNYBREOBALPALIBNELE Ehedi Spl ay
having two shift

common signal supply line Zj. The only shift register
for scanning, which is arranged in the organic EL

10 display 1, is the selection scanning driver 5. A shift
register is generally formed from m flip-flop circuits.
The common signal power supply 6 only needs to output
sighals having the same waveform to all the common
signal supply lines Z; to Zy and therefore can have a

15 - simplified circuit structure. For this reason, in the
common signal power supply 6, the mounting area is
smaller, the structure is simpler, and the number of
elements is smaller than a shift register. As compared
to a conventional organic EL display having two shift

20 registers serving as drivers, the organic EL display 1
of this embodiment can reduce the manufacturing cost
and increase the yield.
[Second Embodiment]

An organic EL display according to the second
25 embodiment will be described next.
Even in the second embodiment, the organic EL

display comprises an organic EL display panel 2, data



20 regqi sters servi ng as drivers, the organic EL display 1 of this

enmbodi M"eNfyoCRARyERGHCE the manufacturing cost and increa peld.
[ Second Enbodi ment] An organic EL display according to tﬁgTégggigﬁ&%S

enbodi nent will be described next. Even in the second enbodi nent, the

organic EL display conprises an organicszEL display panel 2, data WO
2004/ 019314 PCT/JP2003/010644 55 drive= 3, and sel ection scanning driver

5, Ilike the organic EL display 1 according to the first enbodi mrent  shown
in FIG 1. The data driver ay section, 4 S Iect on scanni ng
driver 5, pix lXFrcgrtEDS SF%?ég}qén%q AN i %ﬁﬁv%ﬁn 1 nts E1,1
to Em n have the sa SINA e St t or.gan dIS 1 of
the first enb8d ganrllf:rrEL 8115%&%9/ %1 ke é%(?:frll ﬁooﬂ& h%l?%éé? gﬂﬂf?djbeé%%/n tted

in the secondg g%d&gegill A controqué]gae ,aadfglg[fﬁg skgpaly power

10 supply 6 i S arrange 11 connected 10 organi ¢ EL

display 1, asgshow isR1BlE;ol0-sdBniddi Sriason, ﬁf&?ei%i?c@itéhﬁ OfCUp' ed
area of the pi'xels on the substrate of the organic EL display 1 %

increased. 15tHhe otganing Bl St Bggoshment o the, sesson,g enpedi rre_nt
can operate in accérdance with the waveform chart shown in kel 8, as in

the first-enbagigeiine [sHiudtuzrd®wd dretiidsd hen t tihe doeghndenEnt displape
descri bed next. This
1 of the first embodiment, and a detailed description
thereof will be omitted in the second embodiment.
In the second embodiment, a common signal power

10 supply 6 is arranged in a controller 11. connected to
the orgénic EL display 1, as shown in FIG. 10. For
this.reason, the ratio of the occupied area of the
pixels on the substrate of the organic EL display 1 can
be increased.

15. The organic EL display 1 according to the second
embodiment can operate in accordance with the waveform
chart shown in FIG. 8, as in the first embodiment.
[Third Embodiment]

The third embodiment will be described next. This

20 embodiment is the same as the first embodiment except

| that a drain 22d of a second transistor 22 of a pixel
circuit Dj 4 of each pixel Pj 4 1s not connected to a
common signal supply line Z; but to a selection
scanning line Xi, as shown in FIG. 11. The same

25 reference numerals as in the first embodiment denote
the same parts in the third embodiment, and a detailed

description thereof will be omitted.



20 enbodi ment is the same as the first embodi ment except that a drain 22d

of a sec jstor 22 of a pixel «circuit Di,j of each pixel Pi,j is
not conn(e)‘?gezhﬁ‘?(ga%“ comon signal supply line Zi but to BCHAPZ8Y18¢44

scanning line Xi, as showmn in FIG 11. The sane 25 reference nunerals as in
the first enbodi ment denote the sane parig in the third enbodi nent, and a
detailed description thereof will be omtted. WO 2004/019314

PCT/ JP2003/ 010644 56 In the transistor 22, the drain electrode 22d and
gate el ectrode 22g are _conpected to the selection scanning line Xi. A
source el ectrode 2257 §RRoRREBBELG 024 gdte Saddy e 224G mindd

transi stor 23. The 5 transist an N-channel anorphous silicon thin

22
filmtransi st o072t i RECACFPIE QégaﬁgFZFBPn?ft&ﬁid tondhe sqciion 23, The
t i st 22 i Vi th | J th f
Chart ThoR & QEELALES 1POR KE0C K BUERE o{BH RS IO A J e e T
iod TSE, t t 1St . i I, i1t Pi i d
D e canm ng 9 & peto GleafrPhetdst B B KRS b i 3 o e
selectiog scanpiaigeitiog X 50 hBak-thenxeh! age fhomd he §electhan scanning

15 line Xi is applied to the gate of the transistor mul taneousl vy,

t he transi st orf2imofrgashsebrt he ipiexal $1 1Bk, ltﬂa%éiisﬂbﬂlszlt wpedyan. In

addition, the transistor 23 of each of the pixels Pi,1 to Pi,n is turned

on by the gatetrawiisgerapplied by the transistor 22 during
The transistor 22 opefates upon receiving the

voltage shown in the waveform chart in FIG. 8. That

10 - 1s, as shown in FIG. 123, during a selection period
Tgg, the transistor 22 of each of pixels Pi,1 to Pj, n
is turned on by a scanning signal of an ON-level
(high-level) wvoltage VGN from the selection scanning
line X; so that the voltage from the selection scanning

