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1DESCRI PTI ON ORGAN C EL DI SPLAY AND ACTIVE
MATRI X SUBSTRATE 5 Techni cal Field The present

peention refates o s ot solay and an arvay st AR RRY

EL (el ectrol um nescence) display and an active matri X =isoiso+
substrate used therefore. 10 Background Art Denand s
for flat panel displays representled by a liq
crystal display is growi ng sharply because of thelmmmmmmuumww
advant ages such as low profile, |ow weight, and

power consunption as cammared tro Icat Hodea ay-t ube 15 LI
di spl ays. Especially, active matrix displays which

use pi xels having a nenory effect to hold a video
signal are used in various devices, such as portable
infornatioﬁRéaﬂﬂﬁnﬁhtQiSBbBéuéﬁDaAgﬁiVEf@6T8E¥ aVBpTRHTE
qual ity can be obtained. 20 In recent years, of flat
Sanel di spl ays, organic EL displays as self-enission

i spl ays which can increase the re speed and
viewing angle as conpar ed ¥4 %ﬁﬁjgfgﬁgt i di spl ays

have intensivel y been devel oped. i_s
circuit agraﬁ¥§%o r%ﬁ”%%gﬁngaa (%Igé §i Xerspiay and

circuit, af..a C%%% QE%Q%aE grgﬁgl E%rth%QEQXy,TQBSan active
di P53

pi xel &i Fedi i scl ose
matrix organic EL (electroluminescence) display and

an active matrix substrate used therefore.
Background Art

Demand for flat panel displays represented by a
liquid crystal display is growing sharply because of
their advantages such as low profile, low weight, and
low power consumption as compared to cathode-ray-tube
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.

In recent years, of flat panel displays, organic
EL displays as self-emission displays which can
increase the response speed and viewing angle as
compared to liquid crystal displays have intensively
been developed.

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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Patent No. 6, 373, 454B1 and operates as descri bed

below. First, a swwtch Sw2 is opened. In this state,
switches SW and Sw3 are closed to supply a desired

video signal current lin to a transistor Dr. At this

5 time, since the transistor Dr is diode-connected by

the swwtch Swl, the gate-to-source voltage of the

transistor Dr is set such that tHe magni t ude of the

current that flows between the source and drain equals

the current lin. After that, the switches Sw and 10

Sw3 aPetependd. Thé73até4Bd- sodr opevateagesofiletheibed below.
transi stor Dr, which is set in correspondence with

the currenfikish, Bsshéltghbypwad éapapened.d In| fhigestate,
above way, _
Sw2 i§Wé¥6§6§ fylcandedst3 25caflefgante ERPBRLEnBnfesired
OLED tQ the drain of the transistor Dr. Since_the

gat e- V698BuFEENGol FHGESBF Lhe tPafsFERBPIPFOFsPEet 4§ this

descried above

the wite period is ended. Next, the swtch

; t . havi l t th
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0he CLEDLcRESRIC By 20, Loeebight SBLERLgT C o

starts. em SsSi on

conti pugssuathl bhejnextewsibg 9ﬁ£EOQheS&§?B§tuhe thethe
above-descri bed di splay nethod, the gate-

vol t agarientdenkkyrhelid BetReeANshantouzbel eval dddihngquals
the light em ssion period. However, if the switch Sw

i s inchaptetekytt 0fped pttercbhagpstheaswirogkebesweeand

the gate and drain of the transistor 3

O-source

Sw3 are opened. The gate-to-source voltage of the
transistor Dr, which is set in correspondence with
the current Iy, 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 1s set as descried above, a current
having almost the same magnitude as the current Ijp
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 i1s 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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Dr, and the gate-to-source voltage varies. As a
result, inmage display corresponding to the witten
video signal may be difficult. For exanple, the

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

be recogni zed as bright defects. Thls probl em not only
exists in an organic EL dlsplay whose pi xels use the
circuit showmn in FIG 1. More specifically, the above
probl em can al so be exist 10 in an organic EL display
whoseDpj xehs tise gotette-scircai toimagh weries. a & deo
signal by a current signal but a circuit which wites
a VIdeesslgnainge alwplapgeosigsdnd Digctostie wiitten
Invention 15 It is an object of the present invention
to intdeaselghel draplay Gubfieylbf ahCBce ¥ ¥BP hat rFixe
organi c EL display. According to, a Llrst aspect of th
prese%@ml“ﬁ%%%t?Bndafﬁe?éSP%abr%%¥% Y BRHY attrve3nat r i

organi c. 20 EL di spl d t

¢ O HRTE R HEF hibhe oT FE o3 FR1 By nRH Y EbRBaY ot P42} 1Y
i rst, power Ly t |t I d

a secRRatS ?wﬁéy LR BRI e et
having a FygSl fﬁS%nganexletg yglgagsreshm@e@L

t he f!rst n1na ontrol term nal,
Capa0a19§1$pl&Hosgaﬁlgéﬁsehgétf@@ecfga@@@t§ﬂoh@ lﬂeFIG 1.

control termnal and can maintain the voltage between
the fussé &pesinatadly, the 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




and the control termnal constant, an organic EL

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 term nal and the control term nal

According to a second aspect of the present

i nvention, there is provided an 4ctive matrix or gani c

EL display conprising a drive control elenment which
includes a first term nal connected to a first power

10 suppliytherobnakolateominal tenstaat, amdomgsetondL

term nal which outputs a driving current having a

magni ¢ lieeecor vesponis ngohoeat 94| bagecdet Weensependi Fgrminal
term nal and the control termnal, a capacitor which

has omedekesteode BOVRECEGHPED Fﬁémé@ﬁ%roPn@e@nPhéFallty
and 15 can nmaintain the voltage between the firs

t er mi p&l LhRYE ?HétEBﬁ?r%th%rﬁfﬁaFo%%ﬁgF%ﬂtl“ ﬁerles petween
organjc EL ele connect ed

5seconﬁh?e?ﬁ?ﬂﬁaeﬁﬁﬁménageﬁ%ﬁdtﬁgmﬁ?ngﬁﬁg Eef%%ﬁ?gal
and a plurgllg¥d f&r;% Sg@%h g g@hcpfagg cgg@gghgd

In series V\EGH secon m na

Coﬂtr9$v ﬁ%ﬂb??lthégs Pgugﬁbblaedognfhé%ivé“ﬁ&@?@ﬁ organic

bei ng ect transistors of the sane

condugt,i ¥i k¥1hyPeoapdi Baxgng gates eonpestedlemond which
single scan signal input termnal, and of the

plurabhtyu@ésfiarstirsw t6hesneonoenhedtéa seraesirshepower
25 first swtch located at an end on a side of the
10contrehppl§rnénaﬂnhayiagcanthoéshekﬂinalueadéepesechad
that of the remaining first switch. 5
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
15 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
20 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
25 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.



According to a third aspect of the present invention,
there is provided an active matrix organic EL display
conprising a drive control elenment which includes a

first termnal connected to a first power 5 supply
termnal, a control termnal, and a second termna

whi ch outputs a driving current having a nmagnitude
corresponding to a voltage between the first term na

and the control termnal, a capacitor which has one

el ectrode connected to the control termnal and 10 can
mai nt ai n t Beceaktiage thetwsdn rdhe spiecst otfertivien @ireggd

the control term nal constant, an organic EL el enent ,
whi chingessaract E8cbet WweeRIPHédSdc8RdaCELNENAR taRg gr9anic
second power supply termnal, and a plurality of first,

swi t chés OWAPERYaFEMRsReEPed 9ﬁl§§rF8§t589m§iﬁmFﬁ§ TélCh
second term nal and the control termnnal, .the ..

o1 ur ARFETUOBE i Fof St ECaSBeFROTPIGES SPf Gof 11T Power
transistors of th a tiyi : e avi
SgatesSEBH%éc?SERlESEaHEi%%ﬁggééaﬁegﬁéhéﬁ'i%ggtg 56Bnd
term nal ., . .t he I it AN it C ;
connears Rt ariea oSS! B Ardvibhy Sher bkl i na, 2

end op,8n3kd8e0kotkhespeRbify tbehMyRakaBavibRdwden the first
channel "I ength I onger than that of the remaining

first tswntiehl Aseokdiengoh®ralf @urtihnaspeat cabatheor which
present invention, there is provided an active matrix

or ganhes 2beEkldicspbdy compeicsiedgta dheveoosmpholterminal and
el ement which includes a first termnal connected to a

10fi r st cpowerinsappl yheevniltalde Retomepnoltheediirssl tegagnal and

a second 6

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

15 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

20 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

25 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



term nal which outputs a driving current having a
magni t ude corresponding to a vol tage between the first
terminal and the control terminal, 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 con%ected bet ween t he
second termnal and a second power supply termnal, a
plurality of first switches which are connected in
ser i esetet mekrnwilch heusecond tér v hay amdreme ontnsl a
termnal, a first scan signal termnal which is
conneta@t tede oforhesppidirad | ty ofvelrage suptwerss the first
control terminal of the first switch |located at an
end oreEmERate @mdtwée %@?ﬁ%} %%?rﬁ%%} aan‘"da%a%Je%%dWthh
scan signal te i s connect ed
cont rid? S t G # ?CB‘FOQ%eC?@?Fa?W%gt‘Fl n%? %%“E]f:%l alfejfrﬁjenal
plurali y of fi tches,, the Iur I|t f-flrst

> swi t chid rﬂf* %ﬁ%ﬁmgg?ec?l%r%n3|s 57 of fI £§ ferminal
Condu%AéV&ﬁy LYPEro NG, i1 e %ﬁ§%§$#tyaﬁfom?£§£c EL

swi t ches connected 1n series, frst s

|ocat@Feﬁ%nEh@h§@ﬁ %) é@ﬁn&@@é&o$et%é%ﬁnEK% Sbélend terminal

having a channel area smaller than that of the

renai hdga fé&sdnsWhdwdr AcsOI¢i fgrivonal fidthlaspectyobt
the present invention, there is provided an active

natr|ﬂlsybsiwateheQSWmD@mrasengomndwta@ tonseples between
el ement which includes a first term nal connected to a
10 firsttipoweeceupptgrmies b avadl | tlhae comntodl t eerninadl, amdfirst
a second termnal 7
scan signal terminal 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
15 which is connected to a control terminal of the
remaining first switch of 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,
20 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 1s provided an active matrix substrate
25 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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whi ch outputs a driving current having a magnitude
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 termndl and the contro

term nal constant, and a plurality of sw tches which

are connected in series between the second term na

and WPitheocomitolatedriviad.cBrreit Descingta oma@iitude
Drawings FIG 1 is a circuit diagram showi ng an
exanpteroéspomeipy xed xivelidgofbatcomventé ohatst terminal
organic EL display; FIG 2 is a plan view

schemitq cEr ¢ ycehon hot erniis heahd eshait ki xoor gamiec med

di splay according to the first enbodi nent of the ,
presert § RFRTIOPOET G SEWPRLY ot PIa &/t W SR Heed § cafggnic

how tual | t. whi b I d for
Show 89, &N, gpLyel, | QYU WL o, 30 b, TPl o4PE 9L,
FIG 4 ] ' h icall) i . .
S ol L L LT GELL IO 808 g

s a ﬁ@%&%?%?cm&?aé}{é/éﬁpﬁ%’%p aﬁﬁ] et udlg | aydUlont ro1

1
of the pixe an organic y according to a

ref erenee X st 4o Fldad 6 i 51 @ SOt § 0@l siVi€¥hes which
schematically showi ng an exanple of a structure which

can herempimyestdorin Mroeplosalddy e S¥édE€h®Sterminal and
included in a switch group, 8
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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swi tches except a switch which is [ocated at the end

the control termnal side of a drive contro

elenment; FIG 7 is a sectional view schematically
showi ng an exanple of a structure which can be

enpl oyed for, of 5 the plurality of sw tches included
in the switch group, the swtch | ocated at the end on
the control terminal side of thé drive contro
element; FIG 8 is a plan view schematically show ng

organi ¢ EL di splay according to the second

enbodswkehtheiOeptepheapsesenah whventionjofaGed9atstha end on
equi val ent circuit diagramshowi ng an exanple of a

pi xel tbercantrohi chroanabesedpl ofed $aivehecdrgani elepent;

di splay shown in FIG 8; FIG 10 is a t|n1n% chart

showi ng anFé&Ranpl &s18 éﬁCFh@néﬂ|VFﬁy ﬁﬁbﬁ@é &
organic EL display showmm in FIG 8 FIG is.a vi

showi A %ﬁa@RéﬁpPé aters of

Leal by showing
6fSFﬁ%CtH59eVBfﬁ§ Bro bg.aﬂgﬂowﬁsu

5 out puE " 1 BULERGLBEI 87 B BHEATT 20° HiEe1n, Egnantcch group,
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equival enf Ekéﬁugsﬁgkégf§91§ 8“@98 ﬂnegaeaoﬁéeaplﬁeg&lnal

t he prxél &I reui

organégdgLog'§HEa¥r§ 8 ohgrgicélémeEEG- 13 I's a view
the

showi ng an exanpl e o
to the del aycel gnegt ;spewn 25w Bchbflatl2aang a8hsdnal an
output fromthe delay elenent; FIG 14 is an

equi vakgahiei ECudlisgdiagr astsbhowhggtoanhtheecexdnphbodfiment
the pixel circuit which can be 9

oye

waveforns of a signal input

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;

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 input to the delay element shown
in FIG. 9 and a signal output from the delay element;

FIG. 12 is an eguivalent 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



enpl oyed by the organic EL display shown in FIG 8;
FIG 15 is a view show ng an exanple of the waveforns
of a signal input to the delay el enent showmn in FIG
14 and a signal output fromthe delay elenment; 5 FIG
16 is an equivalent circuit diagram show ng an exanpl e
of a pixel circuit which can be enployed in an active
matri x organi c EL displ ay accordsng to the third
enbodi nent of the present invention; FIG 17 is an
equi valent circuit diagramshowing 10 an exanple of a
pi xelergpYayed whi the cargdel @ngll oyesblan sowetivelIG. 85
matrix organic EL display according to the fourth
enbodi mentEEE- t he b esentew nvledivion; aF €xanglesof the
timng chart show ng an exanple of the driving pethod
of tHEW AT L i SRl WHIREME 4% il L2 Y hel PSRt shown
circujt wn, jn FIG 17 fo ixels; .. Fl 19.is_an .
equi val eﬁﬂgci Jr%u‘??éd‘“i‘ a@’r%r?ﬁ{:h Wiy Bt hqe}?‘e e?%%%?’ S pfment
t he pixel gikcuj [ n. I ' anj

