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1. SO4P061.0 DESCRIPTION PI XEL CI RCU T, DI SPLAY

DEVI CE, AND METHOD OF DRIVING PIXEL CIRCU T 5

TECHNI CAL FI ELD The present jinvention relates to a 04P0610
pi xel circuit having an el ectro-optic el enent mﬁtﬁ '
| um nance controlled by a current value in an organic
EL (el ectrol um nescence) 10 display etc., an inmage

di spl ay device conprised of such pixel circuits

arrayed in a matrix, iRRgs g a so- called active
matri x type inmage dlsplay evice controlled in value

of current flowing through the electro-optic elenents
by insulating gate type field effect transistors 15

Vi [ | rcyjt a._met hod of
g S oA S S H@I%Acfeﬁaoyﬁa% e, B i e
di spl ay device, for exa liquid crystal
di splay, a | arge nunber F ﬁV&EIs are arranged in a
20 matrix and the light intensity is controlled for
every pixel in accordance with the inmage information
to be | ayed so as to display an i nage. This sane
is t'?’iﬁf“‘f%? Alg F1gdhni ¢ EL display etc. An organic EL
display is a so-called self-light emtting type 25
di spihey Iredent ddveptlanitelake sl tnentpixekacheqiixel
2 SUAPG610
having an electro-optic element with a luminance controlled

by a current value in an organic EL (electroluminescence)
display etc., an image display device comprised of such
pixel circuits arrayed in a matrix, in particular a so-
called active matrix type image display device controlled
in value of current flowing through the electro-optic
elements by insulating gate type fleld effect transistors
provided inside the pixel circults, and a method of driving
a plxel circuit.

BACKGROUND ART

In an image display device, for example, a liquid
crystal display, a large number of pixels are arranged in a
matrix and the light intensity i1s controlled for every
plxel in accordance with the image information to be
displayed so as to display an image.

This same i1s true for an organic EL display etc. An
organlc EL display 1s a so-called self-light emitting type

display having a light emitting element in each pixel
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circuit and has the advantages that the viewability of
the image is higher in conparison with a liquid

crystal display, a backlighty is unnecessary, the gg4ro610
response speed is high, etc. 5 Further, it greatly
differs froma liquid crystal display etc. in the

point that the gradations of the color generation are
obtai ned by controlling the |um nance of each |ight

ci%ﬁh&%'Qﬁaehﬁge@heb&dbﬁﬁtﬁakgetﬂfttQ%ep%&%%%biﬂﬂﬁdeHJthe
hrough the |ight emtting elenent, t I's, each

hat
1m5§9h&se gb&%géﬁ' gﬁri§oﬁ GUECR 1§ 3&&%9Qr§%t%ﬁpe

or gani in the same ma Fiqu

o] B, DR R R0 1.
ni hnp ¢ structure it has the problemthat realization
8 §rge 15 sized and high definition display is

dlffICU|t For this reason, much effort is hein

devof elt F%rde%Elgﬁﬁﬁﬁ%YoﬁifﬁérSaEFPWeanﬁﬁﬁP%ds§§g§ﬁF&f
controlling the current f|OMAng throg&éﬁ;he llgﬁ
diéﬁF?Y|ﬁ&celéﬁeﬁpelﬁ§ﬁﬁ§ ek SheeisTad; ns |0f e color
active elenment provided inside the pixel 20 circuit,
gegeratippyarg vhtalppdnbyi centraddiisgoithe Ruginpnce &F
bl ock di agram of the configuration of a genera
eaghgdhgbtEemditsphgy edemend. b¥hitbedivegiugy ofethee chnrent
as shown in FIG 1, a pixel array portion 2 conprised
flowippgxehrougbuithe (RPY¥h€) eddtt2bgarlanmged i rthat mhsx reach
matrix, a horizontal selector (HSEL) 3 S04P0610
light emitting element 1s a current controlled type.

An organic EL display, in the same way as a liquid
crystal display, may be driven by a simple matrix and an
active matrix system. While the former has a simple
structure, it has the problem that realization of a large
sized and high definition display 1s dlffilcult. For this
reason, much effort is being devoted to development of the
active matrix system of controlling the current flowing
through the light emiltting element inside each pixel
circuit by an active element provided inside the pixel
circuit, generally, a TFT (thin film transistor).

FIG. 1 is a block diagram of the configuration of a
general organic EL display device.

This display device 1 has, as shown 1n FIG. 1, a

pixel array portion 2 comprised of pixel circuits (PXLC) 2a

arranged in an m x n matrix, a horizontal selector (HSEL)
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3, awite scanner (WSCN) 4, data lines DIL1 to DTLn

sel ected by the horizontal selector 3 and supplied

with a data signal in accordance with the | um nan
information, and scanning Plnes W5SL1 to WALm H04P0610
selectively driven by the 5 wite scanner 4. Note that
the horizontal selector 3 and the wite scanner 4 are
soneti nmes formed around the pixels by NCSICS etc.

| I
3. PHC R L RETBCARBONENG' 3, AR aDhunE8) prEh Seo? dhidal

"circuit dlagran1of an éxaripl e of i on
t, 2 f FI t f I
sefbRel BE i Bl egn, Serackorl ) Shal, bl sk PTenc
P tent Kok .
4337526381718 Bredr o uﬁ‘gng Eha ?Oﬁﬁﬁaéion
circuit 15 _configuration annn the | arge nunber

of
ang; 55888408 Mdbets Wokid tos Waldp EAFFE&V - QFAVERs gy the
drive type circuit. The pixel circuit 2a of FIG 2 has

wWrhte. SRARRAEK fhin film FET (hereinafter, referred to
as TFT) 11 and TFT 12, a capacitor Cl1, and a |ight
em tNehy Ehekehhechbasikpptad Bylootan drgadi EhelLwrite
element (OLED) 13. Further, in FIG 2, DIL indicates
scangara4| ame, samdg t\Besi figiroede argupdathengikieds byAMOSICs
organic EL el enent has a rectification property in
etounyheas€srmed sanpbilyesyssaldfieer sdltlooas an OLED
(organic light emtting diode). The synbol of a diode
IS uBk€. ag thea Abrtught aeagrhinngfehanmerampheFb® the
and the other figures, but 4 S04P0610
configuration of a pixel cilrcult 2a of FIG. 1 (refer to for
example U.S5. Patent No. 5,684,365 and Patent Publication 2:
Japanese Unexamined Patent Publication (Kokal) No. 8-
234683).

The pixel circult of FIG. 2 has the simplest circult
configuration among the large number of proposed cilircuilts
and is a so-called two-transistor drive type circult.

The pixel clrcult 2a of FIG. 2 has a p-channel thin
film FEFT (herelnafter, referred to as TFT) 11 and TFT 12, a
capacitor Cll, and a light emltting element constituted by
an organlc EL element (OLED) 13. Further, in FIG. 2, DTL
indicates a data line, and WSL indlcates a scanning line,

An organic EL element has a rectification property in
many cases, so sometimes 1s referred to as an OLED (organic

light emitting diode). The symbol of a dliode is used as the

light emitting element in FIG. 2 and the other filgures, but
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a rectification property is not always required for an
CLED in the follow ng explanation. In the pixe
circuit 2a of FIG 2, a source of the TFT 11 is 04P0610
connected to a power source potential VCC, and a §
cathode of the light emtting elenment 13 is connected
to a ground potential GND. The operation of the pixe
circuit 2a of FIG 2 is as folloms <Step ST1>: When
the ne_ W5 a,selected state
= FrEsEFE0ar e b OnRhts ToiRet AP arcgyiE Y Lot an OLED
S i ne DTL the TFT 12 becones
1ncgﬁ§u ?$8W1Pﬂeex83633%}8P “Cl1l is charged or
dischartql%I and_t he gate gotentlal of the TFT 11
becotRstRR R Exe LFEROE D22 185 \iLHE- t he 2cEARTRG PEnkRe

WEL i s made a non-sel ected state (high |evel here),
TFThéldafacrrReched ﬁﬁdatE@W¢FTsTErcﬁrE°§P€§ﬂﬁﬂcgppy and a
separated, but the gate potential of the TFT 11 is
cahbpdespfbthebyight emphtingr eCementSigpisTgonnegtEdeto a
current flowing through the TFT 11 and the |i ght
greundt pangertdadnGNDR3 Bheonpsratiaghuefi thacpdregdncdreuily 2a
a gate-source voltage Vgs of the TFT 11, while the
of | Fot 2eist asnfokllewsnt 13 is continuously emtting
light wwth a |um nance in accordance with the current
val uestepd #B13h the above step ST1, the operation of
selecting 5 S04P0610

When the scanning line WSL is made a selected state
(low level here) and a wrlte potential Vdata is supplied to
the data line DTL, the TFT 12 becomes conductive, the
capaclitor Cl1 1s charged or discharged, and the gate
potentlial of the TFT 11 becomes Vdata.

<Step ST2>:

When the scanning line WSL 1s made a non-selected
state (high level here), the data line DTL and the TFT 11
are electrically separated, but the gate potential of the
TFT 11 is held stably by the capacitor Cll.

<Step ST3>:

The current flowing through the TFT 11 and the light
emltting element 13 becomes a value 1in accordance with a
gate-source voltage Vgs of the TFT 11, while the light
emitting element 13 1s continuously emitting light with a

luminance I1n accordance with the current value.

As in the above step STLl, the operation of selecting
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the scanning Iine WL and transmitting the | um nance
information given to the data |line to the inside of a
pixel wll be referred to gs "witing" below As
expl ai ned above, in the pixgl circuit 2a of FIG SSQQ%M1O
if once the Vdata is witten, the light emtting
el ement 13 continues to emt light with a constant
Iuninance in the period up to the next rewite
erati ex bove, .in, the ircuit

enghSedoh iy SEa S isE IR0 ERgnsbat Fondyohe apun Pkt

drlve transi stor 10 constituted by the TFT 11,

ingarnatient givenr tanthe| daFaglingr Ba ghbehéngide ‘éﬁeﬁt pixel
13 is controlled. At this tine, the source of the

wipl chankefesredetotaansysibings kehneeted to the power
source potential Vcc, so this TFT 11 is always
operss i explalned aahaves edin eghorpinsl fetoew highy , of tFIG.
becones a constant current source having a val ue

2, shbwncea the Voitawsgwehtbeénontiie Light emitting element
1/ 2" p(WL)Cox(Vgs-IVvthl )2 (1) Here, p indicates the

13nentibyesfta eniti EighConithndi caheBaatght@inance in the
capaci tance per unit area, Windicates a 20 gate

pei 6d hup Lt b Neh€ at &t argateréeogehatdsdl. Vi h i ndi cates
the threshold value of the TFT 11. In a sinple matrix

typend nager Lisdd absley] cth eR€lpiképhbieduit i 29, by
el ement emts |ight onIy at a selected instant, ile

chaflg filg 28t ¥ €e n?;%ﬁifca@foﬁ"%i"t&?é SPOEHe 3§1€é09r5bgh§tor

emtting ele continues emtting |gt even
co&%%&%ﬁ%éh by the TFT 11, the walue of the current flowing
through the EL element 13 is controlled.

At this time, the source of the p-channel drive
transistor i1s connected to the power source potential Vcco,
so this TFT 11 is always operating in a saturated regilon.
Accordingly, it becomes a constant current source having a
value shown 1in the followlng equation 1.

Ids = 1/2'p{W/L)Cox(Vgs-|Vth|)? (1)

Here, p lndicates the mobllity of a carrier, Cox
indicates a gate capaclitance per unit area, W 1lndicates a
gate width, L indilicates a gate length, and Vth 1lndicates
the threshold value of the TFT 11.

In a simple matrix type image display device, each
light emitting element emits light only at a selected

instant, while in an active matrix, as explained above,

each light emitting element continues emitting light even
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after the end of the wite operation. Therefore, it

becones advantageous in especially a |large sized and

high definition display in the point that the peak

| um nance and peak current Sof each i ght enittingSOMKM10

el ement can belowered 5 in conparison wth a sinple

matrix. FIG 3 is a view of the change along with

el apse of the current-voltage (I-V) characteristic of

n_organi c  EL t he curve shown
af e B 851 fi6 ThRaMChtes CPRELaRactBPFEEPEer Nt nEobones

initial state, while 10 the_curve shown by the broken
adVPH§aHﬁ8PEa?@seFH%°1éﬁéVaétéPFQFlEiéﬁﬂeﬁnéhﬁﬁgé with

el apse. In general, the |I-V characteristic of an
deﬁigéﬁ#enEﬁiSEﬂéﬁeﬁﬂ thesrapndetBatorhei rgakl dnglapphe and

el apse as shown in FIG 3. 15 However, since the
pe@hocﬂraﬂstspﬁreaphvéisystemﬂ@tingléie@ehs gavohsilanered

current drive system a constant current is
incoarpavbashywsthphi sdmpdet metoigani c EL el enent as

expl ai ned above. Even if the |-V characteristic of the

or gahiG. Bk £ careniewled£rile atkkangé hel bnigi whtlkce Ddpsdcof

20 emtted light wll not change along with el apse.
thdheupr¥ft-¢bLedygt 28-0) Ehéradtbgisenprosednobrpanic EL

channel TFTs, but if it were possible to configure it

c1bMeh®: £happel 3 FTehei bupod! gnB@nPBySthkesbeidse1an
anor phous silicon (a-Si) process in the past in the

ind@bhieat 98 hafactbeidEls 1Ihtﬁe“@Hh@1§ﬂaQ%Sté while
reduction in the cost of TFT 7 S04P06

the curve shown by the breoken line indicates the
characteristic after change wilith elapse.

In general, the I-V characteristic of an organic EL
element ends up deterlorating along with elapse as shown in
FIG. 3.