15 line X4 is applied to the gate of the transistor 23.
Simultaneously; the transistor_Zl of each of the pixels
Pij,1 to Pj pn is turned on. In addition, the transistor
23 of each of the pixels Pj ; to Pi,n is turned on by
the gate voltage applied by the transistor 22 during

20 the selection period Tggp. Hence, the data driver 3
supplies a gray level designation current Ipppa to the
paths between the drains 23d and the sources 23s of the
transistors 23 of the pixels P; 7 to Pj p and signal
lines Y7 to Yp in the direction indicated by the arrow

25 in FIG. 12A. The current value of the gray level
designation current Ipara at this time corresponds to

the gray level of a red digital gray level image signal



20 the selection period TSE. Hence, the data driver 3 supplies a gray

| evel desi I rrent | DATA to the paths between the drains 23d and

t he sourcggﬂgggﬂg?ﬁfhe transi stors 23 of the pixels Pi,%CFUT§W?W“§ﬁﬁ
signal lines YL to Y. in the - direction indicated by the arrow 25 in FIG
12A. The current value of the gray |evel gdesignation current |DATA at this
time corresponds to the gray level of a red digital- gray |evel imge

si gnal WD 2004/ 019314 PCT/JP2003/ 010644 57 SR, green digital gray |eve

2 50 R B A R TR, SR
I | desi ty. t._ 1 DAT. t d 5,i it 4 ted t
Lhe pathe. DerVET e ST ekouay Tfelt efdngr o Be°2885k: Bhnst, SRtRetors 23
£ oth ol X o P : o ) £ ;
gon-se?eglﬁgn§%£%%%ﬁi3%NSE%ﬂ?ﬁ§é%P%%%?%?%?ﬁgﬁébg?ogﬁééfggﬁgggFg&ggggo? each

of the pixelsd%1éh%;§§gyrﬂ?€éf G NG £f nb¥u§r§ﬁ§n@hgﬁas%ggagt§%eag

OFF-1 evel vol tage W supplied to the selection scan i ne

vol tage sVH GH irs @pld bt 24| c60H8BN8i gakheSPRRhY beRGsedlthe Zm For
this reason, the voltages 15 between the sources 23s and the drains 23d of

all the trangsiey K23 @€ Skt usahedes Thesvelt ages thahweeroirie23g0atres 239
and the sources 23s of all the transistors 23 have a voltage val ue

correspondi ng tiee toiexeharpes) storegd, j ndthéngapaei selsc24otdubetgothe
sel ection period
TgE -
During a non-selection period Tygg, the transistor
10 21 and transistor 22 of each of the pixels Pj,1 to Pj p
are turned off by a scanning signal of an OFF-level
voltage Vpopp supplied to the selection scanning line
X;. A voltage Vygigyg is applied to all common signal
supply lines Z7 to Zp. For this reason, the voltages
15 between the sources 23s and the drains 23d of all the
transistors 23 are saturated. The voltages between the
gates 23g and the sources 23s of all the transistors 23
have a voltage value cérresponding to the charges
stored in the capacitors 24 during the selection period
20 Tgg. As shown in FIG. 12B, a driving current having a
current value equal to the gray level designation
current Ipata flows between the sources.235 and the
drains 23d of all the transistors 23. Since the
voltage Vgrcyg is much higher than a reference voltage
.25 Vgg, the driving current flows in the direction

indicated by the arrow in FIG. 12A to cause

light-emitting elements E1,1 to Ep,p to emit light.



20 TSE. As shown in FIG 12B, a driving current having a current val ue
equal to,%@p g&gﬁ | evel designation current |DATA flows between the sources
23s and tWE 2MY A 23d of all the transistors 23. SincePERIP20HI0sHe VHI GH
is much higher than a reference voltage .25 VSS, the driving current flows
inthe direction indicated by the arrow g FIG 12A to cause
light-emtting elenments E1,1 to Emn to emt |ight. WO 2004/019314

PCT/ JP2003/ 010644 58 The present invention is not limted to the above
enbodi ments. Various changes and nodifications of design nay be done
wi t hout departing frBf PRESEPr LRVeRbd odc dife nsit thanitakhia dihe Sirore
exanpl e, in the above epbodi pents, all the first transistor 21, second
transi st or 22,E%B%8fﬂFP S'tr§%§?9P§rc Fnges; Rapimest Idicaddiansdiofi are

N- channel tra({lesé?% rs. wever, al.l tﬂl%transistors may be fornmed from

P-channel transTatdrstednd®t HE EnBaEP Mt fERak e THO™ S iPHEAdmi t ti ng

el ement Ei, | b npec I .reverse direction. At this tine, the
wavef or ms sho&%¥?ngﬁ?é§ g%aﬁggiﬁgg% g&? ‘n the enbodi nents, the

light-er tting peried0bxathgel i ght t%%téﬂd% g%nﬁggs(ﬁtlr?enlfcls 1 atl?‘sgﬁetnhies t he