S EL ol spl ay’ SEcor ti b T SERS F Bey F e EDot rene e oF e ire
pres ong ;
how 1y SRRt FE SR, GrroThg TATRS e ol At emotoved
organi ¢ Gt gdispl@ymiich o /P oY SEL hei Hh X&) £éeStdiing to the
shown in FIG 19 for pixels; FIG 21 is an equival ent
Ci r cuitii £l agrem Shownt Ngr  anothessexanpheswfiéhe pi xel
circuit which can 25 be enployed in the organic EL
di spl ay acED&di by te ahheghdusibénenbodcuentdbéigrae showing

present invention; FIG 22 is a timng chart show ng
10 an examptxam@le of a pixel circuit which can be employed

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
15 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;

20 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

25 be employed in the organic EL display according to
the fourth embodiment of the present invention;

FIG. 22 1s a timing chart showing an example
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of the driving nmethod of the organic EL display which

enpl oys the pixel circuit shown in FIG 21 for pixels;

FIG 23 is an equivalent circuit diagramshow 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 inventjon;, FIG 24 is a

timng chart showi ng an exanple the driving nmethod

of the organic EL display which enploys the pixe

circuit shown in FIG 23 for pixels; 10 and FIG 25

i s a ebcthondtiview vehepdtotatly etmvihg Eandex@abpy evhich
of a structure which can be enployed in the organic EL
panel SNRERVTF di By Rb*eheC FEstt tNI7F t4n %h%od?ﬁemlé pixels;
15 Best Mbdde for_Carr Qut the Inventjon_ B Severa

embodi nent 81 6f %%elir%%e TV RRERR T onl TGt T %éagram showing

descri bed bel ow i detail with reference to

ORI TP T i e b Ght Fo U ErL ey gpwploved in
denOt&C@ %Afgeﬂ n(%i%ﬂ?%&f %@uc%rc&hr?ﬁ(hl{cp ghé hFl?@rqreerngodlment

or simla unctio draw ngs,

repetéflgﬁécggggéﬁg|£Hbég%g@pf wll be on1tted FIG
2 is a plan V|eM/schenat|caIIy showi ng an active

matrix orgensc B displ eymacgosiwh P $owihe dhrSkample of
enbodi nent of the present invention. 25 An active

mat r i thorg@dw tndElmet isgd ayf leisdhowgdni &K @i $picd wdesich
an organic EL panel DP and a controller CNT. 11
employs the pixel circuit shown in FIG. 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 according 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.



The organic EL panel DP includes an insulating
substrate 2 such as a glass substrate. Pixels PX are
arrayed in a matrix on one najor surface of the
substrate 2. The pixels PX define a display region 5
on the major surface of the substrate 2. A scan signa

line driver YDR and video signal_line driver XDR as
driving circuits are arranged i ntla regi on outside the
display region, i.e., in the peripheral region. Each

pi xel PX includes an organic EL elenent OLED, 10 a

drive conttbe ergaent Bk, panehpBBi iveldiesaaswinghlating
group SwG formed by connecting a plurality of sw tches

in sesilestratew?t shcSu@s andlasswreRhtMtAs aRixels PX
exanpl e, the switch group SWG includes three sw tches

Swla 2B°SWFE2YRS AR @x@ApFeX PR cPRRNB:] TETSULEAFR- PFI hie

15 transi stors)_as a kind of fiel ffect transistors.

are ©4RECERCEhe: drile Ebﬁ?i%lPglgﬂgh?etf,éﬁﬁPiﬂﬁegeglon
SWwato SwWc_ (switch.group.SwWGo), _switch , apd .

S cwi £ CRISHEE Fhoohr FOBEEGRL Dol Lo erinT LS aud t o ggpn sional

and 9[g§n§%i5%r¢§SEEQ£dC¥fg%§r§%£HQPGEI§§ §fi$@£8xoa as

or der series between a power supp I ne Vvdd

and aqpoweh o SUPPLYitENgrYssy eakbe§IN| A0ragi 8nPOULEide
supply term nal which supplies, to the pixel PX a

power t ReCEssAL Yy f Begcansi Nget heinr gaai seElpeteakntegion.
OLED to emt light. The potentials of the power
supply linea¥ddpardlpeweinc2bdsapphyokparivsELaréement OLED,
to, e.g., +10V and OV, respectively. A term nal of

10t he capdcivercohtiglcehamenedPrp #heap@citor Cl, 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 (thin-film

15 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

20 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

25 supply line Vss are set to, e.g., +10V and 0V,
respectively.

A terminal of the capacitor Cl is connected to the
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control termnal (gate) of the drive control el enent

Dr. The capacitor O holds the potential difference

bet ween the gate of the drive control elenment 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 C is connected betfween the power supply
line Vdd and the gate as the control term nal of the
drive control elenment Dr. 10 The switches SwWa to Swc
are capnnecbédtemmsanileggabel weénthhedcomer obntepdi gaement
of the drive control elenment Dr and the term nal

(dr ai By .of Thhecdpieétocoffr bbldsebat pgﬁenmﬁléhdp§ference
connected to the switch Sw2. The control term na

(gat esptorephehswopERest IBeSﬂFavﬁoCSWFéoér@léﬂﬁﬁécpédand
to the scan signal line driver YDR thro

contrépelFﬁémﬂaﬁleééﬁuﬁFiélofoﬁPeTﬂélXSanBFrpgrﬁ?ﬁEFSt br,
f th tch Swla, t

Soi gnal' "t Fhe L8cSANTER SRR ER T(RoPR8REr SHEP Sy nigaE gpe  The

the SB%E%Ht?@% hﬁf%%?%%%%e@or%QsEBﬁdécﬁB %hgnéhpbhn%lgnal

whi ch™supplies sScan si e control term nal

of th%h Wb%?@%%t@@ @ltQSSWb%ne@%%db%e@WééﬁgQﬂe ﬁower supply
i ndependent the scan signal line Scant. The gate

as th@l%%nV6@|ah@rﬁh@abaQE tike 5w tehtP2 t23Tmi%al of the
connected to a scan signal |ine Scan2. The switch Sw3

i s coareskedobeirseerlamendeorsi gnal |ine Data
connected to the video signal line driver 13
The switches Swla to Swlc are connected 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 control terminals of the switches Swla to
Swlc are connected to a scan signal line Scanl to which
the control terminal of the switch Sw3 is 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
is connected to a scan signal line Scan2.

The switch Sw3 is connected between a video signal

line Data connected to the video signal line driver
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XDR and the termnal of the drive control elenent O,

which is connected to the switch M The gate as the

control termnal of the switch Sw3 is connected to

the scan signal line driver YDR through the scan

signal 5 line Scant. The controller CNT is fornmed on

a printed circuit board arranged outside the organic

EL panel DP and controls the opefations of the scan

signal line driver YDR and video signal |ine driver

XDR. The controller 10 CNT receives a digital video

si gnaXDRnan&ytice st gnal na suppl tied drove atoreixtet nalement Dr,
devi ce and generates, on the basis of the sync

si gnavhiehvestceahestad tonthel swisigma$wivhi chheonttel &s

the vertical scan timng and a horizontal scan contro

si gnathehtent coht Forsinak ofistherswbnthl S¥dahst Fappgcted to
The control | er CNT suPpIies .the vertical scan control

si gnaFh@anscapr $ ¥eme &l L sRandr LBRE r HPR st yRaroh ot PRess@gnsignal
signal ,line driver YDR and video signal |ine driver

XDR, ttRpett?#Vety. In addition, the controller CNT

suppltes the diohlalb, 20 ¥igePsSEOPALAT 8Lt RepYiHERq circuit

signal lin rrve Synchroni Sm w t

hor i 28859{1 ngaxgéa!8§£st§§@nm&i@'}agﬁiclmeegnel DP and

hori zontal scan perio e video Signal [|ine driver

XDR copnertssthge dbgbtat i ¥yhdeorstgpatchnt 9igRR1aANine driver
anal og signal under the control of the horizontal scan

cont rpbr sagaal i aad §UF@éle§iﬁ@n&ﬁiﬁéﬂ XDHeOo TBégbahsroller
parallelly to a plurality of video signal lines 14
CNT receives a digital video signal and sync signal
supplied from én external device and generates, on
the basis of the sync signal, a vertical scan control
signal which ceontrols the vertical scan timing and
a horizontal scan control signal which controls the
horizontal scan timing. The controller CNT supplies
the vertical scan contrel signal and horizontal scan
control signal to the scan signal line driver YDR
and video signal line driver XDR, respectively.
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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Data. In this exanple, the video signal |ine driver

XDR supplies the video signal as a current signal to

the video signal |ine 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 Scant, a scan sj gnal which controls
switching of the sw tches % SwW ¢ and M Under

the control of the vertical scan control signal, the
scan signal line 10 driver YDR al so sequenti al

suppl Desa.tolm phisatkeyplef sbanvsdgmasionabsl Seandriver
a scan signal which controls switching of the switch
Sw2. ¥BRt#Hepdlspbayhe, viteosebgraht @522 QeBHReRF ghapnal to
i nes Scanl, video signal lines Data, sw tches Swla

15 tot@ﬁAEldQQQSl%ﬂﬂlS$BnedP?Q% control elenments Dr,

and capaC|tors . forman mat ri strate

shown in FPBIe5 ThRj §°RELPye ﬁagpﬁxvgﬁg§9? t 8°¢8n Leoftrol
a ggaﬁ%%g {;Qee §gan S'gﬂ?ﬂ Line driver YRR gggughgfgny

i ver 'S active
20 ca ncl yd rggeg e E
L T

d|3p|§ySéan“%i§nQ§ fgseni beAL PEXE . sPUEERInEhEE WEhbEswitches
period, first, a scan signal 25 (in this case, a scan

si gnabwoh tbgbwleveh) which setier the svhteblSwe thean
unsel ected state is supplied from the scan signa
line dervecaYDRcho tbetscanssggadl ibe scan 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 Swlec, 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 organic 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



line Scan2 connected to the pixel PX to be sel ected.

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 swfches SMa to Swc

and SwW3 are set in the conductive state. In this

state, a constant current having a 10 magnitude equa

to a videoSsikgfAakoauecert tbonths psuppl PEdtbybeheelected.
video signal line driver XDRto a conductive path

from £heagdwérosuppl pchineigadlt élnhéhvﬁdéésgvgﬁaﬁcan signal
line driver XDR via the drive control el enent

swit cRESkV dRdedi deblishgrsts| the PEtaches §Wﬂiéet9h§W1c and
switches SwWa to_ Swic are in the conguctlve

the poéténtPaP éﬁﬁﬁéFEHcétéﬁﬁtéstﬁuBB r&é tQOFgﬁgéfan signal
bet th I vdd_and L,

5 ar m RAPCOPERG BPIVBCERRLFBI CLFoRGRELDr (s RREPIfgnglY: the
L2 e hIEERORARILO LG 11 tsarag%okanc%fzvé\fgggtghafand the

a scan Ssig case, a Sscan Si

levelwaQbﬁ@sS§R§atQ% swhitches Swhaate §chlna@ﬂeswgnductlve
in the unselected state is supplied to the scan signha

line ggank to set the switches Swia to SwWwc and Sw3

in the nonconductive state. The gate-to-source 25

vol t age of Ihhehdrsi e atent rolcotlser®nt chrreett havdewrr @

spondence with the current lin is held by the

10capacimtgnitGhe Eheaw itbeaperiided issgnblscemdedt I6n is

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.

15 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 1is
set to a value corresponding to the current Ijip.

20 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 state. The gate-to-source

25 voltage of the drive control element Dr set in corre-

spondence with the current Iin is held by the capacitor

Cl. The write period is thus ended.