However, since the two-transistor drive system of
FIG. 2 1s a constant current drive system, a constant
current 1s continuously suppllied to the organic EL element
as explained above. Even 1f the I-V characteristic of the
organic EL element deteriorates, the lumlnance of the
emitted light will not change along with elapse.

The pilxel clrcult 2a of FIG. 2 is comprised of p-
channel TFTs, but 1f it were possible to configure 1t by n-
channel TFTs, 1t would be possible to use an amorphous
silicon (a-Si) process in the past in the fabrication of

the TFTs. This would enable a reduction in the cost of TFT
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boards. Next, consider a pixel circuit replacing the
transistors wwth n-channel TFTs. FIG 4 is a circuit
di agram of a pixel circuit % repl aci ng the p-chann 04POG10
TFTs of the circuit of FIG '2 with n-channel TFTs.” "
The pixel circuit 2b of FIG 4 has an n-channel TFT
21 and TFT 22, a capacitor C21, and a light emtting
el enent constituted by an organic EL el enent (OLED)
b 23.. 10 Further, in FIG 4, DIL indicates a data line,
°8%4°WEL indicates a scanning line. In the pixe
circuit 2b, the drain side of the drive transjstor
constie¥ht e8OBGLERE FF1B¢L; SirgRhEcTeRla6IREet M Boner
source potential Vcc, and the source is connected to
tragsifEogfod tBf nrFBaBRGANTETEL |ight enitting el enent
23, whereby a source-follower circuit is fornmed. FIG
5 i sFEGvi éwlef at hbropbtadingrpyi af af paxegli gdrocult
transi stor constituted by the TFT 21 and an EL el enent
replacilngt hbei pirthahnelaf®Ts| ofFitBe &lrrihdtabscFISa 2 with
i ndi cates the 20 drain-source voltage Vds of the TFT
n-2hannkill ®Free ordi nate indicates the drain-source
current Ids. As shown in FIG 5, the source voltage is
det erhe nptixe byciheuopernt bAJFPGL N4 hhst BA drtkeénnel TFT
transistor constituted by the TFT 21 and the EL |ight
21€@hlt TR ebemantagdcitbe 221vobhaga digher eniftialgue
dependi ng on the gate voltage. 8 SO4P(610
element constituted by an organic EL element (OLED) 23.

Further, in FIG. 4, DTL 1ndicates a data line, and WSL
indicates a scanning line.

In the pixel circuilt 2b, the drain side of the drive
transistor constituted by the TFT 21 1s connected to the
power source potentlial Vcc, and the source 1s connected to
the anode of the organic EL light emitting element 23,
whereby a source-follower circuit 1s formed.

FIG. 5 1s a view of the operating point of a drive
transistor constituted by the TFT 21 and an EL element 23
in the initial state. In FIG. 5, the abscissa indicates the
drain-source voltage Vds of the TFT 21, while the ordinate
indicates the drain-source current Ids.

As shown in FIG. 5, the source voltage 1s determined
by the operating point of the drive transistor constilituted
by the TFT 21 and the EL light emitting element 23. The

voltage differs in value depending on the gate voltage.
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This TFT 21 is driven in the saturated region, so a
current Ilds of the value of the above equation 1 is
supplied for the Vgs for the source voltage of the
operating point. 5 Hbmever,%here too, simlarly, t 4FP0610
|-V characteristic of the organic EL el ement ends up
deteriorating along with elapse. As shown in FIG 6,
the operating point ends up fluctuating due to this
deteriorating along. wth elapse. The source voltage
flucthiFelriveh 17 QELBFY: 4D Ehe saniratgdgzeglon so a
voltage. Due to this, the gate-source voltage Vgs of
curkeng, LG °ﬁr§ﬁ§i§?6F908ﬁsgpﬁuﬁéevﬁyeﬂﬁét?PP 31 1&nds
up changing and the value of the current flow ng
suppddedates. thkeVgsl ferothet geurger #rd tRSWIOFg Hier ough
the organic EL el enent 23 15 sinul taneously changes,
opeyaitfinghpolln¥.characteristic of the organic EL
el ement 23 deteriorates, the lum nance of the emtted
| i ghHowktlexrendenp thangshmidhohy, whbh gH¥psbaracthelstic
source-follower circuit of FIG 4. Further, as shown
ofi Bhkl 6Grgédnia ELr ellehef@nkinddyr apl dete20 owlxdriad .ong with
source of the drive transistor constituted by the
el@peBanael shb¥n2ini $16QNBECHAE bRela® 180 Wod nROletids ap
G\D, the drain is connected to the cathode of the

£106288k3nGl dukl @Bt tEAkt Heterabed®ah g2 31 oid With d1egRe.
of the organic EL light emtting element 23 is

ThEO08BEELRd vbathg& gg‘g%;@%%c ven A% el 1Yel tIRY ffhe

consi dered. 9
gate voltage.

Due to this, the gate-source voltage Vgs of the drive
transistor constituted by the TFT 21 ends up changing and
the value. of the current flowing fluctuates. The value of
the current flowing through the organic EL element 23
simultaneously changes, so 1f the I-V characteristic of the
organic EL element 23 deterlorates, the luminance of the
emlitted light will end up changing along with elapse in the
source-£follower circuit of FIG. 4.

Further, as shown in FIG. 7., a clrcult configuration
where the source of the drive transistor constituted by the
n-channel TPT 21 is connected to the ground potential GND,
the drain 1s connected to the cathode of the organic EL
light emitting element 23, and the anode of the organic EL
light emitting element 23 1s connected to the power source

potential Vcc may be considered.
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Wth this system in the same way as when driven by

the p-channel TFT of FIG 2, the potential of the

source is fixed, the drive_,transistor constltutedSQ%P610
the TFT 21 operates as a cBnstant current source &)

a change in the 5 [ um nance due to deterioration of

the 1-V characteristic of the organic EL el enent can

be prevented Wth this systen1 however, the drive

tra o) t ected to the cathode Sj
ho hEh il eyt Eet s £R1 e e RS O S By
connecti on re%U|res 10 develo ment o

the BaehenPRbALP Ll OFt Fofes?: THRE Pgte%ﬁ@?e-dgfeﬁhe source is
extrenely difficult wwth the current |eve

f1¥%€hth%g9r1F$oﬁ¥§ﬁ§1§BBVec°Pﬁt%ﬁEtﬁgsPYsyg?eﬁgT Ad
organic EL light emtting el enent using a n-channe

operahes sedraf cepspantisurhanesPureani ARfca phangeehn the
devel oped. DI SCLOSURE OF THE | NVENTI ON An obj ect of
luphrapceséne tavdateohorstionpefvibe &-Vprhakactevdistlc of
di spl ay device, and nethod of driving a pixel circuit
thenabganic sBUr ekehehtoven beat puévantadno 20
deterioration of |umnance even with a change of the
cur relth vEhi @ gey shat AChiewesét £ the tdeive ghtaeei stonghas
el enrent along with el apse, enabling a source-foll ower

toChéCHbAnOELBACHaNERL bheRsHEt 818e 8RdtRbl 6xyaniiseEAN1ight
re- channel transistor as an EL el enent transistor

emlPt18qUSiBHeRE. CHRIENEaRROEE:CBbhAEEL EbRCLERHEPs10
SO4PC%10

development of new anode-cathode electrodes. Thils is

considered extremely difficult with the current level of

technology.

From the above, in the past systems, no organic EL
light emitting element using a n-channel transistor free of
change 1in luminance has been developed.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a
pixel clrcuit, dlsplay device, and method of driving a
pixel circuit enabling source-follower output with no
deterioration of luminance even wlth a change of the
current-voltage characteristic of the light emitting
element along with elapse, enabling a source-follower
clircult of n-channel transistors, and able to use an n-

channel transilstor as an EL element translstor while using

current anode-cathode electrodes.
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To achi eve the above object, according to a first

aspect of the present invention, there is provided a

pixel circuit for driving]%n el ectro- optic el ementyy,pos10

with a |umnance changing according to a flown

current, 5 conprising a data line through which a data

si gnal in accordance with | um nance information is

supplied a first control line; first and second

n00%Rs JABbuEnthecgalt 4 eé@ncg?@&fm Asia defldye

transi s orn1n a curre n bet ween

e nd t nal
aspefif %% f—f% Bref PP LS TFEREN- tﬁ?%ﬁah Prr8Rheg, p pixel
ne in accordance with t tentja

SLESRTT SO o R ARG COR oL PRI D oP S SELORA™ hottER a8 i xel

capaci tance el enent connected between the first node
lupiiRpnee cCRARBHYT ndEEOT I RF 8f unfleWlrgnrREFedtbet ween

the data 15 line and either of a first termnal or
compebitng e niiabf binet parougl| whiphcat date slgndht land

controlled in conduction by the first control I|ine;
aceonilande reithi temirahoe hmRongabiopolensippblbedsha flrst

first node change to a fixed potential while the
comtect rolopt | Ciestnend second modesi nflisghandt hecood

current supply line of the drive transistor, the first
refieckencangotéet tAket ra- apive eranenstdei Agredngeat edrrant

series between the first reference potential and
supELPiné ehetwBer PRéepirat . tErairanbhyd the seeonat

further conprises a second 25 control line; the drive

tetmBRS] SiRi E8nfrbieifgehfestrddt SBAGERE through the
current supply line in accordance wilth the potential of a
control terminal connected to the second node; a pilxel
capacitance element connected between the first node and
the second node; a filrst switch connected between the data
line and elther of a first terminal or second terminal of
the pixel capaclitance element and controlled in conduction
by the first control line; and a first circuilt for making a
potential of the first node change to a fixed potential
while the electro-optic element 1s not emitting light; the
current supply line of the drive transistor, the first
node, and the electro-optic element being connected in
serles between the first reference potential and second
reference potential.

Preferably, the circuit further comprises a second

control line; the drive transistor 1s a fleld effect
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transi stor with a source connected to the first node,

a drain connected to the first reference potential or

second reference potentialnrand a gate connected %ﬁ4P06m

the second node; and the first circuit includes a

second switch 5 connected between the first node and

fixed potential and is controlled in conduction by

the second control line. Preferably, when the

I - opt i l enent _is driven first sta t he

erfnfEbbE PLk, € RERRCe,2aRhakEea B8, For . E2kpE 895 1 Ao

first control Lin t second 10 switch is . held in a
argdftiebrostatate thet e SEooRUSEOREPoPoCPRRssTaRg PREONE

first node is connected to a fixed potential: as a
regﬁfﬁﬁﬂesPaﬁﬁ?tFﬁé-fPPQtasﬁFFEthgnﬁEFadiE°atESnSGEPP9e

state by the first control line, data to be propagated
nodgerangdhehgaf Arptneirsudti trehuinst Resprref switc

capaci tance elenment, 15 then the first switch is held
coppegtadnbebrdant the flnet; nodadand Eixkadrgotengdalt prd is

second switch is held in a non- conductive state by
conheosdedntincontdubtiionebyPtbéesabbnd tchatrpiclipe.

further conprises a second control line; the drive

trarsrastarabby A wheh dtleé f eLécOo toptibe sSé bemant hia driven,

drain connected to the first reference potential or
as S€cphfstefeagacetnat entkal sendch gat Relaomneat adnto

the second node; and the first circuit includes a
cos@68blveVktahe CBRNERbEH 1 PEEWBBAL A0S0V 68, Othkheebbahd

effect transistor and an electro-optic elenent and is

swPBckhOD5 T 961801 hNaCOBHEEEL2Pe DY thPE B9CeRE eBbLA! control

line. 12 S04P0C610
line, and the first node 1s connected to a fixed potential:
as a second stage, the first switch 1s held im a conductive
state by the first control line, data to be propagated over
the data line 1s written in the pixel capacilitance element,
then the first switch 1s held in a non-conductive state;
and as a third stage, the second switch 1s held in a non-
conductive state by the second control line.

Preferably, the circuit further comprises a second
control line; the drive transistor 1s a field effect
transistor with a drain connected to the first reference
potential or second reference potentilial and a gate
connected to the second node; and the first clrcuit
Iincludes a second switch connected between a source of the

field effect transilistor and an electro-optico element and is

controlled in conduction by the second control line.
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Preferably, when the electro-optic elenent is driven
as a first stage, the first switch is held in a non
conductive state by the_flrﬁg control line, and th§04P0&w
second switch is held in a“non-conductive state by

the second 5 control line; as a second stage, the
first switch is held in a conductive state by the
first control line, data to be propagated over the

dat . : : ot el .
o e EE A e (e onfRRAH IRIGE 15 artven,
- i te; third th d
as 18 ERFPER S adR s AP ELPRE A Feb ol & nRL8RTn AoeRtond
l'i ne. Preferabl the circuit further

contr ol ,
coRtGF¥ess EALR BRI thEoRiTEF PPREFOLnLines veats Ehe| SpEpna
is afield effect transistor wwth a source connected

switchhbsthedd #pde, nan1sopderhivennkatedbyothpesereRd
reference potential or second reference potential,

cophpoh fhne: cadnactedond shrasechbhel Ffhbak; swhtichhés held
first circuit includes a second switch connected

inpetoeeduehivei stateoby timel fhest|eentvedplive, eflahento be
and is controlled in conduction by the second 20

prepmgabéd| over Phefdabdl Yinehtsn wheteéecinotbetptxel
element is driven, as a first stage, the first switch

capschedncd ne hement , cohemcthe ef 5 et eshyttheisi held in a
control line, and the second switch is held in a

noMofoCQAELILTE VEeLtatal cay ddeasenoind 2bagent tRé LtéBendas

a second stage, the first switch is held 13 S04P0610
switeh 1s held in a conductilve state by the second control
line.