15 non-sel ection period TINE between the selection periods

(i Scont i nuous non el setron CperT 6ds TR arucen the 24 G AR od TS
of the ith rOMr@ﬁdiBherSeBEQEiQﬂepp&&%d'Eﬁidﬁiﬂiﬁilge%&é1N1channel
transistors. However, all the transistors may be
formed from P-channel transistors, and the anode and
10 cathode of the light-emitting element Ei,j may be
connected in the reverse direction. At this time, the
waveforms shown in FIG. 8 are inverted.
-In the embodiments, the light-emitting period of
the light-emitting elements Ej 1 to Em,n is the
15 non-selection period Tygg between the selection periods
Tgrp. the light-emitting period of the light-emitting
element Ej 4 is the m discontinﬁous non-selection
periods Tygg between the selection period Tgg of the
ith row and the selection period Tgp of the next ith
20 row. As shown in FIG. 13, all the light-emitting
elements Ej 1 to Ep p may be simultaneously caused to
emit light during the non-selection period Tygp after
charges by the gray level designation current Ipapa are
written in the capacitors 24 of all the light-emitting
25 elements Ej 1 to Ep,p. At this time, when at least one
of the selection period Tgg during one scanning period

Tsc and (m-1) reset periods TR when the reset voltage



20 row. As shown in FIG 13, all the light-emtting elenents E1,1 to Emn
may be si g LR% y caused to emt light during the non-sel ection period
TNSE after c‘ﬁa@%’é? by the gray |evel designation currentPGIHRTN3H1¢644
witten in the capacitors 24 of all the light-emtting 25 elenments E1,1 to
Emn. At this time, when at |east one of ghe selection period TSE during
one scanning period TSC and (mi) reset periods TR when the reset voltage
WO 2004/ 019314 PCT/ JP2003/ 010644 59 VRST is applied to the signal lines Yl
to Yn is set to be.short, .th nor{-sel ection period TNSE, i.e., the
light-enitting BeFi 68 SPHHEY iTght-PEnTHImRL el Bhent %l B Untds Bgh tan be
made rel ativel y I Referring 5 to FIG 13, after the sel ection scanning
line Xmis se gcggg?:tt’ot?leet lflro(r;‘lll e AP L SR RATNFE he- Dar a6Pe i c

capaci tances of j4he-skgnal; Jd nes ;¥ taYn in the wite . node of the pixels
Pm1 to Pmn of lEghe sel ecti @ln‘sca%:\dl nogf It}r}%\eerhfn? J?h%mjr’éEJeIE‘gv%Jr?%%%tﬁ/RST may
be applied 10gto.iperease thg murheryof ri sTRg}g‘yin.one
scanni ng peri odETéC to %’I]I n the aboveeperré)odl FEn ,Pgell%gbr Tl#ecr%'_n%l enent
is useds Howeyer riany 16t herrddrghtreedditd g &l es@nt, hayi rectification
properties may be used. That is, the 15 Iight-emttlir}gé[e?%nrreenmnﬁ/ be an

el erent whi ch Bedested, cur retutheme diefae Pidfed ol age. inARblied but
flows a current when a forward bias voltage is applied, and™also emts
light at a | untapAce tencesspdndérceigridl Ihessmonitade ofy thg flomdg
current. An exanple of a

mode of the pixels Pp,1 to Pp,p of the selection

scanning line Xp, the reset voltage Vrgr may be applied
10 to increase the number of reset periods TR during one
scanning period Tgc to m.

In the above embodiments; an ‘organic EL element is
used. However, any other light-~emitting element having
rectification properties may be used. That is, the

15 light—emitting element may be an element which flows no
current when a reverse bias voltage is épplied but
flows a current when a forward bias voltage is applied,
and also emits light at a luminance correspondence with
the magnitude of the flowing current. Aan example of a

20 light-enitting element having rectification properties
is an LED (Light Emitting Diode) element.

In the above embodiments, the data driver 3 and
selection scanning driver 5 opefate on the basis of a
clock signal input from the controller 11. However,

25 the clock signal CK3 that is output from the common
signal power supply 6 and used as a common signal may

be input to the selection Scanning driver 5 as the



20 light-emtting eienent-having rectification properties is an LED (Light
Emtting D ment. In the above enbodi nents, the data driver 3 and
selectioﬁ&kﬁﬂﬁ%Pﬁégdriver 5 operate on the basis of a cPEERPXPHYNEP44 nput
fromthe controller 11. However, 25 the clock signal CK3 that is output
fromthe comon signal power supply 6 angdjused as a common signal may be
input to the selection scanning driver 5 as the WO 2004/ 019314
PCT/ JP2003/ 010644 60 clock signal CK2. In the above enbodi nents, the
nunber of tinmes the compn signal output fromthe conmon signal power
supply 6 changekx°® Fbdr#eveR2-i. e., the gray level 5 designation current
| DATA is supplied is ope pe sel ectign period TSE. However, the nunber of
FRnbhe BeP

times may be two o V&e PR ERES o F e Uk gt imes Hr9r esent
i nvention, when a drivin curren% flows to the light-em.tting elenent, the
10 Iight-enitt?%%m%?eﬁ%ﬁgaénPngPigﬁf?mTﬁ S GPEIRT VAR dFOWSTe dri ving
sour ce 235 of TRE Ty EnEPEpdRs, 380 IR d o3 o cu e MR o Fe val ue

is obtaiged b k r val:yue t i gnation current.
For thesg reag%%g?gﬁagiggr%ggfgﬂsaﬁﬁéTgfl#hégﬁgﬂggﬁgﬁfﬁgﬁgggﬁ%bincides W th

te fr;]etgulrirent vgéy@c@_iohhﬁeg%agmggi.OnH%weR;%&t,- tHe rld:rﬂigf%? téiin%% il prrent
ght at a | um nance depending on the current value of the
desi gnation cupéebko dhakoird peleselection period Tgg.
According to the present invention, when a driving

current flows to the light—emitting element, the

10 light—emitting element emits light. The current value
of the driving current corresponds to the voltage held
between the gates 23g and the source 23s of the
transistor 23 of the pixel circuit. The voltage value
is obtained by converting the current value of.the

15 designation current. For these reasons, the current
value of the driving current coincides with the current
value of the designation current. The light-emitting
element emits light at a luminance depending on the
current value of the designation current. That is, the

20 light-emitting element emits light at a luminance set
by the current value of the designation current.
Hence, if the current value of the designation current
does not change between pixels, the luminance does not
vary between the plurality of light-emitting elements,

25 and a high-quality image can be displayed.