Next, a scan signal (in this case, a scan signal of
Low |l evel ) 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 5
gate-to-source voltage of the drive control el enent

Dr is set as described above, a current having al nost

the sane magni tude as the current®lin flows to the

organi c EL el ement OLED. Accordingly, the |ight

em ssion period starts. Note that the |light em ssion

10 period EeRrtj naescantslighhd néxtthisteaperi adscan signal
starts. In this enbodinent, the termnal of the drive
controf kbenbaveDr ¢ohakecsedst bhe hewsyfh chvsubn aklget palected
control termnal of the drive contro|l elenent Dr,

i . e.,stahe HfafwPRhtegate BRe eomPmeti @Mt olBRNSORRer tO Set
through 15 the plurality of switches Swa to S¥Ac h
conne ?%dSWhtC§e$W%s?nF%Petﬁ?%d?%5§%%,SH%F?ng pgee the

i ght em ssion eriod, the v lied

Sthe PAFh GROSGALES BF LGS aPPvE CoRtTeT CTBRERE Brement

resul T, durfhg I 'ght éeni ssSfon perio

hardlyng¥§er%g§§Qt&g§ adrahs éﬂgrgﬁﬁelgg thewdrit¥etne

contro enent and any varilation i

gat e- 95 8QUE CEL VOl ERgkt | SLBUPPr RESE6Hd 1 EyEN, WoES DDEhof
the switches Swa to SwWc causes a short circuit

bet weenisbeosopeeeoandtdrasn theteothat2bheheéight emission
nonconductive state of the entire swtch SwW can be
10 ensuredrasdl oogt Asuébeunemhi hhagndkTswat eenpemapbd Eparts.
this reason, a redundancy agai nst pixel defects can be
17 In this embodiment, the terminal of the drive
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
15 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
20 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 is suppressed.
Even when one of the switches Swla to Swlc causes
a short circuit between the source and drain thereof,
25 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



obt ai ned. Hence, a satisfactory display operation can

be perfornmed. 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 swtches Sw a

to SWc included in the swtch b}oup SWG progresses

simul taneously, a display error such as an

insufficient [um nance of bright 10 display pixels may
occurobTaiseqr oblenteana beasbs fedtoby dhasslag ¢eadangdn can
switching fromthe conductive state to the

noncoPRlueeF vernsedt e Fepactal Hancanw thcreese chanfeninance of
magni t ude of the scan signal earlier in the swtch

Sw a, I3k P $RIG NP bRl andig PSR Uil 9y RExqE defects can
smﬁtc$es SwWwato ic included in the switch group SwG

that 7S TOAt®HF AT the end on the control ternina

side of tPg gﬁéVgigég%%oahgkggfg%a#%%%EGyn?ﬁg%&chhing

remai ni ng ~swtches

descrped t ' f i ' 1 g ng

cont oot % S ta B R A et G eeace of
| s dofiee Dy WA Nge y thel &y L freshodeh yal deg Fl G Rhd&q@in the
plan view schematically showing an actual [ayout

whi chswtcibey espd oesl g osgides g xelwuPanddud he, a display
organic EL display 1 shown in FIG 2. FIG 4 25 is a

pl an afew soheneds cat | ynshiofd aigeret o friayade onf dbridihe
structure shown in FIG 3. FIG 5 is a plan view

10 scherdits by yoistobd meareotnal Thyouradflen xss of d8lved
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by causing (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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an organic EL display according to a reference

exanple. In the structure showmn in FIG 3, channe

lengths La to Lc of transistors used as the swi tches
SWwato SwWc satisfy relations given by inequalities:

La > Lb, 5 and La.> Lc (e.g., La =4.5m Lb =1lc =3

M. The structure shown in FIG 4 is the sane as that

shown in FIG 3 except that t hel&hannel Iengths La to

Lc equal each other (e.g., La = Lb = Lc 3 mM. The
structure shown in FIG 5 is the sane as that shown

in Fl&n Br@@nExcEptdthptapnhyconeisgﬁtchaSmﬁfesence example.
arranged in place of the three switches Swa to Swic
(e.g., chafinethe| ehgthture 8hpwh. innFife strabeopel lengths
shown in FIG 5, the drain and ate of the drive

contrbf BPehenelfDFraraisbpnactend 155t hreuUGHiBANGS ofla to
switch SwW. For this_ reason, durin

en1ss?%ﬁcpé?Fbafytﬁ%lﬂFh?ﬂSt%léﬁ?egVOF?%%%agb%l?ﬁe La > Lb,

o d | Dri's_wh i ed, _b
5 he SBURCE-aRdltr s noor Fhe shi boh"on? Pekge: Swhh I°°

the s

EPSEHE§ R&Qn ?RFFEE 54|§Seﬁﬂg0¥§ﬂ? QEaEggﬁ 2Qown in

eadl%y noVEe e drain and gate o rive

Contr?kGe|§n§QEe£¥ gHéLnghéhghhhggl @@héﬁhQnLQeEboﬂc equal
resulting in, e.g., an increase in |um hance of dark

d|5p|é¥cﬁléﬁhér ke, gddithon, Lbf=ar.ghers @iy cui thecsyracture
bet ween the source and drain of the switch Sw, pixe

25 defprows anergenepbaiedthénshine ashEhahaauownnlthIG 3

structure shown in FIG 4, the drain and gate of the

dri veegoaptothateoehy ¢08e switch Swl is arranged in place
of the three switches Swla to Swlc (e.g., channel
length L = 3 um).

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



Dr are connected through the three switches Swa to
Swl ¢ connected in series. For this reason, during the
light em ssion period, the drain-to-gate voltage of

t he

drive control elenent Dr is distributed to the

three 5 switches SWwa to Sw c. Hence, when the
structure showmn in FIG 4 is enPéoyed, charges hardly
e

nove between the drain and gat

f the drive contro

element Dr during the |ight em ssion period.
Accordingly, any increase in |um nance of dark
di spl @ pirseksneantbe suppuessede th@eassdeschiebedwla to
above. In the structures shown in FIGS. 4 and 5, the
fol | oswidg pbenentrd aacserasstheFeagtntigdeesbonhe dsigamg the
signal is changed from Low | evel to H gh level to end
t he wiliigbtpemiisdionspemivhe sheudraie-$ko@atienvpleagds, of the
the switch SM behaves as if it were a capacitor
conneétréyehernéEnl eremeasn D& diar isithdPEEsRi tandhenéhree
gate of the drive contrgg el ement Dr n roc

e

Sfor cRYAGICRE St R¥ landgnrl
bet weéf!

| h
of SPRE ' s¥RR s C EZFQFPgﬁi%e shown

‘dra e drive contraol

LOMIleVe%ﬁéo wig% é%ghé&?gy %E%% %% R%E%h %% between the

elene@&a@%‘agﬁgﬁgQESP%e%%%ndrﬁ%e E%%tqggnkﬁgﬁ%anD&h%uring

scan si gnal

Egte RaLentiyal %Ri%ggoqrb%%i%@ntrﬁhco%gsg?ﬂg,D%n®ii%%rease

wever, in'the structure shown in 25

ges fromLow [evel to Hi gh level, the

Sl nce

the eligctipashahice eFpacirkadcepahyt biikeleapaedl ber siuppressed,
much smal l er than that of the capacitor C, the gate

10pot entisaldeshkirfibeamawatrei.s very small. 20
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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 reason, 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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5e”b°dkﬂ?ggao§pébgﬂh@9 ALY %gBH“EBEYSHﬁﬁﬁE%iEQ
Fhe noncondu I or tf he

i n maggi tyde
earlig? Fnetﬁe smntph SwWa, whic _ _ _
the pkyrakthty oEaswhtchgei1Swha tQiBwhesi BehiHded kRic
the switch group SwG that is |ocated at the end on the
contraket ebfipNatesiydecof ihhendr hyacenaticet vel esene, Dehey
than in the remaining 25 switches SwWib and Swic. The

ti m ngebenereb i§ tpeyfwemedtbyeeecgpacdesrgncngnthéed in
switches Swa to Swic such that the threshold val ue

Hence, the influence of the gate potential shift on
the image quality is small. On the other hand, in the
structure shown in FIG 4, since the switches Swa to
SwW ¢ have the sane 5 threshold value, switching from
t he conductive state to the nonconductive state
progresses sinultaneously. For % is reason, until the
switches Swa to SwWc are conpl e

nonconductive state, they behave as if they were

three capacitors connected in 10 parallel between the
scan HBegnal kthaeiSfanknaadofheheogétel poeenthal shifheon
drive control elenment Dr. In the structure shown in

FI G #het hwagat @updtbrt ial smahlft anount is about

three tinmes larger than that . in the structure shown,

in FIG S.Oﬂc&@?dpﬁéeFohﬁﬁéf15“5FP§CFEF@C§H6ﬁnS?

ly set in the

AYE &
oS oty af ‘BRPr ERETa L hEEBNPPary o) R R BoVe CRe same

state
ctive st éte n ac ance Wt Change

eﬁcgheuggi§Ea§t§EQnﬁ%ob?egéggegi$ﬁmg§ﬁéously.

i's the one anobng

100f thpasailieh bakaegnr the scan signal line Scanl and the
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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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beconmes deeper than those of the switches Sw b and

SwW c. The threshold value control is done by, e.g.
setting the channel lengths La to Lc of transistors

used as the swtches SwWa to Swc to satisfy relations

5 given by inequalities: La > Lb, and La > Lc, as

shown in FIG 3. Under this timng control, the

switch Swi a behaves as if it wefe a capaci t or

connected to the gate of the drive control elenment O,
as descri bed above with 10 reference to FIG 4.
Howeveecomkendekpeswiheh Shbaei sf sbe Bwithbes Swlb and
nonconductive state, the switches SwWb and Swic are

i nsul &wéd-f r Bhet horgaheldf veheedepueredniporone| bifent-9- -
Dr. For this reason, the switches SwWib and Swc wl|

not sﬁﬁﬁtlﬂaetaatéhgaﬂéﬁt#anqéhStﬁé apu%é 9@ Eéﬁﬁﬁéﬁtors

el enrent Dr then. |de

Sw c, uéﬁgythEh§wFW&ﬁc§ﬁPa58éésE§ ?Hi 9596565955yi591at10ns
hi ft \\h t t S d d

oot B DB nEBE b RE LS RER s Ling: 2By naeaTar > S RRATRE S nown

20 gatg ef-the drive control elenent O, the
el ectirostatic™ ‘capacitance is proportional to the

channel |e@%ﬁ%rL%hlsFQﬁlebsc%%%%%ﬁ Wﬂ%nshﬁ%ch Swla behaves
structure (La = 4.5 pm) shown in 3 is enployed,

the ipkl yenge Qtrthe swbhehtSw aonaactaa gat @he gate of
potential shift is about 1.5 tines that 25 in the

structheedfli&e=c3dnpiblsboemehn Bk a4. dHewevibrd ad®ve with
descri bed above, when the structure shown in FIG 4
10i s enpkégedncrotoollIE.t He sWowele®w ahbot thksewiligh23wla 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
15 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
20 gate of the drive control element Dr, the electrostatic
capacitance is proportional to the channel length La.
For this reason, when the structure (La = 4.5 um) shown
in FIG. 3 is employed, the influence of the switch Swla
on the gate potential shift is about 1.5 times that
25 in the structure (La = 3 um) 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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switches SwWb and SwWc shift the gate potential of the
drive control elenent Dr. As a consequence, when the
structure (La = 4.5 pn) shown in FIG 3 is enployed,

the gate potential shift anount is about 1/2 that in 5

the structure (La = Lb = Lc = 3 pnm) shown in FIG 4.

As descri bed above, according to this enbodi nent, any

| arge shift of the gate potentia?zcan be suppressed,

and accordingly, any display error caused by the gate
potential shift can be suppressed. That 10 is,

accor diviggche st BivdbeabddiSwint shany vaei ghtenpphengage of the
potential of the drive control elenent Dr by the

| eakage iver cent rednebensnppPessedswhi Censhaushicechegen the

connected between the gate and drain of the drive
cont r 6t reFEHERt (BB Fr & -PnHihe SBRENS LAt §1CGAddi £PoRAPLPY S,

15 according to this enbodinent, by controllin h .
OFF tFﬁPn@agF BRERNSHALC AN A Lt REOSHEL Of agaaﬁ %@%,%hat in
any variation in gate potential of the drive contral

el eme eDFtEVCFH§gvé$Fa§eEEuﬁc 9tﬁrgu5ﬁqiﬁxgﬁpnﬁﬂgglG' 4.

gff the SM%EC@%%cgﬁ%e%ea%%ggneﬁ%%grd@%gc%o %hﬁ%r%m%%diment,
i gh display quality can be Tnplemented. In this

enbodipent o £Qr shhecpbur ahit Y208 swWkbeRes1 Swhapko
SwW ¢ connectéd in series, thé threshold value of the

SW‘tPBu?ﬁkésEQGQtﬁﬂdabch@dQﬁngD bhe deeplEgl error caused
termnal side of the drive control element Dr 25

pr ef ebgbkyedgbter poteamithosaidt the bemsuppbmgssed. That

swtches SwWwb and SwWc by about 0.1 to 0.8V. If the

t hr eshel, dacealrdésgate tboibeembotiokhéd byyt Nerdhddoal in

| engt hs, 23
gate potential 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 in series, the threshold
value of the switch Swla located at the end on the
control terminal side of the drive 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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t he channel |length of the swwtch SwWa is preferably

about 1.3 to 3.0 tines those of the remaining swtches
SwWb and SwWc. When the threshold val ues and channe

l engths fall within the above ranges, the switch Sw a

5 and the swtches SwWb and SwW c can be switched from

the conductive state to the nonconductive state at
sufficiently different timngs wht | e mai nt ai ni ng a
sufficient small resistance val ue between the source

and drain of the swwtch SwWa in the conductive state.

10 Inthhechboneldéengtbedfekhﬂpseittheswhaeéhopdeferably
val ue i s changed between the switch Swa and the

swit chbsuswlb3ahd 3wbctbypeasthgsehefchagnebmpengnpsswitches
The threshol d val ue can al so be changed by_anot her
netho§W1Foﬁn@x§NbFe Wh@nlﬁb@rFbyeébgédnﬁ9lﬁéscﬁaﬁgﬁaannel
15 bet ween the sw and the sw tches

swi c. LepgED éxéﬁbFerﬁhéﬁ bhﬁhéﬁﬂ%? #%%gearetPs BglggadSwla

5 Gopant™int PR SEAGAREPs Bt RATsRTE §ﬁ§§“°f b igebgfc trom
s sehol apgarcthan Lbatoi bt beochanoshant Lhe s¥btehae

ccor ingly, Re thresho ues of the

S“”tCB§§f§%ﬁQn§TQ é@k@e?@ﬁtb@lﬁhﬁbEOWﬁiléhﬁﬂlhbéEnQﬁg a
the switch Sw al is, the threshold val ue of the

switchBuBehaichs §ﬁ§9@rréB@Btbﬁ@éev@IuéhﬁeﬁWbéﬁheﬁesﬂbbrce
and SWc. The switches Swa to Swic with different

i mpur ahy d2aidosesthanshettnr pelabyn ehg. cohbective state.
follow ng nmethod. In a normal TFT formation process,
t he nunber Iof thenebovef-despuibey depinpgei nthketolashelld
regions_of the 24
value is changed between 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 can 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 Swlc.
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

of impurity doping in the channel regions of the
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switches SWb and Swc is set larger than that in the
channel region of the switch Swa. For exanple, first,

the inmpurity is doped in the channel regions of the
switches SwWa to SwWc. Next, the channel region of 5

the swtch SwWa is masked by using a photoresist. The
inmpurity is doped again in the channel regions of the
switches Swib and SWc. Wth thi& process, the dose

of the dopant in the channels of the switches Sw b

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

10 t hewcthamee| Swib tdred ssSwichi Swhatr Mheyet hehdhresdol tn the
value is to be changed between the switch Sw a and

the sWiantels Swboamf Swe $witush ipla he Fopuexanple, first,
dose, the dose preferably changes between the

swi t cHe® Biewbbut 45 }awad imthe e blfeginms ab the
In this, case, the switch Swa can nore reliably be set

in t RYHOMShARIELT VP stat@ edidfler tarchianah 1edkan of
SwW b and Swc. The threshold(y | ue of the swtch SWMa

can be'® cHANGEY TG thd&e k9 the SE He P s B &hie © -

Swl ¢ ’lbrYe i L?It:l!é ah9 Jbeé’ﬁl r%;c_}{jjgnd'inﬂt%e 6clrilasrmae ereoc%i%ns of

sectional view schematical l OWi ng an exanp

struciuy esyhti Gl cafyy 18 Sl Qyed, f%utht réités‘ ﬁcﬁésaé' t¥he

of switches Swa to SwW c I ncluded In group

SWG ddee ¥ tohesaspdd: and O creneants 29 the sWicdhes swib

that is located at the end on the control termna

si de afd theldrive oy ahal eend d¥ .t G-thpd Sddpant in

sectional view schematically showi ng an exanple of 25
the channel 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 1011 cm=2 to 5 X 1011 cm~2,
In this case, the switch Swla can more reliably be set
in the nonconductive state earlier than the switches
Swlb and Swlc.

