+ b &ESER+-P T+ ONOED CCRCUT WTH A PLURALITY

OF ECTED IN SERIES 5 Technical Field The
pre I H ‘ nrelates to a display and an array
subs , re particularly, to an active nmatrix

or gani ¢ “Et!'%(el ect r ol um nescence) display and an active
—rat++x—sSubstrate-used therefore. ; 10 Background. Art

De | at panel displays represented by a

qumm m ﬂ@w"ﬁw di splay is growi ng sharply because of
th es such as_|qw profile, |o I ght, and
| ow powgeo2'consunpti on sEfghﬁgﬁ%st% taiﬁ%gg-ray-tube
15 di splays. Especially, active matrix displays which
use pi xels having a nenory effect to hold a video

siLgnat 1ace 1us @d THN AV PTURAS, TH8Y I0Fe S ISUHE AT MNEEIHE IN SERIES
i nformati on equi pnments, because a satisfactory display
qual ity can be obtained. 20 In recent years, of flat
panel displays, organic EL displays as self-en ssion
5 di spl ays whi ch can i ncreaseHhegiespase speed and
viewi ng angle as conpared to liquid crystal displays
have i nt enBheepyebeen devehaped. =25 aKlG tb iss display and
circuit diagramshow ng an exanple of the pixel
ci rcnt dfray convehtfonakndr ganice Bbrtdicspglaayly,THis an active
pixel circuit is disclosed in U S 2 Patent No. -
6, 37TNULAR AR vper bt escasclEsEMbagSenew) display and
an active matrix substrate used therefore.
10 - Background. Art
Demand for flat panel displays represented by a
liguid crystal display is growing sharply because of
their advantages such as low profile, low weight, and
low power consumptior as compared to cathode-ray-tube
15 displays. Especially, active matrix displays which
use pixels having a memory effect to hold a video
signal are used in various devices, such as portable
information equipments, because a satisfactory display
quality can be obtained.
20 ' In recent years, of flat panel displays, organic

EL displays as self-emission displays which can

increase the response speed and viewing angle as

(w3

compared to ligquid crystal displays have intensively
been developed.
25 FIG. 1 is a circuit diagram showing an example

of the pixel circuit of a conventional organic EL

display. This pixel circuit is disclosed in U.S.
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First, a swtch Sw2 is opened. In this state,

swtches SW and Sw3 are closed to supply a desired
video signal current linto a transistor Dr. At this 5
time, since the transistor Dr is diode-connected by
the swtch Swl, the gate-to-source voltage of the
transistor Dr is set such that tye nmagnitude of the
current that flows between the source and drain equal s
the current lin. After that, the switches Sw and 10

Swa d. T -1 0- | t f the.

D ond e AT AR it K e b fiped below.
th Add, ] ' Cl. |

oy s Finddly 4 N dh M2 SO Int et Dostages

SW2 iS,:6l-esed ' n o
e TR S PRI Bl s

gat e~tieresoulieR aMoldiage af the dd ansisfof; roikspset /8 this
descried above, a current havi ng al nost the sane

magnittivee a9 nidee toy rerdndiidtod oSt 4 cdidh@e ocGamd €t & by

el ement OLED. Accordingly, 20 the |ight em ssion

peri athestsarittsh Notle tdrat ddredtdogtdoumm ssdbnaperoddthe
continues until the next wite period starts. In the
abovérgasdsitioed i s e thetuvdd , thtate thymteagol sode cef the
voltage is ideally held at a constant 25 |evel during

t he FUGRENENtESiTorf 5ot Rt el STuidR a0 t@ka Bplequals
is inconpletely turned off, charges can nove between

the afeC HRdedrailirof theah disitet 3 stxtcher e and

gateé%%_%%%r%%e%%kﬁag%Tﬁggé%%-E%ié%urce voltage of the

transistor Dr, which is set in correspondence with
the current Ijp, is held by a capacitor Cl. 1In the
above way, the write period is ended.

Next, the switch Sw2 is closed to connect
an organic EL element OLED to the drain of the
transistor Dr. Since the gate-to-source voltage of
the transistor Dr is set as descried above, a current
having almost the same magnitude as the current Iip
flows to the organic EL element OLED. Accordingly,
the light emission period starts. Note that the light
emission period continues until the next write period
starts.

In the above-described display method, the
gate-to-source voltage is ideally held at a constant
level during the light emission period. However, if
the switch Swl is incompletely turned off, charges

can move between the gate and drain of the transistor
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result, image display corresponding to the witten
video signal may be difficult. For exanple, the

| um nance of dark display pixels nay increase. In 5
extreme cases, the dark display pixels may visually

be recogni zed as bright defects. This problem not only
exists in an organic EL displays;whose pixels use the
circuit showmn in FIG 1. More specifically, the above
probl em can al so be exist 10 in an organic EL display
mhos§ pi xel s use not the circuit which wites a video
si gn8F’ b§"4 EEFr 8RS OGRS RIS t2s
a video signal _b vol_t age signal. , Disclosure of. .

| nvehtrBnt 15 e OEs Ao et G ThE Bl ent TH et} o™
to ik a i.sphay i f ct. trd _
orgak?ggELéggégﬁageiggéoﬁg#ﬁglﬁﬁjg fﬁ???‘%%%g%?gbfé%%e

presephi nhA%eNbirota Ahere bis provided @n, agld e 4@t ri xn
organic 20 EL display conprising a drive contro

el enept rehiChaisBel, Udes @afdl &1 JErdy N x£0NNRCY e d0a Bl y
first power supply termnal, a control termnal, and

a sependecteghiizeal ashiceh goutt pldfectglri vi ng current

having a magnitude corresponding to a voltage between

the first TB5 st @rmbiam ardt tdrel coariots t 8 namabyganic EL
capacitor which has one el ectrode connected to the

cont gébkpla¥nivhalse @ridedan udd rithe reitreuiol shagpen biet wekh- 1.
the first termnal 4 and the control term nal
Consyaﬁﬁ,SﬁﬁcéﬁdgﬁﬁéyELthe above problem can also be exist

in an organic EL display whose pixels use not the
circuit which writes a video signal by a current
signal but a circuit which writes a video signal by
a voltage signal.

Disclosure of Invention

It is an object of the present invention to
increase the display quality of an active matrix
organic EL display.

According to a first aspect of the present
invention, there is provided an active matrix organic
EL display comprising a drive control element which
includes a first terminal connected to a first power
supply terminal, a control terminal, and a second
terminal which outputs a driving current having a
magnitude corresponding to a voltage between the first
terminal and.the control terminal, a capacitor which
has one electrode connected to the control terminal

and can maintain the voltage between the first terminal
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el ement which is connected between the second term na
and a second power supply termnal, and a plurality of
first switches which are connected in series between
5 the second terminal and the control term nal
According to a second aspect of the present

invention, there is provided an active matrix organic
EL display conprising a drive control el enent which
includes a first term nal connected to a first power

10 I i nal , tral t i nal , d

Cer nfRal LR SR G aPRuES R AN (TG EE e havi F o b
nagnkigﬁgn%oab?%ﬂoqgl%%Hﬁéé%égﬂ%é¥¥%eeH%ﬁ?%éé%ﬁ&'ﬁgEminal
termnal "and the control termnal, & capacitor whic

has I e ne t cont r i :
has gge gl ecbbade ,6oan %h%qa% 6 Gant, t%lqn&%%g?%allty

15 can naintain the volt g‘betmeen e firs
ternppakigand stheceent Lol drerdddalorRNstaantin &eries between
organic EL el ement which is connected between the
secopHet eebnal tamehiaalseeend HOWRIN AP e trermd nal |
and a plurality of first sw tches which are connected
in seriesAbeowelemat he 20 ssecontl deranad £ adrtte theesent
control termnal, the plurality of first swtches
bei ngn¥Eakdocaf f 6L rer alsipstvrisiasf an Retgaie matrix organic
conductivit{ type and havingﬁ?ates connected to a
si ngF& désR SYgRAFPEASH Gt & Adle G Wil tseement which
plurali of first swtches connected ip serie
D5t EPEL e on Roch G T . GRS D Bt
cont ecm nal _havi_ng _a.threshol d val ue deeper than
thatgg pl&hég?gﬁgﬁ%rné |QQ§”%%M %ﬁ$13§%”A§g5fd$n%e?%n%
th'rgeﬁﬁgﬁgﬁ QRiEHeoBE%%%g a driving current having a

magnitude corresponding to a voltage between the first

, the
%ﬁ%t power

terminal and the control terminal, a capacitor which
has one electrode connected to the control terminal and
can maintain the voltage between the first terminal and
the control terminal constant, an organic EL element
which is connected between the second terminal and a
second power supply terminal, and a plurality of first
switches which are connected in series between the
second terminal and the control terminal, the plurality
of first switches being field effect transistors of

the same conductivity type and having gates connected
to a single scan signal input terminal, and of the
plurality of first switches connected in series, the
first switch located at an end on a side of the control
terminal having a threshold value deeper than that of

the remaining first switch.
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invention, there is provided an active matri x organic
EL di splay conprising a drive control el enent which
includes a first term nal connected to a first power 5
supply terminal, a control terminal, and a second
term nal which outputs a driving current having a
magni tude corresponding to a vol tage between the first
terminal and the control terminal, a capacitor which
has one el ectrode connected to the control term na

and 10 ca qgig%@%n the vol tage between_the first

termnal andCthe €ont rdvl ti et i AaPecongfanti® BReSent

or gani glement,  which is connected between the :
seco%ﬁﬁ%ﬁ%ﬁ%ﬁl ant %YE% d%%&Lﬁﬁhﬁns%b€f¥et%?ﬁfhél?rganlc
and & pldrQliidy Qg fSing S E£NES MEFof‘fSl&ﬁQH@CLﬁ?ch
in series between the 15 second term nal and the

cont riglc1tRfd Ralsi dde ddiahdf YeoRhedidStc SWat EDRS: power
being field effect transistors of the sane

conduatdplist Yt dryfienAnd davdiigr et eSreONECt 88d 4 0s@cond
single scan signal input termnal, and of the

pl ur aedminefl fuhristh smtmhtes £omneeiegd dursefit eSavihg a

20 first swtch located at an end on a side of the

- cont mElgnitterds walr drmpa i hannel vé enggd beongeentbaa first

that of the remaining first switch. According to a

f our ¢ TSPt 2o (e praserl teweindlbn,athepecisor which

provided an active matrix organic 25 EL display _

conpriasi 174 %a SEe Kt TU" R eifenito viHi e HoPief etlesegminal and

LTSI SOMRCLE L0 2 LTS POURL BBV e

MhiCQh%“E%%E%oﬁ @@Bﬂfﬁéf“géﬁﬁgaﬁ¥?”iw g%ganic EL element
which is connected between the second terminal and a
second power supply terminal, and a plurality of first
switches which are connected in series between the
second terminal and the control terminal, the plurality
of first switches being field effect transistors of
the same conductivity type and having gates connected
to a single scan signal input terminal, and of the
plurality of first switches connected in series, the
first switch located at an end on a side of the control
terminal having a channel length longer than that of
the remaining first switch.

According to a fourth aspect of the present

invention, there is provided an active matrix organic
EL display comprising a drive control element which

includes a first terminal connected to a firs: power

supply terminal, a control terminal, and a second



10

15

20

25

magni tude corresponding to a voltage between the first
termnal and the control term nal, a capacitor which
has one el ectrode connected to the control termnal 5
and can maintain the voltage between the first

termnal and the control termnal constant, an
organic EL elenment which is congpected between the
second ternminal and a second power supply termnal, a
plurality of first switches which are connected in
serhgs bet en 10 the second termnal and the contro

t er nrRaft; a fW‘%Fh §E&R USSPy fald TR h A Wit th 47109 @

conngeled L9, ofLhe, Rlural ity of Jisst stehes oo o

contro erm na

end QQrﬁiﬁgﬁjea% *t‘H% %g'ﬂ%%‘i'crt]:teeﬁrn{‘fr{éaidect r%ﬁa&:@&n%hich

scan SiI gha term nal I'S Ccon

contfQk Bﬁé”bm@EtQEaEh%o%%%@ﬂ@dKlJ'Hﬁg SM L ofe dhEnal
plurality of first swtches, the plurality of first

swi t ghaschei neihicalid tekf el dd@NYshudch ofhd hel SsaMecerminal
conductivity type, and of the plurality of first

SW t gh@stboenneatedli nezerinad, hdtwnt,i rat ewgdrchc EL

| ocated at the end on the control termnal side

havi agemechanhékharea comalelcgred et wdwat tlof gfdwond terminal
remai ning first swtch. According to a fifth aspect of

t he pREsenfeCPRdeROMNEH, SURPY iterig\A ded antwdiiey of
matrix substrate 25 conprising a drive contro

el enehf ShPEATFREPUHES Ch Plrﬁsthrgﬁﬁtr%ﬂ dbrifects kfe'ot‘éee“

a control ternlnm

2 SotBRG® CEPRMNAR Y7 i CR ol PP aF) Vi i berl £7St

'haV'QQag g?gﬂbﬁug%rminal which is connected to, of the

plurality of first switches, a control terminal of
the first switch located at an end on a side of the
control terminal, and a second scan signal terminal
which is connected to a control terminal of the
remaining first switch 6f the-plurality of first
switches, the plurality of first switches being field
effect transistors of the same conductivity type, and
of the plurality of first switches connected in series,
the first switch located at the end on the control
terminal side having a channel area smaller than that
of the remaining first switch.

According to a fifth aspect of the present
invention, there is provided an active matrix substrate
comprising a drive control element which includes
a first terminal connected to a first power supply

terminal, a control terminal, and a second terminal
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corresponding to a voltage between the first term na
and the control term nal and should be connected to a
second power supply term nal through an organic 5 EL
el ement, a capacitor which has one el ectrode

connected to the control termnal and can maintain the
vol tage between the first ternin?I and the contro

term nal constant, and a plurality of sw tches which
are connected in series between the second term na

and 10 the control term nal. Brief Description of,

Dr awi’AgS PFOGTPHTSs g dGivddid SH A Hm oWl hg? dipgnitude
exanpl e of the pixel circuit of a conventiopal _ .
or gafPé FRSPERSIINgy tO B golrgae aoep%%ewi@eﬁ first terminal

sche [ || wi-ng an .15 -actiye mat;' organi ¢ EL
di sp a;%j %%go?ré&i%ﬁgotlo%teﬁgl |arlstanc}e/n§ok})odil‘rrée>r(ﬁe 0 rfrll]eeCted

t.in ion. FlLG ' pl an. vi iC ,
present i %\é%%tn'd%olw%r su%\ﬂjl_ﬁ/cﬁceglgﬂﬂbéeﬁ g%%pﬁs&olykggﬂ%% r@hgymc

showi ng an actual | ayout

pPi xeks, el erdeh® , 002016 cEle 31 S i@ showbidd H &t 25420

FIG 4 is a plan view schematically showng a
nmodi Ebaakicerdof of h@eStdoneirdie shawhd N MG cah mdlkxabn

is a plan view schematically showi ng an actual | ayout
of theepivxeltsgef banwerganhe Hi Htspaymimc aired nghd ocantrol
reference exanple; 25 FIG 6 is a sectional view .
schefretrindalklly comewiamdg . amdexeaml e of i oy st st re&havhi ehich
can be enployed for, of a plurality of swtches '
i ncl 8d€d CORNECSRICE dit §eadsS Petifarthdee es@eprd gterminal and
switch which is |ocated _at the end on
the control terminal.
Brief Description of Drawings
FIG. 1 is a circuit diagram showing an example of
the pixel circuit of a conventional organic EL display;
FIG. 2 is a plan view schematically showing an
active matrix organic EL display according to the first
embodiment of the present invention;
FIG. 3 is a plan view schematically showing
an actual layout which can be employed for pixels in
the organic EL display shown in FIG. 2;
FIG. 4 is a plan view schematically showing
a modification of the structure shown in FIG. 3;
FIG. 5 is a plan view schematically showing
an actual layout of the pixels of an organic EL display
according to a reference example;
FIG. 6 is a sectional view schematically showing

an example of a structure which can be employed for,

of a plurality of switches included in a switch group,
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the control term nal side of a drive control elenent;
FIG 7 is a sectional view schematically show ng an
exanpl e of a structure which can be enpl oyed for, of

5 the plurality of switches included in the switch
group, the switch |ocated at the end on the control
termnal side of the drive contgol elenent; FIG 8 is
a plan view schematically showing an organic EL

di spl ay according to the second enbodi ment 10 of the

present |nvent|on tcsh nn q"LlJI valfnt CI rcu tti)]e end on

di agr am scﬁlgv?/l ng Ceé)n exarer1 e of ixef cTFeut

can *E@ eg%&%%gl t%rn? rhealors% of'-a %?Héycéﬁé’i“@l'?lemnnt,

FI G 1% ng c show ng an exa

15 of the gdid V"/”QLs‘TBé h%ﬂlforwf H&ﬁné&h@raghégh@y showing

shown in FIG 8; FIG Is a view show ng an exanpl e

of the ovwawefier r of s&r&icgfiﬂ&elmht@aﬁh@ed&hgyo ed for, of
el ement shown in FIG 9 and a signal output fromthe

del ayhel ements1i2Q HfGswliZ drse A egUhded et €hécsivitch group,
di agram showi ng anot her exanple of the pixel circuit

whi cliheamswheé chenplaated BL tthee ergdne Bhe despt ayl shewninal
in FIG 8; FIG 13 is a view show ng an exanple of the
wavefaddgs odf tdssidyriale igpirab ehemetay el enent shown

25 in FIG_12 and a3|gnal output fromthe_ dela _

el enent; FEilG- #1 is &P *eadhlY/Jaq?‘én%C]&?IF%EFFaéﬂégﬁéﬁWlng an

showi n anot her exanple of the pixel circuit whi
can Bg%gnlé ﬁéf %[ﬁgqﬁiﬁ&ﬁg Hh%p§%9ogﬂoﬁmbpﬂlment

FIG‘O% the present invention;

FIG. 9 is an equivalent circuit diagram showing
an example of a pixel circuit which can be employed in
the organic EL display shown in FIG. 8;

FIG. 10 is a timing chart showing an example
of the driving method of the crganic EL display shown
in FIG. 8;

FIG. 11 is a view showing an example of the
wa&eforms of a signal input to the delay element shown
in FIG. 9 and a signal output from the delay element;

FIG. 12 is an equivalent circuit diagram showing
another example of the pixel circuit which can be
employed by the organic EL display shown in FIG. 8;

FIG. 13 is a view showing an example of the
waveforms of a signal input to the delay element shown
in FIG. 12 and a signal output from the delay element;

FIG. 14 is an equivalent circuit diagram showing

another example of the pixel circuit which can be



FIG 15 is a view showi ng an exanple of the waveforns
of a signal input to the delay elenent showmn in FIG
14 and a signal output fromthe delay elenment; 5 FIG
16 is an equivalent circuit diagram showi ng an
exanpl e of a pixel circuit which can be enployed in an
active matrix organic EL display according to the
third enbodi nrent of the present invention; FIG 17 is
an equivalent circuit diagramshow ng 10 an exanple

¢ ival ci £ whi ch | 4 | .
mmt - PRP SR sl BYREhar Srray ol ding . e oth e
mbodi nent.oaf the L et o FlG. 18 i 2 «pe

CTng Chate-shawing ay eXamic o it Gl o s

of thgvgfggﬁgcoELadkge%%X which 10 &playss § her el shown

circuit shown in FIG 17 for pixels; FIG 19 1s an

equi yal ent. ciucHhl di agamshewong anet hele exad) & Xdment ;
the pixel circuit which can be enployed in the organic