It is only the scanning driver 5 that sﬁpplies a

selection signal to each scanning line. No drivers for



20 light-emtting element emts |light at a |.um nance set by the current
val ue of ation current. Hence, if the current of the
deS|gnatf%ﬂﬁ?§??Qﬁ? does not change between pi xel s, thep¥ﬁhfﬁ@ﬂg@@30es not
vary between the plurality of light-emtting elenments, 25 and a
‘high-quality image can be displayed. It ig only the scanning driver 5 that
supplies a selection signal to each scanning line. No drivers for WO
2004/ 019314 PCT/ JP2003/010644 61 scanning are arranged at all. In

ddi ti h ly,.6 h | | nb f
clements 1 hat TEERs it TR B ol ankt ReRLRepE nbESatoutng o
arrangenent . gggﬁl& %Q)gﬁgﬁﬂgggg%aéegagf tgﬁa§13£'¥8ﬁb'§ gga%hgggﬂﬁND W SE

62 CL Al e conprirsing ura |ty 0] an
lines arrangectuaﬁl ntl YRlIdY SlakiOye érévekuggh! EhePLs g“ﬁg | Lnes

arranged in a plurality of colums; a scanning driver sequentlally
suppl i es to  tdiagscanningddnas: sel gehbon §h9nﬁ&§n{:mﬁ5 éﬁéaeskl ¥gby select
the scanning lines; 10 a data driver whi ch suppl i es a“designation current
to sa|d5plurmdﬁgwgﬁ i @11 nes within a selection period when one of

t he scanning lines is being



selected; a plurality of pixel circuits which are arranged 15 in a
plurality of rows and a plurality of colums, and each of which supplies a
driving current corresponding to a current value of the designati biOYDWISE
current that flows to the signal lines; a plurality of optical elenents
which emt light 20 in accordance with the driving current supplied by
said plurality of pixel circuits; and a pé@wer supply which sel ectively
outputs a designation current reference voltage to said plurality of

pi xel circuits in the plurality of rows within the 25 selection period and
outputs to said plurality of pixel «circuits in the plurality of rows a
driving current reference voltage toCsupply Mh® driving current within
LLOYD WSE 63 a non-selection period, wherein the optical elenents have
respective first el¥ect rddsSRNeISEFe QM Povtd : suppl y through the

pi xel circuits and a second el ectrode to which a 5 reference voltage is
appl i ed; and wher ei 1 R FOMEYY Qbppispesing 3 ings Bwanaed the 2 dri vi ng
current reference vqy%%ge nd the designation current reference voltage to
supply the desipéh%aloln c‘ﬂ‘:?rrecms,’ and the driving current reference voltage

5 10,1l ese then 4 e el ranes, vl dnge RRLY SALIRADE peeond ol ectrode
not more than ,1yrality of columns;

a scanning driver which sequentially supplies to
the scanning lines selection signals that respectively
select the scanning lines;

10 a data driver which supplies a designation current
to said plurality of signal lines within a selection
period when one of the scanning lines is being
selected;

a plurality of pixel circuits which are arranged

15 in a plurality of rows and a plurality of columns, and
each of which supplies a driving current corresponding
to a current value of the designation current that
flows to the signal lines;

a plurality of optical elements which emit light

20 in accordance with the driving current supplied by said
plurality of pixel circuits; and

a power supply which selectively outputs a
designation current reference voltage to said plurality
of pixel circuits in the plurality of rows within the

25 selection period and outputs to said plurality of pixel
circuits in the plurality of rows a driving current

reference voltage to supply the driving current within



the reference voltage applied to the second el ectrode of the optical
elenment. 15 2. A display device according to claim1, wherein the

non-sel ection period is a period when none of said plurality of optdaalise
el enents are selected. 20 3. A display device according to claim1, wherein
a reset voltage is output to said plurality of signal Ilines within the
non-sel ection period. 4. A display deviceéaccording to claim1, wherein 25
t he designation current reference voltage is |ower than the driving
current reference voltage. LLOYD WSE 64 5. A display device according to
claim1l1, wherein the data driver supplies the designation current to the
signal |ines am®dndie ssibegtisinr @eintiodyased on the 5 designation current
reference voltage output fromthe power supply within the selection
period, and wherei WhaibithheoRida@l @ lenants staresredreciiventinst ue of
t he designation _current and supplies the driving current that is equal to
the current valSde RIS IR NFSGh&T Sl RS BRYVY Shamehirtiiag ng

current reference.vol.tage outpuf fromth ower s ly. 6. A display

devi ce accordi #§"td S&HUES & r?ec(?é’ccﬁ é@@%@%p% WMirtid s conpri ses
a driving 15 tr i apacitor, .whj ch is connected between a gate
and a so%rce ofr%?%er%glr |evi%[r21>gt{%|9;en§'%stag}%h er r(%nﬁist he data driver supplies

the designation wherein the power supply selectively outputs the
driving current reference voltage and the designation
current reference voltage to supply the designation
current, and the driving current reference voltage is

10 not less than the reference voltage applied to the

second electrode of the optical element, and the
designation current reference voltage is not more than
the reference voltage applied to the second electrode

of the optical element.