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

FIG. 6 is a sectional view schematically showing
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



a structure which can be enpl oyed for, of the

plurality of switches SwWa to SwWwc included in the

switch group SwG the switch SwWa | ocated at the end

on the control termnal side of the drive contro

element Dr. 5 The switch shown in FIG 6 is a top-gate

type p-channel TFT. This TFT includes a sem conduct or

| ayer in which a source 50a, dré?n 50b, and channe

50c are formed. A predeterm ned anmount of an inpurity

is inplanted in source 50a and drain 50b. The channe

50c 40stsutonmedwbetheeant be sopicgedntlodyabn. tHBeplurality
channel 50c is intrinsic. Alternatively, an inpurity

is iaplaviedhen Bwéachanfelc50ochuded| bmethe switch group
concentration than in the source 50a and drain 50b. A
gate SVAsuFaei AglFFnnPBdaj sorarpddabntihecthapnerhgoeontrol

A 15 gate,Gis arranged on the gate insulating film
52. EMyRte A8 cbvehredIfiYR apnfhredrhgment Dr.

di el [ film de S dd
561 ectrote BeaPRtRaPnShO8H thelife o hoes %‘%‘grgé??aeype
fil 4 t ClILo
(1L lcndlizs Spupce FhEELEPHC: S.angeer el ofl SELEOPEOP Laves

respect i wel¥m ¥|§0u£@é09@Q h@£§§nf9%§gdaﬁ@ éﬁg?g?Ie%Oc

insulating film and | nterlayer lectric

The SMtéChoﬁﬂ@&ﬂ |N ﬁiéaegéfﬁ@né@eaﬁ@@ﬁtséfU&ﬁufﬁ?u§§ty is
that shown in FIG 6 except that an insulating f

25 59imsléoredinngeirides Channe dBHLn B0l a Dackcgaheel 50c
BG is arranged under the insulating filmb59. A bias
10 whi chis nbkesed heetheeshthel svalhvee odnd hérsiv t chTiswlahannel
deeper is 26
50c is intrinsic. Alternatively, an impurity is
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
15 gate G is 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
20 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
25 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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applied to the back gate BG For exanple, the voltage

bet ween the source 50a and back gate BG of the switch
SWais set to about +2. 0OV to +1. OV. Wen the

structure shown in FIG 6 is enployed for 5 the

switches SwWib and Swic, and the structure shown in

FIG 7 is enployed for the smﬁtcg SwW a, the threshold

val ue of the switch Swla is deep P 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 a@ptliedswiot ¢hes b8wlkb gane 8&l.c. Fléersxaslpéﬁd Thehg@ltage
top-gate type TFTs. Instead, bottomgate ty

t hi n- bueltmepnaﬁéluests@wwﬁaWEe a@%@aCéfs Jeke % Péhé@e switch
SwWa to Swlc. In this case as when the back

gat e §f”r1@ctll§r éets t@nﬁlb&‘ﬂéd*fzorovt F'ré? hi-O¢h 15 Swa, its

t hr eshol d i s er than.those of he swi t ches

Swi b and SITE™ TE Bol GaTe REFE g 1% ate vikapyed for
OppOS%% t%%l tro%wﬁ%rgh%a%wﬁla % %akge s@%ﬂk@&&%gshown in
f| | m and $&mi-conduetor OVeé enb

the s h -gr;Qu O | cI e t S c
SwW a }@‘gbgvﬂc %T%e% eér fogf tgl\%l t%g:wllgghl Egllq%degﬂh% I%SreShOld

SW t CRAgRQUR rSWiReCAR iREH WA 201 sMBIeR pelrn thi@ %Q@%% of the
enbodi nent, p-channel transistors are used as all

SWAtCB@&tbﬁe@hSWQbX%thEw1HQWBEE%n Anchanrelcase, the switch
transi stors may be used. 25 Alternatively, p-channel
t r ansisstlar saanthen-setaimelt het nansiostdoucs ivey st eed.lier than
As descri bed above, the gate and drain of the 27

the switches Swlb and Swlc.

FIGS. 6 and 7 show top-gate type 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, its 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 more. In the above embodiment, p-channel

transistors are used as all switches in the pixel

PX. However, n-channel transistors may be used.

25 Alternatively, p-charnel transistors and n-channel

transistors may be mixed.

As described above, the gate and drain of the



10

15

20

25

drive control elenment Dr are connected through the
swtch group SWG i ncluding the plurality of swtches
SwWato SWMc 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 undesirable display

operation error can be suppresé%ﬁ. The contro

terminals in the switch group SwG are connected to

the same control |ine Scanl and controlled 10 by the
sane decamesignakoll alehestchsearef coheestetichksou®al ahe
to Swic of the switch group SwWG the threshold val ue '
of thewstihchrsweaSkEcanedudinghthenaleralhbygafesyibehes
of the drive control elenment Dr is, set deeper than
thoseSutat ke Pehfi APRGCSHREChBSS SHABS andASAPED iggly, the

Accordlngly, switching fromthe coHdugtlve state ;
t he nBAE nBBE?PGéaétXSE19518608Fd5 BeShitR FRBRTER nﬁéement

de of th b d
Sin (ne subteRIsata FoUarcamarctRG EROLGN AG Gaceobrdsly be

00 SuEpREYEaCant T ALaBLOTERY PRaLDRPLDC! DELEID B geggtion

20 swi nce e undesi

potengkggrvgghagéoguggrgggggr|ve control elenent Dr,
whi ch occurs at the end of the wite period, can be

m ni mi zed, TaBdcansabistaehony1di spl ajieOp@iathogreap swG are
be perforned. 25 The second enbodi nent of the present

i nventbanecwell tbetdessainbedonexdl LhnéhBchinisand controlled
enbodi nent, by controlling the 28
by the same scan signal. 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



threshold values in the swtch group SwG of the

swtches SwWwa to SwWc included in the switch group

SWG the switch Swma | ocated on the gate side of the
drive control elenent Dr is controlled to be turned

off 5 earlier than the remaining switches Sw b and

SwWc. In the second enbodi nent, the same effect as in
the first enbodinent is achi eved by controlling the

wavef orm of the scan signal to be supplied to a

switch group SWG FIG 8 is a plan view schematically
showi tigrasho 19 vz faes cikltlk sphaycacgordd ngvGo ehethe
second enbodi rent of the present invention. FIG 9 is

an eqeVatlens SwelacudtSdl agiae shemi by Be exakipte @Fowr SWe,
pi xel circuit which can be enployed in the organlc EL

di sp|%1fyesﬁwhch|$1wﬁd0%at%f@e r‘Fl'h% §¥- ¢ dg,0of the drive

r ef mbol AA 15 d t I
or ganf ST EEC .%Jp@a@,na Seobr e Sl 20 &Y A Oed Mo
enbodi ne | PX h d I

5 whi chéaﬁgjr%%éi P X?epﬂ?nsla%irﬁfrll%p ts:sj‘(%’(kglg;nal &F{B ‘%é{ Swle. In
seco C 2%? bo&ﬂfegFF {ﬁg1 Qﬁeoéf§&%%§§§sléméﬁe first

to S edlnthe swtch group S

Contréﬁ&@@lﬁéﬂﬁhfs Qgﬁﬁév@ée@FnéoﬁlﬂblfInéh@hé“Wé@@E@rm of
SWwato Swc included in the " swtch group SwG -

cont rehe t e ah Nal g041 the 1sav $ o1 Sl ac b og ad ek @t @h@up SWG.
end on the control termnal side 25 of a drive control

el ement DrrIs. d8reéestbyptannectedstbemat scahlgi ghaving an
line Scant that provides a scan signal input term nal
10to therpixit PX dibelazpncodbrdengi pal sh@gsecond embodiment
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
15 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. In the second
embodiment, the OFF timings of switches Swla to Swlc

20 included in the switch group SwG are controlled by the
delay element Dly.

Of the switches Swla to Swlc included in the
switch group SwG, the control terminal of the switch
Swla located at the end on the control terminal side

25 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




of the remaining switches Swib and Swi c included in
the switch group SwG are connected to the scan signa
line Scanl via the delay elenent Diy. In this
enbodi nent, as far as switching from 5 the conductive
state to the nonconductive state can be ended earlier
in the switch Swa than in the switches Sw b and
SwWwc, the swwtches Swa to Swic £an have either the
same channel area or different channel areas. That
iI's, channel lengths La to Lc of the 10 switches Sw a
to Swo€ thm bemeitheg eglathes fwibeaedtSwltnincluded in the
addition, the switches SWia to SwW ¢ can have either
t he saweétchagnelipwbdEhave dphfieceatd thahhel sehdt hsgnAs line
an exanple, the channel length La of the swtch Swa
i s seBC3R6rver thandehaychhAment| Bhgth Lb of the 15
switch SwWb and .t he chgnnel length Lc of the sw
Swic. For é&Rafpte, ePReYiRsRRel @ eﬁ@FhaEaSW§t§B%“90f§°m

m a t he neI ths Lb, a are set to 4. to

5B Phr o ERARRE %G HERLE oFo BB iprendtied fher Sedppooan
are sgl éﬁdggpgbrgge hﬁhghém%éM£§ﬁ ﬁ%& a§M@ﬁ the
swic

i ncl uded con rm

ter”1E@i@cRéstQ@lﬁ“éﬁ&h§§lcSM%QeaQQ1§@ﬁ§sm@@?? FFswic can

timng should be delayed are connected to the scan

line hhveughchbe detayagtesRihned YrelVbh &§DESerent channel
structure, even when the control 25 termnals of the

SW t chesaSWM aThet Sis £ thehndedléngthe LswkdchecgboOuphe
SWG are connected to the sane scan signal [|ine Scanl
10 swi t chvhgchesnsvbhe tongutti vensbateitivet heq38l or different.
In addition, the switches Swla to Swlc can have either
the same channel width or differént channel widths.
As an example, tne channel length La of the switch
Swla is set shorter than the channel length Lb of the
15 switch Swlb and the channel length Lc of the switch
Swlc. For example, the channel length La is set to
3 pm, 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,
20 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
25 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



nonconductive state in accordance wth the change in
magni t ude of the scan signal can be caused earlier in

the switch SwWa, which is connected to the gate side

of the drive control elenment Dr, than in the remaining

5 swtches SWb and SwWc. Even in this enbodi nent, the
sanme effect as in the first enbodi nent can be

obtained. In this enbodi nent, s%@tching fromthe
conductive state to the nonconductive state is ended
earlier in the switch Swwa than in a switch Sw3. This

can beondOndnpt émensedtbyineagcordannecviny the change in
control termnal of the swtch Sw3 to the scan signal
line Bednitufeoaghthehecdel aygerbneat Eﬁycaa§e§h©%ﬁliﬁr in
FIGS. 8 and 9. The pixel PX shown in FIG 9 enp

resi singeswiFeheftlas YhéChel aycerefehedDry. tﬁﬁegate “side

Ceveral ERP oL TForoN bR LoTSBbUL 1 FRB t Ciferenaining
f.1h | . b
> oo i o eAcSkRR Fu SiFle cPiants " idnftbadtiehp, wne
'ayer Q%V%?Qeég &EEEQLFHQt%¥rEPp8ﬂb55§hQ%tS£5HC$8rSbtained.

anting an inpurity at

concentrattgnthgg @beﬂ&ﬁbﬁ%'Cs%%ﬁbﬁ@ﬂ@“@k@ﬁ Laxekrogalctive
be used. The |ow concentration here neans an inpurity

concegtsaabi @8 thevwesntbagutheveonegnér ati endes thelier
impurity inmplanted in the source and drain of a

thin-fnl bhéranstshossl25thad, ifioa exanpheswan i Tpisi tgn be
concentration of about 1 X loll cm2 to 5 X loll cm2.
10 The compéameatéednbymye.gquatonhectbngehheatponrdh theminal
channel of the thin-film 31
of the switch Sw3 to the scan 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
15 value of the resistive element is several GQ and, for
example, about 1 to 2 GQ. The area of the resistive
element is, e.g., about 400 to 1,000 pm‘z.
As the resistive element, a semiconductor layer
having an LDD (Lightly Doped Drain) structure formed
20 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 cof the impurity implanted
in the source and drain of a thin-film transistors
25 and, for example, an impurity concentration of about

1 X 1011 em2 to 5 X 1011 cm™2. The concentration may

equal the concentration in the channel of the thin-film



transi stor. Wien an intrinsic sem conductor |ayer is

used, the area of the delay elenent Dy can be nade
smal l er. For exanple, when TFTs having a top-gate type
structure using polysilicon are used as the switches 5
and drive control elenment Dr, and a polysilicon |ayer

is used as the sem conductor |ayer included in the

delay element Dy, the TFT nanuf%kturing process can
partially be used to manufacture the resistive

el ement. The driving nmethod of the organic EL display

1 10cwins$idbeodescihidedamentt mindic efereroedue-d Garyer is
10 and 11. FIG 10 is a timng chart show ng an
exanpleedi thdhearkid vohgthetdptpvfelereny gaky ccal be made
di splay shommn in FIG 8 FIG 11 is a view show ng an
exanpte2 b¥ef he ISF veXufR¥Pm When Sighata (s 4 t9mejate tvpe

input to the delay el epent.shown in FIG 9 and a .
1 gnat - H0H 160 #1725 PPt FFbrt the- G157 af® or Shem Htones
Referring,to FIG 1 " " " o ad