Preferably, the circult further comprises a second
control line; the drive transistor is a field effect
transistor with a source connected to the first node, a
drain connected to the first reference potentlal or second
reference potential, and a gate connected to the second
node; and the first circuit includes a second switch
connected between the first node and the electro-optilic
element and is controlled in conduction by the second
control line.

Preferably, when the electro-optic element is driven,
as a first stage, the flrst swltch 1s held 1n a non-
conductive state by the first control line, and the second

switch 1s held in a non-conductive state by the second

control line; as a second stage, the first switch 1s held
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in a conductive state by the first control line, data

to be propagated over the data line is witten in the

pi xel capacitance el enent, ; en the first switch '%RMP0610
held in a non-conductive state; and as a third stag

the second 5 switch is held in a conductive state by

the second control I|ine. Preferably, the circuit

further has a second circuit maki ng the first node be

inhgld atu%tﬁ%ﬁﬁ%g€1ve %éwgi s%h%ontrgﬁrligkgcgaf% to be

& S 17085 T dat
ated th h th ta | Pr ef bl
R e R e
lines and a voltage supp the drive transistor .is
CapRERF B e R omiena) SHOR iien 4Tt FHL tebnAdo ed ™ Fo

first reference potential or second 15 reference
noporeRdugt 1¥8d sk aggt e 386 A6c fe dFPid % FE ag8cofdre FsFORd

the first circuit includes a second switch connected
swidcheds heddurdpe aotcondactiiyled sdfaftec byt taesisgcondggpntrol

the electro-optic elenment and is controlled in
ligenduction by the second control line; and the second

circuit includes a 20 third switch connected between

t he Prefetrabllg, ahbet harcudkt igethewr basandsesond clrcuit

controlled in conduction by the third control |ine.

maRiagerall ¥irstenoldeae bel eelldo-adplal &isledmpaitdnt idli wiien the
as a first stage, the first switch is held in a non 25

fiegrduciitvd Skahelly 1bhe HohsuctaRte @taten@nd M1 ithta
14 SO4P0C610
propagated through the data line.

Preferably, the circuit further comprises second and
third control lines and a voltage supply; the drive
transistor is a field effect transistor with a drain
connected to the first reference potentilial or second
reference potential and a gate connected to the second
node; the first circuilt includes a second switch connected
between a source of the fileld effect transistor and the
electro-optic element and 1s controlled in conduction by
the second control line; and the second cilrcuilt includes a
third switch connected between the first node and the
voltage source and 1s controlled in conduction by the third
control line.

Preferably, when the electro-optic element is driven,

as a first stage, the first switch 1s held in a non-

conductive state by the first control line, the second
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switch is held in a non-conductive state by the second
control line, and the third switch is held in a non-
conductive state by the thi control line; as a guygpo610
second stage, the first swtch is held in a

conductive state by 5 the first control line, the

third switch is held in a conductive state by the

third control line, the first node is held at a

sw@%ggeigrﬂé 8d18°56”§ caaﬁﬂgtibg LEQEe %?é%hﬁ Qakﬂnho

€ propaga ed over aline rs wi
t , th
coREF g E?§%°g 2Rin s §H§rhvsw§§f%9§y5feﬁr§‘ ihra 588t ro
copfugEABR. Eg%H%CPVv*éhesStH'?ggWoPﬁE"Ehﬁ“gasé\émotﬁgrgi SefRad

and the second switch is [ a conductive state
StﬁgethEh§e€$ﬁ§tcﬁﬂiFSP FFnBelgréPeFaSPyduFﬁévelF@GFF by
further has second and third 15 control lines and a

theofingt conkrel Lhpedrithe third swdtchsisaheilg dn a
effect transistor with a source connected to the
cohfustivwedetatiedbyi fheothdstdegontsrofe Hinest thef Elestenode
potential or second reference potential, and a gate
ischahdchedat préefieteendnddnpdéenthelf,i asd , cilncdihat state,
i ncludes a 20 second switch connected between the
dathr 8b Bedprapdghlted ekeat theophita dHeeedis amdtten in the
controlled in conduction by the second control I|ine;

pinad thgaseeandeCklenenti, N¢hedesha filistd ssMitiobhis held in
connected between the first node and the voltage

a ﬁeﬂtegnéﬁgt&§ecgﬁhE%|bgdthﬁ ¢aRauCoai oy thge;hiand as a
25 control line. 15 S04PC6
third stage, the third switch is held in a non-conductive
state by the third control line and the second switch is
held in a conductive state by the second control line.
Preferably, the circult further has second and third
control lines and a voltage source; the drive transistor is
a fleld effect transistor with a source connected to the
first node, a drain connected to the first reference
potential or second reference potential, and a gate
connected to the second node; the first circult includes a
second switch connected between the first node and the
electro-optic element and controlled in conduction by the
second control line; and the second circuit includes a
third switch connected between the first node and the

voltage source and is controlled in conduction by the thixd

control line.
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Preferably, when the electro-optic elenment is driven
as a first stage, the first switch is held in a non

conductive state by the firgt control |line, the se

1 610
switch is held in a non-conductive state by the secon
5 control line, and the third switch is held in a non
conductive state by the third control line; as a

second stage, the first switch is held in a

TR S SIS il I, e

smntch na <conductive state by
roI li,ne t .node, .1
a5 3 SRRy P ottt 15T it %ﬁ@ﬂ} R P
be I at ed er t he data | | [ itten in the
CD%W% ‘feag“aw% % it Gttt s T feftae
' a hon-conductive state by the first contro
Swjﬁcﬁ’e iSarRF]a"s p 3 fonr @ngpetithe st Bt Mt d
in a non-conductive 15 state by the third control Iine
condiip Helnsec ol skie dirdrd syeterh nls R iv R ate
by the second control line. Preferably, the circuit
conduatiiare Hmte dupdie ciliond tooriidaly 1ire sevhml FrrRde
held at a fixed potential when the first switch is
stays .d tihe o oord titeh stsathee hdinra teenduit tieg astate by
propagated through the data line. Further, the fixed
thepdianit atortscdInel frig sttheef it eswiiotlents dlelbd second
reference potential. Preferably, the circuit further
comigiivee sisaeo gy tHdi tii rdanebd st hi hont rigke | £1est node

the drive transistor is a 25 field effect transistor

is WdlA ats QI corvaetngh o tdiet 161 SCARCS 1 that state,
data to be propagated over the data line i1s written in the
pixel capacitance element, then the first switch is held in
a non-conductive state by the first control line; and as a
third stage, the third switch is held in a non-conductive
state by the third control line and the second switch is
held in a conductive state by the second control line.

Preferably, the circuit further has a second circuit
making the second node be held at a fixed potential when
the first switch 1is held in a conductive state and writes
data propagated through the data line.

Further, the fixed potentilial is the first reference
potential or second reference potential.

Preferably, the circult further comprises second,

third, and fourth control lines; the drive transistor is a

field effect transistor with a source ccnnected to the
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first node, a drain connected to the first reference
potential or second reference potential, and a gate
connected to the second node; the first circuit S04P0610
i ncludes a second switch connected between the first
node and the 5 electro-optic elenent and is controlled

in conduction by the second control line and a third
switch connected between a source of the field effect

or_a e 0 n
fi%%ﬁﬁ%%?%bnab§g?%£ ??éé%éé%%n ?o ?i%%?gggééf %gggéond
circuit includes.a fourth 10 swt onnect ed weend
pofenffl oF meSin et eTe o tin bt ol Ml £ 'etE
controlled in conduction_ by the urth control lin
coppreted, torbrer 2PoRhRde hetit e%f? Bt o‘bjﬁ‘“%“}eﬁ e%‘ﬁé‘ﬁiu‘?gs a
driven, as a first stage, the first switch_is held in
segond swhtehngerpesedRevesn t e risst Rode ofndli He
the second switch is held in a non-conductive state
elegtroeorbtonel ememt rand| ineconheolled iy vwepfursion iy
in a non-conductive state by the third control |ine,
thansecomd foepthobwi ied amd actlird swhbeb conpnected
state by the fourth control line; 20 as a second
bettvage, at beufdce sof sthe chiiekd hefflech tranmtistervandsthee
by the first control line, the fourth swtch is held
Fii 6t ancdadasd i € sbtateobyed hinfecomdtictbotrioy thaeethihd
second node is held at a fixed potential, and, in that
coStRSE, 103é 2 4Rd DEnOT HPeGId 61 byeitt Decladlas | anouisth

witten 25 in the pixel capacitance elenent, then the
switéBtlcshished Shd¥usOARBHE £irst node and the fixed
potential and is controlled in conduction by the fourth
control line.

Further, preferably when the electro-optic element is
driven, as a first stage, the first switch 1s held in a
non-conductlve state by the first control line, the second
switch 1s held in a non-conductive state by the second
control line, the third switch is held in a non-conductive
state by the third control line, and the fourth switch is
held in a non-conductive state by the fourth control line;
as a second stage, the flrst switch 1s held in a conductive
state by the first control line, the fourth switch 1s held
in a conductive state by the fouxrth control line, the
second node is held at a fixed potential, and, 1in that

state, data to be propagated over the data line i1s written

in the pixel capacitance element, then the filrst switch 1s
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hel d in a non-conductive state by the first contro

line, and the fourth switch is held at a

non- conductive state by H‘ fourth control |ine;

as a third stage, the seco switch is held in a QQHKM1O
conductive state by the second control 5 line and the
third switch is held in a conductive state by the

third control line. According to a second aspect of

the present invention, there
helg,1Ren g%%r?nggcsivw ﬁF%F? t 91’ ?19% i*e?sg ?%‘bﬁ-‘@i Hine,
arranged in a matri x; ta 10 line arran for
an@o?%ﬁnﬁ%#thesﬂﬁP?Pxi%r?%&do?tp?x%?“ %??@ﬁgngﬁnﬁtagehby
through which a data signal in accordance wth
the yRowake copmtBphal 1ba: | 3and p| 2eblndf FEage cohip ofecond
line arranged for each row of the matrix array of
swhtclel 1s cheldi i8; aandndnetivengtakeohpy kheefepenpd control
potentials; each 15 pixel circuit further having an
1ieéeshdotpt thiedesehtchi 14 heldubhnancendhahgiragstate by
according to a flowng current, first and second
th&otiesrd acentyelt Lansistor forming a current supply
line between a first termnal and a second term na

and £eRdF@hd NEo da CsEc@Id d4P¥éDgot htwelgirédentur r ent
20 supply line in accordance with the potential of a

1nbeRti6h, tRePkNak pepheebadat alkpeageaentcaodempaising a
pi xel capacitance el ement connected between the first

1808¢1 8Pdo g1 2680 9€8. adrhhfel $W hchatenmeched
P ge megg theséata F?ﬁgﬁan atﬁehgecond nodg ande ata

11@%3&%9%#§9?'Eo%OQQBﬁtEBEuRE BEetﬁbrﬁEt%§xcﬁﬁkﬁgl0E|BQxel
curt for ing a potenti al

ciggﬂfgélgnd through which a data signal in accordance with
luminance information is supplled; a first control line
arranged for each row of the matrix array of pixel
circults; and first and second reference potentlals; each
pixel circuit further having an electro-optic element with
a luminance changing according to a flowing current, first
and second nodes, a drive transistor forming a current
supply line between a first terminal and a second terminal
and controlling a current flowing through the current
supply line in accordance with the potential of a control
terminal connected to the second node, a plxel capacitance
element connected between the first node and the second
node, a first switch connected between the data line and

the second node and controlled in conduction by the first

control line, and a first circult for making a potential of
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the first node change to a fixed potential while the

el ectro-optic elenent is not emtting light, the

current supply line of the_drive transistor, the

first node, and the electﬁg-optic el enent bei ng S04P0610
connected in series between 5 the first reference
potential and second reference potential. According

to a third aspect of the present invention, there is

i ded hod of _drivj ixel. ci ' '
th%LP%#Eﬁtv%@%S%ﬁljﬁn%%’emL' HiEeE Prifietal e A Y
acc [ t | ow : j
18 FER- P Etr SLengRh 1F o cOPHaERS i THF nfhar i ont
information is supplied; first and second nod

supplgtlipe SBchry dF Y%rﬁa%%Sb%Y%ﬁti%ﬂ%;f%F¥Fe$§3éff%%?

transistor with a drain connected to the first
the ¢ beehte-pptbat e hement skebng qonpeskedntn PIFLEATi Bptween
a source connected to the first node, and a gate
the ofihest edeferenee spebent hatleand peqerd repatenrance
el enent connected between the first node and the
potsexbhall node; a first switch connected between the data
line and either of a first termnal or a second
t er mewdra@fn@Otd he {hsd eapact tafckhe | present alavention,
first circuit for making a potential of the first

tha&pdel §NpPEe1ded da fnseRod pet eatrialngt Aeptrel eaireuppl y
line of the drive transistor, the first node, and the

haPl 6§t 4R OPLEEr6L 6pBNE LEbMENnt CRNDRCAEYuhIn8RELEShanging
between the first reference potential 25 and second
acé@£§iﬁ§c€op9t§ﬂ$&fhg 6QPPELEL N 85€RS10he MBKLBEgAOwhich a
SHAPOG10
data signal in accordance with luminance information 1s
supplied; first and second nodes; first and second
reference potentials; a fleld effect transistor with a
draln connected to the first reference potential or second
reference potential, a source connected to the filrst node,
and a gate connected to the second node; a pixel
capacitance element connected between the first node and
the second node; a first switch connected between the data
line and either of a first terminal or a second terminal of
the pixel capacitanée element; and a f£lrst cilrcult for
making a potential of the first node change to a fixed
potential; the current supply line of the drive transistor,
the filirst node, and the electro-optic element belng

connected in serles between the first reference potentilal

and second reference potential, comprising steps of making
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a potential of the first node change to a fixed
potential by the first circuit in the state with the
first switch held at a non-conductive state, h0|g%QEOGH)
the first switch at a condlictive state, witing
propagated over the data 5 line in the pixe
capacitance el enent, then holding the first switch in
t he non-conductive, and stopping the operation for
maki ng a potential of the first node of said first

2 notealalcREn e & 1E T RodleGHERERate Ao ddiith PASRHAL
present invention, since for exanple 10 the source

by dhectfilasd stingudti Ja tthengitatsr widhe dhfe &gt Fwigch
fixed potential through a switch and there is a pixe

helgapdcia oonbsondacitive gdtateandodsidnge tdfe tHHasdr sy teh at
transistor, the change in | um nance due to the change

a domdudtd vie- ¥ tehtar,actratiistg cladfa pddpggated taver tdedaha
along 15 with elapse is corrected. Wen the drive

1ind ansitdHe0p i 1Ak dpiidiitie glaningt, ortherbyhaiakimy ttee
fixed potential a ground potential, the potentia

£1r3APIswAd dro 1hatd Gyn -)iBidudig el eneid stopmmidey tiie
ground potential so as to create a non-emtting period

opefatizhh R WadhineH tfdthial &MY tHrdhert ftle of said
adjusting the off period of the second swtch

firt%ﬂcgrzﬁ%ﬁ% e UNGE £!BGld Pt ound  potential,

emtting and non-emtting periods of the [ight

em tti t J S I\ o
Fur PREPLap TR e R e il o Reppre

théﬂgﬁﬂg%g)electrode of a drive transilstor is connected to

a fixed potentlal through a switch and there is a pixel
capacitor between the gate and source of the drive
transistor, the change in luminance due to the change 1in
the I-V characterlstic of a light emltting element along
wlth elapse 1s corrected.