15
2. A display device according to claim 1, wherein
the non-selection period is a period when none of said
plurality of optical elements are selected.

20 3. A display device according to claim 1, wherein
a reset voltage is output to said plurality of signal
lines within the non-selection period.

4. A display device according to claim 1, wherein

25 the designation current reference voltage is lower than

the driving current reference voltage.



current to the signal lines and the driving transistors of the pixel
circuits based on the designation current 20 reference voltage out pltOYpBHSE
the power supply within the selection period, and wherein the capacitor
stores charges corresponding to the designation current between the gate
and the source, and when the driving current reference voltage 25 is input
fromthe power supply, the driving transi $#or supplies the driving current
corresponding to the charges stored between the gate and the source. LLOYD
WSE 65 7. A display device according to claim1, wherein each of the

pi xel circuits conprises: a first transistor in which a gate is connected
to one of the scanning lines and one of a drain and a 5 source is
connected to one of the signal_lines, a second transistor in which a gate
is connected to said orfe SFSRIAY AT NPIGHEBIRhdES Hel s hnatherein

current reference voltage and the driving current reference voltage are
sel ectively i npﬁche 1B Gheloiver SHPRIrSS "g'tf‘d desgisiiadel Ot P EE /I ihghe

transistor in which: gate is.connecte to the other of the drain and the
source of the <&SBitt aJt’&b%%laﬁdort eor?el’i)efdl acjd?cé}%sah@sfcgdiﬂ ctg"“?s connect ed
to one @f the drai nd. _t he sour.c he second 15 tr.ansi st or nd the
ot her of %t he dré;el%d;lna Jt(?'nne cglorul}egl é: erlegec%er{l nceectveO T hOeUtcﬁlfs'nter ro[?rﬁt ¥ drain

and the Sour ce o fest MRty tuitdiARS e SoTs AL L%, PR GRI, elegent

wherein each of the pixel circuits stores the
current value of the designation current and supplies
the driving current that is equal to the current value
10 of the designation current based on the driving current

reference voltage output from the power supply.

6. A display device according to claim 1, wherein
each of the pixel circuits comprises a driving
15 transistor and a capacitor which is connected between a
gate and a source of the driving transistor,
wherein the data driver supplies the designation
current to the signal lines and the driving transistors
of the pixel circuits based on the designation current
20 reference voltage output from the power supply within
the selection period, and
wherein the capacitor stores charges corresponding
to the designation current between the gate and the
source, and when the driving current reference voltage
25 is input from the power supply, the driving transistor
supplies the driving current corresponding to the

charges stored between the gate and the source.



8. A display device according to claim7, wherein 20 the scanning driver
selects the first transistor and the second transistor, which are LLOYD WISE
connected to said one of the scanning lines, within the selection period.
9. A display device according to claim1, wherein 25 each of the pixe
circuits conprises: a first transistor in which a gate is connected to one
of the scanning lines and one of a drain &% a LLOYD WSE 66 source is
connected to one of the signal lines, a second transistor in which a gate
is connected to said one of the scanning |ines and one of a drain and a
source is connected to said one of the scanning 5 lines, and a driving
transi stor in which?- a jadispkayoteettedceeordirg otherlaimthe wheteimnd t he
source of the second transistor, one of a drain and a source is connected
to the power <SSAPHCL P thiedt Hetr JtithecdrREFehd the 10 source is
connected to the other_of the drajn and the ,source of the first transistor

and the optical el enentTS90tTaRH SHPHYIHVRLER R cFR T NS t SOPEFHED, tO

wherein the scqpqg%%(giémgcselectsgthe firét transi st or and 5 the second
transi stor, whiCh are connected 1o said o Vi€ the FCAMMSTS rfes, within

h | . . 11. . . di laim1l wh
the selegtion P_ig%rlcj)%depultls’é %Cﬁggéﬁééytgegﬁé:eo C?% eéf{] c%af i m erein

t he power supp Vi ng curren vol tage fromthe

end of the selection, paLd gk of 2, H1 £A6E el M Ped-3CANGINY | & neitid 4 he
begi nni ng of the
to said one of the scanning lines and the designation
current reference voltage and the driving current
reference voltage are selectively input to one of a
10 drain and a source, and
a driving transistor in which: a gate is connected
to the other of the drain and the source of the second
transistor, one of a drain and a source is connected to
one of the drain and the source of the second
15 transistor, and the other of the drain and the source

is connected to the other of the drain and the source

of the first transistor and the optical element.

8. A display device according to claim 7, wherein
20 the scanning driver selects the first transistor and
the second transistor, which are connected to said one

of the scanning lines, within the selection period.