EL di spl ayraccardiigg aho eduierdfleud htierdioict meidgodm t fieowing
present invention; 20 FIG 20 is a timng chart
showangeaampxanplfeaobixehle cdricwiing whetdrodaf ddemployed
organi ¢ EL di splay which enploys the pixel circuit

showhni ANFACE1Y9 et rpkxerganficGEL Hiisp lay expivedgrd to the
circuit diagram show n anot her exanpl e of the pixe

ci r cui ¢ FAhPRROEARSRE @% SRS Byesant iR BYigific EL

di splay accarding.to_the fourth enbodi nent of the
brosent | VBNt fani® BRGE®S YRFaRY (o Tif thai + 2SHehui P09

3?8 S%rggg%\%lné ge 8% tah % igcreilv ich].% crxrleltth (evq\ i%fh tchaen Y3 aenrrimgg: 1 oE}ll‘e d
in an active matrix organic EL display according to
the fourth embodiment of the present invention:

FIG. 18 is a timing chart showing an example
of the driving method of the organic EL display which
employs the pixel circuit shown in FIG. 17 for pixels;

FIG. 19 is an equivalent circuit diagram showing
another example of the pixel circuit which can be
employed in the organic EL display according to
the fourth embodiment of the present invention;

FIG. 20 is a timing chart showing an example of
the driving method of the organic EL display which
employs the pixel circuit shown ‘in FIG. 19 for pixels;

FIG. 21 is an equivalent circuit diagram showing
another example of the pixel circuit which can
be employed in the organic EL display according to
the fourth embodiment of the present invention;

FIG. 22 is a timing chart showing an example
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enpl oys the pixel circuit shown in FIG 21 for pixels;
FIG 23 is an equivalent circuit diagramshowi ng an
exanpl e of a pixel circuit which can be enployed in 5
an organic EL display according to the fifth

enbodi nrent of the present invention; FIG 24 is a
timng chart show ng an exanplejgf the driving nethod
of the organic EL display which enploys the pixe
circuit showmn in FIG 23 for pixels; 10 and FIG 25

| ® 2o3eShLonal NLewsRIRU ALy SHoW 10 ¢ 21 SR & i cn

of a Structuré can yed 1 n the organ

paneLsﬁPﬁ%/ggreq.?%? p%%etlh%ifrjcr&ii%t :sl%omr‘r tir}x Eef@.Odﬂsi;S‘feBr%ipixels;

15 Bes rrying e I nvention

enbodi mentg cof otshe Presenfu i MeHd o r it Bagram showing
described below in detail wth reference to the

accogpaBykRg1@r aw RYixEle csamrirefeliencednimy adsloyed in
denote constituent el enments which exhibit the same 20

or skem batahupcELond sphirqughadtrdivey draavi g st i futd erdbodiment
repetitive description thereof will be omtted. FIG

2 i scd phanpveewnscherwvetritdaln;y showi ng an active

mat ri x org@nic EL display according to the first )
enmbodi nent'16f He iFr ésdrdtming eftaon. shosing aetexample of
matri x organic EL display 1 shown in FIG 2 includes

an oFganfElELNFaREIthoe £id the marid &l NPy wikech

Orgaghglgbspggglp?geﬁngi%%%%tagﬂgwﬁﬂfgIE%E. 23 for pixels;

and

FIG. 25 is a sectional view schematically showing
an example of a structure which can be employed in
the organic EL panels according to the first to fifth
embodiments.

Best Mode for Carrying Out the Invention

Several embodiments of the present invention
will be described below in detail with reference to
the accompanying drawings. The same reference numerals
denote constituent elements which exhibit the same
or similar functions throughout'the drawings, and
a repetitive description thereof will be omitted.

FIG. 2 is a plan view schematically showing
an active matrix organic EL display acéording to
the first embodiment of the present invention.

An active matrix organic EL display 1 shown
in FIG. 2 includes an organic EL panel DP and a

controller CNT.
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substrate 2 such as a glass substrate. Pixels PX are
arrayed in a matrix or. one nmajor surface of the
substrate 2. The pixels PX define a display region 5
on the major surface of the substrate 2. A scan signal

line driver YDR and video signal line driver XDR as
driving circuits are arranged im@a region outside the
di splay region, i.e., in the peripheral region. Each

pi xel PX includes an organic EL elenent OLED, 10 a
drive control el enent , ac pggitor d,, a switch. .
group SwG for met? by con e%?r?hg pFﬁFéPF{?ﬁ 3F RiPEdRESN
In S%rulbes%raacesvﬁt h% aa%sg\/\%&tggt e.AS-P%Q ls PX
exanpl e, the sw tch group i hcT udes Fee sW tChes

SwW a e SWlG RS an ae)&?ar@j%% @;gﬁ@@g@%- JETS, LEBLR-Biel My

15 transistors) as a kind ct transistors

are sugedrasdhe drine cont1olpel gaBMhDr, gs¥bigheseqgion
SWwato Swlc (switch group SWG, switch Sw2, and

SWi t ol Sw@ mEie drdurer Lantd ol cigd es@ptc PiteSM t CA SWEn signal

and organic EL elenent OLED are connected in this

or derl 1n20 dim vsser iIYER ketdveeidso poivgtia Supphy dibee¥YdHDR as

and a power supply line Vss each serving as a power

suppley iveng welrcudtic R suppf fasged oln he pegebnPXptaide

power necessary for causing the organic EL el enment

OLED G &SP ldYgHiediorhe fodt entitl shofPehePpowet region.

supply Iirﬁe dd and power 5 supgly line, Vss are set

torTe g, . LRrgy B ONY TUSHRRE T VaRyOr AT bF nERF [6RERT OLED,

the capacitor G _is caonnected to the 12 .control .

termnal - geatcéﬁntorfO%I hege(ﬂr}elr{/ted%%’nt?o‘fa%‘?%h‘e%f &L 2 switen
group SwG formed by connecting a plurality of switches
in series, a switch Sw2, and a switch Sw3. As an
example, the switch group SwG includes three switches
Swla to Swlc. As an example, p-channel TFTs (thin-film
transistors) as a kind of field effect transistors are
used as the drive control element Dr, switches Swla to
Swlc (switch group SwG), switch Sw2, and switch Sw3.

The drive control element Dr, switch Sw2, and

organic EL element OLED are connected in this order
in series between a power supply line Vdd and a power
supply line Vss each serving as a power supply terminal
which supplies, to the pixel PX, a power necessary
for causing the organic EL element OLED to emit light.
The potentials of the power supply line Vdd and power
supply line Vss are set to, e.g., +10V and 0V,

respectively.

A terminal of the capacitor Cl is connected fto the



Dr. The capacitor Cl holds the potential difference
bet ween the gate of the drive control elenent Dr and
the term nal (source) of the drive control elenent Dr,
5 which is connected to the power supply line Vvdd. The
potential difference corresponds to the input signal.
The capacitor Cl is connected betyveen the power supply
line Vdd and the gate as the control term nal of the
drive control elenment Dr. 10 The switches Swla to Swilc

are con cgledcl n Sgc{l' eé? betvve n_t he,control nEer

i nal
of thceonrlve cont aet_ff‘ént t%%ddfhe t 8P ha e%ement

(draUQQ of 4J] &gééﬁ éﬁqgaéﬁ$%§geﬁ%ntp£¥en¥@5$hdF%ference

connect ed tO t € sSwW contT term na

(gat g5+ e 4%e5VqétCéTe§F dive ULA, L O-SWLEL BT €1 ERBAGCHEang

to the scan signal line driver YDR through the sane

cont riole lddenfrof1 eaedupixel o f O¥he Thei ¢ONEERL rber Bl BAkSL Dr,
of the switches SwWia to Swlc are connected to a scan

si gnathildnel Scasrindc: adhi o tiidepcwdt rohppeyninak Uld. The
the swwtch SwW3 is connected. 20 The scan signal |ine

whi chpauppliials @l Starersignabriospomes comt toé tepotnalignal.

of the switches SWwa to Swic nmay be arranged

i ndepeRietRRaCigfon el sicarcenypated | %tW@%@nlheTﬁ@WQét gupply
as the control termnal of the switch

connecdti (! @t dsigme 35 n*éh%c%?@tro#hEe§Wfléﬁ w3 the

is connected between a video signal line Data

connéttetf (PTHE Vi ed“%’?’ig f:line driver 13 XDR and

the termlﬁ%e(ngtc i ye gogtrgwlglgggnéogkéctﬂd in series

between the control terminal of the drive control
element Dr and the terminal (drain) of the drive
control element Dr, which is connected to the switch
Sw2. The control terminals (gates) of the switches
Swla to Swlc are connected to the scan signal line
driver YDR through the same control line for each pixel
row. The ﬁontrol terminals of the switches Swla to
Swlc are connected to a scan signal line Scanl to which
the control terminal of the switch Sw3 1s connected.
The scan signal line which supplies a scan signal to
the control terminals of the switches Swla to Swlc
may be arranged independently of the scan signal line
Scanl.

The gate as the control terminal of the switch Sw2
1s connected to a scan signal line ScanZ2.

The switch Sw3 is connected between a video signal

line Data connected to the video signal line driver
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which is connected to the swtch Sw2. The gate as the
control termnal of the switch SwW3 is connected to
the scan signal line driver YDR through the scan
signal 5 line Scan!. The controller CNT is fornmed on
a printed circuit board arranged outside the organic
EL panel DP and controls the operations of the scan

signal line driver YDR and video signal |ine driver
XDR. The controller 10 CNT receives a digital video
si gn

and sync signal supplied froman external
devi SORaRaG e SR The fbas%%? %%tg%celement D,

| t | t.rol t
the SBEETCAr SERNITT NG and S HorT bRt - scaRS cBRFFor
si gnal, wieh eanty, orln?lrﬂ{i 5:(1%0@»? 5‘?" \§§aﬁ?st&ghﬁ'9c]:ed to
i es e

The controller supp ver |ca scan contro

.S'gn%%ea@@aﬁogfﬁﬂgfﬂl%ﬁ?EH:VIdégqg$3%g€§f? §Q¢s§§§nsignal

signal line driver YDR a river

XDR, iregpectinvel y. In addition, the controller CNT

supplies the digital 20 video signal to the video

signal |imaedrdoterrXDR 1t ICNBYIEhf ®fthsi wht B bhented circuit
hori zontal and vertical scan timngs. In each

hor i poatral agcamgset icod; s itdee thadlexrgamgnal EL| pagedr Dheand

XDR converts the digital video signal into 25 an

anal 6gnsirgaal tinedapatet icur rof Wie theamosigoat al iseafriver

control signal and supplies converted video signals
par al'iP8 PySt g 14 Lﬁlear}atly lofnei e’ o gk - | | hidg ggntroller

Data. | n this exanple, video signal _line driver
CN& recegves P 1g1t§i éio sf%nal and sync signal

supplied from én external device and generates, on
the basis of the sync signal, a vertical scan control
signal which controls the vertical scan timing and

a horizontal scan control signal which controls the
horizontal scan timing. The controller CNT supplies
the vertical scan control signal and horizoﬁtal scan
control signal to the scan signal line driver YDR
and video signal line driver XDR, respéctively.

In addition, the controller CNT supplies the digital
video signal to the video signal line driver XDR in
synchronism with the horizontal and vertical scan
timings.

In each horizontal scan period, the video signal
line driver XDR converts the digital video signal into
an analog signal under the control of the horizontal
scan control signal and supplies converted video

signals parallelly to a plurality of video signal lines
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XDR supplies the video signal as a current signal to
the video signal line Data. Under the control of the
vertical scan control 5 signal, the scan signal line
driver YDR sequentially supplies, to a plurality of
scan signal lines Scanl, a. scan signal which controls
sw tching of the switches Swlaqt;0 Swic and Sw3. Under
the control of the wvertical scan control signal, the
scan signal line 10 driver YDR'also sequentially

[ , 1 [ it I, | S .
2 DORAEE: gnar i SHaRbe) e AT he bF' T hol Sue 1 Lhiver
Ilnesbgcthe Q1% %%e V't %1ng§§ te 2 S@%ﬁentsﬂi%pal to

eo si gna

15 tghgw;gdegw%éﬁ%%q §ﬁ§mzq%;ve control el enments Dr,

and capaC|tors orm an aCtIVG matri x substrate. AS'

shown in Bh@Ger2 ,tﬁé“ébﬁﬁﬁdﬂﬂhfﬁﬂﬁéXv§9@§&5§t§c§§nc§h§901
i nclude the scan signal line driver YDR and video

si gnalighikne dhievelicaXDRigHls laiatd er Ipd ¥ | XDBUDSGE@h€ially
20 can al so include one el ectrode of each organic EL

el enmenppOLEB., The admpilvimg inet ko ofat hei gnganl tn&k Scanl,
display 1 w |l be described next. During the wite

peri adschinr sttgnalsedri & grealt 28l { iswitdsicasel whgcawitches
signal of High level) which sets the switch Sw2 in an
unseﬁééﬁe&osga@ WPl i ed 90 thhecalaro si ghathe

line driver YDR to the scan signal 15 |[|ine Scant

conn8EFEdCRG SRETPISPAT % 10 P& el et epcan signal line

driver YDR also sequentially supplies, to a plurality
of scan signal lines Scan2, a scan signal which
controls switching of the switch Sw2.

In the display 1, the substrate 2, scan signal
lines Scanl, video signal lines Data, switches Swla
to Swlc, Sw2, and Sw3, drive control elements Dr, and
capacitors Cl form an active matrix substrate. As
shown in FIG. 2, this active matrix substrate can
also include the scan signal line driver YDR and video
signal line driver XDR. This active matrix substrate
can also include one electrode of each organic EL
element OLED.

The driving method of.the oréanic EL display 1
will be described next.

During the write period, first, a scan signal
(in this case, a scan signal of High level) which sets
the switch Sw2 in an unselected state is supplied from

the scan signal line driver YDR to the scan signal
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In addition, a scan signal (in this case, a scan
signal of Low level) which sets the switches Swa to
Swic and Sw3 in a selected state is supplied to the
scan signal 5 line Scanl connected to the pixel PX
Accordingly, the switch Sw2 is set in the
nonconductive state, and the swdches Swla to Swilc
and SwW3 are set in the conductive state. In this
state a constant current having a 10 nagnitude equa

d I d b
e e s P o S R g S p%%ﬁdhgtmébaa?ﬁlected

from Wer . sup I ne. vdd, t e video signa
Ilne:grﬁ¥%$ 5)%%éﬁ TS nal gfroThlelenent fxscan signal

SW t GIF UG, fﬂ“%i’cwﬁiéﬁg§§és %ﬂg Dot aonde §%T§et5h§wlc and

switches Swla to Smac are in the conductive stat

the petentd &l fifderence-{gatest9usoUIce « aolctléggkan signal
bet ween the power supply line Vvdd and the  control

terminale dcdrte ehinve-contt®l cigbeperél Dpxis asebriidngly, the
val ue corresponding to the current Iin 20 After that,
a scavisignawd iis tdBis vasehe ansgaonsignale statkghand the
| evel ) which sets the switches Swwa to SwWic and Sw3
in t Fviwdeddd statiwlse suppbvadate sée ischhe conductive
signal line Scanl to set the switches Swwa to Swc and

Sw3 iSta%fe nonconductive state. The gate-to-source 25
voltage of_the drive control elenment Dr set in corre-

spondence %thp%?mﬁ?ﬁﬁ?en? FPRSFanhefdrbynEHBaVING 2

t i t dis th ded
Next NPT AT (1 T B S st o boah Srghat tn 5

supplied by the video signal line driver XDR to a
conductive path from the power supply line Vdd to

the video signal line driver XDR via the drive control
element Dr, switch Sw3, and video signal line Data.
Since the switches Swla to Swlc are in the conductive
state, the potential difference (gate-to-source
voltage) between the power supply line Vdd and the
control terminal of the drive control element Dr is

set to a value corresponding to the current I;,.

After that, a scan signal (in this case, a scan signal
of High level) which sets the switches Swla to Swlc
‘and Sw3 in the unselected state is supplied to the

scan signal line Scanl to set the switches Swla to Swlc
and Sw3 in the nonconductive staﬁe. The gate-to-source
voltage of the drive control element Dr set in corre-
spondence with the current I, is held by the capacitor

Cl. The write period is thus ended.
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of Low | evel) which sets the switch Sw2 in the
selected state is supplied to the scan signal |ine
Scan2 to set the switch Sw2 in the conductive state.

- Since the 5 gate-to-source voltage of the drive

control elenment Dr is set as described above, a

current having almost the sane jpagnitude as the

current lin flows to the organic EL el enent OLED
Accordingly, the light emission period starts. Note

that the light em ssion 10 period continues until the

next vvrl t &85 ¢ sactaaprt%lgn@h fhmst%hﬁoaﬁﬁﬁma fren signal

term , of .t he control elenent connec

t he a?i c%%’i?o‘? ?e?‘?‘r’r’h%l'l‘ oF <t hB %EFvéeleCted
contr.ol elenent D‘ he_ drain. and t

conne%tat& O SR Rt TGTE e Thaor Ok SBap2 to set

sw t%l?\%sdc.%t%ht %W%Ml(‘h Weé&?&lué{‘lvéeé’c%%e Foélhl?lastho

reason uring the ht em ssion t he vol tage

app“@%%é“ﬂ&“?ﬂhiJEB%Hfﬁib@ﬂgzg@ﬁ@ dPIvéhgoQEk8§ element
control elenment Dr can be distributed to the swi tches

SW apr0 idWsetr As aidfstided disdng, thec@Bréhghhaving almost
em ssion period, charges hardly nove between the

dr ai nhandaget emagfnitheidrdyecicontuotert erpAt tDowsand the
any variation in gate-to-source voltage iIs

suppressed.c Bliere wremoreLod. t iecowrd thesy Sweaet d18nkc
causes a short circuit between the source and drain

t her €5f1sSipR e inshcumitie? | velatatehat Ehe éaghfeemission
swtch SW can be ensured as |ong as the remaining

TFTs P&te FoGrlIt I &S Wik 5! e ofex YéHEﬁdBnE&Od starts.

o2 10 Pl LS Sl L0p OPLETE BN Brive
control element Dr connected to the switch Sw2 and the
control terminal of the drive control element Dr, i.e.,
the drain and gate are connected to each other through
the plurality of switches Swla to Swlc connected in
series. For this reason, during the light emission
period, the voltage applied between the drain and gate
of the drive control element Dr can be distributed to
the switches Swla to Swlc. As a result, during the
light emission period, charges hardly move between the
drain and gate of the drive control element Dr, and any
variation in gate-tc-source voltage is suppressed.