When the drive transistor 1s an n-channel transistor,
by making the fixed potentilal a ground potential, the
potential applied to the light emitting element is made the
ground potential so as to create a non-emitting period of
the light emitting element.

Further, by adjusting the off period of the second
switch connecting the source electrode and ground
potential, the emitting and non-emitting periods of the
light emitting element are adjusted for duty driving.

Further, by making the fixed potential close to the
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ground potential or a potential |ower than that or by

rai sing the gate voltage, deterioration of the inage
quality due to fluctuationgin the threshold voltaggposio
Vth of the switching transistor connected to the

fixed potential 5 is suppressed. Further, when the

drive transistor is a p-channel transistor, by nmaking
the fixed potential the potential of the power source

groﬁﬁﬁn?BEQQtPglt%% %a%%%gﬁtikicﬁb%%% Qo gh%hét'ggtby

ng el ement otential applied to the Iight

rai%gngn% %ngtglggi%aﬁbn ﬁ%%?;&%%a%&%%r8%“#5891R%5%nt'm

Create em

) h he
quaﬁ;%veﬁvsaﬁ?%ﬁ L o L e T L R
rcuit . becones possible and anod

thebéz%ﬁsg B§s§FBF’§15tf§ eorrsEE e dndio r‘F %qe&fi Pﬁ&ea'ﬁi\?e‘

transi stors re channel transistors becones possible,

is pHPPB&EELHON of a general anorphous silicon process
becones possible, and reduction of the cost becones
posgﬁbtberFuWhﬁ@rth§|ﬁ@évﬂhérﬁéééﬁ§°§mﬂﬁcﬁl Rgchannel
transistor is 20 laid out between the light emtting

tragbéstor,.aby makigg vde tfixed podentdadr dive potemtial of
supplied to the drive transistor in the non-emtting

theppoivett sodrrleeceohoeetpdngo dives emithiogie edectiredeand] the
i s suppressed. Further, by using a potential of the

1ighst bade tinde edemed® ,t hhel pohtiendmiall iapg ldlegmdnt ths tlhight
ground potential, for 21 S04P0610

emitting element is made the power source potential so as

to create a non-emitting period of the EL element.

Further, by making the characteristic of the drive
transistor an n-channel type, a source-follower circuilt
becomes possible and anodlc connection becomes possible.

Further, making all of the drive transistors n-
channel transistors becomes possible, 1ntroduction of a
general amorphous silicon process becomes possible, and
reduction of the cost becomes possible.

Further, since.the second swiltching transistor is
laid out between the light emitting element and the drive
transistor, current 1is not supplied to the drive transilstor
in the non-emitting period and therefore power consumption
of the panel is suppressed.

Further, by using a potential of the cathode side of

the light emitting element as the ground potential, for
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exanpl e, the second reference potential, there is no
need to provide a G\D line at the TFT side inside the
panel . Further, by being akle to delete the G\D |i 8880510
of the TFT boards in the panel, layout in the pixels
and |layout of 5 the peripheral circuits becone easy.
Further, by being able to delete the G\D |lines of the
TFT boards in the panel, there is no overlap between

D . . ;
ex p@% ent %&% éa%%;&(gr]g%%%%%r#&a%ﬁ(jé%%oﬁé ref ejfsén%% need
pot ent i al t 0] [ l...cdrcul t \Vi
to frEldd d (@i g OIS "H T ol Udfes 0 Khner
hi gh, uni.form.ty can be achieved., _ Further
conr?é’cﬁqihrfr‘gr'f &y@éﬁ’pﬁ @bg%i%?eﬁddeef&a?ciiithéi’ngémglyléirféenﬁ Y the
the source of a drive transistor anddafqgftiqaﬁope £
TERRRATAS ti hHRIMGE tHPIHEL phherP 3 RiTER 520 12V gt ©
emtting light, there is no |onger a need for a G\D
the jpreripherrl TETERHES reFMee i925%8e of the panel .
Further, by turning the fourth switch at the:fomer

soufarthers diddomaerievtia idedale dhg G Hines f the
as to lower the inpedance, the coupling effect on

TFDibadrds i 1n nghe 20anel cothexe ebs i o coedolap theaewesd the
image of a high wuniformty is obtained. Further, by
powmki swntde potential Ofitde poferesceirpetefthal) hand
same as the Vcc potential, it is possible to reduce
grddifd ppdedn ti41ES( s bokdir t & remee oot axgt L@l ) hef pthsent
i nvention, by 22 S04P0610
peripheral circuits, the Vcc lines can be laid out with a
lower resistance, and a high uniformity can be achieved.
Further, by connecting for example a pilxel
capacitance element to the source of a drive transistor and
boosting one side of the capacitor to the power source
while not emitting light, there 1s no longer a need for a
GND line at the TFT side at the inside of the panel.
Further, by turning the fourth switch at the power
source line side on when writing in a signal line so as to
lower the impedance, the coupling effect on pixel writing
is corrected in a short time and an 1mage of a high
uniformity 1s obtained.
Further, by making the potentilal of the power source
line the same as the Vcc potentlal, 1t 1s possible to

reduce the panel lines.

Further, according to the present invention, by
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connecting the gate electrode of the drive transistor
to a fixed potential through a switch and providing a
pi xel capacitor between tQ? gate and source of the&yposio
drive transistor, change of the |um nance due to
deterioration of 5 the |-V characteristic of the |ight
emtting elenment along wth elapse is corrected. For
exanpl e, when the drive transistor is an re- channel,
cor&%&#ﬁ.‘i‘ld{}%ﬂﬁ%iﬂée@lm d Yr Wife TdXGH PALM Aor 1D a

h electrode of the drive transistor is

10, connected, .t.he fi,xed t.enti [ ((Egﬁ I
fi’beodv\é)ro esngtuir"’gle tplblf'“"eurﬁll1 al %ﬁ(ﬂie ag*%‘fsr ur rﬁcj;ré’ é){}?el
rai sing.the gate voltages of the swtchin
Cant IS i i e T Ak e o e Yty o
side of the drive transistor or neking the transi stors
trapsisfioper Ghange £ ddie i BHRase i e 8 ?‘HO‘V' of
due to variation in the threshold val ues of_the
thes i\ IthaFaqtemks o raf e Johahds it ELRY elengik plong
the drive transistor is a p-channel, by neking the
witfh yelhpsst et iedrxdrtdd xed potential to which the drain
el ectrode of the 20 driven is connected, the fixed
pot @t @ixang eadaerher {theNGrive ttyansbadior A tarem- by
rai sing the gate voltages of the swtching

chanmils] H msalclornmediedf txed hwigatel sl dehantilsedrpetential

side of the drive transistor or making the transistors
to 2hidd 98fe idr&id eléetsdorat ithe ddrive trageistatity
due to 23 SO4P0610
conrniected, the fixed potentlal is made only the power
source potential in the pixel.
¥urther, by ralsing the gate voltages of the
swltching transilstors connected to the gate side and source
side of the drive transistor or making the transistors
larger in size, deteriloration of the image quality due to
variation in the threshold values of the switching
transistors 1s suppressed. Further, when the drive
transistor 1s a p-channel, by making the fixed potential
the fixed potential to which the drain electrode of the
driven 1s connected, the fixed potential is made only GND
in the pixel.
Further, by raising the gate voltages of the
switching transistors connected to the gate side and source

gside of the drive transistor or maklng the transistors

larger in size, deterioration of the image qualilty due to
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variation in the threshold val ues of the sw tching
transistors is suppressed. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a block_diagram of the
configuration of a 5 gener‘zgl organi ¢ EL di spl ay S04P0610
device. FIG 2 is a circuit diagramof an exanple of

the configuration of a pixel circuit of FIG 1. FIG

3 is a graph of the change along with el apse of the

current-volta e}&’l-sg cégar terislgai of rgani ¢ EL
vaniR R G TRl d Y g B A

circuit in which p-channel TFTs of the circuit of
transd stoTF o § HRRISF S n- channel TFTs. FIG 5 is a

graph show n theIgferati r;&poi nt of a 15 drive

t r affIEFo P RN @FhyHE BRAYIAFSan EL | ght

emtting elnent in the initial state. FIG 6 is a

gr agSshdwilisg a L astie ddidgrarpsifntthst confgguration of a

transi stor constituted by a TFT and an EL |i ght
germwal imggationsh dfsmhkayhdengeced ong with el apse. 20

FIG 7 is a circuit diagramof a pixel circuit

CONMFaEt.i g iz sourigeswlft alidrgnem tofaren stempdenstf thiiteed

by an n-channel TFT to a ground potential. FIG 8 is
corif Dwedke thragan gfitde condaburat iRIGoflan organic EL

di spl ay device enploying a pixel circuit 25 according

to ard.r s odjrapd oFf .t1dd MRS Hlong with elapse of
the current-voltage (I-V) characteristic of an organilc EL
device.

FIG. 4 1s a circult diagram of a pixel circult in
which p-channel TFTs of the cilrcuit of FIG. 2 are replaced
by n-channel TFTs.

FIG. 5 1s a graph showing the operating point of a
drive transistor constituted by a TFT and an EL light
emlitting elment in the initial state.

FIG. 6 1ls a graph showing the operating point of a
drive transistor constituted by a TFT and an EL light
emitting element after change along with elapse.

FIG. 7 is a circult diagram of a pilxel circult
connecting a source of a drive transistor constituted by an
n-channel TFT to a ground potential.

FIG. B8 1s a block diagram of the configuration of an
organlc EL display device employing a pixel circuilt

according to a first embodiment of.
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FIG 9 is acircuit diagramof a specific
configuration of a pixel circuit according to the
first enbodinent in the organic EL di splay device of
FIG 1. FIGS. 10A to 10F d&fe views of equival ent S04P0610
circuits for 5 explaining the operation of the circuit
of FIG 9. FIGS. 11Ato 11F are timng charts for
expl ai ning the operation of the circuit of FIG 9.
FIG 12 is a block diagramof the configuration of an
or gdi@ EL i spledrewd cblagmamyah@ SeRsdfieircuit 10
according to a second enbodinent. FIG 13 is a circuit
comlf bgmemt bén coEpacpikel cbnéuftractondbigatpi k¢ first
circuit according to the second enbodinent in the
emlos @bmect Eln dilsel aygaei¢ CBL oflisp Gay 1@e v &L 1HRGt 01 14E
are views of equivalent circuits for 15 expl aining
t he ropes atiom 1 10® @id ceidwodfoffldquiktalditCoiddN to for
15F are timng charts for explaining the operation of

exp DRI €IAG Uike Obp&ELEE1d8- of | Ghe 16116udt Cof CHIE. dbagr am
of another exanple of the configuration of a pixel

<1>i r Guids 2CCOf N0 1P 4HE AR S Cakhesbesh et 1aflfag the

7 is a block diagramof the configuration of an

op@fgéfé & gﬁépéﬁ¥?gfghgf ppgl oying a pixel circuit

according to a thir odinent. FIG 18 is a circuit

0 PR o 2 PR {45 R YL U ot elon o an
organic EL display device employing a pixel circuit
according to a second embodiment.

FIG. 13 1s a circuilt diagram of a specific
configuration of a pixel circuit accoxrding to the second
embodiment in the organic EL display device of FIG. 12.

FIGS. 14A to 14E are views of eguivalent circults foxr
explaining the operation of the circult of FIG. 13.

FIGS. 15A to 15F are timing charts for explaining the
operation of the circult of FIG. 13.

FIG. 16 1s a circuit diagram of another example of
the configuration of a pixel circult according to the
second embodiment.

FIG. 17 is a block diagram of the configuration of an
organic EL display device employing a pixel circuit
according to a third embodiment.