5 the vBVATHHRES o PR b Sl A Rty BT Gaver

Supp'i%b%&nw 19}9%‘%%%/@&@%59 Ba $CAN SE 0N 4! i Methe

driver respectiv represents a state

in which, @ yideonsi gnal spPpP il @M dhHer Se@Nor§¢88al can

line driver YDRto a video signal |ine Data ~changes

for esgh: NO11 70wt alsSEaro PRih@tact SE@Nt e atgls 29t ive element.
"Scant” indicate the waveforns of scan signals

supplied fhemitheisganeshgdabfline drgaeicYDR dbsphay 1
scan signal Ilines Scant and Scan2, respectively.
MDReferwihg be @@scribed next with reference to FIGS. 10
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
15 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"
indicate the waveforms of the clock signal and start
20 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 the scan
signal line driver YDR to a video signal line Data
changes for each horizontal scan period. "Scanl" and
25 "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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FIG 10, the waveforns of the signals are rectangul ar
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 correspondi ng to each horizontal scan
period fromthe clock signal and 3start signal. The

scan signal line driver YDR sequentially supplies

this pulse to the scan signal |line Scant as 10 an ON

si gnaFIGhi ¢0,sehs wheeswoirinehes ShkastignShMscaaadresSwg@ngular,
in the conductive state. The scan signal line driver

YDR séquenfilakkyasippl cesvansegnal obrafmed.byhe leading
inverting the pulse to the scan signal |ine Scan2 as
OFRdstgnal inki eRoset efatsni fEéENSRS PHSt Rederate because

nonconductive, 15 state. As shown in the timng chart
of FI&E §he pAEingr §8ALECRNCA epfaG R25LEBPERNG to

descr i bod L REST P4 anbgaPnant-" 30 ST BArE oCe

LFROL ph0979°3 W?ﬁgﬂglvrmwlt?Egrg'%mﬁérr%mﬁom%ﬁdtgmgach

are cgppechadathspughpthesdekaynet gEeRrt oBkYsighal and start
resistive elenent is used as the delay elenent Dy.

ég SEQﬂ?nhm FIl @heldcahheigahay1ehenapt vy yoRdeegtiestially
t he

si gnakuppdiest phtis phesscap shgnakahosthaatontinel Scanl as
termnals of the switches Swib, Swc, and M On the 33

eadi ng and trailing edges of the received scan

an ON signal which sets the switches Swla to Swlc 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 ScanZ as an
OFF signal which sets a switch Sw2 in the nonconductive
sState.

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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ot her hand, the sane scan signal as that input to the
delay elenent Diy is supplied to the control term na

of the switch SwW a. For exanple, even when the

threshold value of the 5 switch Swa and those of the
switches Swb, Swc, and Sw3 al nost equal each other,

the swtch Sw a can be set in the nonconductive state
earlier than the switches Swlb,33w c, and Sw3 by
supplying the OFF signal from the scan signal |ine

driver YDR to the scan signal Iine 10 Scanl. In this
enbodborat, hhhe, cbranshmar saanf siheaswaschhaSwiapcanto the
be smaller than that of the switch Swlb and that of

t he ctiahagl e Bahent Fdoiyexanpleplasddescthbedonaboveterminal
the swtches Swa to Swc nmay have the sane 15 channe

wi dt hofahdet heiehhnfelal ength La of the switch Sw a

may be shorter than_the channel length Lb o

f_th
swi tch Swi Boanaxemelenafien WBﬁ@tHhEctBFeFH@léhgﬁﬁéF of the
Swlc. As described in the first enbod; , h

20 ﬁaamaﬁigéiafﬁa'cﬁeaa?gi'a SEnEUBBr HERCE; S Enebefgy and
si ine S to th f i

o P cRERGEE PrBAT Lo evERefo HIENSHAVEN SRl Ban be sec
gat e PRt€$&{ﬁBnQEnEDStQGéVQtQQQtéle?E?"@HLnEEhéhE&£§ches

because o e parasitic capacitance between the gate

25 ang,dpai §,0f t hRqswibchy Swiigp1 YR the chansehnalea
of thg smﬁtgh Swla i s nadg sngFlymtEe gat e pote%?ial s

shiftchangyat sagnbe deseeasederHeprerocaniedssphayignal line
error 34
Scanl.

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 between the gate
and drain of the switch Swla. When the channel area of
the switch Swla is made small, the gate potential shift

amount can be decreased. Hence, any display error
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caused by the gate potential shift can nore

effectively be prevented. Wen the cannel |ength of

the switch SwWwa is shorter Than those of the sw tches
SWb, Swic, and Sw3, 5 the threshold value of the

switch SWa is shallower than those of the sw tches

SWb, Swc, and Sw3. If the difference between the

wavef orm of the signal input t 034 he delay element Dy

and that of the signal output fromthe delay el enent

Dy is small, it is difficult 10 to conplete sw tching
from thesedndyctheegsatat potenthel mbmnfondaot neeesedfectively
earlier in the switch Swwa than in the switches Swb

Swi c, bandrSwBnt¥Hen a resistive el enent having a

| arger resistance value is used as the delay el enent

Dy, 15 tHbedi ther caoacBel gt RE WaGePyiMCHf Stha 1S
signal input to the dela elenent Dy and_that of the
S|gnaPh@EFBEt~P?8n¥?ﬁéed@ ayh&l eHtRENBPY SRR baY i deand SW3.

| t t chi f duct
Sstaretis LRESORBNCORANEES 06 Thar SMELATi SFLF “‘ifs'hégallower

svi £ cb, S 8,L88n0Ln, 20 LOg SWLLC g Sy oo

Sw3, a reS|s%|ve avin |C|entﬁy arge

reS'SEﬁecel¥§E9§nb§ H%%Qeeﬁsthgewgeg§¥rﬁl%@E@EeDEXgnal input
When a resistive elenent is used as the delay el enent

Dy, EBethb”@ehag betwegnr bhe ShE epgrabifoRhe2Bighattheutput
switch Swa and that of the switches SWib and SwW c can
be chapgedtha aecaydanemenkt Dlihesr eshstiande ivakuéfatult
the delay element Dly. The tine lag is set 35

to complete switching from the conductive state to the

If

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

When a resistive element having a larger
resistance value is 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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to, e.g., 0.2 ps or nore and, nore preferably, 1 ps or

nore. In the above exanple, a resistive elenent is

used as the delay elenent Diy. The waveform of the

signal 5 to be supplied to the swtch Swa and that of

the signal to be supplied to the switches Sw b and

Swic may be changed by anot her £$thod. For exanple, a

di ode may be used as the del ay enment Dly. FIG 12

is an equivalent circuit diagramshowing 10 another

exanpl e of the pixel circuit which can be enployed by

t he oFgan®ed EL gi%pllayogh@%eiﬁn@l Gnoge pnefhrapixell ps or

PX shown in FIG 12, a diode connected to supply a

forwaFd*@urrent fromthe control terminals of the

Swi tches S¥Ab SwWc, and Sw3.to the 15 scan sisﬁal ,

line Scant 1'sti€efPq¥ct AigHRI 8y 2| BREAFCIPPYSLFHERT he used

pi xel gi{guié ﬁhomn in Fl 12 is _used ig t he
21 &Y° 19%hoIn t AR 9

rgani c,
EL display 1 ESB%Y'th hedW%ﬁ? ry %gng%% Signal
driven, byt hogl, a r ip the fifs
erhod edt OB T B erihea t o e E ot 8oty L Stne
avie i t
o v SpLtan £ 55, SXBEPLE ofo L1, YRLELOE TSl ung sulc may

and absi gnahgoutipitahsome t heetiedb@y er&redkampPS, SHOMobde may
in FIG 13, when a diode is used as the del ay el enent

Dy, leefusedras ctine edd 14y osbserhent hely 25 del ay el enent
Dy when the scan signal supplied from the scan
signal |inel@riVveriyDmteqtheabenan sigoait diagrSvashowing
falls. For this reason, the ON signal is 36
another example of the pixel circuit which 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 element
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 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.

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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supplied to the control termnals of the swtches

SWwb, Swic, and Sw3 wi thout any delay or with a snal
delay fromthe trailing edge of the scan signal. Wen

the scan signal rises, a reverse bias is applied to

the 5 delay elenent Dy, and a | eakage current flows

to the delay elenent Diy. For this reason, the OFF

signal is supplied to the contrif! terminals of the
switches SwWb, Swic, and Sw3 with a delay fromthe

| eadi ng edge of the scan signal. That is, even in the

pi xel sgppTied showne dOntnoFl GeriiPnatsecOFEhsi gmatches Swlb,
supplied to the control termnals of the switches

SW b, S&It ¢, amndS&W3vw tiehays afhy ofiethe OFFWsElgnal small delay
supplied to the control termnal of the swtch Swa

Al so fromhile efcaapl Engt @IS apE %$$e%@ana%l@%%%rlb@@e?nthe
the first epbodi ment can be obtained. 15

Ls gs%ﬂa%zs%%%aHth§e%Ieﬂeﬁ?vff§e Phgs E?Fa%?bhﬁg E%nthe

t h | h
Thi s PERSO e R o b eetrin 1o ARR pecu bhall PERbus b the
conpaged, { efeﬁgéfabf WL D DOR NS Lhgs O, SLODAEMgnal s

OFF signal &re de I s~ enbodi ment

mhosesg €iL§ EQ”E Qt@gn EQltBQrﬁ9H£§§ of - Ehe &yitches Swlb,
di ode- nected TFT can e used as the delay el enent

Dy, §§1§h0%ﬂd|@w3ewgth El&1d¢. t¥BeNtRe leading edge of the
di ode- connect ed p- channel TFT is used as the delay

el emesta®l yighhe. defayt el ejreatedl ynatde 2bxéhecircuit shown
swtches Swa to Swic, Sw2, and Sw3 can be formed
si nul tanBdGs| §2j nthbeOBAMeignatesspphed ho the control

di ode-connected TFT is used as the dela¥ 37
terminals of the switches Swlb c, 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 1is connected
to the source, i.e., a diode-connected TEFT can be used
as the delay element Dly, as shown in, e.g., FIG. 12.

When a diode-connected p-channel TEFT is 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~ccnnected TFT is used as the delay
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el ement Dy, the magnitude of the delay of the ON
signal and that of the OFF signal can be adjusted in
accordance with 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
swtch Sw a can be changed fromthose to be supplied
to the switches Swlb and Swic by’ still another

nmet hod. For exanple, a pair of diodes connected in
parall el may 10 be used as the delay elenent Diy. FIG
14 i sebemequi vay entheimsghitdi@gs amisdoae bgy sfithe ON
anot her exanpl e of the pixel circuit which can be

enpl oyednah &he ongandf Ehe dPEP| aygshbwhannb&l &ij8stéd
the pixel PX shown in FIG 14, diodes Da and 15 Db
connettedcrarpana| el thed weehle hé/Ecah &i ghanneineidth W
Scanl and the control termnals of the sw tches Swlb
Swic, t@and ShenBee LeRUCAsLthE HefajFEl eneAtapl jheThelay
di ode ﬁa IS cornected to supply a forward current from
the c®hEPENttBt¥inals of the switches Swb, Swic, 20

d Sw3 t h ' L Li t. T i od .
o e AL 90 s At D e
I R L

showns |, pc Eh&s  d1b SaRAPERYEUbY Nst DE1 05 98PhEr Bhe €h88! aYFor
25 1 shown in FIG 8, the display 1 can be driven by

the saampie} h@doasr descaibedsi Bohhectédasinephodl eDtmay
or with  reference to FIG 10. 38
be used as the delay 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,

Swlc, 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.



FIG 15 is a view showi ng an exanple of the waveforns
of a signal (solid line) input to the delay elenent
shown in FIG 14 and a signal (dotted Iine) output
fromthe delay element. 5 As shown in FIG 15, when

the diodes Da and Db are used as the delay el enent

Dy, a forward current flows to_the diode Da when the
scan signal supplied fromthe stén signal line driver
YDR to the scan signal line Scanl falls. The ON signa
is supplied to the 10 control termnals of the

swi tches SWIB,. $Wlds andiSwlshwiwtihgaadekapmpilemothehe
trailing edge of the scan signal. Wen the scan

si gnavavpsesmsaofopwaianadr featifl| dhsel olnhRetdiedéhppdelay
The OFF signal is supplied to the control termnals,

of th&lsWPPEnEECSHLA Bhfc, 1Anandna 519naﬂtﬁdataeﬂa}lne>

fromthe | eadin e .of the scan _signal. That is, in

this GHERBEQTEOn, CPHeChit SF PEERCas deser i bod in ihe

first enbodi nment can_b btaiLned, In_this.exanple, e
5formard cugFeﬁ gwﬁhﬁgh?FEOM?Sfowpﬁg E%Sdééoéﬁsahg 6%% Db

are u§§% ﬂgeﬁhgsc%%éigﬁfégaggemggtg§E¥Si9n§ErR rgecurrent

supplied to the contro rmnal's he sw tches

SwW b, £Pule, tanNdhaWdioker phhiyRcheBglNschAesi QE§YSQE?lied
the OFF signal can be controlled i ndependenfly of the

del ayfobmt bBReOBcshgBabnaln1t Aesdexadpl DR to the scan signal
di ode-connected TFTs can be used 25 as the di odes Da
and DbinasSshoWnfahlse. gTheFDIB sidnalWhensupplied to the
di ode- connected p-channel TFTs are used as the diodes
10Da andobbrotheednddessDafandeDbwahdheheSsWpt cAegcggand Sw3
with a delay from 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
15 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
20 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
25 as the diodes Da and Db, as shown in, e.g., FIG. 14.