Even when one of the switches Swla to Swlc causes
a short circuit between the source and drain thereof,
the nonconductive state of the entire switch Swl can be
ensured as long as the remaining TFTS are normal. For

this reason, a redundancy against pixel'defects can be
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be perforned. Especially, any increase in |um nance of
dark display pixels and generation of pixel defects
can be suppressed. 5 In the display 1, for exanple,
when switching fromthe conductive state to the
nonconductive state of the plurality of switches Sw a
to Swc included in the swtchgroup SwG progresses
simul taneously, a display error such as an
i nsufficient [um nance of bright 10 display pixels nay
occur., . This probl em can be sol ved R{ causiq? (endingg
n can

swi t ERIFAG Fom (& EondudAVe Ay f gfifelay operat

nonconducti.ve state jn accar.dance with the chan
S EPIRS A e

ein
magnituls “6P RS s c A RS gial Yeard Per 13 SHE i teptance of

cvi 1 oRe SAE ey S DA R LT o s can

t hat s 5 ?%Qg%@e@p the end on the control termna
side of e drive control elenent Dr, than in the

r emai Ni Ng 1nSWHeCRBSs W P 18Ntk e ardhi S, Wihdn P&vitching
descri bed on the basis of an exanple in which timng
cont fabmoth20 cowidiuehiing aft dde tsmdrehasorydradd o S Cstate of
is done by using their threshold values. FIG 3 is a
pl anteewlschernat od sy ishmbwingwlre tactdwalc |ayouided in the
whi ch can be enployed for the pixels PX in the
or gafité tER @ireplPay vl sHOWTSssel GlmultErgouss (s aisplay
plan view schematically showing a nmodification of the
struBfarE SHGwn %n R GRSt ffqdens: (Il nge Vewpright
schematical |y .shogwi ng an actual | ayout qf. pixels of 18
.an Org8nfe éﬁ%ﬁlﬁﬂ é%%%%dian%feP?iﬁ%$%ﬁEE1be solved
exaanetausing (ending) switching from the conductive
state to the nonconductive state in accordance with the
change in magnitude of the scan signal earlier in the
switch Swla, which is the one among the plurality of
switches Swla to Swlc included in the switch group SwG
that is located at the end on the control terminal side
of the drive control element Dr, than in the remaining
switches Swlb and Swlc. This will be described on
the basis of an example in which timing control of
switching of the switches Swla to Swlc is done by using
their threshold values.
FIG. 3 is a plan view schematically showing an
actual layout which can be employed for the pixels PX
in the organic EL display 1 shown in FIG. 2. FIG. 4
is a plan view schematically showing a modification of

the structure shown in FIG. 3. FIG. 5 is a plan view

schematically showing an actual layout of pixels of
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In the structure shown in FIG 3, channel lengths La
to Lc of transistors used as the switches Swa to

SW c satisfy relations given by inequalities: La > Lb,
5 and La > Lc (e.g., La = 4.5 pm Lb =Lc =3 pm. The
structure shown in FIG 4 is the sane as that shown in
FIG 3 except that the channel lengths La to Lc equal
each other (e.g., La = Lb = Lc = pm . The structure
shown in FIG 5 is the sane as that shown in FIG 3 10
except that only one switch SwW is arranged in place
of t & HHE il HEsSHBha 2o°ShdEngety. 2 EphpnRBNCe example.
length L = 3 . In the structure shown iLn F|

G 5,
the drai n dhd-"gaier6ftihe aRPye &BnFFSL é\rl\deﬁﬁﬁfmalhle“gths
t.ed t hr ou I itch S or LS
are %EPQ%FI%:5%1%&%#%%%&5@%yugggngﬁgﬁ?%d?w%ﬁgges Ew&a to

reason, uring ems

drai Ry Q- %%tt‘g]s:’@dt &cndh iQé%VSV"?Hé%S%l?L?QEm h%; Lb,

is wholly ap etween the sourcte an rarn-of

SW t ghcSWa SHance,e gihend he stgughurgsshoyn LnsFG S The

i s enpl oyed, charges 20 readily nove between the drain
and gatreicefurddherdnirven qontrol et epBat sDhe dysi PHaENGhown in

|ight emission period, resulting in, e.g., an

I ncr #ase i3n dutdprance oftidardhathsepl aynptxel 5a t8 Lc equal

addition, if a short circuit occurs between the

sour e@cand tdreai n(eofg théasw th Swl.¢ pi Xekm) 25 Tpéestsucture

are generated. On the other hand, in the structure

show OWRFILG. EAG -t Fe idr dilte a¥vingag® oRathehewnvén FIG. 3

control elenent 19 Dr are connected through the three

Swi t EREEPSWIC qg)only one switch Swl is arfanged in place
of the three switches Swla to Swlc (e.g., channel
lengfh L = 3 pm).

In the structure shown in FIG. 5, the drain and
gate of the drive control element Dr are connected
through only one switch Swl. For this reason, during
the'light emission period, the drain-to-gate voltage
of the drive control element Dr is wholly applied
between the source and drain of the switch Swl. Hence,
when the structure shown in FIG. 5 is employed, charges
readily move between the drain and gate of the drive
control element Dr during the light emission period,
resulting in, e.g., an increase in luminance of dark
display pixels. 1In addition, if a short circuit occurs
between the source and drain of the switch Swl, pixel
defects are generated.

On the other hand, in the structure shown in

FIG. 4, the drain and gate of the drive control element
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SwW ¢ connected in series. For this reason, during the
Iight em ssion period, the drain-to-gate vol tage of
the drive control element Dr is distributed to the
three 5 swtches SwWa to Swc. Hence, when the
structure shown in FIG 4 is enployed, charges hardly
nove between the drain and gat f the drive contro
el ement Dr during the |light em’ssion period.
Accordingly, any increase in |um nance of dark

di spl ay pixels can be suppressed, 10 as descri bed
abov@r g Kerfrla@dlrtey SHantie s 3vaRanss fréa to
fol |l owi_ng phenonena occur as the_nagnjtude of the scan

si gnal” s CHARGERS ridm 10w F2vel Feb Hgh FeF8P7toBndng the
the wr.i period. 15 In the structure shown _in_F 5,

the SAEnBsT isha 4 | £1F { ShEre- BOCRPLE| PRIEagE of the
connegct.ed between t-he scan. signpal.lipe | _and, th

gat e de%h§9ﬁﬁ%ﬁ} Lot W%Te%%n%l%#gl?ﬁ%gﬁetgrgg%sghree

for changimg the , megndfude of.fhbe scao,stgpak+L(8Mre shown
20 | , d

Low level to Hg eve charges hardly nove

bet waen rtie dr aid ML YME, Shatdhes drlvel goRbLel between the
el ement Dr. For this reason, as the magnitude of the

scan acsiagmalarehajiges d7 adhd.aar 1 evetont oo Hi ghehemel prt Baring
gate potential of the drive control elenent Dr rises.
Howerdre, liiphttheensitssuicirurge shodn | Ac26r iyl H, shpceéncrease
the el ectrostatic capacitance of this capacitor is

much igndlumgmansen athataf dheptaparixeks ChD bhesygapgessed,
potential shift amount is very small. 20 Hence, the

i nf | @néeseir iaes gl ot ential shift on

In the structures shown in FIGS. 4 and 5, the
following phenomena occur as the magnitude of the scan
signal is changed from Low level to High level to end
the write period.

In the structure shown in FIG. 5, the switch Swl
behaves as if it were a capacitor connected between
the scan signal line Scanl and the gate of the drive
control element Dr. In the process for changing the
magnitude of the scan signal from Low level to High
level, charges hardly move between the drain and gate
of the drive control element Dr. For this reasoh, as
the magnitude of the scan signal changes from Low level
to High level, the gate potential of the drive control
element Dr rises. However, in the structure shown in
FIG. 5, since the electrostatic capacitance of this
capacitor is much smaller than that of the capacitor

Cl, the gate potential shift amount is very small.
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the image quality is small. On the other hand, in the
structure shown in FIG 4, since the switches Swa to
SW ¢ have the sane 5 threshold value, switching from
t he conductive state to the nonconductive state
progresses sinultaneously. For this reason, until the
swtches Swa to SwWc are conpl ly set in the
nonconductive state, they behave as if they were
three capacitors connected in 10 parallel between the

scan si gnal Irne Scanl and the control terminal of the
dri vélSE6ifr dinSelidhete¥e ¢h e $ttckerenshawnshhit on

FI G t.he otent| al ft amount is about
threeté}ﬁ Ud’éﬁltthyanlst h%ﬁlamrn t he structure shown
in FlG Sorr\cc%ogdgrrgel% fe 1p,stpuctire shoun i, £l &,
4, a display ertor in accordance £h°t'he

gat e gpef enlt ' @lrﬁ%@hﬂ T'%; g{n‘?}rig%r{/% Yeo! ' @wig' Bave the same

enbodi nent i ng e conductive state to

the nonconduct ine &t Aty i Eh BEE OF SGHCen o &Bnaastglﬂ@nggate
in magni tude of the 20 scan signal is caused (ended)

ear | iter the trhercsMdudt i M S5 a i §Hod Se § H8s 0BEmaN®Afeously .
the plurality of switches Swa to SwWc included in

t he Swirt chhigr oue SSwG turatil sthocat etclad s t belendoodwl be
control term nal side of the drive control elenent Dr,

t han aine tdeapdlerted It rept 251 swie chescSwilbcahde Sakgte Thehey
timng control is performed by, e.g., designing the

SWi t@ﬁ*é@vswaas tid Wi wrich thEge torP2 Rt eghvl dovargeed in
of the s h Swa 21 becorres deeper than those of

the &7 gﬁqygﬁﬂj he scan signal line Scanl and the

control terminal of the drive control element Dr.

In the structure shown in FIG. 4, the gate potential
shift amount is about three times larger than that
in the structure shown in FIG. 5. According to the
structure shown in FIG. 4, a display error may occur
in accordance with the gate potential shift.

To the contrary, in this embodiment, switching
from the conductive state to the nonconductive state
in accordance with the change in magnitude of the
scan signal is caused (ended) earlier in the switch
Swla, which is the one among the plurality of switches
Swla to Swlc included in the switch group SwG that
is located at the end on the control terminal side
of the drive control element Dr, than in the remaining
switches Swlb and Swlc. The timing control is
performed by, e.g., designing the switches Swla to

Swlc such that the threshold value of the switch Swla
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SwW c. The threshold value control is done by, e.g.,
setting the channel lengths La to Lc of transistors
used as the switches SwWa to SwWwc to satisfy relations
5 given by inequalities: La > Lb, and La > Lc, as
shown in FIG 3. Under this timng control, the
swtch SwWa behaves as if it a capacitor
connected to the gate of the drive control elenment O,
as descri bed above with 10 reference to FIG 4.

er, when the switch SwWwa is_ set int
noncé‘?&?&qs\/éjesei%?% thap Sypienes SﬂFbSHHBChSﬁA evapPeand

lated f t d trol nt
D EB i & Feas i e o4 @%eéééﬁf%?gara" i Bl -9

gltjterr%%lt & nt(iwhenatﬁ‘aag (?epti o?q%%t < ? égn gg%ggstors
Sul ¢l v il S LR s cuises thec gesesaeag@g aL1acions
en e SWt & Ci

shift. SwWa i1s regarded as a ca

conneGhed bat weentde: scan: signal phi n§n§0ﬂal >aﬂé tQ% shown
20 gate of the drive control element O,

el ectimogtrat.i 3. capacitance i s proporti onal to t he

channel length La. For this reason, when the

structure Jrde= thbs pmjmsdn@\/\nontﬂoHGtha swieapl qyead, behaves
the influence of the swwtch SwWia on the gate

pot entsi dlf shi fwelies abmpaditotioesneéhaed28oi hhehgate of
structure (La = 3 pm) shown in FIG 4. However, as
deschiNSe @ rABEY €O VEN theeme R uchTr e2§hddACEAPEAGabgve with
is enployed, not on the swtch. Swl a but also the 22

swi t CRESTEAY diid §/@/c Shi fROYPES Hat € BBt BARI AN16FNt Rla is

set in the nonconductive state, the switches Swlb and
Swlc are insulated from the gate of the drive control
element Dr. For this reason, the switches Swlb and
Swlc will not shift the gate potential of the drive
control element Dr then. Ideally, of.the switches Swla
to Swlc, only the switch Swla causes the gate potential
shift.

When the switch Swla is regarded as a capacitor
connected between the scan signal line Scanl and the
géte of the drive control element Dr, the electrostatic
capacitance 1is proportional to the channel length La.
For this reason, when the structure (La = 4.5 pm) shown
in FIG. 3 1is employed, the influence of the switch Swla
orn the gate potential shift is about 1.5 times that
in the structure (La = 3 pm) shown in FIG. 4. However,
as described above, when the structure shown in FIG. 4

is employed, not only the switch Swla but also the
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drive control elenment Dr. As a consequence, when the
structure (La = 4.5 }gynm) shown in FIG 3 is enployed,
the gate potential shift anount is about 1/2 that in 5
the structure (La = Lb = Lc =3 m show in FIG 4.

As descri bed above, according to this enbodi ment, any
| arge shift of the gate potentiab can be suppressed,
and accordingly, any display error caused by the gate
potential shift can be suppressed. That 10 is,

ot oR{TAL"GE HABARNS ot o 8 S Dy by THeEEE S of the
| eakage , !

connaetel BeRhsen tansHiehne arah SIIRE T e e the
cont gol- el grent (r are J nohhesdKR, staterc Addi 14 ongblyyeq,

15 according to this enbodinent, by controlling the

OFF thel gatef peach SWit ghift the s teh geowp BWG that in
any variation in gate potential of the drive contro

el emeat Berhytuhke vald agempunde through) ishéwt nimgrhIG. 4.
off the swtches can be suppressed. Hence, a very 20

hi gh di splRay desalziitbedarbdies i nptemedied. té nthhs sembodiment,
enbodi nent, for the plurality of switches Swa to

Sw casgnhected sihi fSerdfes he hen tehrestrent iadhl ern dve t he

switch Swa |located at the end on the control

t er noHRPT§FEEC 0f aMte ARGAFS idBhitt oIy eietR1FY ©DBOr caused

referab differs fromthose of the renminin
Pt EHaE 5 o oS 1 LT G (oS DeRPLRpsthe That

I a0l d; N, Ae ke Do golrolled By e e0oe -
prefs%@gl¥otential of the drive control element Dr by the
leakage current can be suppressed while the switches
connected between the gate and drain of the drive
control element Dr are in the OFF state. Additionally,
according to this embodiment, by controlling the
OFF timing of each switch in the switch group SwG,
any variation in gate potential of the drive control
element Dr by the voltage punch-through in turning
off the switches can be suppressed. Hence, a very
high display quality can be implemented.
In this embodiment, for the plurality of switches
Swla to Swlc connected 1in series, the threshold
value of the switch Swla located at the end on the
control terminal side of the drivs control element Dr
preferably differs from those of the remaining switches
Swlb and Swlc by about 0.1 to 0.8V. If the threshold

values are to be controlled by the channel lengths,
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about 1.3 to 3.0 tinmes those of the remaining swtches
SW b and Swic. When the threshol d val ues and channel
lengths fall within the above ranges, the switch Sw a
5 and the switches SwWb and SwW c can be switched from
t he conductive state to the nonconductive state at
sufficiently different timngs while maintaining a
sufficient small resistance val ue between the source
and drain of the swwtch SwWa in the conductive state.

10 In the above-described exanple, the threshold

val b S CORANEd IBREes T T e ee ferably
SWi t . d : usi,ng t he. channel 1engths,. .

The. CRPRSnaTd VB 02 tearn oo BE L AEhgal by hOL Ry Svitenes

met hagq pFar, @@qELe’W%gﬁiﬂﬂ%ﬁ#%%&éﬁﬁ%ﬁIﬁﬁg&%%f%@ggggannel

15 between the switch a an e sw S

Swicjengehsexamn! €.iwhen drLhamnel JHs-aredo be; usgdsyia
as the switches SWwwa to Swc, the dose of the p-type

dopaahdi Ahkthewthamrel $walb t4e) MIches S bswg- 19w Ce rom
is set larger than that in the channel of the switch

SW athe2@oAcdtardivieglsytatiche d rreshadrtaredwessi wf dthete at
switches Swib and SwW ¢ can be shal |l ower than that of

the suiffékiesily. dilidteriesit tthienirhyestiol e ved Uetoinihe a
switch SwWa is deeper than those of the switches Swb
and SWEE1CTREtsWEdHes eSSt anr S al U theldidgergm source
impurity 25 doses can be fornmed by, e.g., the

fol | BRFANGLREChEE. ThR #"HdrhaISwireT Forihe | P Proklse, state.
the nunber. of . tinmes of inpurity doping in the channe
regi ons of 't ﬁ@ezg%osvﬁ_tdcef %?/ﬁ% ea’ﬁ%"%g\f’c flae s*étPreShOEd

larggglhga@st%ﬁ%&d&&lg%tween the switch Swla and the

switches Swlb and Swlc by using the channel lengths.
The threshold value can also be changed by another
method. For example, the impurity dose may be changed
between the switch Swla and the switches Swlb and Swlc.
For example, when p-channel TFTs are to be used as
the switches Swla to Swlc, the dose of the p-type
dopant in the channels of the switches Swlb and Swlc is
set larger than that in the channel of the switch Swla.
Accordingly, the threshold values of the switches
Swlb and Swlc canr be shallower than that of the switch
Swla. That is, the threshold value of the switch Swla
is deeper than those of the switches Swlb and Swilc.

The switches Swla to Swlc with different impurity
doses can be formed by, e.g., the following method.
In a normal TFT formation process, the number of times

cf impurity doping in the channel regions of the
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channel region of the switch Swa. For exanple, first,

the inpurity is doped in the channel regions of the
switches Swia to SWc. Next, the channel region of 5

the switch SwWa is nmasked by using a photoresist. The
impurity is doped again in the channel regions of the
swtches SWwb and Swic. Wth this process, the dose

of the dopant in the channels of24 he switches Sw b

and SWc is larger than that of the p-type dopant in

10 the channel of the switch Swla. Wen the threshold

val usvisahehéwimrgel betaeen s¢helsmechtismhathad in the
the switches SWwb and SwWic by using the inpurity

dose ,chataedose Prat erfabiie chiahges Betaeenforhexample, first,
switches by about 1 X 1011 cm2 to 5 X 1011 cm 2. i5

In t HRE dART ithe Shidrdw & tan Forengél raplynpeocdefhe
in thmoncon uctive state earlier than the sw tches

Sw b SAHd S~ "Fife Thrshol d Vafue bfetRR2RIFtcheSwPR ©F
can cha d from.those of the switches SwW b and

e By DR SRt hody BrE et argtSretise.
sect irgnpal; Vi j.cal | | Ng..,. an e_of . £
struct A R e 2R e S B U i By o
of swHLhes WM t 1PMnd N uded §iDe thgs SWhEGhgEOUR e
SWG the switches SW b and Sw ¢ except 25 the sw tch

that dosd emated alogdit: end e theagOOt 5 0br £€ENENRkches Swilb
side of the drive control elenent Dr. FIG 7 is a

sect iaorBlSwWlicew ss dhergdrd caldry Sthow 6 @ne exatpbe abpaht in
a structure which can be enployed for, of the
pl ur &lhiet yhannel of the switch Swla.

When the threshold value is to be changedlbetween
the switch Swla and the switches Swlb and Swlc by using
the impurity dose, the dose preferably changes between
the switches by about 1 X 101l em™2 to 5 X 1011 ecm~2.
In this case, the switch Swla can more reliably be set
in the nonéonductive state earlier than the switches
Swlb and Swic.

The threshold value of the switch Swla can be
changed from those of the switches Swlb and Swlc by
still another method.