FIG. 18 1s a cilrculit dlagram of a specific

conflguration of a pixel clrcuit according to the third
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enbodi nent in the organic EL display device of FIG

17. FIGS. 19A to 19E are views of equivalent circuits

for explaining the operatisgn of the circuit of Fl @04130610
18. FIGS. 20A to 20F are timng charts for explaining
the 5 operation of the circuit of FIG 18. FIGS. 21

is acircuit diagramof another exanple of the
confugurati on of a pixel circuit according to the

Sinthn eTBOUMEN O FI G 22 150 B ogk dlagramol the

confl guration of or gani =
enplrayisng 1aDiveel1 o G tme%C%rfd il 13 @%&Jhun-fs for
enbodiment. FIG 23 is a circuit gram of a speci

expeanifiigur atheoromsrat jpixelf C&Héltttircﬁﬁ:@rcﬂf e o ide
fourth enbodinment in the organic EL display device of
FI GFIZ5. POAItEeS 2024 Areo t24E nar ehsirdws fafr equilwaleinty the
CIFCUIt % expl ai ning_ the operation of the circuit
the T4k F BiF-arkB+ining charts for

I i ng,.t he _operati.on of the ciycuit of FIG 23.
ET%EB" &S A cpﬁ’ltr éh% FARIEE™, O R&e thigk gHermpg-e of

thégg%ﬂé{]%ggllrfde\%% \6% taaiiﬁ:!élnem%%lgkﬁl{’@%%dgi}%rtg the third

embpiddedengircuit  having a fixed voltage line as the
ground potential GND. FIG 28 is a circuit diagram of
anoffiér. &Ranpl e bflozk thegranf iofuithic @ondfigmRiti®In of an
circuit according to the fourth enbodi nent.

organic EL display device employing a pixel circuit

according to a fourth embodiment.

FIG. 23 is a circuit diagram of a specific
configuration of a pixel circuit according to the fourth
embodiment in the organic EL display device of FIG. 22.

FIGS. 24A to 24E are views of equivalent circuits for
explaining the operation of the circuit of FIG. 23.

FIGS. 25A to 25H are timing charts for explaining the
operation of the circuit of FIG. 23.

FIG. 26 is a circuit diagram of a pixel circuit
having a fixed voltage line as the power source potential
VCC.

FIG. 27 is a circuit diagram of a pixel circuit
having a fixed voltage line as the ground potential GND.

FIG. 28 is a circuit diagram of another example of
the configuration of a pixel circuit according to the
fourth embodiment.

FIG. 29 is a block diagram of the configuration of an

organic EL display device employing a pixel circuit



10

20

25

FIG 29 is a block diagramof the configuration of an
organi c EL display device enploying a pixel circuit 26
S04P0610 according to a fpfth enbodi ment. FI G 30d4$0610
a circuit diagramof a specific configuration of a

pi xel circuit according to the fifth enbodinent in

the organic EL display device of FIG 29. 5 FIGS. 31A
to 31E are views of equivalent circuits for

acdl B+ 4 he aReratdinfintt.he circuit of FIG 30.
FIGS. 32A to 32H are timng charts for explaining the

Operaly on¢of; ot e c?.iﬂc‘ﬁliitt d]‘ifagEhfé 0#0a Ek@aﬁ%d s a

circuit diagramof a pixel Circuit 10 having a fixed

I | | ' '
co@g} t1dd'%#2% %«HPW§5¥§8H¥%% g@ﬁ%@tﬁ% ﬁg%iﬁ%?é?

S acircuit dragramof a pi Xe

fixed volta line as, t ound tential Fl G
enbigdiion® A dhe ‘Tt Lieine ARl o or s (it
confjguration of pi xel circuit accqording.,to the
i1 FRCSenBdt MenPLErPEe J4eME RFLPOORvALERtafisrute for
configuration of an organic EL display device
exPé'rﬁi‘l“&ﬂgngtha? PBeRatdig 9 the g ©F F1Gxt3P-
enbodinment. 20 FIG 37 is a circuit diagramof a
spefilfiSe 3@dnficgdrdh pae SLming eBRTEFr £91t exPdSdaing the
to the sixth enbodinent in the organic EL displ ay
opegatilon off phg dacHIGRE FIL-t 3038F are vi ews of

equi valent circuits for
FIG. 33 1s a circult diagram of a pixel circuilt

having a fixed voltage line as the power source potentilal
VCC.

FIG. 34 1s a clrcult diagram of a pixel cilrcuilt
having a fixed voltage line as the ground potential GND.

FIG. 35 1s a circuit diagram of another example of
the configuration of a plxel circult acceording to the f£ifth
embodiment.

FIG. 36 1s a block dlagram of the configuration of an
organlc EL display device employing a pixel cilrcuilt
according to a sixth embodiment.

FIG. 37 1s a circult dlagram of a specific
conflguratilon of a pixel cilrcult according to the sixth
embodiment in the organlc EL dlsplay device of FIG. 36.

FIGS. 38A to 38F are viliews of equivalent circults for
explaining the operation of the circuit of FIG. 37,

FIG. 39 is a view of an equilvalent circult for
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expl ai ning the operation of the circuit of FIG 37. 25
FIG 39 is a view of an equivalent circuit for 27
S04P0610 explaining the ogeration of the circuit

FIG 37. FIGS. 40A to 40H g?e timng charts for S(&POMO
explaining the operation of the circuit of FIG 37.
BEST MODE FOR WORKI NG THE | NVENTI ON 5 Bel ow, preferred
enbodi ments of the present invention wll be

[ ith ref to th j
°¥E %g‘v%mrilﬁl %g .ctthiorps?{real‘:"%g’S %’SFE r;ctq-‘ﬁ3 ﬁgé%%g'qﬁn%afg)yb ScR di agram
f fi ti f 10 i c _EL displ
devt 38SanBy g 0 afec FiuiPes ShiZEs, dorg B eRbing the
first emhbodinment. FIG 9 is a circuit diagramof the

opergtdest &F & gt of I pi¥el circuit according

to the first enbodinent in the organi c EL display
devPESToMOREGF OB, WOBKINGS THES ANYFNEEPNce 100 has, as
shown in FIG 8 and FIG 9, a pixel array portion 102

havBa&opi x Breferzeadt smbopxmentsoefatbengaesentaporertion

matrix, a horizontal selector (HSEL) 103, a wite
wildc dendesCuBOd Wi4h aedranemcesdanridre (EPSONpabhyIngdat a

lines DTL101 to DTL1On sel ected by 20 the horizontal
drasdinget.or 103 and supplied with a data signal in

accordance with the |lum nance i nformation, scanning

i nepiBkl18mbbaiiBhi®m sel ectively driven by the wite

scanner 104, and drive |lines DSL101 to DSL10m

sel egti.vel ¥s a block diagram of the configuration of an
organic EL dlsplay device employlng pixel circults
according to the first embodiment.

FIG. 9 is a circult diagram of the concrete
configuration of a pixel circult according to the first
embodiment in the organlic EL display device of FIG. 8.

This display device 100 has, as shown in FIG. 8 and
FIG. 9, a pixel array portion 102 having plxel circuits
(PXLC) 101 arranged in an m x n matrix, a horizontal
selector (HSEL) 103, a write scanner (WSCN) 104, a drive
scannery (DSCN) 105, data lines DTL101 to DTL1On selected by
the horlzontal selector 103 and supplied with a data signal
in accordance with the luminance information, scanning
lines WSL101l to WSL1Om selectively driven by the write
scanner 104, and drive lines DSL101 to DSLI1Om selectively

driven by the drilve scanner 105.

Note that while the pixel circuits 101 are arranged
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driven by the drive scanner 105. 25 Note that while

the pixel circuits 101 are arranged 28 S04P0610 in an
mx n matrix in the pixel ray portion 102, FIG

shows an exanpl e wherein t%é pi xel circuits are §%4P06M)
arranged in a2 (=m x 3 (=n) matrix for the
sinplification of the drawing. 5 Further, in FIG 9,

the concrete configuration of one pixel circuit is

S [l fication of the drawing., T [
tn 300 2 U g R A A P et P B oR o Gy 0
shown in FI 9, an n-channel TFT 111 to TFT 113, a
shQup i (GraRglq Whene i R vrely GHEAES e AFARERA 1n
of an organic EL eIenentg;OLED), and nodes NDi || and
a g2 Bt Her B PaREX ol 5 iIRR (EAAL LR AL, the
line, WBL10l1l indicates a scanning line, and DSL101
drafitates a drive line. 15 Among these conponents,
TFT 111 configures the field effect transistor
acc&udithg .o ioh & Ier-e Jontthenwomorgte TERfigiration of one
configures the first swtch, TFT 113 configures the
pPixsglc onldecavitt s st Mo 1T applawg gl c@l i dore onff | the ebravwiag.
pi xel capacitance el ement according to the present
i nvahtel @rixed0 cRokciiidr 10lhacseadiingg to e \FiTGE

corresponds to the first control line according to
embd®E pHAS s | e nritiowh iovMFl@E, tdhe «f incfecHdme D3EO1111 to
corresponds to the second control I|ine.

TFT 113, a capaciltor Cl1l11l, a light emitting element 114
made of an organic EL element (OLED), and nodes ND11l and
ND112.

Further, in FIG. 9, DTL101 indlcates a data line,
WSL101 i1ndicates a scanning line, and DSL10l1l indlcates a
drive line.

Among these components, TFT 111 configures the fleld
effect tramnsistor according to the present invention, TFT
112 configures the first switch, TFT 113 configures the
second switch, and the capacitor Clll configures the pixel
capacitance element according to the present ilnvention,

Further, the scanning line WSL10l corresponds to the
first control line according to the present iﬁvention,
while the drive line DSL101 corresponds to the second
control line.

Further, the supply line (power scurce potential) of

the power source voltage Vcc corresponds to the first
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Further, the supply line (power source potential) of

25 the power source voltage Vcc corresponds to the

first 29 S04P0610 referengg potential, while the gpiprosi0
ground potential GND corresponds to the second
reference potential. In the pixel circuit 101, a |ight
emtting elenent (OLED) 114 is connected between a
source of the TFT 111 and 5 the second reference

re YU ?otéNQfEh!Sw@ﬁﬁ%@@%e@@Q@@hﬁ?@bt

pot ent | Specificall t he anode of the l'ight
it t ]ct%hlds MoToly Al %tc%d Q t.!qgas_l_our ce of
coﬁ?gdb?ﬁi 1% Q%% e cathoge 8 IS connected to
t he r und enti al gN The cti oi_nt t.he
he a0fRUTE100 CRERELEN PR g 233@3 ‘i-%t&nﬁd bidhebt
source of the TFT 111 constitutes qg %%nggﬁ and
(OLERr dd Softst (OPepteh et Wasindo CORTS &1 i 07 e
TFT 113 and a first electrode of the ca aC|tor 111, Nt
theyfecondh aefarense makeptial |(dng thyd sissieto o ‘
ND112. 15 The source of the TFT 113 is connected to a
thef igrayndy podemtdial( iGNDhe Spesdddicadnpodi thehtanedeyudde
potential G\D), while the gate of the TFT 113 is
11ighdneaditéd.ngo etllemendr iMet [fsneopsiertied fig the squmee i
el ectrode of the capacitor Cl11l is connected to the
thenaod ND1I,2 whA(eA thauraattae @& idieails oforiractRRT tiol Xhes
first switch are connected to the data |ine DTL10L
groamd medeotDhE2 GNIFurtHerqomegatiofpditet THT ik arpode of
connected to the scanning |ine WSL1QOL.
the light emitting element 114 and the source of the TFT
111 constitutes a node ND1l1l1i.

The source of the TFT 111 is connected to a drain of
the TFT 113 and a first electrode of the capacitor Cll11,
while the gate of the TFT 111 1s connected to a node NDll2.

The source of the TFT 113 is connected to a fixed
potential (in the present embodiment, a ground potential
GND), while the gate of the TFT 113 is connected to the
drive line DSL101. Further, a second electrode of the
capacitor Cl1l is connected to the node ND112.

A source and a drain of the TFT 112 as first switch
are connected to the data line DTL101 and node ND112.
Further, a gate of the TFT 112 is connected to the scanning
line WSL1O01l.

In this way, the pixel cicult 101 according to the

present embodiment 1s configured with a capacitor Cl11l
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In this way, the pixel cicuit 101 according to the 25
present enbodi nent is configured with a capacitor Cl11
30 S04P0C610 connected betoeen the gate and sour cesmP0610
the TFT 111 as the drive transistor and with a source
potential of the TFT 111 connected to a fixed
potential through the TFT 113 as the sw tching
transistor. 5 Next, the operation of the above

contenflieg tattvereninithle dat eexpldaisoad-deo s the TFT NA1 as
operation of a pixel circuit wth reference to FIGS

thel @rive oan¥ild thirCandl WA tho al loure! potthal 1BhGofl he TFT
shows a scanning signal ws[101] applied to the first

111 QWnneHINGd ianE 1 WBld1 HbrehtliRe Rht8lughl@nar méy 1flCas
11B shows a scanni ng signal ws[102] applied to the

thes%gqﬁghg_ $GARRIRG i ne WEL102 of the pixel array,
11C shows a drive signal ds[101] applled to the

i rﬁg e O¥hd | ;ssrgwsn%}slgﬁhgg%bapp ggg b®Yon P11

11D s OWs a I've signa

o RTINS 15 TRDSpA0R T e B e s

E%hows “a Jat’e potenP

ElG 11F sh L t
"iti'llfefﬁﬁfﬁ&ce P 104 E8 § Sa%éﬁ%em‘leﬁ 15 dike
the E ht L tti I t 114, h
F bt e BT it g o
. to the scanning lines WSL10l, W5L102
aPPéﬁédséPe&PPv@Pfs§eF°FbScPﬁ§1P6W1W§9eMsb}oﬁhéﬂmﬁhﬁaPixel

scanner 104, and the drive signals ds[101],
arrgy) 183F.. 118 showe @ seerpilngs spgpad1yws[102] applied to

the second row scanning line WSL102 of the pixel array,
FIG. 11C shows a drive signal ds{101] applied to the first
row drive line DSL10l of the pixel array, FIG. 11D shows a
drive signal ds{101] applied to the second row drive line
DSL102 of the pixel array, FIG. 11E shows a gate potential
Vg of the TFT 111, and FIG. 11F shows a source potentlal Vs
of the TFT 111.