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

diodes Da and Db, the diodes Da and Db and the switches
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SwWwato Swc, Sw2, and Sw3 can be forned

simul taneously 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 wwdth W to the

channel length L of the TFTs uséd as the diodes Da

and Db. The third enbodi nrent of the present invention

10 wi Il be described next. In the second enbodi nent,

the PideeltdPXSveinpl w2 a aoud et ahm Wengfdyped pixdlltaneously
circuit. In the third enbodi nent, a pixel PX enploys

a volirageie drdamg mraggees pi xel circuit. Except for this
point, the third enbodinment is the same as the second
enbodi mentWhas ¢ egle1eonreaie@diiValart wisews the diodes
di agram showi ng an exanple of a pixe|l circuit which

can B¥ &5l dfed §he mafHdiidRe Haths Sigahidt ghe ON

o DTG S Al SRR i e oo
e npaa et e S 32 ol U e wigen
swWi t gh, %@%@wﬁeélorl%ﬂgclﬁ%@%%m Ay ald thﬁynéz\fsdiodes

switches 1 n series, a swtc

an exame; ghe switch group SWG includes three
switches Swia to SwWc. As an exanple, 25 p-channel
TFTs are umed @siddetliddiameaontd Oltied emdentDrinvention

switches Swa to Swc, switch Sw2, and swwtch M The

dri veviddntireoldes] cemidoed Drextswi tIoh B2, searmchdAEmbodiment, 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
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organic EL el ement OLED are connected in this order

in series between a power supply line Vdd and a power
supply line Vss. A termnal of the capacitor d is
connected to 5 the control termnal of the drive
control elenment Dr. The capacitor G holds the
potential difference between the gate and source of

the drive control element 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

t he congaomictBlneheaheot OhEDdarveccomeciobd ehepehs Order
The switches SwWa to Swic are connected in series

bet weth sdeieonbveoveerraipabedfsupelyriire condrand a power
element Dr and the termnal of the drive control 15

el eneftPPry WhRehVEs- connect ed to the smﬁtch Sw2. The
control term nal of the swtch

connect ed fot %rgéﬁﬁlsPénBPelFﬁBagbﬁﬂF >c ?h%O%PﬁSFed to
hand, , t he cog ? tern1n %h sw tche
e

Sni  BPE COPNELr e FBIERD RIt| PR eghnt 860 ox-
throu@ﬁ?cgggMglégre&fnﬁgi E‘yheTQStgﬁyigPldiff?k@ﬁéeoéetween

the swi connec ed to scan sigha

Scant ¢, Jhe, sy L 6l §A9§ré@do§a9ﬁglapivgc@a@rgpn@@g&sgt Dr,
in series between a video signal line Data and the

contrphiterabppbsebniibecdrine cOplt okighgIENt TEE. Cgb§Cltor
control termnal of the switch Sw3 is connected to the

scan &igbhal céhnecSeanbetheonghhs heowet ayuepepebin® ydd and
41 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 Swlb

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 Scan?2.

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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When the pixel PX enploys the pixel circuit 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. 5 In an
organic EL display 1, a substrate 2, scan signa
lines Scanl and Scan2, video signal |ines Data, power

supply line Vdd, swi tches Sw a t9 swc, Sw2, and Sws,
drive control elenents Dr, capacitors Cl1 and C2, and
delay elements Dy forman active matrix substrate. 10
Thi s acti vehant thx suRsirBKeenphogbsbhenpliyedé aiseant
signal line driver YDR and the video signal |ine .

dri veshoXDRin TR €. at6i ve whdee xssabalrhiee cahlivliagg clrcult
i nclude one electrode of each organic EL el ement

OLED. XBReCapgahe cOELSUPRPYHYIL @hi @hVeABP of5IR AL pfxBPLtaTE
15 circuit_shown in FIG 16 fo Lge piLxel PX can, be
driveRioByl ESgtne KFBI FoRrnY HbtRods butfngothe

wite period, first, an L gnal I C

swi t ches S&PaaPoOEQFElgngESWég %agmgélgc é§g§§%g§e2fsscan

suppl | 0 siLgpRa i pe LMYEr .Y Ot
Cher segdng] oTLHEF, 8681 LR cahaP GLUNE! SR LEse Data,

to bea??%ﬁcéggp%knl§ggiVHQP’s@EtGEESSEQ@§|t@hbﬁmc$esﬁ2, and

the s an unsel ected state is supplied to

the sgan, shgnak LbperStaszegennscbeyd tophberpirxet1Pxnd C2,
Accordingly, the switch Sw2 is set in the

noncoaddctievey26lehahes Bbgd fhemsant ebesvSwnattoxSabbstrate.
and Sw3 are set in the conductive state. In this
st at eThi heapoieat nakrok shesvirdee skgnals42include a scan

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 is supplied from the scan signal line driver YDR
to the scan signal line Scanl 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 to Swlc and Sw3 are set in

the conductive state.

In this state, the potential of the video signal
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line Data is set to a reset signal voltage Vrst by

the video signal line driver XDR Since the swtches
SWwato SMc are in the conductive state, the

potential difference (gate-to-source voltage) between
the power 5 supply line Vdd and the control term nal

of the drive control elenent Dr is set to a threshold
voltage Vth of the drive contrd? el ement Dr. After

that, an OFF signal which sets the switches Swa to

SwWc and SW3 in the unselected state is 10 supplied to

t he skciare dhgpmlid iswet Scan .rd3atstgigridie el ttade Sida ity
set in the nonconductive state. Next, the sw tches

Sw b, tI8w ¢l demnds 3y lar ki rsetd i ivet hOhoncbintiettine switches
state. During the period after the switch SwWwa is set .
in t i roricontukd iaxe sttt e Famudt ive shittoh S8 patential
set in the nonconductive state, a video signal Vin i

e uppl§ S TFUIRS IR AP STYHERS TTHEIR | \RFHATE 1d1q HRPver
i d i [. 11 ta.  If th | ect tati
Xi’ipggﬁ‘{sl ngsl]djfent Oggc%b%ctik{%rcgo%reoclagtges%% I AT e drive
th j al '
ol Do DR LR E T Xe %ol 1 f FMLHEP Y Rage ven of
amurgh@quﬂvé oc(;rfler\/%lha%g&n@ry@ fromVrst to Vin

Next, an ON si gnha ich sets the switch Sw2 in the

sel ected si@t&rinstPPAA efirt Os1dyea SCAN &b A s [ s@btches
Scan2 to set the switch Sw2 in the conductive state.

Si ncesne gAtBr 1O-HOUrSe Vi tage Ofsdhe-td ver conti ol

el ement Dr is set as described above, a current having

43 supplied to the scan signal line Scanl. First,
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 is set in the nonconductive state
until the switch Sw3 is set in the nonconductive state,
a video signal Vi i1s 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 Vin by an amount equal to the change amount
from Vygr 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 is set as described above, a current having



a magni tude corresponding to the difference between
Vrst and Vin flows to the organic EL el enent OLED
Accordingly, the light em ssion period starts. The
i ght em ssion period continues until the next wite
5 period starts. In this enbodi nent, the term nal of
the drive control elenment Dr connected to the switch
Sw2 and the control terminal offthe drive contro
element Dr, i.e., the drain and gate of the drive
control elenment 10 Dr are connected to each other
t hr oughma dnei phdks at o t yespdbnding chestiSwldi f be Swice between
connected in series. For this reason, as in the first
enbodV pentanduyYingfidres toghite epigaiiion pler¢ beneehafyel-
hardl y nove between the drain and gate of the drive
cont rbtcerdhemty Drthanbiahy enbssiken ap¢bhofnstarts. The
gate-to-source voltage can be suppressed,. In this
enbodt AERE , SR heS SOR tRHT SAF aCPRL SeteF i bl the nexc write
nonconductlve State earlier than the switches Sw b

5and FPEOBRMTHSthis enbodlnent any large shift of

the gate p9£egg*%a?8§§d9 pp{gésggrmﬁgo%n Eh€h£ §§£Ve

20 enbodi nmént nent,
sane @55@?51 @?eh@nﬁh@ﬂfb6§ﬁe§@@@dtae@$eC§@1@§h Sw2 and the

obt ai ned, a very igh display quality can be

|np|e@@ﬂt§@l t &rhhh §1 egbOgh 8BAE i v@Nc o f ApUEsEShent Dr,
capable of 25 controlling the operation of the switch

SW3 i hdepenthdl etyinfahbegaperafi ons ofitdecsmitcheslement
SWwa to Swic may be enpl oyed. For exanple, the
10 oper abt oase ofohhecddd to each other through the plurality
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
15 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

20 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, an arrangement capable of

25 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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switches Swia to SwWic may be controlled by using the

scan signal line Scant, and a scan signal line to
control the operation of the switch Sw3 nmay be
arranged independently of the scan signal |ine Scanl.

5 1n this enbodinent, a resistive elenment shown in,

e.g., FIG 16 can be used as the delay elenent Dy
Alternatively, the diode describ®d in the second

enbodi mrent may be used as the delay elenment Dy. The

fourth enbodi nent of the present invention 10 will be
descrsbetchext swla tbesfiicshayobehcout eabbeld nent ssingethe
switches included in the switch group SwG are

connestad sbgnahelsaaeScantrobndi aescan shengdbukihe to
enbodi nent, the control |ine connected to the contro

ternm @aht16lothe spprahiomhpEhthg sHEteR PHé BaWtRRedrranged

included in a switch group SwG and | ocat ed_ at he end
on t héndgagedengby opt g@?l%%a%oﬁfGBFi féﬂ%n? f?i

fo the - confr ohLerRPAYLSe heﬁcggtsﬁ%h""ﬁngéconnﬁcgggwn

0 e co r e "t he I Nl

sae CPr okt S st Ch8 FERsP Egﬁtgéstﬁ%iﬁgw rglbfene
aCh'erg Fh G e 14 E§V§Tgeq9h¥abggﬁeCaégekibgﬁagﬁaﬂhe second

showi n an exanp pt xel circuit which can be

e”p|0¥ﬁgodhﬂeﬁﬂ AsYi ¥& OBEHI XsOtdanksl # dispkay Dly.
according to 25 the fourth enbodi mrent of the present

invention. The fblrshexappheémeBachrswhecprgseup Swention
i ncludes switches Swla and Swib. In this exanple,
scan sighabel daesrdbed 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. In 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. In this example, scan signal lines




Scanla to Scanlc are arranged in place of a scan

signal 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
control terminal of the swtch SwWa is connected to
the scan signal I|ine driving circuit YDR through the
scan signal line Scanlb. The coﬂgrol term nal of the

switch SWwb is connected to the scan signal line

driving circuit YDR 10 through the scan signal line ,
Scanl 8cahd aaioeSaaplle, arp- elranngledTETSs pdpseusdd aascehe signal
switches Swa, Swb, Sw2, and Sw3 and drive contro

el enedtingr Scahd .dri vi ng nethod of an organic EL

display 1 wll be described next with reference to

FIG 18. 19m contgqls tenmimadg Adhar "Gl iy Sarks connected
exanple of the driving nmethod of the organic E

i opl &7 FGR™ EHPFoys SEHE Pnal gl Fart enduR FhTerEn

517 fOE %Ié%é%éﬁﬁ?%g?;%gggué%aFlg:iﬁ he %%%@E%l’terminal

"Scanl . canZ’ i cate the
wavef arng paf sganysisgRal § ¢S WRlned «20 tir emet Rea3caN gnal
signal line driver YDR to the scan signal |ines

Scanl a,; naC ik ngC Nlreu 12N G DRC AMdoul@S peet isvely .signal line
During the wite period, first, an OFF signal (in this

case, Szasdan SiTgralcooft rdilgh dreMela)l Wi ¢hesetd tidhe Swlb is
switch Sw2 in an unsel ected state is supplied fromthe
25 scaonsiegnald ltoneher isvern ¥DRnad tlhieescan viingnali dduie YDR
Scan2 connected to a pixel PXto be selected. In this
10st at ethawugN sihgnaslcan sidmiad ddse, Sgagdan sifgnaln gxample,
Lom,4g-channel TFTs 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.

15 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

20 from the scan signal line driver YDR to the scan signal
lines Scanla, Scanlb, Scanlc, and Scan2, 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

25 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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| evel ) which sets the switches SwWwa, Swb, and Sw3 in

a selected state is supplied to the scan signal I|ines
Scanla to Scanlc connected to the pixel PX Accord-

ingly, the swtch Sw2 is set in the nonconductive 5

state, and the switches Swa, Swb, and Sw3 are set

in the conductive state. In this state, a constant

current having a nagnitude equé@ to a video signa

current linis supplied by the video signal line

driver XDR to a 10 conductive path fromthe power
supplyetdIne Whicct csdthe tha ool tsitgrrlSviave IritverartkbRw3 in
via the drive control elenent O, switch Sw3, and

vi de@ siqgiedtdd et et als Slgrklahe vt e gnmyg Lines
Swib are in the conductive state, the potenti al

di f f e¥eaeks (Pattcanle e ARG dgtd BistSkd t hdtccord-
power supply line Vdd and. the control, term nal  of the

dri vel Rbhi r otNe| BN (174 st5 BT (! o W R ConductLve
corresponding to the current lin Af t hat IS

CFF lsﬁ (39 tHIS SEKeCeP vilay é@%« e r%“b% dre He
evel ich_ sets t SV Swia 20 in the

unseI)e%Y\%be stat eucltéﬂg%p%\%%%@d' to the scan signal Iine

Scanlb to setyfhe sWich SWEnsaihecNPRERRdYETiNg a
state. Next, an OFF sighal (in this case, a scan

Si gnaha o it @ d@vel ) i chi &b Ss1diea Bk iieheSiM D; | nis

the unselected state is supplied to the scan signal 25

| i ne Seaml Led dopethdé heigad tehg@d blime tdeiver XDR to a

nonconductive state. Finally, an OFF signal (in this

case,candwani vsigaeh Hfokd ghe | pwet) sprhy skisethedd to the

switch Sw3 in the 47
video signal line 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,

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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unsel ected state is supplied to the scan signal Iine
Scanla to set the switch SwW3 in the nonconductive
state. The gate-to-source voltage of the drive contro
5 elenent Dr set in correspondence with the current
lin is held by the capacitor Cl. The wite period is
thus ended. Next, an ON signal Qin this case, a scan
signal of Low |level) which setd’the switch Sw2 in the
selected 10 state is supplied to the scan signal |ine
Scan2 to set the switch Sw2 in the conductive state.