FIG. 6 1s a sectional view schematically shdwing
an example of a structure which can be employed for,
of the plurality of switches Swla to Swlc included in
the switch group SwG, the switches Swlb and Swlc except
the switch that is located at the end on the control
terminal side of the drive control element Dr. FIG. 7

is a sectional view schematically showing an example of
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of swtches SwWwa to Swc included in the switch group
SWG the switch SWa | ocated at the end on the control
termnal side of the drive control elenent Dr. 5 The
switch shown in FIG 6 is a top-gate type p-channel
TFT. This TFT includes a sem conductor |ayer in which
a source 50a, drain 50b, and ch%nel 50c are forned. A
predet erm ned anmount of an inpurity is inplanted in
source 50a and drain 50b. The channel 50c 10 is

formed hetween the squrce and drain. The chanpel 50c ,
is it ﬁ%%ﬁcct.u% th“rH’Fgl iAo a?f“@r@(ﬁ‘?tip?'s O% nptanpegrality
in t channel 5Qc¢ .at .a | r concentratio than_in

the S3uri R0E and 1 dih B0B AUt | b | NG bR nroup
52 '%w&?rq%% %@i%@% %Rﬁ%ﬁ%oé%¥é?f§€- t éé %he ontrol
arranged on the gate i nsulating Tilm52] egach

I's cowerad W th an Jmterd ayer,diglactdi 1 dhdm 54, A
source electrode S and drain electrode D are forned

on the interd ayer-«<H elregid i tn fRta 5d.: Jhe t§9UEE€e type

electrode S and drain electrode D are connected 20 to

t he pouheenz0a Tarmd drmaiis S0T fespetdd vel gemyvé@nductor layer

t hrough holes forned in the gate insulating film52

and iimt etliayer dicelrect 50& f idm 54.50khe vl tchasheinsoa

FIG 7 has the sane structure as that shown in FIG 6

except &t Harmgd i ndulpaiadeg FunimeRmmournts doramdimpdeity is

t he ¢hannel 50c, and a back gate BG is arranged under

the FASHAALEHY I ISASEe AGH KA cnin miles t channel 50c

threﬁholft%vglu%gf the switch SwW a deeper, is 26 1

appl F&d TPF e PEAHIE SGRt R BE O Hr® é%&ﬂ?rpfﬁ’ea}lrf he Vo tGlgnne
50c is intrinsic. Alternatively, an impurity 1is
implanted in the channel 50c at a lower concentration
than in the source 50a and drain 50b. A gate
insulating film 52 is formed on the channel 50c. A
gate G 1s arranged on the gate insulating film 52.
The gate G is covered with an interlayer dielectric
film 54. A source electrode S and drain electrode D
are formed on the interlayer dielectric film 54. The
source electrode S and drain electrode D are connected
to the source 50a and drain 50b, respectively, via
through holes formed in the gate insulating film 52
and interlayer dielectric film 54.

The switch shown in FIG. 7 has the same structure

as that shown in FIG. 6 except that an insulating film
59 is formed under the channel 50c, and a back gate BG

is arranged under the insulating film 59. A bias which

makes the threshold value of the switch Swla deeper is
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bet ween the source 50a and back gate BG of the switch
SWwais set to about +2.0V to +1.0V. Wen the
structure shown in FIG 6 is enployed for 5 the
switches SWib and Swic, and the structure shown in
FIG 7 is enployed for the switch Swa, the threshold
value of the swwtch SwWa is deeper than those of the
switches SWb and Swic. Even in this case, the switch
SW a can be set in the nonconductive state earlier

t han 14! t?“ a_nd nd 7, show

t op- g%%e ?’?pi 5[1 v\{ %\AttoFrr?‘ga &2 §}? the VOltage
t hi nyfaich /oty angd %&Iﬁ:é@o&%d@eﬁc?sﬁbg éﬁ” 5gh€ e switch
SWato Swc. In this case as wel I, en the bac

gat e sstlUGisUrsRe d = emianed-f ajv the swigeh 15 Swa, its
threshol d value is deeper than those of the swtches

SW b and 3Men the daokegate fiesenMBaNsIGa gate WRpeByed for
opposes the control termnal via a gate insulating
fi |l mtaerd ssermcbesdiotidr drayedwld n die abovet eabodraeshown in
the switch group SwG 20 includes the three swtches

SW aHl& -Svil ¢.s Fme Imyreserf o oft heani swhesh | $iel adethe nthheshold
svvltch group SWG can be two or nore. In the above
embodPERt Ofptéramiditch ransd stordeerper uskean ashase of the
switche i xel . PX.. However, n-channel
transi's ?8:“ ngv' eati’sdeosw 1o A&t nati Vely, Cpe@hakhel switch

trangﬁgo and n- ann trans“}é ors. nay

ed
As d83cri bed aeovsee tlﬁe ga‘t & GH AT - B fﬁ%t%ﬁarll"r than

dri veneont el glement, O, prg, connected through the

FIGS. 6 and 7 show top-gate typé.TFTs. Instead,
bottom-gate type thin-film transistors may be used
as the switches Swla to Swlc. In this case as well,
when the back gate structure is employed for the switch
Swla, 1its threshold value is deeper than those of
the switches Swlb and Swlc. The back gate here means
a gate which opposes the control terminal via a gate
insulating film and semiconductor layer.

In the above embodiment, the switch group SwG
includes the three switches Swla to Swlc. The number
of switches included in the switch group SwG can be
two or moré. In the above embodiment, p-channel
transistors are used as all switches in the pixel
PX. However, n-channel transistors may be used.
Alternatively, p-channel transistors and n-channel
transistors may be mixed.

As described above, the gate and drain of the
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switch group SwG including the plurality of swtches
SWwa to SwWc connected in series. Accordingly, the
gate potential variation of the drive control el enent
5 Dr during the light em ssion period can effectively
be suppressed. Hence, any undesirabl e display
operation error can be suppressed. The control
terminals in the switch group SWG are connected to

t he sanme control I|ne Scanl and controlled 10 by the
same sc:an SI this case, of the sw tches
to SHCY s% “&%&metﬁ%ﬂ@%ﬁs o*ffar%%eth~

of the . vvltchS\M cat p th end on_the gate s '
of t K&y ré’or?tr& ﬁe © StV irRepet © % %“gCheS

thos%wqf EQ@ER@QP' |ng ron{ﬂﬁ §¥4@ andAé@é d é%% the

Accordi ngI y, SWtc e conduct i ve &

the popeoRduGive 1Stahe a’ﬂc?r?c@f dances W §4 é&@tf@f‘ngﬁemen;

in magni tude of the scan signal can be caused earlier

in the swidieh DM 1liQuat athdside wodi on the gptecsidely pe

of the drive control elenent Dr than in the renmaining

20 swiubplressswl.b anrcthc®wW cun Hamneds s 1 b L dess s By eogatetion
potential variation of the drive control elenment Dr,

whi ckroocucsnatoet lreipgnesafed he wite period, can be

m nim zed, and a satisfactory display operation can

be perfor REE CZJSlt'IIf%l deonion @b ot nelne oFltpe presenbwG are
invention w ||l be described next. In the first

enbodPRERE By t@oﬁt%l%%”l?g e o8l tHreshetl vardesonfrolled
the %MAE%h %%%gp scan 31gng1 In this case, of the switches

Swla to Swlc of the switch group SwG, the threshold
value of the switch Swla located at the end on the
gate side of the drive control element Dr is set deeper
than those of the remaining switches Swlb and Swlc.
Accordingly, switching from the conductive state to
the nonconductive state in accordance with the change
in magnitude of the scan signal can be caused earlier
in the switch Swla located at the end on the gate side
of the drive control element Dr than in the remaining
switches Swlb and Swlc. Hence, the undesirable gate
potential variation of the drive control element Dr,
which occurs at the end of the write period, can be
minimized, and a satisfactory display operation can
be performed.

The second embodiment of the present invention
will be described next.

In the first embodiment, by controlling the
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switches Swa to SwWc included in the switch group
SWG, the switch Swa | ocated on the gate side of the
drive control elenent Dr is controlled to be turned
off 5 earlier than the remaining switches SwW b and
SwWc. In the second enbodi nent, the sanme effect as in
the first enbodinent is achieved by controlling the
wavef orm of the scan signal to be supplied to a
switch group SwG FIG 8 is a plan view schematically

Sho"‘égge%@%ééovgggé‘ Elchg' %%'l%%na%‘?% 30 0 téhetéie

secon the pr esént Venti on.Fi

an GQM\Y@B@QtsW@HEH' bwilbagham,siewing (an examle gofmﬁp SWG,
pi xel circuit which can be enpl oyeé in the organic

di sptey showen E01El GocBreReber khRg ¢b@ eFk@deBof the drive
reference synmbol AA 15 denotes a display region. In an

or ganbet BEb1 désphay: 1lpaceer doAg rba lhe teeeend urned off
enbodi nent, each pixel PX has a delay elenent Dy

whi céar de¢ayshandtbat pathsianngnputi tehgsalSwlbn anlie Swlic. In
second enbodinent, the OFF timngs of switches Sw a

to SWwe 29cPnél ededdinerhe $Wet cRMgr edpeSaGagr én the first
controlled by the delay elenment Dly. O the switches

Sw LTRCGWRRL F nef udell PieEhey SRPFER1gAagp toRGYaMegorm of
control term nal ocated at’ the

end %?“tﬁ%a%oﬁf?BFEtEPn?ﬁaFUQP&ésgthfaaS&FFF@ SO SWG -

el ement |rectl connected Lo nal .
| i ne- Scan fha? bFOV| 88 "a V&R SS AR lc%ﬂ;ﬁ ervH Hal &
to tg QﬁxglEEX% gmﬁongngmF nkgak%QZ ﬂc%f t%%bOdlmﬁﬂu
renmr1ng switc ‘¢ imclude qw
of the present invention. FIG. 9 is an equivalent
circuit diagram showing an example of a pixel circuit
which can be employed in the organic EL display shown
in FIG. 8. Referring to FIG. 8, reference symbol AA
denotes a display region.

In an organic EL display 1 according to the second
embodiment, each pixel PX has a delay element Dly which
delays and outputs an input signal. 1In the second
embodiment, the OFF timings of switches Swla to Swlc
included in the switch group SwG are controlied by the
delay element Dly.

Of the switches Swla to Swlc included in the
switch group SwG, the control terminal of the switch
Swla lccated at the end on the control terminal side
of a drive control element Dr is directly connected to

a scan signal line Scanl that provides a scan signal

input terminal to the pixel PX. The control terminals



10

15

20

25

switch group SwG are connected to the scan signal |ine
Scanl via the delay elenent Dy. In this enbodi nent,

as far as switching from 5 the conductive state to

t he nonconductive state can be ended earlier in the

swwtch Swwa than in the switches SWib and Swic, the
switches SwWa to SwWc can have .gjther the sane

channel area or different channe areas. That is,

channel lengths La to Lc of the 10 switches SwWa to

SwW ¢ can be either equal or different. In addition,

the S t<¥fed S5ddiME SHl it @S havk> edthePwlehensanged in the
channel W|dth or different channel widths. As an | ,
examﬁwé %@%%Glﬁ?gtq?rl%e%’%eq he® stie chcaBwfaonal line
set orter .th h channel |en Lb of the 15
swt%aéwba’fh eclf?éhegl Weeri‘ﬁgt Yt of the svvitch

SwW c. For gx e neI th La |s. set

pm and the c‘nanne‘? hFdlrF s Lb and ca%lr%w%‘éf:g nq4ftr8m

9 pmg nw%mvmsdgal@ o g %r‘i@&‘?&uéw%/\;g £ Cean

are set to 3 pm 20 the svvltche

|nC|%@e@dd$dfﬂérﬁﬂﬁﬂ(ﬂh!Hﬂ%ﬂéﬁﬂ%éhtﬁﬁlgoﬁﬁggl1n the
termnals of the switches Swb and SwW ¢ whose OFF

ti m nyishowsd e delray eyt e tieonnect ede § ost he §6aBwlc can
line through the delay elenent Diy. Wth this

st r uttawree e i@ \Wen dawe cdmdnod 1 2brdaraotr nél sfetehhechannel
switches Swa to SwWwc included in the swtch group

SWG aréagonnddtadd ito tHervene sowtiss ghal tol LoeoSchant,
switching fromthe conductive state to the 30

nonc SiaGEhiave Sstlat £9 Pk sraake s e ¥ hedehange dhfferent.

In addition, the switches Swla to Swlc can have either
the same channel width or differént channel widths.

As an example, the channel length La of the_switch
Swla is set shorter than the channel length Lb of the
switch Swlb and the channel length Lc of the switch
Swlc. For example, the channel length La is set to
3 um, and the channel lengths Lb and Lc are set to 4 to
9 um. The channel widths of the switches Swla to Swlc
are set to 3 um.

Of the switches Swla to Swlc included in the
switch group SwG, the control terminals of the switches
Swlb and Swlc whose OFF timing should be delayed are
connected to the scan line through the delay element
Dly. With this structure, even when the control
terminals of the switches Swla to Swlc included in the
switch group SwG are connected to the same scan signal

line Scanl, switching from the conductive state to the
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magni tude of the scan signal can be caused earlier in
the swwtch SwWa, which is connected to the gate side
of the drive control elenment Dr, than in the remaining
5 switches SwWwb and Swic. Even in this enbodi nent, the
same effect as in the first enbodi nent can be
obtained. In this enbodinment, swtching fromthe
conductive state to the nonconductive state is ended
earlier in the switch Swwa than in a switch Sw3. This

can be 10 inpl.enented by, e.g., connectjng the ,
contP8PCPQPHg%&W“ 5Fa%ﬁé%ﬁm%%%?%§&?Q%)%%@“§&ﬁw§ﬁiﬂﬁﬁ in
l'ine o] r t he del ay el.enent Dy, as shown in

Fl G_Sr.n§_§ﬂéﬁ8tdg. %ﬁghpei )I%e a%Pi G G ﬁ%daﬁlse‘?%leo%mfgjaer in
resi §F1|5V§wi%lc‘ﬁ”%ﬂ/tlae,lsfwthtl%hdqlsa)éo%nv d [t]ié/'th-léhegate side
resi stance 15 value of the resistive elenent Is -

sevepal 60 ardyef @bntexamlienahow, 1 40,2 i@p'th@%emaining
area of the resistive elenent is, e.g., about 400 to

1, 008wpoEResAswiibe ahesissilicve ehefentn o SLHEIEBWER, the

| ayer having an LDD (Lightly Doped Drain) structure

f or medm20ebyece. gs, inmuhantfiing tarromlimdnit atar HeOWbtained.

concentration or an intrinsic sem conductor |ayer can

be used. Thethliswesbeckmendt,i eviHerre meahsoraniapisndyctive

concentration |ower than the concentration of the

i npuf FEyei kBl &ReBONICANCRE t4aiEr G& adivd idr ainflesf emrlier

thianiIg1transiﬁtors 25 and, for exanple, an inpurity

conceft Fafi BH*6F"aB8af E"R7 dM @2 4 S8 | olTnigmaeEn be

The ¢ entration nma equal _the concentration in the .

chann@?f%?ePﬁédtEVn-%ransfonpﬁ%%ﬁﬂﬁ<ﬁ?e\Nﬁﬁ¥%ﬂ% terminal

'ntrépsfﬁesgwﬁﬁgﬂdgggoEol%X%rsk%n signal line Scanl through
the delay element Dly, as shown in FIGS. 8 and 9.

The pixel PX shown in FIG. 9 employs a resistive
element as the delay element Dly. The resistance
value of the resistive element is several GQ and, for
example, about 1 to 2 GQ. The area of thé resistive
element 1is, e.g., about 400 to 1,000 pm‘z.

As the resistive element, a semiconductor layer
having an LDD (Lightly Doped Drain) structure formed
by, e.g., implanting an impurity at a low concentration
or an intrinsic semiconductor layer can be used. The
low concentration here means an impurity concentration
lower than the concentration of the impurity implanted
in the source and drain of a thin-film transistors
and, for example, an impurity concentration of about

1 X 1011 em=2 to 5 X 1011 cn=2. The concentration may

equal the concentration in the channel of the thin-film
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used, the area of the delay elenent Dy can be made
smal l er. For exanple, when TFTs having a top-gate type
structure using polysilicon are used as the switches 5
and drive control element O, and a polysilicon |ayer
is used as the sem conductor |ayer included in the
delay elenent Dy, the TFT manufkgcturing process can
partially be used to rranufacture the resistive
el ement. The driving nmethod of the organic EL display
1 10 wll be des rlbed next with reference to FIC?

ayer 1is

10 hhA"EiSTRrG Ns a8 TG Crarte e ta‘?wr
exanmpl e ,of the dr| VI ng. net of the ar n|
di sp aydéhéwﬁ Sappg %él Er%ayllelleén A L\/l%zl ao% kﬁ% mHie

exanple; of the 15 URUELALTS pfe R AN (150} 14 ’ F48%ace type

i nput fo the del ay ment own i n
Si gnék (ldehtr@d ! Ilnl%) powseutlcfd’rpraw%s%ed &5 edr?émﬂ}? tches

Referrl ng to a" and "Start a" indicate
t he wadMefenks @Bn&ﬂ@leQ‘élﬁleSﬂtht&i, vl o afd1y 20 sd@nalayer
supplied froma controller CNT to a scan signal line

drives YBRI mespeet isealiyondbaita’r riepresamsl edestat ethe

in which a video signal supplied fromthe scan signal

| i neddtbyerl¥DRntobayvi dée. 'ISEiTgmrwnLlﬁanEttmitr‘ag Eharges can
for each horizontal scan period. "Scanl" and 25
"Scah2rtipdiivabe tBedndpefemns asft wisarths g lsstive element.
supplied _fromthe scan signal_Ii ne driver YDR to the

scan si gnafe Gradd "Sc ARt DOt Sede FeEpekt i el gisplay 1

SrGfengiI& Haufiglscrli g-;'Ld %%xt I's]\lej.tvr\@vreeffoerrrrelsr‘lcoef ttoheL fégnaig

and 11.

FIG. 10 is a timing chart showing an example of
the driving method of the organic EL display shown in
FIG. 8. FIG. 11 is a view showing an example of the
waveforms of a signal (solid line) input to the delay
element shown in FIG. 9 and a signal (dotted line)
output from the delay element.

Referring to FIG. 10, "Clk a" and "Start a"
indicéte the waveforms of the clock signal and start
signal supplied from a controller CNT to a scan signal
line driver YDR, respectively. "Data" represents a
state in which a video signal supplied from thé scan
signal line driver YDR to a video. signal line Data
changes for each horizontal scan period. "Scanl" and
"Scan2" indicate the waveforms of scan signals supplied
from the scan signal line driver YDR to the scan signal

lines Scanl and Scan2, respectively. Referring to
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for illustrative convenience. In fact, the |eading

and trailing edges of the signals are noderate because

of the wiring resistance and capacitance. 5 The scan

signal line driver YDR generates a pulse having a

width Tw Starta corresponding to each horizontal scan
period fromthe clock signal andystart signal. The

scan signal line driver YDR sequentially supplies

this pulse to the scan signal line Scanl as 10 an ON
signal_which sets the switches Swa to SWc and_ Sw3

in t%let"corwucttir\?e “?t"aﬁ*é?r%eogc es?b%%?WFi Age geFyapgular,
YDR uentially supplies a signal obtained b .
nverting e RASe T ¢ THE RESRSl gnad Frhé” Skif25891ng
an F si [ [ ts- i Lp_t " -
nonc%1 ugctr%\r}g‘m\%g egbaefsg.éﬁtlg%no%g?%\%héepfi ﬁlgﬁargﬁgr?vcause

of FlG 3 Jihe npreani o El-disphay,J.aceonding to
thi s enbodi nent can be driven by the sanme nethod as

descri bed dHe tdeard idiS5dna BNbode N8R ve20YbR tBh&rates a
enbodi nent, the scan signal |ine Scanl and the

cont roall seemaviales 0fw itdten saw + Shest SWwbrrSebendiagdtSwlach

are connected through the delay element Dy. A

resi stonig caltenerstcars neseidhd@sitdre det ayletemengnBlyand start

As shown in FIG 11, the delay elenment Dy noderates

25 t B Aréddi nd hendk aarai i Fep bdbee ofir i herr BBi sedussanally

signal and outputs th}e scan signal to the control

t er MSHARS 16F (HE SR Htfes Bukl; Tk, Sh#aabwainenSeael as

?ﬁe %&P%& @?E%af'ﬁ%f%'“%§§§”t§éggﬁitgﬁeéhg&lénggts&9c and
Sw3 in the conductive state. The scan signal line
driver YDR sequentially supplies a signal obtained by
inverting the pulse to the scan signal line Scan2 as an
OFF signal which sets a switch Sw2 in the nonconductive
state.