First, at the tlime of the ordinary emitting state of
the EL light emitting element 114, as shown in FIGS. 11A to
11b, the scanning signals ws{l101], ws[102],.. to the
scanning lines WSL10l1l, WSL102,... are selectively set to
the low level by the wrlite scanner 104, and the drive
signals ds[101], ds[102],... to the drive lines DSL10l,
DSL102,... are selectively set to the low level by the

drive scanner 105.
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DSL102.... are selectively set to the low |evel by the
25 drive scanner 105. 31 SO4P0610 As a result, in the

pi xel circuits 101, as shoyn in FIG 10A, the TFT sbiosio

and TFT 113 are held in the off state. Next, in the
non-emtting period of the EL element 5 114, as shown
in FIGS. 11A to 11D, the scanning signals ws[101],

ws[ 102],.. to the scanning lines W5L101, WSL102,

areabehdrééuihe hawthevgh x8y &hﬁcﬁltéelﬁﬁanﬁ§rshéﬁﬂ in
and the drive S|gnals ds[ 101], ds[102].... to the

Frsdfhbs '%B%STP§L1Q% aﬁﬁL%@% 113 8k ﬁ%haC&hV%hk o¢tk to
10 hi'gh level by the drive scanner 105. a

Staic%sul in the pixel circuits 101, as shown |n FI G
the TFT 112 is held in the off state and the TFT

113,;is.turned. of f. rren I h
CheE i1 48, hopsty aé%%né(nﬁgﬂﬁﬁ SETpt! BECe10haHE
ot ent of .t 11 al to t he ,ground
114po?§n?h F%ﬁgrel&; #&B aﬁgagﬁﬁggegggga%ﬁe
I.i ght en1tt|ng elenent 114 also becgnes and the
Ws[EﬂlﬂvgﬁF[éﬂ?ﬂvlngt8I§H€nF°ffﬁiﬂgc&ﬁB§s W&k 8dict ting in
state. 20 Next, in the non-emtting period of the EL
WSLA0ght - - cAREL PRYJePdERe 10%, 18vednBin the MEASe SEADPGT

11D, the drive signals ds[101], ds[102]... to the

104¢r ppd [theedripel sdgnaps) 9§11011, 206 TRORd -at- -t k@ Kibgh

| evel by the drive
drive lines DSL10l, DSL102,... are selectively set to the

high level by the drive scanner 105.

As a result, 1n the pixel cilrcults 101, as shown in
FIG. 10B, the TFT 112 is held in the off state and the TFT
113 is turned off.

At this time, current flows through the TFT 113 and,
as shown in FIG. 11F, the source potential Vs of the TFT
111 falls to the ground potential GND. Therefore, the
voltage applied to the EL light emitting element 114 also
becomes 0V and the EL light emitting element 114 becomes
non-emitting in state.

Next, in the non-emltting pericd of the EL 1ight
emitting element 114, as shown in FIGS. 1l1lA to 11D, the
drive signals ds[101], ds[102],.. to the drive lines
DSL101, DSL102,... are held at the high level by the drive
scanner 105, and the scanning signals ws[101], ws[102},...

to the scanning lines WSL10l, WSL102,... are selectively
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scanner 105, and the scanning signals ws[101],
ws[102].... 25 to the scanning |ines W5L101,

WBL102.... are selectivelygg2 S04P0C610 set to theypsposio
high Ievel by the wite scanner 104. As a result, in

the pixel circuits 101, as showmn in FIG [|QOC, the TFT
113 is held in the on state and the TFT 112 is turned
on. Due to this, the horizontal selector 103 5 wites

set! B® itARUY 1HnJ ﬁ_%lve(lvb'}) t@ﬂéofaﬁ&%tee@cta%ntelie 1%ata line
DTL101 into the capacitor d Il as the pixel capacitor.

At hRi g Fbgﬁltasgﬁe #ETb?FEhGEi}aEigEhQO§OUEgeshown in

potential Vs of as the drive tfransistor is

Frcat mtche t%r G@% ’11% g:n }E.' t&é\lgn %\E%té’ 3% t3% TFT

shown * e pote

di,f f erenc bet en the at e ,and rce,of, th 1
112bico%es“g L SR T s R T %&t&%‘aﬁ%?’
Af ter t his, |r1the noq %mttln
it t

perlod oft%¥;
wrd e&h thgnilpiky sdoggdnd ViT], PFOPERARSS For dff& tigne
15 the drive signals ds[101], ds[102].... to the

DTL&P|vénFPn§§eD§E¥@fitBSL£@él as the m&*&laPa@ﬁgiﬁigh

level by the drive scanner 105 and the scanni ng

si ghtl §his tdrp, @8] sboyn. 1n Fig.t AéFsciRAi FEUFCRes

WEL101, WSL102.... are selectively set to the | ow
potbe\télaleSt 0§ \bhiet SFScdddcaslGhe BTiNe Fraasdistton d.st lad

pi xel circuit 101, as shown in FIG 10D, the TFT 112
the| groundegodentdad tlesedr (GYDoJevatli)on scof asheshowputin

signal to the capacitor Cl11 as the pixel capacitor
FIGSNJd41E and 11F, the potential difference between the
gate and source of the TFT 111 bhecomes equal to the voltage
Vin of the input signal.

After thils, in the non-emltting period of the EL
light emitting element 114, as shown in FIGS. 11A to 11D,
the drive signals ds[101], ds[102],... to the drive lines
DSL101, DSL102,... are held at the high level by the drive
scanner 105 and the scanning signals ws[101], ws{l02],...
to the scanning lines WSL10l, WSL102,... are selectively
set to the low level by the write scanner 104.

As a result, in the pixel circuit 101, as shown in
FIG. 10D, the TFT 112 is turned off and the write operation
of the input signal to the capacitor C1lll as the pixel
capacltor ends.

After thils, as shown in FIGS. 11A to 11D, the

scanning signals ws[101], ws[102],... to the scanning lines
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After this, as shown in FIGS. 11A to 11D, the 25
scanni ng signals ws[101], ws[102].... to the scanning
lines 33 SO4P0C610 WBL101, gY6L102.... are held at &h@os10
| ow | evel by the wite scanner 104 and the drive
signals ds[101], ds[102].... to the drive |lines

DSL101, DSL102.... are selectively set to the | ow

| evel by the drive scanner 104. 5 As a result, in the

wsiPio€! wdifgy .1.0]are?5néﬂi’%it!he A& 1kl the e wilike

I's turned of . By turning e TFT 113 off, as shown in

sc{ane %?ﬂlzld\jele %Jl? tlf’eo%xcﬁzg%f Aﬂ d le];,hg}sl{g]:r(%%]ll. _a_s to

ransistor ris and curren owWs to
th #EL lj ght 1t1d gﬁ#giqg ment 114. The sour.ce
the, FERG allrﬂ\?ss g#glt]hdeﬂl' 4 Ze‘f‘l uctit 1% vedféé g% o
this, since there is a capacitor befween the gate and
the it ek Y e Ve SEHRGT PR s, 11E and  11F,
the gate-source potential is constantly held at Vin.
15 AS ghitesilte, hdberpirel fdnawd tlille @ idiodh o
drives in the saturated region, so the current Ilds
FIGJ oMithg thehrFHht khel sTRmoed géddomes the val ue shown
in the above equation 1. This value is determ ned by
t he Byattarpdungc dhep SFIN 18 ofify @fs tshowprin FEG.THlE , the
current Ilds simlarly 20 flows to the EL |ight
sowm€ tpoierd lene s 07, tivh FRDVL I heaslthd |Gghtveniransigstor
element 114 emts light. The equivalent circuit of the
ridds laghtowntdrtt rglscel Shmnd 1o 4tHee Rielsi gist sénalint g
FIG 10 so at this tine
element 114,

The source potential Vs of the TFT 111 fluctuates,
but desplte this, since there 1s a capacitor between the
gate and source of the TFT 111, as shown in FIGS. 11lE and
117, the gate-source potential is constantly held at Vin.

At thls time, the TFT 111 as the drive transistor
drives 1in the saturated reglon, so the current Ids flowing
through the TFT 111 becomes the value shown in the above
equation 1. This value 1is determined by the gate source
potential Vin of the TFT 111. This current Ids similarly
flows to the EL light emitting element 114, whereby the EL
light emitting element 114 emits light.

The equlvalent circult of the EL light emitting
element 114 becomes as shown in FIG. 10F, so at this time
the potentlal of the node ND11ll rises to the gate potential

by which the current Ids flows through the EL light
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the potential of the node ND111 rises to the gate
potential 25 by which the current Ids flows through
the EL light 34 S04P0610 itting el ement 114. Al
with this rise in potentia$?1the potenti al of thég%ﬁgo{’310
node ND112 also simlarly rises through the capacitor
111 (pixel capacitor Cs). Due to this, as expl ai ned
above, 5 the gate-source potential of the TFT 111 is

d at e, consider the problens in the past

hel Vi n.
emi§%&?@e91F®gP6mé$&§ysten1in the circuit of the present
i ti | hi i it I t EL Li
om RLPRS tthethIsatnr, dpapeletfipts fhg botbAtial o

characteristic along with the 10 increase. in the
thecapdie: Ah 1ger a0 PHEIdATE, Taren (tPIPRED dhR, gapacitor

transi stor sends the sane current, the potenti al
11lafdpilxed capardtor (Gsdht D& 0 A1) e RenexPladged ghgve-

the potential of the node ND111 falls. However, in
thet lgiag ecisongice, pottenidednofalther TFFe 1dddds psldppt) Vin.

falls while the gate-source potential of the drive

t r aHeiret, oronsidelrd thenpirabiiemso inhsheuppsit sPLd®Eng

through the drive transistor (TFT 111) does not
folllowege sysARED G Rgley cittteidurofernthef [povisegptt Hooegititdane In

EL light emtting elenent al so does not change. Even
thilsl dik@uHtV a20 wehar,aciney is3t 110 gt telnel tling gilteremit ti ng

el ement deteriorates, a current corresponding to the
deteMWrat@d age 1t¥ T -SoRHadtefilsne allwieharth tie

past problem can be solved.
increase 1n the emitting period. Therefore, even if the
drive transistor sends the same current, the potential
applied to the BL light emitting element changes and the
potential of the node ND11ll falls.

However, in this circuit, the potential of the node
ND111 falls while the gate-source potential of the drive
transistor is held constant, so the current flowing through
the drive transistor (TFT 111} does not change.
Accordingly, the current flowing through the EL light
emitting element also does not change. Even 1f the I-v
characteristic of the EL 1light emitting element
deteriorates, a current corresponding to the input voltage
vin constantly flows. Therefore, the past problem can be
solved.

As explained above, according to the present first

embodiment, the source of the TFT 111 as the drive



As expl ai ned above, according to the present first 25
enbodi nent, the source of the TFT 111 as the drive 35
S04P0C610 transistor is cogpected to the anode of gphposio
light emitting elenment 114, the drain is connected to
the power source potential Vcc, a capacitor Cl11 is
connected between the gate and source of the TFT 111,
and the source potential of 5 the TFT 111 is connected

trah@i@t%&xgg eehaRbak EBrQHQhaBBQe SETtAd3188nkthemitting
sw tching transistor, so the followng effects can be

ele&m' Hed. $AUr Geah gl h.gW%'E)nHEEEHE %t@ PQ%%f 5843 kon

| umi hance even with ange 1 n

potepoagit%%%Sékgggéag%gogncg&ll&ghgpgﬁhk% agbgkﬁg%ptthe

ng wt econmes possi source-

ol il Bl SRS, gHERTTs 1 Sha RECRERRARORP B o100

ve el ement of an EL light em.ttin e
theu??ﬁglé&rF@nFoﬁﬁﬁﬁgeéaFﬁogeféFggtPBBthQaguggﬁngﬁrt%
ossible to configure transistors of a_pixe
TFTC r1|1 upf BRreosmtrhdpantErnELgREFst §Ps tARd fﬁ&%@“ﬁn@ to
use the a-Si process in the fabrication of the TFTs.

effpgést gant bies obtadpedi.s the advantage that a reduction
of the cost 20 of TFT boards becones possi bl e.
<SeSondcenfolilawar>ortout 191tk acpfletRriprgtanrolnt he
configuration of an organic EL display device
lunénphoyi eyepi wdlthciar change in the I-V characteristic of
an EL light emitting element along with elapse becomes
possible.

A source~follower clrcult of n-channel transistors
becomes possible, so it is possible to use an n-channel
transistor as a drive element of an EL light emitting
element while using current anode-cathode electrodes.

Furthér, it 1s possible to confiligure transistors of a
pixel circult by only n-channel transistors and possible to
use the a-Si1 process in the fabrication of the TFTs. Due to
this, there 1s the advantage that a reduction of the cost
of TFT boards becomes possible.

<Second Embodiment>

FIG. 12 1s a block diagram of the configuration of an
organlc EL display device employing pixel circuits

according to a second embodiment.