Si ncaurtdeel e gt -t tr SO UrT s W tizge tof thee Thdves kbl ofine
element Dr is set as described above, a current

havi ripa Imosto t9rt  Wemeshidgii tde s & RAGEHLgtive
flows to the organic 15 EL elenent OLED. Accordingly,
the IS%gHi€ eni ssion period starts. Note that the |ight

em ssion period continues unti] an OF ' |, whi

setslthg ﬁﬂi?c%a%%ﬁtoT%oTﬂ%eUW%LT%%?é%£5§%%2§$éyglggntr01
supplie e e the start t it i .
20 T i fort s et T e e e e
the fj [ t in ; L odDi

di sp|%£y5%%§ e bn%f%%?éd%%a{]ﬁli% MEEYiod! 81 thus
enbodifgn, the channel area of the switch Sw a can

be smailer than that of the switch Swb. For 25

exanpl e, thexsw ighes SvgaaandiSwthiseyabayeat beasaskegnal

channel wi dth, and a channel length La of the switch

Swla sRyLdbe Bdeslerwihan sechanmel shengt hSwd bi the dglected
state is supplied to the scan signal line ScanZ 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 Ijn 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



switch SWb. Wth this structure, as described in the
second enbodi nent, the gate potential variation of
the drive control elenment 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 line which coftfols the swi t chi ng
operation of the swtch Sw3 can conmonly be used. 10
FIG 19 is an equivalent circuit diagram show ng
anot hexiexanphebof whehpitkes streuttrahi gh dascbebed in
enpl oyed in the organic EL display according to the
f our t bhenbeddnénemobdihenpr esent g hoepetont 1ah ¥Yagiation of
pi xel circuit shown in FIG 19, the control term na
15 of theedsiwe crostrdl i eledphbcPedced naEesehheshgraty Pe
line Scanla, and the scan signal line Scanlc is
oyitL@HZVeFFQQ-ZO is a tining chart showing an exanple
of the driving nmethod of the orgapic _EL displa '

Senpl oys thé“p??@l%EPFEEi?m HSﬁﬂgP ’FF%.rTguE8r¥ngéﬁ§per
20 As is_apparent from conpariso t F 1
20, PhosSFBant EBL ATEpl AD 1ManN SR cnbrage L he B Al O S
circu S j I - EX bMgNn
the s RatRo0"2d 0836/ rbed Wik refarsnse o be 18"
excepththatahheigwi tehes Swhbrand S48 swhubthangoupkyation
25 performthe switching operation by using the scan
si gnabfl the Seanth. skieneen abswonbythesuesbodi ment,
the sane effect as described with reference to FIGS

1017 49 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. In the
pixel circuit shown in FIG. 19, the control terminal

15 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 display which
employs the pixel circuit shown in FIG. 19 for pixels.

20 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

25 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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and 18 can be obtained. Wien the switches Sw2 and Sw3
are fornmed from T TFTs of different conductivity types,
t he nunber of scan I|ines can further be reduced. 5
FIG 21 is an equivalent circuit diagram show ng

anot her exanple of the pixel circuit which can be

enpl oyed in the organic EL display according to the
fourth enbodi ment of the presentt nvention. In this
exanpl e, the control termnals of the switches Swb 10

and Sw2 are connected to the scan signal |ine Scanl a,
anpl tdhey s gj@lokiugu&fsecScanl ¢ and Scan2 are
omtted. In this exanple, transistors of the sane

conduct i vitttyen ttyipe swetased $e2 tded siwd ches Bwiedngrom TETs
Sw3. As an exanple, p-channel TFTs are used as the

dri veotaht Fistrerst ettt IDF ahdt ¥R sviti Hegniasy £ scan

Sw b, and Sw3, and an n-channel TFT is used as the

swit chings man furthen B nisP<dthrt showing an exanpl e

f the drivi hod of [ [ [ .
oo oys. (ne o S o R A e T gl
i S .apparent ' b
2, i el LR AP B R, S
circuj 0 i ' '
t he §%W%ﬁﬁ§$%dﬂpé£ﬂ%é%% |%§% %&?ﬁﬁ%%'%?é%%@gﬁ%y C?yz%he

excepfmfpa{ ddis M Ehi DY Onertd Qin i sicsiE obh ed 25 this
by supplying the sanme scan signal to the swtches

SW b, e 1@N0k K3 Byt #4651 Nige thEn ST 51 gnal shitehes Swib

Scanl a. nce, even in this exanple, the sane effect

50 and Sw2 are connected to the scan signal line Scanla,
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 SwZ2.

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 in this example, the same effect
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as described with reference to FIGS. 17 to 20 can be
obt ai ned. The fifth enbodi nent of the present

invention will be described next. In the fourth
enbodi nent, the 5 pixel PX enploys a current driving
type pixel circuit. 1In the fifth enbodi nent, a pixe

PX enpl oys a voltage driving type pixel circuit.

Except for this point, the fif ﬁ enbodi ment is the

same as the fourth enbodinent. FIG 23 is an

equi val ent circuit diagramshowing 10 an exanple of a

pi xelazidesd i ohi Can: o eemptoyer BAGS anl briam ¢ ®@&n be
di splay according to the fifth enbodi ment of the
presevRtaimesht i on. The pixel PX includes an organic EL

el ement OLED, a drive control elenent Dr,

ad, a capa%¢?ofiﬁﬁ? %P%Q@%%%nbr%ﬁpt%%KP@§§?€?ﬁg 9%§Efén will
o v of owi tohes ] .
Svi t CZ %&%%ﬂ%ﬂ%ﬁ%ﬁ&y oh 3 S ST e By 1%
rou t ' . : .
o o R atieo i AR AU A e igh Freuic
el emepy tgezl_FJ?i’\fEl'?r@?oo%f\ir@en@,M D, p B0 IR, @29 ANvoltage

n- channe T is used as the switch Sw3. The drive

controki ¢l pdpisi tehr QWP . amekcasgande Hhis point, the
el ement COL are connected in this order in series

bet weenf @h Penssd Skt Vi d i thiee \Elshangs acpowesu ristipahlyodiment .
line Vss. 25 The capacitor Cl is connected between the
power supplg. |2®eiddan anguthelgat ecascthe dbagrah showing
termnal of the drive control element Dr. 51
an example of a pixel circuit which can be employed by
an organic EL display according to the fifth 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 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 TFT 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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The switches SwWia and SWb are connected in series
bet ween the control termnal of the drive contro
elenent Dr and the term nal of the drive contro
elenment Dr, which is connected to the switch 5 M The
control termnal of the switch Swia is directly

connected to a scan signal line Scanlb. On the other
hand, the control termnal of thed switch Swb is
connected to a scan signal |ine Scanlc. The contro

termnal of the switch Sw2 is 10 connected to a scan
signal |inehScanm2tcide SWiéchndwBwiindacapeaennecte? ane
connected in series between a video signal |ine Data
and t$1eri:©$1tb@twee@rtﬁma@mmhet%lmi«féago%f rore e ehént
Dr. The control termnal of the switch SW3 is
conne@@@@r@b aleeemt 1Br stpMathe i Fermeddt 08 Vieh ¢heve

| PX h
A Cuefj%%ng?a T PTHRE T WAL SR £ NN Sl B SV ten
su d |

o dooSel onaf e [ reh EETL T €80al 4B *%%‘QZ%W%#@Q%@%EEG

disP'%%r%c Qogggég é? a Q&%@L? %ﬁgylilégo@@ah@b

FI G he pi xel's a su te 2, scan signa

l'neSO§C@HéaoE9e§CﬁQﬁ& end S6APZo1VideRi shUnat theeswitch
Data, power supply Iine Vdd, switches Swa, Sw b,

SW2, 8Rth SV, c8hh¥etaq @@nér§baﬁ|§ﬂ§ﬂ&5 Dineapdanic.
capacitors C and C2 form an active matrix substrate.

This activenaatbhxrosubstmathelcaf ahsoswhckbd8wa $ean
signal line driver 52
connected to a scan signal line ScanZ2.

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, scan 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
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YDR and the video signal line driver XDR This active
matri x substrate can also include one el ectrode of

each organic EL el enment 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 display which

enpl oys the pixel circuit shown ?h FIG 23 for pi xel s.
During the wite period, first, an ON signal which 10
sets the switches SwWa, Swb, and Sw3 in a selected '
st at eyDB anppthedvidem thenstahisegdal verngD8ri vEhiyDRCt1ve
to the scan signal lines Scanla to Scanic connected

to thmapixel sPXstoabe sehesied. inaluddi phenclaatopfe of
signal which sets the switch Sw2 in an unsel ected

st at ec25hj srgappri 4 ?éeﬁﬁéts@éﬁDS|gnal | i ne Scan2

connected to the pixel the_swi tch

SW2 is setTPﬁ dFﬁngSn@Sﬁgﬁ g gg%agﬁa F% display 1
smntcheﬁ a Sw b and §m6 are set in the

5condultivePst 3EECTFRePhi'§*State, the potential of the

vi deo sign 2Q ,l i.ne o t
vol t age Vrg?Gb thé% Dgéglgﬁ %%%rk|ﬁgog§§§eﬁa %&%bple of

S'ncethged§W%Hﬁ§eﬁe§W%@ o@nghéwbggghﬁc'@LtBQsplay which

conductive stat the potenti al i fference

(gat exk@1804r eReVplikageribetmeeranbhe RaVWETG.sapplfyr pixels.
line Vdd and the control termnal of the drive 25

control el @@AhgDrHes witt-et @ea ibly, eshalsd ,valnt aye s\iglmal which

of the drive control elenent Dr. After that, an OFF

si gnakewsi thesetwd tthess®iwileh 581b, and Sw3 in a selected
state is supplied from the scan signal line driver
YDR to the scan signal lines Scanla to 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 Vygt 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 Vip
of the drive control element Dr.

After that, an OFF signal which sets the switch
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Swa in the unselected state is supplied to the scan
signal line Scanlb. Next, an OFF signal which sets
the switch SWb 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 |ine

driver XDR to the video signalﬁ% ne Data. For

exanple, if the electrostatic capacitances of the
capacitors G and C2 equal each 10 other, the gate
potendwBd Df tihe aisobecond rotatd enentupdtiedriestifie opran
the threshold voltage Vth by an anobunt equal to the
changei gmalint ifie oframb . t Nakn, NexQFBrs GRRa ki ghaeh sets
which sets the switch SW3 in the unselected state is_ .
suppl tleel swoitdle Sehn B0 ghee uq§ﬁ1¢¢kﬁ@m%%@%@tb5s%%p?héed to
switch SwW3 in the nonconductive stat

Si nul tamevtat ys 1 @ha DN 5pgnaFamhe che o3t6 the SEhFERpSWID in
Sw2 |n t he sele%ted state IS supplied to the scan

si gnatn? i PRNERBACE LSt ¥R switch Sw2 in the

conductlve SE%%ﬁP Fggreghg gﬁéesignggug yglgagslggd

20 the drlv% set as"descr
abover ?ﬁeEHér§D ega¥iﬁ9a§ RGRI & e ok hRSPONEhATvE Qeo

t he rence between Vrst and Vin flows to the

organég A1 el 88eptc OLEDroAceadpng) yiftbigel éUbttrostatic
en1SS|on period starts. Note that the |ight em ssion

peri ogdagonl t aNess 26f uphél capechextsweit engeC? oelqual each

starts. As is apparent fromthe above description,

al so othethi shenpadénpotent hel safretieéfecivascontrag element

fIrStDS4varies from the threshold voltage Vyp by an amount
equal to the change amount from Vygt to Vip.

Nexz, 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 having a magnitude corresponding to the
difference between V,g¢ and Vi, 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 is apparent from the above description, also

in this embodiment, the same effect as in the first
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enbodi nent can be obtained, and a very high display
gquality can be inplenented. FIG 25 is a sectiona

view schematically showi 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 elenment Dr, and organic 4EL el ement OLED of

the organic EL display DP. The organic EL panel DP
includes the optically 10 transparent insulating
substerated iheuch-as @ giassinslibstirdate. vaighti @mdislay
fromthe organic EL element COLED is extracted outside

t he orumhity Rlapdrel imPendiitryh, e.g., the optically
transparent insulating substrate 2. 15 Patterned

seni conduck &7 - 14y eks %I%E%F¥%m@%dV%ﬁW FHReTHsIF AL+ hgshowing

substrate 2. These sem conduct or ers .are
pol ystT | ARk e s .2 mt%é%wgeem%ﬂ)ét&%rb %}‘é‘?elo%f%% in

sourc 50a and.

f T f
bei ng- ¥p &ttt Hisar f‘ﬂ%fl? o (:ecg%% qgﬁre tcr]rLe regl o QoRttth
betvve d;g&fm Q#‘ ce pa aigi g‘ a'SO% (frlﬂedhlch crosses
or anne

semi con ayer 15’ use The gate
i nsul@gtd ng, { ﬂéﬂnfﬁglaf'cﬁlﬁv&m@ﬁdﬁleelé}@ér{@r% a¥d organic

i nsul ating f|In154 are sequentially forned 25 on the
sem condicddnd ayern JhecHd retgLonduct i vespldy e, | s

used as the gate G of the TFT, the first electrode of

t he capacitios €dgathe BLapaséynab lnoksd®S the optically
transparent insulating substrate 2 such as a glass
substrate. Light emitted from the organic EL element
OLED is 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
drain 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
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Scanl and Scan2, and interconnections which connect

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 wused as the source el ectrode S,
drain el ectrode D, the second el®ctrode of the

capacitor O, the video signal |ine Data, and

i nt erconnections whi ch connect these 10 conponents.