9. A display device according to claim 1, wherein
25 each of the pixel circuits comprises:
a first transistor in which a gate is connected to

one of the scanning lines and one of a drain and a



sel ection period of a next scanning line. 12. A display device acco[chm;WfS%
claim1, wherein 25 the optical elenents conprise organic EL el enents.
LLOYD WSE 67 13. A display device conprising: a scanning |ine group
including a scanning line of a first rowand a scanning line of a second
row, a signal line group including a signal line of a 5 first colum which
flows a first designation current and a $i6gnal |ine of a second col um
which flows a second designation current; an optical elenent group
including a first optical elenent which is connected to the scanning |ine
of the 10 first row and emts light in accordance with a current val ue of
a first drivi nGRUWIesS IPPISEET Har aane efhdhe siayrenld bistésal el enent

whi ch is connected to the scanning Iine of the second row and emts |ight
in accordance with % 8FRhtEXRRYESRT Al etlvieh i 99y 15 conrenteduppl i ed
thereto; a pixel circuit group.including a first pixel circuit whichis
connected to tHe fslarléjtJ Bt i%tglt}bﬂ TN 1 0ehd- Sifish 13w e 95 rxtR Wi ng

current, the current _value .of which is ual _tp a current val ue of the
first 20 desi gnaar}cfoan Turrent’® v%‘?rghe?tse%ﬁ%pﬁaelué)t%er e?%,tr}é‘?]dscfn@é?:%nd

pi xel cirgcuit whi I s pnnected to the second optical elenment and
supplies the second driving current, the current value of which is equal

to a current val ue ofqtfe; gecond, desi ghatd o L e‘{'tgat‘,’@ifg connected

to the other of the drain and the source of the second
transistor, one of a drain and a source is connected to
the power supply, and the other of the drain and the

10 source is connected to the other of the drain and the

source of the first transistor and the optical element.

10. A display device according to claim 9, wherein
the scanning driver selects the first transistor and
15 the second transistor, which are connected to said one

of the scanning lines, within the selection period.

11. A display device according to claim 1, wherein
the power supply outputs the driving current reference
20 voltage from the end of the selection period of a
predetermined scanning line until the beginning of the

selection period of a next scanning line.

12. A display device according to claim 1, wherein

25 the optical elements comprise organic EL elements.



25 is supplied thereto; and a power supply which applies a designation
current reference voltage to both the first pixel circuit and LLOYD W SE
68 the second pixel circuit within a selection period, and which lAPYPIV¥SEa
driving current reference voltage to both the first pixel circuit and the
second pixel «circuit within a non-selection period so that the first 5

pi xel circuit supplies the first driving €drrent to the first optical

el enent and the second pixel circuit supplies the second driving current
to the second optical elenent; wherein the optical elenments have
respective first 10 el ectrodes connected to the power supply through the
pi xel circuits corléspoddidignlest elayimed compaticridig el ectrode to which a
reference voltage is applied; and wherein the power supply selectivel
outputs the driving ARFFERNT efidte W] iy Himy thes TRy igiat]iore o
current reference voltage to supply the first and second designation
currents, and tahéldfﬁtvirgr‘?d’ (ﬁﬂdré‘ntscyarné’flé‘rgeﬂéé“ev&ft FgEGOHbtrI%Ess than the

ref erence voltage appl. ed the second el.ectrode of, tha;:lo pti cal

t
el enents, and the dé isg]ﬂiﬁ]oglﬂﬁ HRUR PRI & (HERh FN9&E fore than
the refegence qusacg%oﬁwﬂ il tf'l%azss%ccfnlq: & %tslf%%%t\?%)enf, gjl(?.lnro e&Iietcal

el enents.” 14. splay dévi ce accordi'ng to c¢laim

non-sel ection peld Qd digf1PaniRd eN AUq 2219 I iU 19y Llement s of
the optical el enent group
second designation current;
an optical element group including a first optical
element which is connected to the scanning line of the
10 first row and emits light in accordance with a current
value of a first driving current supplied thereto, and
a second optical element which is connected to the
scanning line of the second row and emits light in
accordance with a current value of a second driving
15 current supplied thereto;

a pixel circuit group including a first pixel
circuit which is connected to the first optical element
and supplies the first driving current, the current
value of which is equal to a current value of the first

20 designation current, which is supplied thereto, and a
second pixel circuit which is connected to the second
optical element and supplies the second driving
current, the current value of which is equal to a
current value of the second designation current, which

25 is supplied thereto; and

a power supply which applies a designation current

reference voltage to both the first pixel circuit and



are selected. LLOYD WSE 69 15. A display device according to cIaHpb&ﬁ
wherein a reset voltage is output to said plurality of signal Iine% yﬂﬁ%
t he non-selection period. 5 16. A display device according to claim13,
wherein the designation current reference voltage is |ower than the
driving current reference voltage. 17. A display device according to claim
13, 10 further conprising a data driver w&éh supplies the first and
second designation currents to the first and second pixel circuits based
on the designation current reference voltage output fromthe power supply
within the selection period. 15 18. A display device according to claim
17, wherein tHé&ssisarnd imiecggr cuir @oretitthithe ke dricrerreriod heapd xel
circuits. 20 19. A display device according to claim 17, wherein each of
the pixel circich ARRYISS 2 445N (GErERE drefisrspre Vel pde e
connected to 325 scanni | ine of the scanning line gngﬂg and one of a

drain and a sof i eclcic'ﬁa%‘gctt XY 1HF THtta atﬂcg\}'é?‘? T RBFRE t ransi st or
[0 vhieh @ BaUe bt SOMERIS o QS SR aeaAn L4 e 00 e gl et o1
5 pixel circuit supplies the first driving current to the
first optical element and the second pixel circuit
supplies the second driving current to the second
optical element}
wherein the optical elements have respective first
10 electrodes connected to the power supply through the
pixel circuits corresponding thereto and a second
electrode to which a reference voltage is applied; and
wherein the power supply selectively outputs the
driving current reference voltage and the designation
15 current reference voltage to supply the first and
second designation currents, and the driving current
reference voltage is not less than the reference
voltage applied to the second electrode of the optical
elements, and the designation current reference voltage
20 is not more than the reference voltage applied to the

second electrode of the optical elements.