FIG. 13 1s a circuldt diagram of the concrete
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according to a second enbodinent. 25 FIG 13 is a
circuit diagramof the concrete 36 S04P0610
configuration of a pixel cggcuit according to the 504P0610
second enbodinent in the organic EL display device of
FIG 12. The display device 200, as shown in FIG 12

and FIG 13, has a pixel array portion 202 having

pi xel circuits 5 (PXLC) 201 arranged in an mx n

conflgiratidnN @ Z20plixXel AN acHSE@ing030 @nw isk@ond
scanner (WSCN) 204, a drive scanner (DSCN) 205, data

emblodA&® nlT 420k Hed oPHa2dR ¢! %&%%fiagy aef@ehee zaatahz.

sel ector 203 and supplied with a data signal in

aPC@hQaHQEBWaﬁ( abbeckuabpange LRGRATRAI PRG.S§8NRHhATFIE.
i nes W5L2 0 V\SLZOm sel ectively driven by the wite

12 SHE pid Y R M e
CIrCUItS 2 1 ,are a n an

h
(PXE'Ejtn ma %rtan%ﬁ%t ﬁ‘é‘ Sl %& *afr g'y port| 5‘nh253%e Gl 12
sorfPRGLR RS RS R TR s e
I|f|cat|on of the drawing. Further, in FIG. 13 as
SC%P . (PRENIo#OPat Bataodiingsy B&P&Hloﬁ: .‘?‘e“L&Oﬁeﬁe&eﬁéﬁdt by

is shown for 20 sinplification of the drawin Each

thephegiizentadi selgrtaecdldi Agdt §uprd 1esc Hidh Prdfgnal

has, as shown in FIG 13, an n-channel TFT 211 to TFT
in aﬂg,oréa@&ga@iittbr t@ll}lmamamgm Llafermiatd of e Bednnlng
lines WSL201 to WSL20m selectively driven by the write
scanner 204, and drive lines DSL201 to DSL20m selectively
driven by the drive scanner 205.

Note that while the pixel circuits 201 are arranged
in an m x n matrix in the pixel array portion 202, FIG. 12
shows an example whereln the pixel cilrcuits are arranged in
a 2 (=m} x 3 (= n) matrix for the simplification of the
drawing.

Further, in FIG. 13 as well, the concrete
configuration of one pilxel circuit is shown for
simplification of the drawing.

Each pixel circuit 201 according to the second
embodiment has, as shown in FIG. 13, an n-channel TFT 211
to TFT 213, a capacitor C211, a light emitting element 214

made of an organlic EL element (OLED), and nodes ND211 and

ND212.
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made of an organic EL el enent (OLED), and nodes ND211
2#32055 hEQlZ. 37 SO4P0C610 Further, in FIG 13,
indicates a data lifpe, WSL201 indicates a
scanning line, and DSL201 ?ﬁdicates a drive Iine.SO/1P0610
Anong these conponents, the TFT 211 configures the 5
field effect transistor according to the present
invention, the TFT 212 configures the first swtch,

A . .
Eaggggggé%gziﬁoﬁiéguigs B?E%ﬁgcgﬁgéﬁﬁ%égha_ g, t Pene,

Configlreés capaci tance

I nt. .according to the present _i.n LQN
wst BT FaLSRkE=s eat PR Pond e 281 BoPPOSpaRdLcrEoFnd
d first control line according to the present invention,
ri¥ki LdB€he drive |ine DSL201 corresponds to the second
control line. Further, the supp

lé line of the oner
soupbwengotbgge cemporentgontresd Wc%lboFgﬂF?ﬁF¥es he
corresponds to the first reference potential, while
f1eflHe effeaitd tpensisitar anporddndedfoiflls PEeERat dryrafdan.
potential. In each pixel circuit 201, a source and a
thedPHITN 2422 cobnd1gETe2] 3har FirstneswtiddhpetheeTFE 2ddr ce
of the TFT 211 20 and an anode of the |light emtting
con€ligumels 2bé, second swiftchbhe afdT thel dapacditwecCed t o
the power source potential Vcc, and a cathode of the
conltiighiresnithlel pgxeller@pacd tanice elenesdt ecdcordimg doodie
potential GND. That is, the TFT 211
present invention.

Further, the scanning line WSL 201 corresponds to the
first control line according to the present invention,
while the drive line DSL201 corresponds to the second
control line.

Further, the supply line of the power source voltage
Vce (power source potential) corresponds to the first
reference potential, while the ground potential GND
corresponds to the reference potential.

In each pixel circult 201, a source and a drain of
the TFT 213 are connected between a source of the TFT 211
and an anode of the light emitting element 214, a drain of
the TFT 211 1s connected to the powexr source potential Vco,
and a cathode of the light emitting element 214 is
connected to the ground potential GND. That is, the TFT 211
as the drive transistor, the TFT 213 as the switching

transistor, and the light emitting element 214 are
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as the drive transistor, the TFT 213 as the sw tching

25 transistor, and the light emtting el enent 214 are

38 S04P0C610 connected in ggries between the powersgg4pPosio
source potential Vcc and the ground potential G\D.
Further, the connection point of the anode of the

light emtting elenent 214 and the source of the TFT
213 constitutes a node ND211. 5 A gate of the TFT 211

corrfeddment ebiied e tiigkh Nl Dowditirddiffce tfttential Voo
capaci tor C211 as a pixel capacitor Cs connected

and e efrduifl A N and Addar t hafe iconnd@t e Doint
the gate of the TFT 211 and the anode of the |ight

of WHd tddhee! M BHe 2lgnt® dil it eé:fin@{at 3{14 NEa the
capacitor 10 C211 is connecte o the node ND211,

' coﬁdl. l.ec Eﬁﬁ ' C e node

So%%l%@ﬁgeat e ofzejtfeé({f1 ﬂl‘%eﬁgr%:]glnén(gégt%%]%f]d the drive

[in L201. .EFur , Qurce _an rain of the,.lE

o105, IR%0 OF; tH B 213 JBUERARIR R Ul ehellngldte wb2la.

l.i.ne DTL201 and the 1 ode ND212. Further, a te of
FugHE TP SRR G 4 % A AR 5t Wb 201,

In this way, the pixel_circuit 201 accordi n‘%mt.o t he
conesd&d Reiihmddte iedsshMdre Pt P4 e Sdtfcelf

the TFT 211 as the drive transi stor and the anode of
betqeen g gttt thhny Tlerdt andh Buhads ofy e Fopt

213 as the switching transistor, while a capacitor

enitting edeaandd 2 1det Viedilnsie ejqatrside f THR Xapagitor

the anode of the light emtting el enent 214.
C211 is connected to the node ND211l, while a second

electrode 1s connected to the node ND212.

A gate of the TFT 213 is connected to the drive line
DSL201. Further, a source and a drain of the TFT 212 as the
first switch are connected to the data line DTL20%X and the
node ND212. Further, a gate of the TFT 212 1s connected to
the scanning line WSL201.

In this way, the pixel circuilt 201 according to the
present embodiment i1s configured with the source of the TFT
211 as the drive transistor and the anode of the 1ight
emlitting element 214 connected by the TFT 213 as the
switching transistor, while a capacitor C211 connected
between the gate of the TFT 211 and the anode of the light
emlitting element 214.

Next, the operation of the above confilguration wili

be explained focusing on the operation of a pixel circuit
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Next, the operation of the above configuration wll

25 be expl ained focusing on the operation of a pixel
circuit 39 SAPG610 with ference to FIGS. 14A t§b4}>0610
14E and FIGS. 15A to 15F. te that FIG 15A shows
scanni ng signal ws[201] applied to the first row
scanning |line WSL201 of the pixel array, FIG 15B

shows a scanning signal ws[202] applied to 5 the

wité?&%%%gr&%\g S‘?;%”%'I%“ g %Lagé ?%8&?‘%(;%' Xqls A2L 1A SE.

c shows a vé 'Si gnal applied to t
irst. r rj DSL201_of the, pixel a
R T h¥§ve5§$gﬁ§f’wasﬁzaﬁf‘n3 Bt Buofian; {5
econd row drivd line DSL202 of .the r .. FL.G
appdeds fignghs GAFE thoPenECannLDg WG WHEOH-PE, e Bfel
FI G 15F shows an anode side potential of the TFT 211,
arrpat FIE- (188 SHOWS PaSORRPIDY S angde visd 3 2Npepplied to
First, at the ordinary emttln% state of the EL |ight
thee gCOnAg TeMe FEANIIDg, 1d8es WEWR02n of| t8e Ddxelo apIpy -
the 15 scanning signals ws[201], ws[202]... to the
FIGSCcangi sfomisnas drisle? Glgnagl 2612011 appldeidedid ddiey fdast
to the low level by the wite scanner 204, and the
rowddnigresilgmnal sSd20A0DIE, thespd&R]l arraye FI& .drliSPe shovss a
DSL201, DSL202,... are selectively set to the high
drilveveligmalt lae [dni2ve appdirer t20Fhe?@Gebond mesuldnivd e
pi xel circuit 201, as shown in FIG 14A the TFT 212
DsL292h@led the phseaf farslagt,e Fagd t5& Fhbws2h3 gatdglotdntial

the on state. At this tine, the current Ids flows to
vg b#e thel 2%l 233, and FIG. 15F shows an anode side
potential of the TFT 211, that 1s, the potential VND21l1l of
the node ND211.

First, at the ordinary emitting state of the EL light
emitting element 214, as shown in FIGS. 15A to 15D, the
scanning signals ws{201], ws[202],.. to the scanning lines
WSL201, WSL202,... are selectively set to the low level by
the write scanner 204, and the drive signals ds[201],
ds{202],... to the drive lines DSL201, DSL202Z,... are
selectively set to the high level by the drive scanner 205.

As a result, in the pixel cilircuit 201, as shown 1n
FIG. 14A, the TFT 212 is held in the off state and the TFT
213 is held in the on state.

At this time, the current Ids flows to the TFT 211 as

the drive transistor and the EL light emitting element 214.

Next, in the non-emitting period of the EL light
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the drive transistor and the EL light emtting el ement
214. 25 Next, in the non-emtting period of the EL
light 40 S04P0610 emittingyelement 214, as shown goarosio
FIGS. 15A to 15D, the scanning signals ws[201],

ws[ 202],.. to the scanning lines W5L201, W5L202...
are held at the low level by the wite scanner 204,
and the drive signals ds[201], ds[202],... to 5 the

emi@%&%%'dﬂ@%%n@sbaql’aQSE%Q%n in @&%ssehgﬁtt%ehxnsekhbo
the Fow | evel by the drive scanner 205. As a result,

[ I int 20 hown +i,n I
sl L YR 10K B0 G nes

wsnéﬁﬁ”eﬁsizoz 10 AL Lhi %1E't 2{% elBﬁtEQB b3 piehdle %rh@%

erfi't'ting e enen f al s S|nce he source

of su y di pe Q entl
scapReZe it 9% 208 Ao ieRa e FigRiTe %‘ﬂ[%‘%ﬁ
el enent 214. However, _sinc current al.so ro
enepaflvgn d it BYG00. cRBREORLA i FEES SPHESHAVALY 3
period continues, the potential will fall to GND Cn
thetH@Wb?ﬁﬁﬁlhﬁﬁdthﬁhgr?ﬁ? SPRNRET B05%rive transistor
is held in the on state since the gate potential s
hi ghs ThresHdsst tagthe péredr ﬁéac}lgtaZQ or BSpERPYR. 120
After boosting to the Vcc, no current is supplied to
FIGthd4BTFEthe]l TFTTRA2 is, biedd Ha pihecff stgite apd dhe F&FT
second enbodinent, it is possible to operate wthout
213t he Suppleyl Gff.

At this time, the potentlial held at the EL light
emitting element 214 falls since the source of supply
disappears. The potential falls to the threshold voltage
Vth of the EL light emitting element 214. However, since
current also flows to the EL light emitting element 214, 1f
the non-emitting period continues, the potential will fall
to GND.

On the other hand, the TFT 211 as thr drive
transistor is held in the on state since the gate potential
is high. This boosting 1ls performed in a short period.
After boosting to the Vecc, no current is supplied to the
TFT 211.

That 1is, in the plxel circuit 201 of the second
embodiment, 1t is possible to operate without the supply of
current in the pixel oircuit during the non-emitting period

and therefore possible tc suppress the power consumption of
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current in the pixel circuit during the non-emtting
period 25 and therefore possible to suppress the power
consunption of 41 SO4APG6104;the panel. Next, in th®sposio
non-emtting period of the EL light emtting el enent
214, as shown in FIGS. 15A to 15D, the drive signals
ds[ 201], ds[202],.. to the drive lines 5 DSL201,
DSL202.... are held at the low | evel by the drive
thesg@g@gﬁ 205, and the scanning signals ws[201],

02],... to the scanning |ines W5L201, W5L202.. ..
are ect v t hj % t ]
aﬁk 26 She nSE chrtEiq"pIRacR B holBE PGHE

10 e 14C he TET is I he f
emi%@ &mﬁﬁe %&% own }ne%&%s %i Qﬁb tgﬁ

sta

put SI al r ted to t i e DTL201
artydP fobad s s ol SEH 3%%%3 503 |st€¥’ ?’féﬁ
capacitor C211 as the _pixel capacitaor . A h|s
DSLZ0fa, DEE2Q%0wn -i ATE Belfspt §F‘r‘?cé°f”héeé(ﬁ3dé’y §P&edri"3
potential Va of the TFT 213 as the sw tching
scappgxsi2@bor andhihe) §capRd ngoed RS VN@?Pﬂ]ofWFHQOEdde
ND211, is at the ground potential |evel (G\D |evel),
to the S@apaémgorliezﬁlwééztoﬁe WiSEEI0 26 apac iditey sed eic& Nelly
at a 20 potential equal to the voltage Vin of the
setj fputthei jdgh. leXetiebyt Kihe wi tehescaomeani2otdi.ng peri od

of the EL light emtting elenment 214, as shown in
FI G8s &5fet0115Din the giked sigpaliit @OL20ap, shown in
ds[202].... to the drive |lines

FIG. 14C, the TFT 213 1s held in the off state and the TFT
212 1s turned on. Due to this, the input signal (Vin)
propagated to the data line DTL201 by the horlzontal
selector 203 is written iInto the capacitor C211 as the
plxel capacltor Cs.