As shown in the timing chart of FIG. 10, the
organic EL display 1 according to this embodiment can
be driven by the same method as described in the first
embodiment.

In this embodiment, the scan signal line Scanl
and the control terminals of the switches Swlb, Swlc,
and Sw3 are connected through the delay element Dly.

A resistive element is used as the delay element Dly.
As shown in FIG. 11, the delay element Dly moderates
the leading and trailing edges of the received scan

signal and outputs the scan signal to the control

terminals of the switches Swlb, Swlc, and Sw3. On the
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delay element Dy is supplied to the control term nal
of the switch Sw a. For exanple, even when the
threshold value of the 5 switch SwWa and those of the
switches Swb, Swc, and Sw3 al nost equal each other,
the swtch SwWa can be set in the nonconductive state
earlier than the swtches Sw bz3Swi c, and Sw3 by

supplying the OFF signal from the scan signal |ine
driver YDR to the scan signal line 10 Scanl. In this
enbo annel area of_.the .swt

e SHEIFSr PEhan ERBL Sares Ao Mt oh Sl aTiFC (R ofee <he

t he el L, €%a I ve,
t he gg\n@tggh é\g;vwﬁg th val)écly?'1 ?lhavedi%iqﬂs%%onl aLnenre tnal

w dt Br apd thereharpely | ength La of the switch val a
may be shorter than the channel length Lb of the

switch SMFara@eka&rngeqh@meﬂ Wrengtihd coipfedh@l €hadned of the
SW c. As described in the first enbodi nent, when the

20 maghtthdewdh thel staresiognalhesuppltetd rovmid heswsicgn and
signal line Scant to the gates of the switches Sw a

to SWé ehangesefinem keawhl exdle:t,o tHghswigvadl ,Stlme can be set
gate potential of the drive control elenment Dr shifts
becatiBetbf PRBCPALASILEIVE SaPAE tearidd Petiiedh & Petteches

25 and_drain_of the swiitch SwW a. Wen the channel area

of PHEPsWPYER: SAPE 5¢ Imkde S%hynt%etfg%t%%owm%laﬁrom
S {1 g2IBUI A fe dor smset, KBC. o oMl onat 1ine
effectiygly

In this embodiment, the channel area of the switch
Swla can be smaller than that of the switch Swlb and
that of the channel Swlc. For example, as described
above, the switches Swla to Swlc may have the same
channel width, and the channel length La of the switch
Swla may be shorter than the channel length Lb of the
switch Swlb and the channel length Lc of the channel
Swlc.

As described in the first embodiment, when the
magnitude of the scan signal supplied from the scan
signal line Scanl to the gates of the switches Swla
to Swlc changes from Low level to High_level, the
gate potential of the drive control element Dr shifts
because of the parasitic capacitance betwéen the gate
and drain of the switch Swla. When the channel area of
the switch Swla is made small, the gate potential shifc

amount can be decreased. Hence, any display error
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be prevented. Wen the cannel |ength of the switch
Swiais shorter than those of the switches Sw b,

SwWwc, and Sw3, 5 the threshold value of the switch
SwWa is shallower than those of the switches Sw b,
SwWwc, and Sw3. If the difference between the waveform
of the signal input to the delay elenment Dy and that
of the signal output fromthe delay elenent Dy is

small, it is difficult 10 to conplete switching from
t he conductlve ate to the .nonconductive state
earl &P SER tiw % SSRCT S Harf T 1o s ﬁ_e %Wt%ﬂjég ghfpctively

ag %%Qi Wien a resistive el enent havi ng a
Iarger resi stance value is used as the del ay el enent

Dy, 15 hedidderenas: befé\’?&“htgﬁuﬁ‘gﬂeé&?iﬁﬂf skig is

signal input to the delay elenent and at o t he

Si gnahoeuleRut HarorHAR del ah el ampntndd yseap, beytBdeand sw3,
|arge. To conplete switching fromthe conducti ve

st at ehto thire s arc arduct iofe siateveach igilinishehallower
switch SwWia than in 20 the switches Swb, Swc, and

Sw3, tharesihstsev e feldrentvwi v ngswalisuf $wte endhyt EaBge If
resi stance value is used as the delay elenent Dy.

Vhenther ediffteinpm s drrantesns Wsedvaise fhen def ayheesegral input
Dy, the tine |ag between the OFF operation 25 of the

swi téﬁ Shea dedd 1t IRdemsm t R s\t Heda Swp b Bhel Sheeataputput
be cha &;Edé’f a cord nce with the reS|stance val ue of

t he 5 SURTE thhe 120518l Set 1855t @itficult

. g. to com%is% sw1 cIy%cl¥¥é%Knﬁgeﬁgﬁégétlvgsstate to the

nonconductive state earlier in the switch Swla than in
the switches Swlb, Swlc, and Sw3.

When a resistive element having a larger
resistance value 1s used as the delay element Dly,
the difference between the waveform of the signal
input to the delay element Dly and that of the signal
output from the delay element Dly can be made large.
To complete switching from the conductive state to the
nonconductive state earlier in the switch Swla than in
the switches Swlb, Swlc, and Sw3, a resistive element
having a sufficiently large resistance value is used
as the delay element Dly.

When a resistive element is used as the delay
element Dly, the time lag between the OFF operation
of the switch Swla and that of the switches Swlb and
Swlc can be changed in accordance with the resistance

value of the delay element Dly. The time lag is set
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nore. In the above exanple, a resistive elenent is
used as the delay elenent Dy. The waveform of the
signal 5 to be supplied to the switch SwW a and that
of the signal to be supplied to the switches Sw b and
SwW ¢ may be changed by anot her nethod. For exanple, a
di ode may be used as the delay gdement Dly. FIG 12
is an equivalent circuit diagramshowing 10 another
exanpl e of the pixel circuit which can be enployed by

h i ¢ EL di.spl h in FIG 8. | h | xel
e SR £ S2U RSO | G0 B RAIERIIE ) b o

forwgrd current fromthe control termnals of the

switches SMb, Swc, and Sw3 to the 15 scan signal
l'ine Scanlry siisedh@s thesfel ay gl Fé@ﬂéti%yﬁl%SHtt A ysed

pi xel circuit shown in FIG 12 is wused In the organic

EL diasphay LieshowelidnditGpBy . t hene disPlaYrid SANRE signal
driven by the sane nethod as described in the first
enbodiomaet sappliitdal ref ertenceviocll Sw1d 0an@0 & o3t he

a view showi ng an exanple of the waveforns of a

si gnalignaguttat d< reipgdeliad el @nem shiovwehe $ NSWLES ad@ Swlc may
and a signal output fromthe delay elenent. As shown

in FP& CI3ndfiferrva adicddey snaighet as Ede ehedmylel epefitode may
Dy, a forward current. flows to the 25 delay el enent

Dy

Welt Sehe aSc R SidfialY SUpHieEd B¥om the scan

ignal |i river, YDR to the scan signal |ine Scan| ,
falle ot af g e ol P8 g EGSR T Bhowing

to tlg%ocﬁ%%g %lxarm%rl'gi QﬁJ Schoef éihxeef\/\éltrccpuelst %Pﬁ:h can be
“employed by the organic EL display shown in FIG. 8.

In the pixel PX shown in FIG. 12, a diode
connected to supply a.forward current from the control
terminals of the switches Swlb, Swlc, and Sw3 to the
scan signal line Scanl is used as the delay élement
Dly. When the pixel circuit shown in FIG. 12 is
used in the organic EL display 1 shown in FIG. 8, the
display 1 can be driven by the same method as described
in the first embodiment or with reference to FIG. 10.

FIG. 13 is & view showing an example of the
waveforms of a signal input to the delay element shown
in FIG. 12 and a signal output'from the delay element.

As shown in FIG. 13, when a diode is used as
the delay element Dly, a forward current flows to the
delay element Dly when the scan signal supplied from
the scan signal line driver YDR to the scan signal

line Scanl falls. For this reason, the ON signal is
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Swic, and SwW3 without any delay or wwth a small del ay
fromthe trailing edge of the scan signal. Wen the
scan signal rises, a reverse bias is applied to the 5
delay elenment Dy, and a | eakage current flows to the
delay element Dly. For this reason, the OFF signal is
supplied to the control term nalg; of the swtches
SWwb, Swc, and SW3 with a delay fromthe | eading
edge of the scan signal. That is, even in the pixel

circuit showmn 10 .in FIG 12, the OFF signal supplied
to t RIS DIt vt n%%%?lm%rrgw%ﬁe@gsﬁpa, s@yftghes Swlb,

and del a fyomthe OFF signal supplied to the

cont gg‘”ﬁ%’erﬁoﬁaﬁw%fwwkh%u%v@?%hg%ﬁi”é. Ogl ¥otinay fnell delay
exa t - effect . as described in.the fir

enbo |Iﬁjémnt&%aﬁcq%%lolﬁ{g§i “n%%e. Tg V@fens%a%i %agnia%‘us@hegsthe
the delay &lemant. Dy, the.. FF é!kgi‘g]l, E%”aBS%QSB%Sdthe

al nrost w thout del aying the signal. For this

reasesla8 RiighresReash o idey cam deya exesutednaSriows to the
conpared to a case in which both the ON signal and

CFF siegral edregnege] ayed. 24 nchhé sreabed) ment, oarTEIgnal is
whose gate is connected to the source, i.e., a

di odewggrinect edd THFE camtbre Lseskmasatiheoflethy eléments Swilb,
Dy, as shown in, e.g., FIG 12. Wen a

di odé¥denneside w3 ohidiinel A2y sfugedthaslehdidgl agge of the
elenment Dy, the delay element Dly and 25 the .

swi t ShéS! SH%Rlo SWIET S, AN SWB Elam Bexeérmédcuit shown
si mul.t agﬁ%usl in. the sane process. Wien a

di odéTcdrect'éd TRF ¥ UseP! thiPRet 3y 87 tRrefghfrol
Dy, tteq%in g_gl toli‘fd“:%:Irl(.)e]'c sthi cq)eelsaySv(/)]fb,thsewg:\l, and Sw3 delays

from the OFF signal supplied to the control terminal of
the switch Swla. Also in this example, the same effect
as described in the first embodiment can be obtained.

When a diode is used as the delay element Dly, the
OFF signal can be delayed almost without delaying the.
ON signal. For this reason, a high-speed write can be
executed as compared to a case.in which both the ON
signal and OFF signal are delayed.

In this embodiment, a TFT whose gate is connected
to the source, i.e., a diode-connected TFT can be used
as the delay element Dly, as shown in, e.qg., FIG. 12.

When a diode-connected p—chahnel TFT 1is used
as the delay element Dly, the delay element Dly and
the switches Swla to Swlc, Sw2, and Sw3 can be formed
simultaneously in the same process.

When a diode-connected TET is used as the delay
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signal and that of the OFF signal can be adjusted in
accordance wwth a ratio WL of a channel width W to a
channel length L of the TFT used as the delay 5
element Dly. The signal waveformto be supplied to the
switch Sw a can be changed fromthose to be supplied
to the switches SWb and Swlc Ry still another

nmet hod. For exanple, a pair of diodes connected in
parallel may 10 be used as the delay el ement EXy FI G

14 i I t sh
amot Rl o ﬁ'&%ﬂ%&%a?ocﬁﬁn%f#%ﬂag%aa?f b%he oN
I d th .Cc EL FIl G
the S.Y§er‘ﬂ'ln b AR er e ?ﬁp e e ef 4 Gt
connect ed i,nparal 'w%'f-hb%t rﬂve/LS’C sional,dine Widtn W

Scant and the control ern1na e swi tches

Swl Ctoaﬁdc%n@ﬁelu%gcti.nai the tdieé aIyF"el@@cﬁltag ¥ne ThE1 2
di ode Da is connected to supply a forward current fro

the goBheak bekm nals of the switches Swb, Swc, 20

and SwW3 to the scan signal line Scanl. The di ode Db

i's connectred tsQ gsiaRphia vae formwardl wairgemp1 fe@méhenscanitch
signal line Scant to the control termnals of the

swi t 6hés SahbpeSwhengand £3a@ ﬂwhaetﬁmeméxsmpplre@ito the
shown in FIG 14 is enployed in the organic EL display

25 1S9hd®ASPNSERG a8d Sid cdityplsdyi 1L carebeedrigenody For
the sanme_nethod as described in the first enbodi nment

or GFERPLEF ePeRE4 It GIFFGOGES. CPRngtgd 150 | RaRa biely may

Shom%ngusedexan%hg %El%y element Dly.

FIG. 14 is an equivalent circuit diagram showing
still another example of the pixel circuit which can be
employed in the organic EL display shown in FIG. 8.

In the pixel PX shown in FIG. 14, diodes Da and
Db connected in parallel between the scan signal line
Scanl and the control terminals of the switches Swlb,
Swic, and Sw3 are used as the delay element Dly. The
diode Da is connected to supply a forward current from
the control terminals of the switches Swlb, Swlc,
and Sw3 to the scan signal line Scanl. The diode Db
is connected to supply a forward current from the
scan signal line Scanl to the control terminals of the
switches Swlb, Swlc, and Sw3. When the pixel circuit
shown in FIG. 14 is employed in the organic EL display
1 shown in FIG. 8, the display 1 can be driven by the
same method as described in the first embodiment or

with reference to FIG. 10.



wavefornms of a signal (solid line) input to the del ay
el ement shown in FIG 14 and a signal (dotted |ine)
output fromthe delay elenent. 5 As shown in FIG 15,
when the diodes Da and Db are used as the del ay
element Diy, a forward current flows to the diode Da
when the scan signal supplied fge@mthe scan signa
line driver YDR to the scan signal line Scanl falls.
The ON signal is supplied to the 10 control term nal s
of the sw elag f.rom
c

The tranl oo T e bt S BREr o, oY GRafelpL B i
s1 gnal. g aes, 1 ofver . cur ent I ova_t 01Lhe dlgde, Doy,

The S|gna I's suppfie con rmna

of the sichasoaM by S c, l@ngnéMQ s}énﬂﬂt¥d@tgﬁﬁailne

fromthe | eading edge of the scan signal

thi s exadq ec+0, thdeds efEgehras described in the
first enbodi ment can be obtained. In this exanple, the

forward cuks estiswmhigchrfcowl 5t owhbe dhedesoBasamd Bihd Db
are used as the ON signal and 20 OFF signal to be

supplaimd used hes come rdd La erei embstoblyheaswbreohes current
SW b, SwWc, and SwW3. For this reason, the delay of

the CRPvS gﬁfaltft%rﬁb@d%om r‘@@‘?@dthﬁdépéﬁdéhgh?l sfipphid ed
delay of the ON signal. In this exanp

d| oddLBhridtd IFAFTS: Tadl b%l%@ea”lzsragDBhéomtaae§09@ signal

i o eon 5 DiannelfTFY arehabedsas pRé el sedhe
e, 20000 LA, 0 a0, B0 LB CBES. T .
Sinuhﬁﬁﬂ?%#%ﬁ%j@ffrom the trailing edge of the scan signal.
When the scan signal rises, a forward current flows
to the diode Db. The OFF signal is supplied to the
control terminals of the switches Swlb, Swlc, and Sw3
with a delay from the leading edge of the scan signal.
That is, in this example too, the same effect as
described in the first embodiment can be obtained.
In this example, the forward currents which flow
to the diodes Da and Db are used as the ON signal and
OFF signal to be supplied to the control terminals of
the switches Swlb, Swlc, and Sw3. For this reason, the
delay of the OFF signal can be controlled independently
of the delay of the ON signal.
In this example, diode-connected TFTs can be used
as the diodes Da and Db, as shown in, e.g., FIG. 14.

When diode-connected p-channel TETs are used as the

diodes Da and Db, the diodes Da and Db and the switches



10

15

20

in the sane process. \Wen di ode-connected TFTs are
used as the diodes Da and Db, the magnitude of the
delay of the ON 5 signal and that of the OFF signal
can be adjusted in accordance with the ratio WL of
the channel width W to the channel length L of the
TFTs used as the diodes Da andsbb. The third

enbodi ment of the present invention 10 will be
descri bed next. In the second enbodi nent, the pixe

PX e oys a.currept .drivi,n ype pixel_circuit. n

e DB F AERABBAF hall'2” a2 B TPRoE oS ol 1 el Taneously
driving p LX circuit. Except for this point, the
thir%peﬁ%%d?ﬁgﬁtS%%“Fﬁ%'sane as the second enbodi nent.

15 FI G 1@hieﬁ éﬂosguic\é%ﬂ%%tt.e%i r’ﬁ%ist aq_jeag{)saéﬂ SJ%OV\H?@ diodes
f I e enp

an exanple of a pixel circuit which can oyed In

an agiiy¥€qnBbl i Xnar g@ghgtﬁeedio%p_lt@é aeaardigg di the
third enbodi nent of the present invention. The pixe

PX i fichngdesand erganbe Eheebemert gBbEDcad Bd WRijusted in
control 20 elenent O, a capacitor Cl, a capacitor C2,

a dedagorébetentyibhytha swiktiohWgrowd Swe fodraretebywidth W
connecting a plurality of switches in series, a

swi teh Swe, chadned santth M oAstar &Xdmplused s swie chiodes
group SWG includes three swtches Swla to Swlc. As an
exan%@e?“@SDB-channel TFTs are used as the drive

control el enment . , switches Swia to SwWc, swtch
Sw2, and S@Ft Ehlr?/g eTREAFEVE Conthdt DeISSAdTiL fpvention

ggL;@%%g%@%n%?%?ggg?ggaggkg EEneE%geg%cg% Dégg%diment, the
pixel PX employs a current driving type pixel circuit.
In the third embodiment, a pixel PX employs.a voltage
driving type pixel circuit. Except for this point, the
third embodiment is the same as the second embodiment.

FIG. 16 is an equivalent circuit diagram showing

an example of a pixel circuit which can be employed in
an active matrix organic EL display according to the
third embodiment of the present invention. The pixel
PX includes an organic EL element OLED, a drive control
element Dr, a capacitor Cl, a capacitor C2, a delay
element Dly, a switch group SwG formed by connecting
a plurality of switches in series, a switch Sw2, and
a switch Sw3. As an example, the switch group SwG
includes three switches Swla to Swlc. As an example,
p-channel TFTs are used as the drive control element
Dr, switches Swla to Swlc, switch Sw2, and switch Sw3.