14. A display device according to claim 13,
wherein the non-selection period is a period when none
25 of the optical elements of the optical element group

are selected.



voltage are selectively input to one of a drain and a source, and @ gypwiIsE
driving transistor in which: a gate is connected to the other of the drain
and the source of the second 5 transistor, one of a drain and a source is
connected to one of the drain and the source of the second transistor, and
the other of the drain and the source is connected to the other of the
drain and the source of the first transi &Por and one optical el enent of
the 10 optical elenent group. 20. A display device according to claim 19,
further conprising a selection scanning driver which selects the first
transi stor and the second transistor, 15 which are connected to the one
scanning line of tH&. sdarfiisy]ay sevirasupadadding e sdladat il3n period.  21.
A di splay device according to claim 17, wherein each of the pixel circuits
conmprises: 20 AHELSSD & HRsiadt dolitRIfhilch utRitte tis sedthadiedticy eife
scanning line of, th canning lLi.ne group and one of a drain and a source
is conngcted t & A datBqF i }%1%&%6“H*FF§§§9&9§'HQ¥R&ﬁCh a gate is
connected to the one scanning line and one of a drain and a 25 source is
connected to the one scanning line, and a driving transistor in which: a
gate is gonnected 1o the gldan pladfe drain.andd he squige of the second
one of a a (S

LLOYD WSE 71 transi'stor, rain an ource connected to the

power supply, apfddhe el it Uit W ference voltage is

lower than the driving current reference voltage.

17. A display device according to claim 13,

10 further comprising a data driver which supplies the
first and second designation currents to the first and
second pixel circuits based on the designation current
reference voltage output from the power supply within

the selection period.

15
18. A display device according to claim 17,
wherein the signal line group connects the data driver
to the pixel circuits.
20 19. A display device according to claim 17,
wherein each of the pixel circuits comprises:
a first transistor in which a gate is connected to
one scanning line of the scanning line group and one of
a drain and a source is connected to the data driver,
25 a second transistor in which a gate is connected

to the one scanning line and the designation current

reference voltage and the driving current reference



source i s connected to the other of the drain and the source of the first
transi stor and one optical elenment 5 of the optical el enent group. 22LLOXD WISE
di spl ay device according to claim?21, further conprising a selection '
scanning driver which selects the first transistor and the second

transi stor, 10 which are connected to the one scanning line of the
scanning line group within the selection périod. 23. A display device
according to claim 13, wherein each of the pixel circuits stores the
current 15 value of the designation current supplied thereto wthin the
sel ection period and supplies the driving current that is equal to the
current val ue ofoktinRge dess girlis B kY etPWasedl Fie tdfe alrdwdiny and rent

ref erence voltage output fromthe power supply after 20 the selection
period. 24. A d¥PHEr FH ce according to claim 13, wherein each of the

pi xel circuits conpriéﬁéha.drivin . transjstar, capacjtor which is

r.and a

connect ed between a 2GR ATFH IR Vi "(()}h’ec i YiRET rEhsFpRrcted
wherein a data driver | i t.he respecti desi gnati o urrents to the
driving transi sttdoort\s{'leof‘jﬁ:tliﬁegr L??%\Fﬁle\/\f%l?mifrbﬁy%e € cﬁor%ﬁ? so’gat(si'éed e
desi gnat ison curdiefs; JhEr (e H0ld age Y J 'L ROVRL Ly W Lhin
the selection perlod} and wher el n the capacitor of each of he pt xel 5
circuits storegsshafdes ad &BRPAHINH tthd Nurce of the second

transistor, and the other of the drain and the source

is connected to the other of the drain and the source

of the first transistor and one optical element of the

10 optical element group.

20. A display device according to claim 19,
further comprising a selection scanning driver which
selects the first transistor and the second transistor,

15 which are connected to the one scanning line of the

scanning line group within the selection period.

21. A display device according to claim 17,
wherein each of the pixel circuits comprises:
20 a first transistor in which a gate is connected to
one scanning line of the scanning line group and one of
a drain and a source is connected to the data driver,
a second transistor in which a gate is connected
to the one scanning line and one of a drain and a
25 source 1is connected to the one scanning line, and
a driving transistor in which: a gate is connected

to the other of the drain and the source of the second



designation current supplied to the pixel circuit between the gate and the
source of the driving transistor of the pixel circuit, and when thg gy WISE
driving current reference voltage is input fromthe power 10 supply, che
driving transistor supplies the driving current corresponding to the
charges stored between the gate and the source. 25. A display device
according to claim 13, 15 wherein the powdl supply outputs the driving
current reference voltage within the non-sel ection period between the
selection period of a predeterm ned scanning |ine and the selection period
of a next scanning line. 20 26. A display device according to claim 13,
wher ei n t he opthikadlsidtenbnione ifpra skradmyanid selsawmess . is Zohnnedishltay
device driving method conprising: 25 supplying a first designation current
to a first dritA@IieanSWRdy wians rhe fathar «ff &g shrajer iandl ttde store

charges corresponding to a current valye of the LLOYD WSE 73 first
desi gnati on curfRHCH WS E 5% té’nd#’z? Qe ohothaelgaimsang ifheg

transi stor; supplyin co designati.on current to a secand . driving
transistor wit |°ﬁ%é:ege° o%@%%@&'&%%%@ﬁ FN%E WGP T gsl ement

correspoRdi ng tG §,curye! tca\{lale"i%m fn t Qf}fo% cond designation current between
a gate and a source SEYHE secon c'fri ing)‘transi stor; and

22. A display device according to claim 21,
further comprising a selection scanning driver which
selects the first transistor and the second transistor,

10 which are connected to the one scanning line of the

scanning line group within the selection period.