The sgpdace &heécscade, Ssatndidrarnoehect iode wibDia@heconnect
connected to the source 50a and drain 50b of the TFT,
respethevel gompomeths oughhtiolesutatied fhlmhed is used as an
insulating filnms 52 and 54. A passivation film 56 and

an anbueeBRapert@belscorganftlELarfehatdEeEEcRFec Layer of
sequentially formed on the second conductive pattern

and i hBal @2PAGIEPFNrE4. The anode 62 is connected to

the drain D of the switch Sw2 via a through h

fornmed in Fhéeﬁ8§§iQSPPBﬁtFVanéégerpnl?hﬁgr@§ n§Pthe

an optically.transparent c u 0 T. :
(Il She T AL aET P S ea 08 Fraond, aPitipotEye (Rartern 1o

anode 624 AQ EE?F%?%%QQT%§¥SEré§ei§,fQEQ?Q 8NethBode D, the

passi va- tion e insulating | ayer 58 has a

through.ohQ! g18L+Rc89SbEi PRCOLHEEREREI 0T, t hkN@ideo signal
central portion 25 of the anode 62. The insul ating

| ayer 1 98ei Bat8, JandaintkhebgABEEibASUNVALERYcbAyert these

having a |yophilic effect. An insulating layer 60 is

f or redompohbetsnsulrati sgubbe electrode S and drain electrode
D are connected to the source 50a and drain 50b of the
TFT, 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 is 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
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| ayer 58. The insulating |ayer 60 has a through hole
having a dianeter |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 nultilayered body of the

insulating |ayer 58 and insul ati | ayer 60 form a
partition insulating | ayer having a through hole at a
position corresponding to the anode 62. 10 A buffer

| ayerl@&@mnet a |Thyhtiesntating | byeer 60 ae a through hole
sequentially formed on the anode 62 exposed in the .

t hr oUWV Hf & | i APRE Parka 19on eyl dtdthglt ayfes . insthlating
buffer |ayer 63 serves to nediate hole injection from
the arbR 628 13 thP T gt TSP I 64 e 1rntral

light-emitting | ayer 64 is thin filmcaontaining a

o ST Pt b vt h BT gL DR ohf

green,_or_»b ue.rﬁcgp(yode 66 i forngp on the
in

parti Son ihsulEt | lacyelrnsaun ]inggnt -aeyrﬁ]itt}an‘@lrf%yaerllquld

04 i el &et rofe. 0 compm e Al elsoaTie: cre

cathode 66 Iis connected to the pover supp

thr Otﬁgstala:@ﬂt?Cﬁag}é@A &8 (v shaymic frof med,d M ddeform &
m a

passi vation fi nd partition insulating |ayer.

As t heacattioge G6ufarirexample; mwiid id aeradgibadyle at
including a main 25 conductive | ayer containing barium
or the dadde iond @ rypragestinege wonductanedd agr

containing alumnumor the |ike is used. Each organic
EL el enment2 @EFenclaes &Y and a light-emitting layer 64

are sequentially formed on the anode 62 exposed in

the through hole in the 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
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t he anode 62, buffer layer 63, light-emtting |ayer
64, and cathode 66. The |ight emtted by the
light-emtting |ayer 64 may 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

nodi fications will readily occtt’ to those skilled in
the art. Therefore, the invention in its broader
aspects is not limted 10 to the specific details and
repr esentatode @hbdoi et slawshows andi gesomieding layer 64,
herein. Accordingly, various nodifications nay be
nadeamdrﬂﬁﬁhQﬁﬁnﬁging fromthe spirit or scope of

t he general inventive concept as defi ned

. ( by th
appended cTBF nbLaihe TEF roRau vatent SSNBEERE IS G Mger 64
1. An act] tr] i ¢ EL djspl i si ng:
dr | vTOrRT T F R B W Tt e & 175 ste taode 66" to

termnal connected-tq a first. qwer  su plyp teryingl, g a.
contrg etoeurtfﬁlncg ,Ofant @ Setond ter mha E|"ch out pthss ases

a drimi t Vi | JIRg; 'gﬂgﬁ, gﬁponding to
a vo!%ﬂa@gg: gei(gl\%gen6 ﬂlfsé Pclgpr%f_ter i na gndgt e control
termnal; Afqf: £ERALT I @Fa M &8s Nasy oGy eF B4 € D8I8s will
connected to the control termnal and can mai ntain

the vwaliage, detweed theodd rstilesdinalciencaithe Therefore,
control termnal constant;
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 scope of the general inventive concept as

defined by the appended claims and their equivalents.
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an organic EL el ement which is connected between 15
the second term nal and a second power supply
termnal; and a plurality of first switches which are
connected in series between the second term nal and
the control termnal. 20 2. A display according to
claiml1l, wherein, of said plurality of first switches
connected in series, the first ¥witch |located at an
end on a side of the control termnal is configured
to cause switching froma conductive state to a
nonconductive state in 25 accbrdance sith a change in
magni tude of a scan signal earlier than the remaining
first switth., Bn Acdiselmytatcovdiaylc ot display
wherein 59 control termnals of said plurality of
firstcowitihesg: are connected to a single scan signa
input termnal. 4. A display according to claim

wher ei n sa@ddrpV%r@@m¥9nge¥$$%@ts%ﬁ%%%e%n%}%d??e?dflrSt

effect tran 5 sistors of the sane conducti vit
and(ﬁeEQﬂQPlrﬁ?ﬁ%ﬁ???go?of?r 1S RThES %%ﬂ%%% %@rmlnal

Cont ro{ TR RP hal S RFHL nak S T iSSP o YA UC” Godper” UCPuES

than 1hat, &qn%hgurfgﬁg'ﬁé@ﬂg%'ésﬁaéﬁiﬁﬁﬁé é&&é%sﬁbndlng to

di splay according to claim wherein said plurality
of firsf,smhichescpeentintdretiecterhi s s4Qr6hofcoherol

same conductivity type, and of said plurality of
firstesmwhighes connected in series,
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.

2. A display according to claim 1, 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 remaining first switch.

3. A display according to claim 2, wherein



the first swtch |ocated at the end on the control 15
term nal side has a channel length | onger than that

of the remaining first switch. 6. A display according

to claim1, further conprises a delay elenent which

del ays and outputs an input signal, 20 wherein, of

said plurality of first swtches, . a control term na

of the first switch | ocated at end on a side of

the control termnal of the drive control elenent is
directly connected to a scan signal input termna

and acoontoblteenimabs of sded rehefal Hgy foF st1ost switches
switch is connected to the scan signal input term na

t hr ouagte t¢renmiet gd et @nengingle Asﬁ%ﬁla@n%ﬁcb?%?% fegninal.
claim6, wherein the 60 del ay el enent 5e3|st ve

el ement. 84- A\@l%b?@}aéc%%?ﬂgﬁbngotgl%#ﬁ%@ ahdPefpin said

the resistjve ele

d:spl%%/u%%%bwjl?m b%t asufelRidor be e PREE £ H s rdh-
el enent
6, Wh%+%¢%r?he dgve saTepﬁgﬁégééyvfg gEg§€9 £Rdc$§'§éld

énent co rst di ode

a”d }f&fé’{‘ %90'& whi ch, %&Q”@@&ﬁé&é@ pargblels, the

orward® direction o e first diode is reverse

to th?lrQE dPi tbe 5669P84dipdene 1dnd Aol sREaY¥ontrol terminal
according to claim2, further conprises a first scan

si gnakid@pwdsterohpakhand valsecoadpscanhsnhghadtiaputhe
term nal

remaining first switch.

5. A display according to claim 3, wherein
said plurality of first switches are field effect
transistors of the same conductivity type, and of
said plurality of first switches connected 1in 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.

6. A display according to claim 1, further
comprises a delay element which delays and outputs
an ieput 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 remaining first
switch is connected to the scan signal input terminal
through the delay element.

7. A display according to claim 6, wherein the
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wherein, of said plurality of first swtches, the 15
first swtch |ocated at an end on a side of the
control termnal is connected to the first scan
signal input termnal, the remaining first switch is
connected to the second scan signal input term nal,
and the first switch |ocated at_the end on the
control ternminal side 20 has a &annel area smaller
than that of the remaining first switch. 12. An
active matrix organic EL display conprising: a drive
cont rax 1 & emeentemihi Th a nod sidesive fekewen25 term na
connected to a first power supply termnal,_a contro
termnal, @&nd & dbephaytaeadndalnghienchbaipuls Wherein the
driving current having a magnitude corresponding to 61

. . g (
a vol Ta%es betsweekeiert 115 st RS hat CahdPIheTont r ol
term nal ; 8 ca a&ito; whi ch hﬁf one elfctro e ‘n th
connect ed 9t o & hd  SBhEY of CERF AT RAI QNG EHR Ahi BESFRLD the
the voltage .5 between_the first term nal and the
contr%ﬁf? r%%%% néc%%s?d% Qé%h organi ¢ EL el enent

whi ch is C9@peCAe€iQ§1 €8¢ 5P§i§8098dcigiﬁi@a!wﬁggeﬁn
second power supply ter na?; an 10 a pluraflty of

firstyswidehes Whigh,ar&omorness egd Firserdesddeingen second
the second termnal and the control termnal, said
plurahidye ofnfén sdreveéehestbei ng paedtlel, and a forward
direction of the first diode is reverse to that of
the second diode.
11. A display according to claim 2, further
comprises a first scan signal input terminal and
a second scan signal input terminal,
wherein, of said plurality of first switches, the
first switch located at an end on a side of the control
terminal is connected to the first scan signal input
terminal, the remaining first switch is connected to
the second 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.
12. 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
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effect transistors of the sanme conductivity type and

15 having gates connected to a single scan signa

input termnal, and of said plurality of first

switches connected in series, the first switch

| ocated at an end on a side of the control term na
having a threshold value deeper_than that of the

remai ning first switch. 20 13. @1display according to
claim12, wherein, of said plurality of first

swi tches connected in series, the first switch

| ocatedvaltddre mrdvemm ttee chntstol tetreima hadndi e apentrol
the remaining first switch have a threshold val ue

di f f ererreenavhi ch falls within a range 25 of 0.1V to
0.8V. 14. An active matrix organi c EL di spl y

conpri si ngd %QP%CHF@VeW%b%$r%@se?%%e%%eﬁﬁfﬁﬁ i peragesed

a first termnal connected to first power s I 1t

t er mi Falthe eyntrot terminat |2 (ﬁacaan s%%‘grh%ﬂ%r%?%a oitage
whi t put i Vi t ' j t ;

vor T et hornd Pt e AIAET o NEURg o) (HEnina)

term the control termnal; a capacitor which
has one elecitrode connected to the control term na

and can meiAtalpathe ¥plLagRenbeiMesn thecbhhrstted between
term nal and the control termn nal 10 constant:; an

or gani ge Ebe €bgirend rivbh £ 4154 consecded beveeesupphe terminal;
second term nal and a second power supply term nal
and and
a plurality of first switches which are connected
in series between the second terminal and the control
terminal,
said 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 said 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.
13. A display according to claim 12, 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.

14. An active matrix organic EL display

comprising:
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a plurality of first switches which are connected 15

in series between the second termnal and the contro
termnal, said plurality of first switches being field
effect transistors of the same conductivity type and
havi ng gates connected to a single scan signal input

20 termnal, and of said plurali of first switches
connected in series, the first itch | ocated at an

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

l ength | onger than that of the remaining first swtch.
15. A di sphayraceordihygol oebément 14highete¢ hudes a2birst
said plurality of first sw tches connected in_series,
the fiesrinah tednnermedata ther Bhd O f helRdhy rgprminal,

term nal side has a channel |ength which fall ifhin

63 a ¥ arRtePl L3rRinalo 33hed %%?n%ft?ﬂ%l?%fm%Jr%% outputs
first witch. 16. An qgtiye mat ri x org nic EL dis éa% c
conmpri STV Y LU TG ORI TRY 21 RHERE \/\%i3 chOTherkides a? -°
first er.m nal n t t o, [ r

term %a??hg;(g%n}%e?% &fergr%g%afl,?%%d{éaf%‘grg%ﬁdar?g%%a?ontrol

whi ch. ot 1, a driving current having a nmagnitude
corresponding to a voltage between the first term na

and the coptr@badPcberwhah; has Capacti ot wbiehcbaseeved
el ectrode connected to the control term nal and can

mai nt @b nchdecywt tayer e bet neeraidiecdn red it es ih nahe andltage
the control term nal

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,

said 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 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.

15. A display according to claim 14, 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
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constant; 15 an organic EL el enent which is connected
between the second term nal and a second power supply
termnal; a plurality of first switches which are
connected in series between the second term nal and
the control termmnal; 20 a first scan signal term na
which is connected to, of said plurality of first
switches, a control terminal of3the first swtch

| ocated at an end on a side of the control term nal;
and a second scan signal term nal which is connected
25 t@ aaud rad 1.eF mical . ofties rgvet mhg e rsdmasivi irogh first
of said plurality of first switches, said plurality
of figwittawi tches being field 64 effect transistors of
the sane conductivity type, and of said pluraljity of
first sw tkhes Aomeeterl natroereedanihids i 4IPS t ch
| ocated at, the end on the <control term nal side

havi P charitel area smaller 5 than that of the

Compr i si gt SEHFS VESTORT o et B T e B o
first [ N 0 c to a fj JRYAS.
ter m'tnea : r{aglc?notnr%o%&teee% %dona ,ﬂanéd{ ?Osecon&l%%élr%tnea minal,

whi chy, Ut i 1 Vi GUrd&mndavd Mg i Mg dld®ut put s

corresponding to a voltage between the first termna
and theywantdPlcud@de nalviangd s hoildh heid e shiding to

second power supply term nal through an organic EL
el ementyoltage 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;

a plurality of first switches which are connected
in series between the second terminal and the control
terminal;

a first scan signal terminal which is connected
to, of said 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 1s connected
to a control terminal of the remaining first switch of
said plurality of first switches,

said plurality of first switches being field
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a capacitor which has one el ectrode connected 15 to
the control termnal and can naintain the voltage
between the first termnal and the control term na
constant; and a plurality of swi tches which are
connected in series between the second term nal and
the control 20 term nal

64

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.

17. 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
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 capacitcor 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.