The drive control element Dr, switch Sw2, and



10

15

20

in series between a power supply line Vdd and a power
supply line Vss. Atermnal of the capacitor Cl is
connected to 5 the control termnal of the drive
control element Dr. The capacitor Cl holds the
potential difference between the gate and source of
the drive control elenent Dr, i ch corresponds to
the input signal. The capacitor Cl is connected
bet ween the power supply line Vdd and 10 the gate as
the control 5_: rm.nal of the drive control elenment Dr.
The SWPPLREs “SwFa T Swirat & Korfirdttsd ¢ Serfless order
bet ween _t he co%terol t erm nal of the‘ drjve control

T

el ement SBF 18Ad e S8 @ Yo THRPOf i V'R oft? gfnq 5@ Power

el ement, B, ;whi.cR,Js connected to the switch M The
contronE)é/rm nal 'of the switch Swa is directly

connect edzt @ 2 r56aN $Ynale ld L. Lheo ot Defog ¢
hand, the control term nals of the svvitchle%c, %?Mltﬁ&g%ad ©

SW ctaeeceanredt ed A n=he sscamsSignale ldhe: AN 1Ot Dr.

through the delay elenent Dly. The control term nal of

t he Shet chpSw2tos caomraeied H potsGadl Sl ghiat fdidiece between
Scan2. The switch Sw3 and capacitor C2 are connected

i n séheegabet apen sauwicde® fsitgralddiivee ddatar @inde Ydmee25 Dr,
control termnal of the drive control element Dr. The

cont FBLCheFRT AaBPeMndshé oswintec Hrews: issi arorinect®ee tanndweitor
scan_signal |ine Scanl through the delay element Dy.

41  PhehSt RBNBESELIPREEHSISEY SN PristelSurr i tine Vdd and

the gate as the control terminal of the drive control
element Dr. |

The switches Swla to Swlc are connected in series
between the control terminal of the drive control
element Dr and the terminal of the drive control
element Dr, which is connected to the switch Sw2.
The control terminal of the switch Swla is directly
connected to a scan signal line Scanl. On the other
hand, the control terminals of the switches Swilb
and Swlc are connected to the scan signal line Scanl
through the delay element Dly.

The control terminal of the switch Sw2 is
connected to a scan signal line Scan2.

The switch Sw3 and capacitor C2 are connected
in series between a video signal line Data and the
control terminal of the drive control element Dr. The
control terminal of the switch Sw3 is connected to the

scan signal line Scanl through the delay element Dly.
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shown in FIG 16, a video signal line driving circuit
XDR capabl e of supplying, as a video signal, a voltage

signal to the video signal Iine Data is used. S In an
organic EL display 1, a substrate 2, scan signal
lines Scan! and Scan2, video signal lines Data, power

supply line Vdd, switches Swia t,g SWc, Sw2, and Sw3,
drive control elenments Dr, capacitors C and C2, and
delay elements Dy forman active matrix substrate. 10
This acti VR Jmatrix substrate ¢ al so inc| Udfi a, scan

signal |inedrive WOR and tHEP YT Heo 3 gikk St i bl cult
drivep, DR, Tis active Jmafrix substrate can also . :
i ncl uge oné' el ectrode of “each or rgarill cfl © el ehents crreuit

CLEDXDﬁh%aBE%QQi%fE%dﬁgﬂﬂﬁ?%ﬂ'g!"é*bfﬁ%ﬂ‘%g?%%ﬁ,E%X§Eltage

15 circuit shown in Fi or the pix

drivengnlY, t8. @he theidPldigMag meidhosh Durd ngsdhe

wite period, first, an ON'signal which sets the

switches Swi ant @94 Aml, &I @ Belecd@sst sdatex] Sscan
supplied fromthe scan signal line driver YDR 20 to

t he sc¢anasi gnaksl SwenScamd coraTelt edidep tdhigp XelilXs Data,
to be selected. In addition, an OFF signal which sets

t he BRAFEENSSRR liyn lameuvsel, ectveid Stet vl supBv e, tHw2, and
the scan signal |ine Scan2 connected to the pixel PX
AccorlPngfy L VEhECeKrCdh chRmens ssdir /i ifaaeitors C1 and C2,
nonc%agugt ive 2? st at e, gnd the switches SwWa to Swc

and Feddef PR e Dddnd et V& @Gtie’e M hi% substrate.

oLl s EROLENNL Ll LU 080 SN 2 - LIS, OB
signal line driver YDR and the video signal line driver
XDR. This active matrix substrate can also include one
electrode of each organic EL element OLED.

The organic EL display 1 which employs.the pixel
circuit shown in FIG. 16 for the pixel PX can be driven
by, e.g., the following method.

During the write period, first, an ON signal which
sets the switches Swla to Swlc and Sw3 in a selected
state 1s supplied from the scan signal line driver YDR
to the scan signal line Scanl connected to the pixel PX
to be selected. In addition, an OFF signal which sets
the switch Sw2 in an unselected state is supplied to
the scan signal line Scan2 connected to the pixel PX.
Accordingly, the switch Sw2 is set in the nonconductive
state, and the switches Swla to Swlc and Sw3 are set in

the conductive state.

In this state, the potential of the video signal
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the video signal line driver XDR Since the sw tches
Swla to Swlc are in the conductive state, the
potential difference (gate-to-source voltage) between
the power 5 supply line Vdd and the control term na

of the drive control elenent Dr is set to a threshold
voltage Vth of the drive contrab elenment Dr. After
that, an OFF signal which sets the switches Swla to
Swic and SW3 in the unselected state is 10 supplied to

Lo 3eAR honaL ol e S0A - dSte ol 10 I AE SRS TSy

set in the nonconductive state.

Swlb - nd ; ar ety d:n . oncanduct.i .
ot at S DTG T b o ar = A S o Gl o hpehes

in theiporeoRduct bve shat@eldiide the swWdLh B bStencial
set in the nonconductive state, a video signal Vinis

supptii€deteamet hgavedeo-sognde Jddinedh)i welt wdd tend heower
video signal line Data. If the electrostatic
capasupphgediok Whe eapachiorcmrClrolanc G refuadf eded drive
other, the gate potential of the 20 drive contro
el enepantbplveadersentr Om tike stehir eshal ¢ v thagel Wtdl tyganvy, of
amount equal to the change anount from Vrst to Vin.
Next Eh&ndolvsi gREI rwhi eResers thhe switch Sw2 in the
selected state is supplieqﬂto the scan signal line 25
Scan2 to SétSfhéhévirt éR SWF i 9t dBhdtitti%/es stlgeswitches
Si nc ﬁheL aée:to;s urce voltage of the drjve contro
elen§H angi w%StGBg aé§cﬁfb§%%h65ﬁ§l§f it “hat? ng
43 QuﬁBQEEBUQS Eﬂérggggngﬁ@%gf)ffkg(§££$ﬂen%%rst,
bet wee
the switch Swla is set in the nonconductive state.
Next, the switches Swlb, Swlc, and Sw3 are set in
the nonconductive state. During the period after
the switch Swla 1s set in the nonconductive state
until the switch Sw3 is set in the nonconductive state,
a video signal Vi is supplied from the video signal
line driver XDR to the video signal line Data. If
the electrostatic capacitances of the capacitors Cl
and C2 equal each other, the gate potential of the
drive control element Dr varies from the threshold
voltage Vip by an amount equal to the change amount
from Vyqr to Vip.
Next, an ON signal which sets the switch Sw2 in
the selected state is supplied to the scan signal line
Scan2 to set the switch Sw2 in the conductive state.

Since the gate-to-source voltage of the drive control

element Dr 1is set as described above, a current having
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Vrst and Vin flows to the organic EL el enent OLED.
Accordingly, the Iight em ssion period starts. The
light em ssion period continues until the next wite
5 period starts. In this enbodi nent, the term nal of
the drive control elenent Dr connected to the switch
Sw2 and the control term nal ofythe drive control
elenment Dr, 1i.e., the drain and gate of the drive
control element 10 Dr are connected to. each other

t hrough the pluralit of switches Swla to0 Swic
conn@cfnganilﬁeggr Fé’§.ryel§é)rondsjtr}ﬁ &G ddorft G TRt hePetween
first,_enbadi,ment, during the |ight .emssion period

char gé§th§ﬂ8r§1ﬁo\§éo@’est \(“/]\tleoerwlC ‘heox%aeﬂlnc al':;% FECoF C?:h%D‘
drivgc-egattal 16l empnt 1Oy, and, any: o 19, vard atd on, |

gat e-;co-sour%é?\'/olﬂﬁage' ggn“ %gn‘%p%%%s”e%éél%eﬁég’ The
enbo@&gﬁﬂtemﬁggi%W'b%@i%%ﬂ%ﬁﬁ%fﬁﬂeé'hﬁﬂﬁi the next write
nonconductive state earlier than the swtches Swlb

and pateodEvenrikn.this enbodi ment, any large shift of

the gate potential can be suppressed, as in the first

20 enbodi fenthithambicglimedrso, ithd hsreimhodi aenthe theive
same effect as in the first enbodi ment can be

obt aFAedroandlameety Drhiogmrdicspicayc qquald tsw carh b2 and the
i npl emented. In this enbodi nent, an arrangenent
capabPBtEPl PSrEbALLOIAL Ada I iofrercatritom bfe tdreeni Reh
SW3 i ndepen- dlety of the operations of the sw tches

Swia'tB-SwiB® fh§™Be *pIoGy&d. O FFoh sexlmpi®, CeHerol element
82% ?%: %g% %%nb%?ﬁéﬁt ﬁi}Weta%mesot%ra tthorost\l/\cfil}? trﬁg/ ;?leurality
of switches Swla to Swlc connected in series. For
“this reason,.as in the first embodiment, during the
light emission period, charges hardly move between the
drain and gate of the drive control element Dr, and any
variation in gate-to-source voltage can be suppressed.

In this embodiment, the switch Swla is set in
the nonconductive state earlier than the switches Swlb
and Swlc. Even in this embodiment, any large shift of
the gate potential can be suppressed, as in the first
embodiment.

That is, also in this embodiment, the same effect
as in the first embodiment can be obtained, and a very
high display quality can be implemented.

In this embodiment, ar arrangement capable of
controlling the operation of the switch Sw3 indepen-
dlety of the operations of the switches Swla to Swlc

may be employed. For example, the operations of the
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scan signal |ine Scanl, and a scan signal line to
control the operation of the swtch Sw3 nay be
arranged independently of the scan signal |ine Scanl.
5 1n this enbodinent, a resistive elenent shown in,
e.g., FIG 16 can be used as the delay elenent Dy.

Al ternatively, the diode descrihgd in the second
enbodi mrent may be used as the delay elenment Dly. The
fourth enbodi nent of the present invention 10 will be

describgd.nexts. In the first to third enbodi nents, . the
I

swi t EHESCIPRCPUdEd S FHE Sa% AF Frdtir Grly using the
d_t t,he . tral_line, 1n the f th .
g Rane Bee TSR e e b rmhail THothe. BoiE rb7

tern.pak 1% leaoi\@irﬁ%q’onm@%%ezn%ﬁecg §vg§ar§‘z¥g/ L%Q:%Eranged

included 1n a switch group Tocate

on thedepahBestde Qfr andrive cantypli el gpend Ix; is
arranged independently of the control |ine connected

to the cant kelist enBdtaingeaf, therdenmd 1 a0 SavhdsheShown
In the 20 fourth enbodinent, with this structure, the

saneieffect.,asIicn tite damr ste tusddiad btk rept Sl dment
achieved. FIG 17 is an equivalent circuit diagram
showPhy - ahléranplté vefl va pibeeldicidecuidsashilpdd cam tiee second
enployed in an active matrix organic EL display
accofAPAgLITENE5MENe PRowSE @fbddianstrlay etemenieskhy.
invention_ In_this exanple, each switch group SWG

i ncl udes SWPt ERES EISHTR Srid eSA (21 1712 %S eakpt evention
scanwﬂ?ngle ILn%si4§ %ceaq:l a to Scanlc are arranged in

pl acé™ o sEERCEITERS next -

In the first to third embodiments, the switches
included in the switch group SwG are connected to
the same control line. In the fourth embodiment,
the control line connected to the control terminal
of a switch, which is one of the switches included
in a switch group SwG and located at the end on the
gate side of a drive control element Dr, is arranged
independently of the control line connected to the
control terminals of the remaining switches. 1In the
fourth embodiment, with this structure, the same effect
as in the first to third embodiments is achieved.

FIG. 17 is an equivalent circuit diagram showing
an example of a pixel circuit which can be employed
in an active matrix organic EL display according to
the fourth embodiment of the present invention. In

this example, each switch group SwG includes switches

Swla and Swlb. 1In this example, scan signal lines
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line Scanl. The control termnal of a switch SW3 is
connected to a scan signal line driving circuit YDR
through 5 the scan signal |ine Scanla. The contro
termnal of the swwtch SwWa is connected to the scan
signal line driving circuit YDR through the scan
signal line Scanlb. The control ,term nal of the
switch SWib is connected to the Scan signal |ine
driving circuit YDR 10 through the scan signal |ine

Scanl ¢. an exa e, -channel TFTs are used as the
smﬁté%%%ﬁgﬂAg? éﬁ?ﬁﬂc %ﬁg,aﬁﬁén§®§ aRdPdeicge ofoRt 6N signal
el ement The driving nethod of an organic EL
displ2§n%x%f?lf'be descri bed next with reference to

FIG 18. 15kl 8.hs.a, limnAg _chart.  show an
exanpl e of %hggagranégﬁ%%ﬁgg S%hﬁhgwéF gng%3EES connected

di spl ' Syt ixel: eircuit .sh in. E
IooPo el SIRIEY Lhe, BBl S B0 LBl

"ScanHE , scaeagl gnal andne " Sean2a .1 Ndheatenthe1 terminal
wavefornms of scan signals supplied 20 fromthe scan

signalf line sirivelh XDRetOstbenseanes ghaknel 5888 signal
Scanl a, Scanl b, Scanlc, and Scan2, respectively.

Duri nig- tehed ¥ ires peitodit f YDBt thanu@RFtaiegeabn(stighhils line
case, a scan signal of H gh level) which sets the

swi t ISP i n B upeet eet edesraneli sfsuppl sedtthofiwilbe is
25 scan signal line driver YDR to the scan signal line
3canf%mﬁﬁgfc%dt? o-Re pF&@T PkIfelpéisel detedng| airRugt YDR

state,_an “i%Ea| in,thii case, .a scan si gnal of
Low 46"~ FEVEI T TH st % he' SHFt CRBELSW a”SSAPrbexaRgle.

Sw3 Bachannel TETs are used as the switches Swla, Swlb,
Sw2, and Sw3 and drive control element Dr.

The driving method of an organic EL display 1 will
be described next with reference to FIG. 18.

FIG. 18 is a timing chart showing an example of
the driving method of the organic EL display which
employs the pixel circuit shown in FIG. 17 for pixels.
Referring to FIG. 18, "Scanla", "Scanlb", "Scanlc", and
"Scan2" indicate the waveforms of scan signals supplied
from the scan signal line driver YDR to the scan signal
lines Scanla, Scanlb, Scanlc, and Scan?, respectively.

During the write period, first, an OFF signal (in
this case, a scan signal of High level) which sets the
switch Sw2 in an unselected state is supplied from the
scan signal line driver YDR to the scan signal line
Scan2 connected to a pixel PX to be selected. 1In this

state, an ON signal (in this case, a scan signal of Low
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a selected state is supplied to the scan signal |ines
Scanla to Scanlc connected to the pixel PX Accord-
ingly, the switch Sw2 is set in the nonconductive 5
state, and the switches Swia, Swb, and Sw3 are set
in the conductive state. In this state, a constant
current having a magnitude equalg to a video signa
current linis supplied by the video signal |ine
driver XDR to a 10 conductive path fromthe power

supph ¥ Line d the. videa (S naI l.ine r|ver X
vi a tL %FI \V}e{chn tc L8Pe Rt S S tich DF%WB in

é&FeQ §b9@ék Li ge, t%s Sék@%at%h% \@ﬁ(1%§%§%%f55g¥ilines

b are in the conductive e, the po

di f f ecgpee egatseawcse%%~l%d\/cﬂotacg@ &%oweﬂkthepc ord-
power supply line VvVdd and the control "term nal %

drivengopt reheekeamesh BX2iss %%k,Eﬁlaj%ﬁH%%cqnductlve
corresponding to the current |I. After that, first, an

OFF stgnal &nd thesseasehesd ssqan Iwdnmsl 0fd Hwgh are set
| evel ) which sets the switch Swia 20 in the
unselected statiscigvsuppkited to the scan signal |ine
Scanlb to _set the swwtch Swma in the nonconductive
state. NexP, tAASOSFasegnal canstaits asenta staing a
si gnal of h level) which sets the switch Swb in
t he Iﬂﬁ%%i”ét‘figdegtlétle Psasﬁﬁﬁleoeéltg@atlhé@é@rﬂtslIglrral1?5
Line_Scanlc 48 sgé the switch Sw

r

noncdRdTctFde eVlﬁ‘Fﬁalsllﬁna&nqéﬂﬁ §* gerQr GOR R &2
| h | ) h t t
oo cepP AR e TR R, om kPR pBYRR AMPEiY Jst e the

the $L@-S5 998511 1 PBe driver XDR via the drive control
element Dr; switch Sw3, and video signal line Data.
Since the switches Swla and Swlb are in the conductive
state, the potential difference (gate-to-source
voltage) between the power supply line Vdd and the
control terminal of the drive control element Dr is
set to a value corresponding to the current Ijp.

After that, first, an OFF signal (in this case, a
scan signal of High level) which sets the switch Swla
in the unselected state is supplied to the scan signal
line Scanlb to set the switch Swla in the nonconductive
state. Next, an OFF signal.  (in this case, a scan
signal of High level) which sets the switch Swlb in
the unselected state is supplied to the scan signal
line Scanlc to set the switch Swlb in the nonconductive
state. Finally, an OFF signal (in this case, a scan

signal of High level) which sets the switch Sw3 in the
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Scanla to set the swwtch SwW3 in the nonconductive

state. The gate-to-source voltage of the drive control

5 elenent Dr set in correspondence with the current

lin is held by the capacitor (. The wite period is
thus ended. Next, an ON signal (in this case, a scan
signal of Low |evel) which setsthe switch Sw2 in the
selected 10 state is supplied to the scan signal |ine
Scan2 to set the switch Sw2 in the conductive state.
Since _th ecg%at e-to-source vol.ta of the drive cont{ohne

el enBht - |e§ 5&‘3“55 TFe S o bto((/et,hea TP ent e
havi I ) | i
avi og ah1ost, the t@%qugﬁ%g{ tyde laratté%e ric%égﬁéuc#f\’fe

flows to the organi ement ccordingly
the Ii.ght. em ssion period starts. Note that the |ight
em ssion period continues until an OFF signal which

sets the gwid ¢yt oddbdhe UNSE] £44 et st @t eqi Sve control
supplied before the start of the next wite period.

20 | elthiestemiodierent asweldpoddhsane.cieftiestcasrend 15,
the first enbodi nent can be obtained, and a very high

di spliay hgtal bty than degaaipleenmert.ed. THa whise period is thus
enbodi nent, the channel area of the switch Sw a can

be smadedr than that of the switch Swb. For 25

exanple, the swtches SWa and SM b may have the sane
channel wiNg&ty, @d Q cHeirel (Ehgithi 3 €%t he 8§GRRchignal

Sw a be shorter than a channel length Lb of the 48
svi L SRFb LSWPLR (IS TSR G 6t fbeth Hie selected

state is supplied to the scan signal line Scan2 to set
the switch Sw2 in the conductive state. Since the
gate—-to-source voltage of the drive control element Dr
is set as described above, a current having almost the
same magnitude as the current I i, flows to the organic
EL element OLED. Accordingly, the light emission
period starts. Note that the light emission period
continues until an OFF signal which sets the switch Sw2
in the unselected state is supplied before the start of
the next write period.

In this embodiment as well, the same effect as
in the first embodiment can be obtained, and a very
high display quality can be implemented.