23. A display device according to claim 13,
wherein each of the pixel circuits stores the current
15 value of the designation current supplied thereto
within the selection period and supplies the driving
current that is equal to the current value of the
designation current based on the driving current
reference voltage output from the power supply after

20 the selection period.

24. A display device according to claim 13,
wherein each of the pixel circuits comprises a driving
transistor and a capacitor which is connected between a

25 gate and a source of the driving transistor,
wherein a data driver supplies the respective

designation currents to the driving transistors of the



froman end of the first selection period until a beginning of the sec_on%E
sel ection period, (i) 10 outputting a driving current reference volt
the first driving transistor and a first optical element which is
connected in series with the first driving transistor, and (ii) outputting
the driving current reference voltage to the second driving transistor and
15 a second optical elenent which is conn@éted in series wth the second
driving transistor; and applying a designation current reference voltage
to both the first driving transistor and the second driving transistor in
the first selection period and 20 the second selection period;, wherein the
driving currenPipsflecdisalifs taged $ra theoldesganat i cwrxresdur ce-drai n
vol tage of the first driving transistor and a source-drain voltage of the
second dri vi ng B&E&TErStoV Adrt@IsetUtR Y LA dhed PoWSTe SuprEs Y2871 tRIg spl ay
device driving nethod conprising: . supplying a first designation current to
a first LLOYDg\'/'\bh§ES £ R r?&ﬁq'r"&si r wthin a first selection period
to store charges cqrrespondi.ng tQ a .curre val.ue of .the , first
desi gnation current B8 rmegléln(%éiegéiaé’ae? A sogjrecaeCh (9fottﬁ’ee A& dri vi ng
transist@r; 5 syppRd Xicng 3 §%Q510Q: aqg%isg%%gr%%p%?{dri%gt L0 3 second driving
q sel ection p after

transistor within a secon erro suppl yleng the first
desi gnation CURNGHR iSO/ Rirrent supplied to the pixel circuit

between the gate and the source of the driving
transistor of the pixel circuit, and when the driving
current reference voltage is input from the power

10 supply, the driving transistor supplies the driving
current corresponding to the charges stored between the

gate and the source.

25. A display device according to claim 13,

15 wherein the power supply outputs the driving current
reference voltage within the non-selection period
between the selection period of a predetermined
scanning line and the selection period of a next

scanning line.

20
26. A display device according to claim 13,
wherein the optical elements comprise organic elements.
27. A display device driving method comprising:
25 supplying a first designation current to a first

driving transistor within a first selection period to

store charges corresponding to a current value of the



charges corresponding to a current value of the second designation current
between a gate and a source of the 10 second driving transistor; anidGMXWISE
suppl ying the second designation current outputting a driving current
reference voltage to the first driving transistor and a first optical

el ement which is connected in series with the first driving 15 transistor,
and outputting the driving current referéidce voltage to the second driving
transi stor and a second optical element which is connected in series wth
the second driving transistor; applying a designation current reference
voltage 20 to both the first driving transistor and the second driving
transi stor in ttH&st desigmaddrorysaardd batdvesrhe gasendisklacidwreeri od;
wherein the driving current reference voltage is a voltage at which a
source-drain v&ft Finste FGIMIND L THNSLSIPRir ansi stor and a sour ce-drai n

vol tage of the second quvin transi Efr are set in a saturated state.
supplying secon esignation current to a second

driving transistor within a second selection period to
5 store charges corresponding to a current value of the
second designation current between a gate and a source
of the second driving transistor; and
from an end of the first selection period until a
beginning of the second selection period, (i)

10 outputting a driving current reference voltage to the
first driving transistor and a first optiéal element
which is connected in series with the first driving
transistor, and (ii) outputting the driving current
reference voltage to the second driving transistor and

15 a second optical element which is connected in series
with the second driving transistor; and

applying a designation current reference voltage
to both the first driving transistor and the second
driving transistor in the first selection period and

20 the second selection period;

wherein the driving current reference voltage is a
voltage at which a source—drain'voltage of the first
driving transistor and a source-drain voltage of the
second driving transistor are set in a saturated state.

25

28. A display device driving method comprising:

supplying a first designation current to a first
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driving transistor within a first selection period to
store charges corresponding to a current value of the
first designation current between a gate and a source
of the first driving transistor;

supplying a second designation current to a second
driving transistor within a second selection period
after supplying the first designation current to store
charges corresponding to a current value of the second
designation current between a gate and a source of the
second driving transistor; and

after supplying the second designation current ,
outputting a driving current reference voltage to the
first driving transistor and a first optical element
which is connected in series with the first driving
transistor, and outputting the driving current
reference voltage to the second driving transistor and
a second optical element which is connected in series
with the second driving transistor;

applying a designation current reference voltage
to both the first driving transistor and the second
driving transistor in the first selection period and
the second selection period;

wherein the driving current reference voltage is a
voltage at which a source-drain voltage of the first
driving transistor and a source-drain voltage of the

second driving transistor are set in a saturated state.