In this embodiment, the channel area of the switch
Swla can be smaller than that of the switch Swlb. For
example, the switches Swla and Swlb may have the same
channel width, and a channel length La of the switch

Swla may be shorter than a channel length Lb of the
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the second enbodi nent, the gate potential variation of
the drive control elenent Dr can nore effectively be
prevented. 5 In the fourth enbodi ment, to reduce the
nunber of scan lines, part of the scan |ines which
controls the switching operation of the switch group
SWG and the scan |ine which conggols the sw tching
operation of the switch Sw3 can commonly be used. 10
FIG 19 is an equivalent circuit diagram show ng

her. I f t. ixel ci it_which b .
oot BT O L1 L, ELEGU L0 €D 680 Poyc cn
f i t t_ ] ' . o .
U e TR Ol eSS0 YL 003 L] LD pson o

15 ofnkhe gwWd o RWd) i Spnneched-19 &QPeS%E‘E‘eéEQ{?th be

line Scanla, and the scan signal |ine Scanlc iIs

om t bedvenkk@. 20 is a timng chart show ng an exanple

of the driving nethod.of the organic EL display which
enpl oys the pibeelf@ifchliémshdient), FE& réQuter tpexabfiber
20 As is apparent from conpari son between FIGS. 18 and
20, ofhecengdninesEl mHsplay thevs cdn ehpheyswhhehpecaptrols
circuit. shown in FIG 19 for pixels can be driven by

the &afesitisdd nas et ised ol thhe eser epktegrour| &/G18nd
except that the switches Swlb and Sw3 sinultaneously
25 pérfoPPrhe W tEhiGly Tferetidnthy t¢ihghine geapation
si gna ne Sc%nl nce, also inh this enhodi nment,

(Y .
the Shms"8r F¥ct c§§ Sdgc?af%e%owq ¥ eferente -to FIGs,
17 49 an%f%ﬁ Q%ﬁ:9§ é“néﬁﬁggglent circuit.diagram showing

another example of the pixel circuit which can be
employed in the organic EL display according to the
fourth embodiment of the present invention. In the
pixel circuit shown in FIG. 19, the control terminal
of the switch Swlb is connected to the scan signal line
Scanla, and the scan signal line Scanlc is omitted.
FIG. 20 is a timing chart showing an example of
the driving method of the organic EL dis@lay which
employs the pixel circuit shown in FIG. 19 for pixels.
As is apparent from comparison between FIGS. 18 and 20,
the organic EL display 1 which employs the pixel
circuit shown in FIG. 19 for pixels can be driven by
the same method as described with reference to FIG. 18
except that the switches Swlb and Sw3 simultaneously
perform the switching operation by using the scan
signal line Scanla. Hence, also in this embodiment,

the same effect as described with reference to FIGS. 17
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When the switches Sw2 and Sw3 are forned from TFTs of
di fferent conductivity types, the nunber of scan
lines can further be reduced. 5 FIG 21 is an

equi val ent circuit diagram showi ng another exanple of
the pixel circuit which can be enployed in the
organi ¢ EL display according toghe fourth enbodi nent
of the present invention. In thls exanpl e, the
control termnals of the switches SwWwb 10 and Sw2 are

onnecteﬂ to th n Si naI line Scanla, and the

scan®8fgrdl SAfn § § LA Qnd Scan2 are onmitted. In

this exa I tranS|stors of t onduc ivit

type arenﬁggd FE% RS gﬁdg %@ X from TETs

exa e el. . TH I r 0

5 el onate Ty cand ctohgﬁéva%v?méﬁ%a@& 5. “f*bf%@f fcan
and 1aReB- ehanmel (FET be ysediasithe switch Sw. FIG

22 is a timng chart show ng an exanple of the

driving nmetlzod 20f itsheirole@piiivea Fni sPt@y:i whd tigram showing

“enpl oys the pixel circuit showmn in FIG 21 for pixels.

20 Asnbshappaxenpler of chrparixcan detoweien +HiEh 26n aind

22, the organic EL display 1 which enploys the pixe

ci rcamplekliednini phel Grg2hifcoElpiddelsl apamm dmotivent ythe
the same nethod as described with reference to FIG 20
excepPutkht enheddWienchiong thgecatd st sictantriott ed 25 this
by sug%&élng the sane scan signal to the sw tches

Swi bS ¥ SRR} Sand "SRy KQsi ﬁ&rﬂﬁélaslc%rprs.fg*rﬁasmwes Swlb
Scanl a even_ in this e t he, sa effec %

S0 B0CARERr FBE LN TR el et ened ¢ TGS L of JAF chnla,
be and the scan signal lines Scanlc and Scan2 are omitted.
In this example, transistors of the same conductivity
type are used as the switches Swlb and Sw3. As an
example, p-channel TFTs are used as the drive control
element Dr and the switches Swla, Swlb, and Sw3, and
an n-channel TFT is used as the switch Sw2.

FIG. 22 is a timing chart showing an example of
the driving method of the organic EL display which
employs the pixel circuit shown in FIG. 21 for pixels.
As is apparent from comparison between FIGS. 20 and 22,
the organic EL display 1 which employs the pixel
circuit shown in FIG. 21 for pixels can be driven by
‘the same method as described with reference to FIG. 20
except that the switching operation is controlled
by supplying the same scan signal to the switches

Swlb, Sw2, and Sw3 by using the scan signal line

Scanla. Hence, even 1in this example, the same effect
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obtai ned. The fifth enbodi nrent of the present

invention will be described next. In the fourth
enbodi ment, the 5 pixel PX enploys a current driving
type pixel circuit. In the fifth enbodinment, a pixel

PX enpl oys a voltage driving type pixel circuit.
Except for this point, the fiftgy enbodinment is the
same as the fourth enbodinent. FIG 23 is an

equi valent circuit diagramshowing 10 an exanple of a

pi xel, .circuit. which can he enpl oyed hy  a rgani ¢ EL
di spfay dae%c%é:rl g & tﬁe“k%?el‘f?n;ﬁceer%oooﬁ‘%%tnlgfg? h%g can be
presept J;pwention. The pixel PX includes an organic EL
el ement OLED, a drive control elenment Dr, a capacitor

d, a capagid afi &3, B itnedh 97 QP VG A5 £ 0F "By Bt ion will

connecting a plurality of swtches in series, a

swit b Swdcramddanswict.Ch 1SWEhASst Al @x AN Sa1hdee, the
switch group SwG i ncludes two switches SwWa and Sw b.

As apiexanmpike emplolyanaelcubirknmardy iusiedy asygdhepiféVecircuit.
control elenent Dr, swtches Swa, Sw b, and Sw2, and

20 aAnntbkafnéichTEMbos imeed as thiexesWRE leriBoydhe voltage
drive control elenment Dr, switch Sw2, and organic EL

el enBAt VOREDtaPE PérRdctdd dnit-hi Exoreddr £amn Seis esoint, the
bet w%en a power supply line Vdd and a power supply

li netVvS&DR 3BPPRAMERbadiSt S eCEIRE Eonridd &P Wt wewrPedrement .

power su IGy lLi,ne Vdd and the gate as the control

t erm nal ‘tHE dfi ¥& CHrH i Slefetc Bt $3295B showing
Sm‘tgﬂe§x§WL§eagg §ngx%ﬁeé¥¥gfﬁ}%%£é% can be employed by
an organic EL display according to the fifth embodiment
of the present invention. The pixel PX includes an
organic EL elemeﬁt OLED, a drive control element Dr,
a capacitor Cl, a capacitor C2, a switch group SwG
formed by connecting a plurality of switches in series,’
a switch Sw2, and a switch Sw3. As an example, the
switch group SwG includes two switches Swla and Swlb.
As an example, p-channel TFTs are used as the drive
control element Dr, switches Swla, Swlb, and Sw2, and
an n-channel TET is used as the switch Sw3.
The drive control element Dr, switch Sw2, and
organic EL element OLED are connected in this order
in series between a power supply line Vdd and a power
supply line Vss.
The capacitor Cl is connected between the power
supply line Vdd and the gate as the control terminal of

the drive control element Dr.
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series between the control termnal of the drive
control elenent Dr and the term nal of the drive
control elenent Dr, which is connected to the switch 5
SW2. The control term nal of the switch Swa is

directly connected to a scan signal |line Scanlb. On
the other hand, the control termnal of the swtch
SWb is connected to a scan signal line Scanlc. The

control terni nal of the switch Sw2 i s 10 connected to

ascan si gial Jj;ne.Seand,, The swiich S8 and, capagi Lgr

C2 are connect Serl es €0 sSigna

||nes@§H@sa%%EE£%i Q$Ef@ongfg ﬂgﬁmfﬁafhgfdﬁﬁﬁedrlve

control ele e contro t'erm nal

SWi L GRnSW 11 £16RRARCTR 4 & rRCalk i 84 ONF {h8€drive
Scanl a. When the pixel DX enploys the pixel circuit

showgoinft rboll Ge 12%hen \Urdearsignals |ddren skt &d ngo CEREUbTitch
XDR capabl e of supplying, as a video signal, a voltage

Si gné&kzt.o The wviotea i graimirale dattehed sswisech 201anian
organic EL display 1 which enploys the pixel circuit
showdiirgcEl@ cB3nfemtachd pixeleX,signasubsinat@canlb.

scan signal lines Scanla to Scanlc and Scan2, video

si gn&r IPﬁe@tbﬁﬁahﬁﬂﬁmathﬁuﬂﬂ%FrQﬁrﬁ?ﬁmkpa%w@fchb% switch
SwW a , and , drive 25 control elenents

Dr, éw&bc&§a6|°fl&e§~ed i BCP F0F it hctive PeErEk:

oubstrat ex TSR B L SHOSIoLg oo g

vi deg si.gnal. 4 icne 4 d“ S RS LES A)

The switch Sw3 and capacitor C2 are connected in
series between a video signal line Data and the control
terminal of the drive control element Dr. The control
terminal of the switch Sw3 is connected to a scan
signal line Scanla.

When the pixel PX employs the pixel circuit
shown in FIG. 23, a video signal line driving circuit
XDR capable of supplying, as a video signal, a voltage
signal to the video signal line Data is used.

-In an organic EL display 1 which émploys the
pixel circuit shown in FIG. 23 for the pixels PX/

a substrate 2, écan signal lines Scanla to Scanlc
and Scan2, video signal lines Data, power supply
line Vdd, switches Swla, Swlb, Sw2, and Sw3, drive
control elements Dr, and capacitors Cl and C2 form
an active matrix substrate. This active matrix

substrate can also include a scan signal line driver



matri x substrate can al so include one el ectrode of
each organic EL elenent OLED. The driving nethod of
the organic EL display 1 5 will be described next.
FIG 24 is a timng chart showi ng an exanple of the
driving nethod of the organic EL di splay which

enpl oys the pixel circuit showmn g-n FIG 23 for pixels.
During the wite period, first, an ON signal which 10
sets the switches SWwa, Swb, and SW3 in a sel ected

S RS P e AT S Rt ol ot
to t i.xel_ F ted.. | dditi ,
o on IR gl R Lo he ol selag Ao a0d bhon., 80, OFF o

stat @ 19 i3 supR! irgd 410 the s signal |ine Scan2

connected to the pixel PX Accordingly, the switch

SW2 is setrHd qAhe pnconuetd ver st ab 8gaAd Ehedisplay 1
switches Swa, SwWb,” and Sw3 are set in the

condudllilveestdaisesrilded hisktstate, the potential of the

video signal 20 line Data is set to a reset signal

vol t age VIESHG.by 4 hies avitdienirsy griagdrt i siecdihyean XBRample of

Since the switches SMia and SwMb are in the .

condite ¥ istigtge natiowpatferitialoragiifierehceisplay which

(gate-to-source vol tage) between the power sugpl_y .

| I ne P84 C&i%d tife Riotty ol acerii metowt el Bei vé3 260r pixels.

control el enent Dr is set to a threshold voltage Vth .

of the drilrECbhtT¥f wiidfeReDrodafteFSthath @N eFgnal which

signal_ which set.s the i.tch %—3@ SW a,i he

unselsggtse&%& ftwel%%’essug%q]iaéd e a%é in a selected
state is supplied from the scan signal line driver
YDR to the scan signal lines Scanla tc Scanlc connected
to the pixel PX to be selected. 1In addition, an OFF
signal which sets the switch Sw2 in an unselected state
is supplied to the scan signal line Scan2 connected to
the pixel PX. Accordingly, the switch Sw2 is set in
the nonconductive state, and the switches Swla, Swlb,
and Sw3 are set in the conductive state.

In this state, the potential of the video signal
line Data is set to a reset signal voltage Vy,gt by the
video signal line driver XDR. Since the switches Swla
and Swlb are in the conductive state, the potential
difference (gate-to-source voltage) between the power
supply line Vdd and the control terminal of the drive
control element Dr is set to a threshold voltage Vgy

of the drive control element Dr.

After that, an OFF signal which sets the switch
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signal line Scanlb. Next, an OFF signal which sets
the swwtch SWib in the unselected state is supplied to

the scan signal line Scanlc to set the switch SwWwb in
5 the nonconductive state. Subsequently, a video
signal Vin is supplied fromthe video signal line

driver XDR to the video signal d4ne Data. For

exanple, if the electrostatic capacitances of the
capacitors C and C2 equal each 10 other, the gate
potential of the drive control elenent varies from
the tHlésHA &r\?ol%”asg‘fele\ﬁq?cbys%t%nb%nwp%bh%‘iﬁ te the scan

h ea from Vr Vin Next, an OFF
o Re R T A 6 et et ot e bt dhgtpgsets

suppl. h%s\/\g%tt sa30 § 9hal uns5aié s <§°§‘{‘£ 8o 1PsS8hpbR%eq to
SWitc 1} he noncon UCt Irve

Si nukhaneQus| % IS Honal , M S§é§ tpe sm&ﬁhsm in

SW2 inthe seIe ted state 1s supplied fo the sca

Si gnghel hRe cSeRNZ ti sl dthe, switch Sw2 in the
conductive state. Since the gate-to-source voltage of

20 the drisueseildroll gl eentdds ssgset as desceipedied
above, a current having a nagnitude corresponding to

t he fdioff ehence deet weemalr stireaddM vef | 008 to the video
organic EL elenent OLED. Accordingly, the |ight

em ssiignagerdiiog Dsttart s.Favotexammtet hef | tyhtebatsspohatic
period continues 25 until the next wite period

star F§Pa/§§t|a§‘%?§p§rfer¥thq RaMet abdvel deRerfpteenal each

al so n thi enbodi nent , the sa effect as in th
1T opbRE orbsatAom ORI Sbrod e Grtl'a ey ALgRLement

diSpb%yvaries from the threshold voltage Vyp by an amount

equal to the change amount from Vy,gt to Vip.

Next, an OFF signal which sets the switch Sw3
in the unselected state is supplied to the scan signal
line Scanla to set the switch Sw3 in the nonconductive
state. Simultaneously, an ON signal which sets the
switch Sw2 in the selected state is supplied to the
scan signal line Scan2 to set the switch Sw2 in the
conductive state. Since the gate-to-source voltage of
the drive control element Dr is set as described above,
a current havihg a magnitude corresponding to the
difference between V,gt and Vjp flows to the organic EL
element OLED. Accordingly, the light emission period
starts. Note that the light emission period continues
until the next write period starts.

As 1s apparent from the above description, also

in this embodiment, the same effect as in the first
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quality can be inplemented. FIG 25 is a sectiona

view schematically show ng an exanple of a structure
whi ch can be enployed in 5 the organic EL panels
according to the first to fifth enbodinments. FIG 25
shows a section which crosses the switch Swa, drive
control elenent O, and organicS4EL el ement OLED of

the organic EL display DP. The oOrganic EL panel DP

i ncludes the optically 10 transparent insulating
substrate 2 such as a glass substrate. Light emtted

fr on@fnﬁé?démﬁaﬁu E3EL b éa?emmed_E@qu exteactleooud sspbay

t he orginlc EL pgnel DP t hrough, e.g., the optically
tran§paréht FASUPS: rAE TSt e 2. 15 Patterned

sem condu r yers are arran ed on i nsul atj ng .
substrate%gg T%gse Ss &hi Condutt W%ﬁ%ﬂ%ﬁk%W%Fl%agiY showing

pol ygi %m gysgra.n @%‘2@ ondyctor, | ﬁg%othg in

source are orms

bei nghspacgdnapact, 30 hiomeach; %%o tﬁ};@ F8910n: SOE; £y

bet ween thé source 50a and drain

sem eapguchentbayerIcs usedraw A a Ghranneln wT}{hﬁzkgaéﬁosses
insulating film52, first conductive pattern, and

i nsutati pgitehnebdaar ersequentitaldly diemme 25 aihd herganic
sem conductor |ayer. The first conductive pattern is
usedEasethregat 8LEDoD ft hbeTEEgarie fHIr stismwlactbbde of

the capacitor O, the scan signal lines 55 Scanl and
Scan2, an8hPnPEpesAredli Graadhilfh igunnetes the optically

transparent insulating substrate 2 such as a glass
substrate. Light emitted from the organic EL element
OLED 1s extracted outside the organic EL panel DP-
through, e.g., the optically transparent insulating
substrate 2.

Patterned semiconductor layers are arranged on
the insulating substrate 2. These semiconductor layers
are, e.g., polysilicon layers.

In each 'semiconductor layer, the source 50a and
rain 50b of a TFT are formed while ‘being spaced apart
from each other. The region 50c between the source 50a
and drain 50b in the semiconductor laYer is used as a

channel.

The gate insulating film 52, first conductive
pattern, and insulating film 54 are sequentially formed
on the semiconductor layer. The first conductive
pattern is used as the gate G of the TFT, the first

electrode of the capacitor Cl, the scan signal lines



t hese conponents. The insulating filmb54 is used as an
interlayer dielectric filmand the dielectric |ayer of
the capacitor . 5 A second conductive pattern is
formed on the insulating film54. The second

conductive pattern is used as the source el ectrode S,
drain electrode D, the second electrode of the
capacitor O, the video signal Q‘ﬁene Dat a, and

i nt erconnections whi ch connect these 10 conponents.

The source. electrode S and drain electrode D are
connéeedd Bad ol cand Ol ewk oraé at 50bs ofhipe capmect
respectively, via through holes forpned in the
insuF@ﬁsﬁgcﬁmﬂﬁ?QﬁF%ﬂui > NPT YT BhliTi P 58 wApgd as an

an anode 62 of the 15 organic EL element COLED are
sequéﬁﬂ%ﬁiﬁV%ﬁn4%ﬁ%?ﬁF%%% %%Edﬂ&jcB?%u%f?E%CESfFe}ﬁyer of
and i%%ykgth%.fk!qh§4. The anode 62 is connected to

the drain 5t %He SWitch sw2 via a t hrough hol e

s formed in .t he passiyation {1 m 6. L Lhis example.
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an optically transparent conduct or

(I'ndijwm,Tian i@ de)id susedas dhematesh@hct ohet Perrern is
anode 62. An insulating layer 58 is forned on the

passiusad GisonHd |99 0h:e Biedisddatd Ng it ayere b8chasda o, the
through hole at a position corresponding to the

cent salcopalr telertXpdd dhetanotdeH2itdheci psthat vhgeo signal
| ayer 58 is, e.g., an inorganic insulating |ayer

havi Agn& IDgaphi larsd effftetconnfect noud avh hgh | ayene60 these
formed on the insulating 56 |ayer 58. The insul ating

| aveEoBP oS t# -t hildwyshibiee electrode S and drain electrode

D are connected to the source 50a and drain SOb of the
TEFT, respectively, via through holes formed in the
insulating films 52 and 54.

A passivation film 56 and an anode 62 of the
organic EL element OLED are sequentially formed on the
second conductive pattern and insulating film 54. The
anode 62 1is connected to the drain D of the switch Sw2
via a through hole formed in the passivation film 56.
In this example, an optically transparent conductor
such as ITO (Indium Tin Oxide) is used as the material
of the anode 62.

An insulating layer 58 is formed on the passiva-
tion film 56. The insulating layer 58 has a through
‘hole at a position corresponding to the central portion
of the anode 62. The insulating layer 58 is, e.g., an
inorganic insulating layer having a lyophilic effect.

An insulating layer 60 is formed on the insulating



having a dianmeter |arger than that in the insulating

| ayer 58 at a position corresponding to the centra
portion of the anode 62. The insulating |ayer 60 5 is,
e.g., an organic insulating | ayer having a liquid
repellent effect. The nultil ayered body of the

insul ating |layer 58 and insul ati | ayer 60 forma
partition insulating |ayer haviﬁgga through hole at a
position corresponding to the anode 62. 10 A buffer

| ayer 63 and a |light-emtting |layer 64 are

sequeRteal 19 -f orlked gy Wl b ded 62r ekpoee & nthraegh hole
thro gh,hole in the partition insulating layer. The
buffg VEEye @%%ﬂ%ﬂﬁﬁs%%§Qﬁ£ﬁ2ﬁ%?rﬁﬂ%ﬁihTe%@¢ohnSF¥@h%ng
the anode 62 to the |light-emtting layer 64. 15 The

li ght S&fit tiong 1 &y &P %64 4% &P TR TR Dt i Miagcantral
[ um r-gani.c 0 i.ch emt 1j ht . of re
greeﬁ?§gﬁgbl%é.aﬁ”cgﬁﬁggé%%% r@hF%fﬁgﬂlgn°T G Laver So
partiti on ignsulat i L4 r i.ght 11t ng. L ayer, .

64. %E'a% glécfﬁogg%581%%§ﬁgﬁﬂgghéﬁf %I e%s&yghtg g liguid
cat hedge66ens ecomeeet. ed THO e POWRIr SURRYy | b AerYss
through a contact hole (not shown) forned in the
passivatilanihigl Ma3@rand apat tirtd Omkd syl Biyee s@yedrm a
As the cathode 66, for exanple, a nultilayered body

i ncl pdirigtaomiims23 acomdudia weer |reyreirn o ant @i 1 ungh blads L einat
or the like and a protective conductive |ayer

cont @i RPAg talanicrymesipanige nd itke e umerle Eath organi c

EL el ement OLED includes 57 the anode 62, buffer

10 | ayer 63,aiq$ﬁﬁg§ﬁhqﬁqﬁzq%ygﬁign}ight—emitting layer 64
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are sequentially formed on the anode 62 exposed in

the through hole invthe partition insulating layer.

The buffer layer 63 serves to mediate hole injection
from the anode 62 to the light-emitting layer 64.

The light-emitting layer 64 is a thin film containing a
luminescent organic compound which emits light of red,
green, or blue.

A cathode 66 is formed on the partition insulating
layer and light-emitting layer 64 as an electrode
common to all pixels. The cathode 66 is connected
to the power supply line Vss through a contact hole
(not shown) formed in the passivation film 56 and
partition insulating layer. As the cathode 66,
for example, a multilayered body including a main
conductive layer containing barium or the like and a
protective conductive layer containing aluminum or the

like is used. Each organic EL element OLED includes



10

and cat hode 66. The |light emtted by the

light-emtting |ayer 64 nmay be extracted fromthe

side of the cathode 66 to 5 the outside of the organic

EL panel DP. In this case, the cathode 66 is

optically transparent. Additional advantages and

modi fications will readily occdr to those skilled in

the art. Therefore, the invention in its broader

aspects is not limted 10 to the specific details and
representative enbodinents shown and descri bed

her ei‘e:f?? ﬂ@@&?dﬁ%gl %,uf\fﬁrri JFY S T f il tor iy e Laver 64,
nadeaﬁﬁtgoghoggp %ting fromthe spirit or scope of

t he generﬁl rmventi've concept as defined by the

appended gl ai d [Ny | val ent.s,, . LLOY. S

CLAI M 1@@%?&?\%6&@%& A galrﬁhc‘}g'%‘@l?ﬁt\s’%ﬁéylg? or 64
CONPhbgi BE: o2t@adikbWe reont e @fﬁgﬂgf\MﬂéﬂEéﬂﬁqy €6 3o

first "termnal connected to a first power supp
ter ntRal pu@sigenbiroknkeHgR@lic and Anzaceyr terMilds case,

whi ch outputs a driving current having a magnitude

corr espondihgdko6d i¥obbage hatmeennshe fdgtst ternm nal

and the control 10 terminal; a capacitor which has one

el ectr odeAcdnneoned tdvarieageentaral nteetinf ined t asrgs cahll

mai ntain the voltage between the first term nal and

the EBAafidl PEEHENnaP tboesst aitilled in the art. Therefore,

the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or séope of the general inventive concept as

defined by the appended claims and their equivalents.



10

15

20

25

15 an organic EL el enent which is connected between

the second term nal and a second power supply LLOYD WISE

terminal; and a plurality of first switches which are
connected in series between the second term nal and
the control 20 termnal, wherein, of said plurality

of first switches connected in ries, the first

switch I ocated at an end on a side of the contro
termnal is configured to cause switching froma
conductive state to a nonconductive state in
accordance with a change i5355ph§gﬁ1ﬁ%de of a scan
signal earlier than the remainder of the first
switches. 1 LLOYD WSE 59 2. A display according to
claim1, erepn r [ i .of sal lural it

of first \é\!\?\/l tc eSC%gLrQ’tee %&?ﬁfgc gg@tagll% gin&qg%slc%éﬁ d

si gnabmpbpRUt nermnal. 3. A display according to claim
2, wherein said 5 plurality of first switches are
field ef f achritaRSner@s Qfenddd® SARICARIUGIHAY taY first
type, and of said plurality of first switches
conneetmiinkd sehnegtedheo &i Ftrsswpbtler et@ipad alerrifal, a

end on the control termnal side has a threshold
val uecdeepér telrannefat aofl theetondetrermimg 1f whstch outputs a
switch. 4. A display according to claim2, wherein
sai ddpliluiapi cprafent| hewisg echegnatade glogrefsbesding to a
transi stors of the same conductivity type,. and of
voltage between the first terminal and the control
terminal;

a capacitor which has one electrode connected to
the control terminal and can maintain the voltage
between the first terminal and the control terminal
constant;

an organic EL element which is connected between
the second terminal and a second power supply terminal;
and

a plurality of first switches which are connected
in series between the second terminal and the control
terminal, wherein, of said plurality of first switches
connected in series, the first switch located at an end
on a side of the control terminal is configured to
cause switching from a conductive state to a

nonconductive state in accordance with a change in

magnitude of a scan signal earlier than the remainder

of the first switches.
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said plurality of first switches connected in series,
15 the first switch |located at the end on the contro
term nal side has a channel |ength |onger than that

of the remaining first switch. 5. An active matrix
organic EL display conprising: 20 a drive contro

el ement which includes a first erm nal connected to
a first power supply termnal, a control term nal

and a second term nal mhich outputs a driving current
havi ng a magni_t to a_ voltage betmeen

the first terﬁlﬁ&ﬁp %&re §QF OFI2§IPéFhﬁnmw efein

it h | ect
oS Ehe el el iBaANG kel B %23@5/? ?agérLLoﬁsltches
MVSEargOCBSEg@@gdtQS B %h ﬁ%rgEE Fgﬁgaﬁ %%%tkgrmlnal.

rm nal const ant; an organi c

ConneCt edsbet ween ¢ tl%%/ %.%%%ltn%r 'E‘on@laﬁrﬂg 2 S said

power supply tern1na| 5 a plurality of fir'st

Smﬂt§m§§am@t9ho§fQl%%@n%%hﬁéhb% setl g3 chet weer dcthe
second termnal and the control termnal; and a del ay

el emephnyhsebrdeb@y $hangaaet pohsuan ikvapyt ty@legnajn,d ¥ said
wherein, of said plurality of first switches, a
cont pohreédpynalf dfirshe shiitsheswicbohektest éth aterdresendhe
on a side of the control term nal of the drive contro
first switch located at the end on the control terminal
side has a threshold wvalue deeper than that of the
remaining first switch.
4. A display according to claim 2, wherein
said plurality of first switches are field effect
transistors of the same conductivity type, and of
said plurality of first switches connected in series,
the first switch located at the end on the control
terminal side has a channel length longer than that
of the remaining first switch.
5. An active matrix organic EL display
comprising:
a drive control element which includes a first
terminal connected to a first power supply terminal, a
control terminal, and a second terminal which outputs a
driving current having a magnitude corresponding to a
voltage between the first terminal and the control
terminal;

a capacitor which has one electrode connected to

the control terminal and can maintain the voltage

LLOYD WISE
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element is directly connected to a scan signal input

termnal, and a control termnal of the remai nder of

15 the first switches is connected to the scan signal LLOYDWISE
i nput term nal through the delay elenent. 6. A display

according to claim5, wherein the delay elenent is a

resistive elenent. 7. A displaycgccording to claimbé,

wherein the 20 resistive elenment is a polysilicon

pattern. 8. A display according to claimb5, wherein

the delay elenment is a diqde. 9. A display accordin

to cPSFWFéP @rgﬁﬁthEeJ@Pgﬁleﬁgﬁeﬁgecg i ést rminal
first di?detand a second 25 diode which are connected
in paParréf'-’and a forward direction of the first

di ode is Loverse o Hhatiahoie 386and il e Qe tyeen

WSE 61 T splay according to claim urt

conpehsesedohhl $krigan1Shgnak iapYhdat goleRals @y @erminal;
second scan signal input termnal, wherein, of "said

plural ity a0b1fuiragti tSWIFCFaS st ReriteHdd Sthis a3 connected
| ocated at an end on a side of the control termna

i s copneetedst betheech tie seadnsl geaminaputand ehd raintrol
the remaining first switch is connected to the second
scantsirghabli;npotd termnal, and the first swtch

| ocated at the end on the control term nal side 10 has

a channel ar dglsyaldlementtanhiedt dsfl avise anglngiulipwys an input

first switch.
signal,

wherein, of said plurality of first switches, a
control terminal of the first switch located at an end
on a side of the control terminal of the drive control
element is directly connected to a scan signal input
terminal, and a control terminal of the remainder of
the first switches is connected to the scan signal
input terminal through the delay element.

6. A display according to claim 5, wherein the
delay element is a resistive element.

7. A display according to claim 6, wherein the
resistive element is a polysilicon pattern.

8. A display according to claim 5, wherein the
delay element is a diode.

9. A display according to claim 5, wherein
the delay element comprises a first diode and a second
diode which are connected in parallel, and a forward

direction of the first diode is reverse to that of

the second diode.
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11. An active matrix organic EL display conprising: a

drive control elenment which includes a first 15 LLOYD WISE
term nal connected to a first power supply term nal,

control termnal, and a second term nal which outputs

a driving current having a nagnitude corresponding to

a voltage between the first terpyjnal and the contro

term nal; 20 a capacitor which %%s one el ectrode

connected to the control term nal and can maintain

t he voltag between_the first term nal and the
contr ol Pri nBl A18BAsYaRCCORALIBAgARI ELBEMeleménEther

which is connected between 25 the,second term pal gnd
a setoAd" pBer® sgb§F§ FEFH Raphe ahBPHthGFEFP?§

flfSé s %ggegc?ﬁe Sg%g c&gngc%g?mLLgyD WSE 62 in

seri és ween cond Fm na the contro

S nal 8L UBR! LY a0b1Lib3t cpubiichies el (oheld tne

ef fect transistors of ane con uct|V|ty type

S hafifgtgéhﬁécﬁomeéskéé e énSbH9|8nSSa§18bgB%|th@p%bntrol
termnal, and of said plurality of first swtches

conn@ékﬁﬂnam $8rtesnetbhedf tbsthewet bl geahedighaan input
end on a side of the control term nal having a

t hr esbohinaval teedeepeinthgnfilkat ewitha demaonnegted to
first swtch. 10 12. A display according to claim 11,
wher eha, sefond scan signal input terminal, and the first
switch located at the end on the control terminal side
has a channel area smaller than that of the remaining
first switch.
11. An active matrix organic EL display
comprising:
a drive control element which includes a first
terminal connected to a first power supply terminal,
a control terminal, and a second terminal which outputs
a driving current having a magnitude corresponding to
a voltage between the first terminal and the control
terminal;
a capacitor which has one electrode connected
to the control terminal and can maintain the voltage
between the first terminal and the control terminal
constant;
an organic EL element which is connected between
the second terminal and a second power supply terminal;
and

a plurality of first switches which are connected
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said plurality of first switches connected in series,

the first switch located at the end on the control LLOYD WISE
term nal side and the remaining first switch have a

t hreshol d val ue difference which falls within a range

15 of 0.1V to 0.8V. 13. An active matrix organic EL

di splay conprising: a drive c rol el enment which
includes a first termnal connected to a first power
supply terminal, 20 a control termnal, and a second
term nal which outputs a driving current having a

magnt URRE £9F rRShBREN nge 0SeEORd| taFRinet wakd Fﬁ@ control
first termpal and the control termnal; a capacitor

whi cHFHAS"She el ectrode connected 25 to the contro

t i I d LT [ t I

[irot ter aPAAI DAL G T cBht POF PerRrrahesc Baebgneseld
LLCN£%¥!§¥Et$§n§989§%§nbf E% eé&ﬂ?ﬂ&oﬁ@h&@ib%t tyvpe and
connéct ed bet ween e secon% term nal and a séco

DOWEE%§PH | Yot €5MBAhect8Rde8 BRI HEALLEYSsBENf kighal input
sw t ches ich are connected 5 in Series between the

secopdrhendl Nabhnandrt Beigoplneh1it¢r BENEL rssakditches
plurality of first switches being field effect

transbshercec@f ihheesage, conducirett gywiype andatkdvengan end
gates connected to a single scan signal input

on a side of the control terminal having a threshold
value deeper than that of the remaining first switch.

12. A display according to claim 11, wherein, of
said plurality of first switches connected in series,
the first switch located at the end on the control
terminal side and the remaining first switch have a
threshold value difference which falls within a range
of 0.1V to 0.8V.

13. An active matrix organic EL display
comprising:

a drive control element which includes a first
terminal connected to a first power supply terminal,
a control terminal, and a second terminal which outputs
a driving current having a magnitude corresponding to
a voltage between the first terminal and the control
terminal;

a capacitor which has one electrode connected
to the control terminal and can maintain the voltage

between the first terminal and the control terminal

constant;
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10 termnal, and of said plurality of first sw tches

connected in series, the first switch |located at an LLOYD WISE

end on a side of the control term nal having a channe

| ength | onger than that of the remaining first swtch.

14. A display according to claim 13, wherein, of 15

said plurality of first swtches;connected in series,

the first switch |ocated at the end on the contro

term nal side has a channel length which falls within

a range of 1.3 to 3.0 tines that_ of the remaini

first smPPcﬁr9201ESELAﬁlﬁﬁﬁpgewﬁéFP|kSoFﬁgﬁ?EtE% between
di spl i sin dri e control, el ement which .
ol HabssSoPRRsE e Hapat naPdcanBEPBd POVATS FREBLgoREFMinal;
suppl% termnal, a control termnal, and a second

ternf % whi ch outputs 25 a driving current having a

magni tude Cﬁﬁp? gﬂ?hgg Qs %QHE@Q@SbQEW%%naE%ec§nnected

first term e control term nal LLOYD

64 alﬁagéfhégrb@@h@@nh@ﬁeoggc@h@CEEQQQnﬁQnB%@t%ﬁe tentrol
the control termnal and can naintain the voltage

bet weepmt hg1first term nal and the control term na
constant; 5 an organic EL el enment which is connected
between thedsetamaltieymofalf iasd awicched pedeyg Supdldy
termnal; a plurality of first switches which are
connetfedti hraesiiesolpet méenhheheamecopdduetniviagly ange and
t he control
having gates connected to a single scan signal input
terminal, and of said plurality of first switches
connected in series, the first switch located at an
end on a side of the control terminal having a channel
length longer than that of the remaining first switch.
14. A display according to claim 13, wherein, of
said plurality of first switches connected in series,
the first switch located at the end on the control
terminal side has a channel length which falls within
a range of 1.3 to 3.0 times that of the remaining first
switch.
15. An active matrix organic EL display
comprising:
a drive control element which includes a first
terminal connected to a first power supply terminal,
a control terminal, and a second terminal which outputs
a driving current having a magnitude corresponding to

a voltage between the first terminal and the control

terminal;
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termnal; 10 a first scan signal term nal which is

connected to, of said plurality of first switches, a  LLOYDWISE

control termnal of the first switch |ocated at an
end on a side of the control termnal; and a second
scan signal termnal which is connected 15 to a
control term nal of the renaini first switch of

said plurality of first switches, said plurality of
first switches being field effect transistors of the
same conductivity type, . and of said plurality of

first smﬁ?cﬁ%@a8¥ﬁﬂécwgacpnhﬁé QEFiE%chESdF|¥§PneCted

SMAtCh | ocat ed at%tge end n the contro

e s R Ber BT P A ea S SRRt bt PhR Ypatage
remalning fif fﬁ% gy.Leh, %rﬁ? @A; a6hi YE=I1B mo gamasl

conpri sl ng: rrve confro enment |nc udées a
firston %@ termnal connected to a first power supply
ternina a control terminal, and a second term na

whi ch OUtQHtér%QnQE'EL”BléMéh@nthéMiﬂg dohRgeicbudeetween
corresponding CLLOYD WSE 65 to a voltage between the

firstnéesatonll aadmihelcentr @l setendi palveangduppoy debdinal ;
connected to a second power supply term nal through
an organi & gEluebédent pfafcapacswwatchisclihias ame connected
el ectrode connected 5 to the control termnal and can
mai ntai sethesvbetwgen bbeweeaonfetérminalepningheaggntrol
the control term nal constant; and

terminal;

a first scan signal terminal which is connected
to, of said plurality of first switches, a control
terminal of the fifst switch located at an end on a
side of the control terminal; and

a second scan signal terminal which is connected
to a control terminal of the remaining first switch of
said plurality of first switches,

said plurality of first switches being field
effect transistors of the same conductivity type,
and of said plurality of first switches connected in
series, the first switch located at the end on the
control terminal side having a channel area smaller
than that of the remaining first switch.

16. An active matrix substrate comprising:

a drive control element which includes a first
terminal connected to a first power supply terminal,

a control terminal, and a second terminal which outputs

a driving current having a magnitude corresponding
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a plurality of switches which are connected in series

bet ween the second term nal and the control 10 LLOYD WISE
term nal, wherein, of said plurality of first switches

connected in series, the first switch |ocated at an

end on a side of the control termnal is configured

to cause switching froma con tive state to a

nonconductive state in accordance with a change in 15

magni tude of scan signal earlier than the renainder of

the first swtches. , ,
to a voltage between the first terminal and the control

terminal and should be connected to a second power
supply terminal through an organic EL element;

a capacitor which has one electrode connected
to the control terminal and can maintain the voltage
between the first terminal and the control terminal
constant; and

a plurality of switches which are connected in
series between the second terminal and the control
terminal, wherein, of said plurality of first switches
connected in series, the first switch located at an end
on a side of the control terminal is configured to
cause switching from a conductive state to a
nonconductive state in accordance with a change in
magnitude of scan signal earlier than the remainder of

the first switches.