At this time, as shown in FIG. 15F, since the anode
side potential Va of the TFT 213 as the switching
transistor, that 1s, the potential VND21ll of the node
ND211, i1s at the ground potential level (GND level), the
capacltor C211l as the pixel capaciltor Cs 1s held at a
potential equal to the voltage Vin of the input signal.

After this, in the non-emitting period of the EL
light emitting element 214, as shown In FIGS. 15A to 15D,
the drive signals ds[201], ds[202],... to the drive lines
DSL201, DSL202,... are held at the low level by the drive

scanner 205, and the scanning signals ws[201], ws[202],...
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DSL201, DSL202.... are held at the |low level by the
drive 25 scanner 205, and the scanning signals

ws[201], ws[202].... 42 S04$P0610 to the scanni ng gpapos1o
lines W5L201, WSBL202.... are selectively set to the
low | evel by the wite scanner 204. As a result, in

the pixel circuit 201, as shown in FIG 14D, the TFT
212 is turned off and the wite operation 5 of the

to tRRUIscingNdlg hdnllie wsapaal t Hisredbl .as tbhe Riteltively
capaci tor ends After this, as shown in FIGS. 15A to

set1§g th%elf%p§%Qb O%B%V%Eg%%?gghnHQE[%g%] .. to the

scanni ng, I'i nes are held at the |ow
Iev I

t h
o oz & getSaly 1 %882? BT 28 o ar! ptgun 1n
S 1, L I t .t t
FIG o dP by Bend P 242 daiheredos FEalnt b et ey i at don
pixel circuit 201, as_shown in. FIG_ _14E, the TFT 213

of el dnRus G1oned P HhenPRREHEOFEE2Hs B A8y

flows to the EL Ilight emtting elenent 214 and the
carggditeE §8@8ntial of the TFT 211 falls. The source

potential of the TFT 211 as the drive transistor

f1 udftigreshiput agesprre LR EIGSi.nd&At her 5D sthe

capacitor between the gate of the TFT 211 and the 20
scaanddg oflgnlad sl wgh20ddi.t wisi§@o@lenent t214het sganning lines

gate-source potential is held at Vin. At this tine,
WSLRled , TWEL2D2 ,as .t lagre dheilde attr &by Jdtoor lievedr ibyerthien widide

saturated region, so the current Ids flow ng through
scahherTBED421Anldecherdrtibe widlgnals ds{201], ds[202],... to
the drive lines DSL201, DSL202,... are selectively set to
the high level by the drive scanner 205.

As a result, in the pixel circuit 201, as shown in
FIG. 14E, the TFT 213 is turned on.

By tufning the TFT 213 on, current flows to the EL
light emitting element 214 and the source potential of the
TFT 211 falls. The source potential of the TFT 211 as the
drive transistor fluctuates, but desplte this, since there
is a capacitor between the gate of the TFT 211 and the
anode of the light emitting element 214, the gate-source
potential is held at Vin. At this time, the TFT 211 as the
drive transistor is driven in the saturated reglon, so the
current Ids flowlng through the 1FT 211 becomes the value

shown in the above equation 1. This is the gate-source

voltage Vgs of the drive transistor.
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shown in the above equation 1. This is the gate-source
25 voltage Vgs of the drive transistor. 43 SO4P0610

Here, the TFT 213 operatesg4in the nonsaturated regimposio
so this is viewed as a sinple resistance val ue.
Accordingly, the gate-source voltage of the TFT 211 is
Vin mnus the value of the voltage drop due to the

TFT 211. 5 That is, the current flow ng through the

TFT yakk ,C3heP @ r o 318 b o tdal anMthad v st rditea Due

to the above, even if the EL light emtting elenent

redibh JdSHRIALES w}hjfbdécf ds \a AHHAE §ld Sitd Gt PR 1M D

he increase in the emtting period, in the pixel 10
A ﬂcﬂﬂr%lf,ohﬁgi 4}.9 —S&("i%ll;dl? Qfﬁﬁﬁﬁi Ye Elﬂf '1%01‘ &Nt & Gfin
c({:dne e 115} all's ITe the potentia etween the
at e .and our ¢ f the JFT 211 as.thr, drive
mirﬁ‘}saﬁg}est%a}ﬁb%/ 9 t&é‘? d Oejctoar%‘? a‘%lf?p WG i G T 2t
flow ng _through the TFT 211 does . nqt change.. 15
Thade It o T\ o YRS R THPR HtSughF T el 159 dht
emtting el ement 214 al so does not change. Even if the
sadd \ro ey dedeaminet BF e B4 ght enitting el enent
214 deteriorates, the current corresponding to the
i np@ue k8l ithge Aoy poetean iy Wieofd: dd@hth&mditdrlad he
past problem 20 can be solved. In addition, b
elemming] riAl4 etmriaratare Ui 1t TN clsfragtar @ 13lonyg
IS possible to suppress variation in the resistance
witlaltle: duerenserimtiton émltting hyesshod d sl tiee pixel
clircult 201 of the second embodiment, the potential of the
node ND211 falls while the potential between the gate and
source of the TFT 211 as thr drive transistor by i1s held
constant, so the current flowing through the TFT 211 does
not change.

Accordingly, the current flowlng through the EL light
emitting element 214 also does not change. Even 1f the I-V
characteristic of the EL light emitting element 214
deterlorates, the current corresponding to the input
voltage Vin constantly flows and therefore the past problem
can be solved.

In addition, by railsing the on voltage of the gate of
the TFT 213, it is possible to suppress varilation in the
reslstance value due to varlation in the threshold value

vth of the TFT 213.

Note that, in FIG. 13, the potential of the cathode
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Vth of the TFT 213. 25 Note that, in FIG 13, the
potential of the cathode 44 S04P0610 el ectrode of the
light emtting el enent 21444 s made the ground Q04P0B10
potential GND, but this nmay be nade any ot her

potential as well. Further, as shown in FIG 16, the
transistors of the 5 pixel circuits need not be

n- channel transistors. p-channel TFTs 221 to 223 may

eledk$0dke o¥Seel AilgBMeRAE R 1BigX el efbhtUbli4 kB WBas ¢ase,
t he power source is connected to the anode side of

grohilg Ebtlehgzlitale@qbt' BAtCkBTBMmag?be WRWLE ahQe othEE 221

as the drive transistor Is connected to thé cat hode
potégtihg asFykhher, the TFT 212 and TFT 213 as the
swtching transistors nmay al so be transistors of

dif polarl ies ,fr th TFT 21 he drivy
tra%§#§$ o?ﬂeiﬁlge c?rCU| éﬁagg%oﬁ Fﬁg°? the

eco nt a d th i xel .circuit
Pixsgcsia.cﬁa%ﬁo oo Pe b Ebarhet: CERRrARKeS Sapayehannel
' be co ared The baS|c di fference between the
TFTBu%@P &Pr &4 tm2§1a1§808FdPﬁ§dt8°tﬁ8r§e88ﬁ8 BAEsdi nent
and the pixel circuit 101 according to the first
cirgphbdi ABnthise £258 -t KBE2BOHPET EPUREE iLF FH@“&G§P@iGﬁ the
of connection of the TFT 213 and TFT 113 as the

anodgi sdfengft thgsESt dight| gmdskdpgl element- @24, while the
characteristic of an organic EL el enent ends up
TFTdagér asr fhiendravengransh ssozpdes. celoneeded to the cathode

side.

Further, the TFT 212 and TFT 213 as the switching
transistors may also be transistors of different pelarities
from the TFT 211 as the drive transistor.

Here, the pixel cilrcuit 201 according to the second
embodiment and the pixel circult 101 according to the first
embodiment explalined above will be compared.

The baslc difference between the pixel circult 201
according to the second embodiment and the pixel clrcult
101 according to the first embodiment lles in the
difference in the position of connection of the TFT 213 and
TFT 113 as the switching transistors.

In general, the I-V characteristic of an organic EL
element ends up deteriorating along with elapse. However,
in the pixel circult 101 according to the first embodiment,

the potential dlifference Vs between the gate and source of
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in the pixel circuit 101 according to the first

enbodi nent, 25 the potential difference Vs between the
gate and source of 45 S04PgH10 the TFT 111 is helsd4posio
constant, so the current flowng through the TFT 111

Is constant, therefore even if the |-V characteristic
of the organic EL el enent deteriorates, the |um nance
is held. 5 1n the pixel circuit 101 according to the

thefl gt 118MQdh@B Al conldeankhe sdFEndlduirseatfl Fasdihge TFT
1137is on, the source potential Vs of the drive

thrbh@ﬁSlt%OfrF?fFIﬁl}s E‘éﬁQ‘E‘aﬁtt h%h@ﬁ:@k‘ﬂﬁepgbéﬁt & tﬁ@dz v
he organic EL el enment 114 does not emt |ight and

cha?QE%%%f%tE%n g”kb | ng Bgﬁ)oﬂP %ﬁe plxeP@@SQH%EﬁteEhethe

el'ectro one capaci t
Q begpn%§ t.he ground potential GND. However, even

lumgnapﬁ

€ non- 3n1tt|ng perlod t he gate- source voltage
conti nyes t rrent fl ows

co i ERS  p0xET frfe eEapEaiReEs"the 5

15 In %gneral an or&anlc EL el ement. has an e

embgdimgg an¥hgon Shee IF t g pér P&E. 2RAe thEmTAdn &30#5 on,

panel is determ ned by the product of the |ntenS|t%
theopougee gRiteditdnlaNg ofic toei friNg fErrsdstosudify Hihe

shorter the emtting period, the better the noving
becpmesutae2gropadapréensiinds apdc e, oxgapd.ci §Lp|eé1'3§'|e&l§I d14

to use the panel in a short emtting period. To
doegbnaitn emli¢ ddgbt hodi rakessas wonhewddhlogopeadiodg t he

emtting period, it is necessary to raise the
Simudteaneiouyglef, the €dirssi elesitrode (one side) of the pixel
capacitor also becomes the ground potential GND. However,
even in the non-emitting period, the gate-source voltage
continues to be held and current flows in the pixel circuit
101 from the power source (Vcc) to the GND.

In general, an organlc EL element has an emltting
period and a non-emitting period. The luminance of a panel
is determined by the product of the intensity of the
emlssion and the emitting period. Usually, the shorter the
emitting periocd, the better the moving picture
characteristics become, so 1t is preferable to use the
panel 1n a short emitting period. To obtain the same
luminance as with when shortening the emltting perlod, it
is necessary to ralse the intensity of the emission of the

organic EL element and necessary to run a greater current

through the drive transistor.
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organi c EL el enent and necessary to run a greater

current 25 through the drive transistor. 46 S04P0610
Here, the pixel circuit 10).according to the first

enbodi nrent will be conside%%d further. In the plx%G[ﬂDOGIO
circuit 101 according to the first enbodi nent, as
expl ai ned above, current flows even during 5 the
non-emtting period. Therefore, if shortening the

em LLbAg RRE! ngéﬁldci?fjﬁi@glbkﬂe g%ﬂﬁingf tGUERENE1 LHE,

current conti UOUS OWs even aurin

embggqm%ggtggq o%%id%?ﬁéh%ug%ﬁrgﬁt consunpti on

ncreases ur th “Circuit 101 accordlng

10_first g 0 sou nt|
ABEgPaERE. cpoes %"Eﬁig“q%cf’f-‘ﬂégga? “sB8. g%ﬁ?y n
the panel . Therefore, IS necessar% to Iag 0
e’“bf’;‘?&g'?“&'if pSnezpiadpgd Pﬁ’é’vﬁané’lurr&t“tt dOFET edege AUFHRY
Vcc and G\D have to be laid by a low resistance to
thepnggsgiii tigg: RgEigdop Thasedrdengf, sPrTIsniag ffet wo
types of lines, the layout area of the lines has to
emig&ingc pexded. ardr refsd nge H6n amopinth @ fpicuarendt wEEn
pi xel s becones snmaller along with the higher
curdgehitnicongingouspanélows| gyeng dufringe tieamoinsemid tdng,
is liable to beconme difficult. Sinultaneously, the
periedi,os® Wwher eurirentc conismeptidonadsc@EBsleisnes overl ap
in the panel are liable to increase and the
i npFaxenent oh the pirédl birbhakl eotoabeokdphgdtonthe
As opposed to this, according to the pixel circuit 201
£1r8éCentdioadmea tt, N owes0 ’d ueideo goreimit,1 alhevelicf aslds galounlde
potential GND lines are necessary in the panel. Therefore,
it 1s necessary to lay two types of lines lnside the panel
at the TFT side. The Vcec and GND have to be laid by a low
resistance to prevent a voltage drop. Accordingly, 1f
laying two types of lines, the layout area of the lines has
to be increased. For this reason, 1f the pitch between
pixels becomes smaller along wlth the higher definition of
panels, layling of the transistors etc. 1s liable to become
difficult. Simultaneously, the regions where the Vcc lines
and GND lines overlap in the panel are liable to lncrease
and the 1lmprovement of the yield is liable to be kept down.
As opposed to thils, according to the pixel circuit
201 according to the second embodiment, the effects of the

above first embodiment can be obtalned of course and also

the effects of reductilon of the consumed current and lines
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above first enbodi nent can be obtained of course and
also 25 the effects of reduction of the consuned
current and |ines 47 S04PCga0 and inprovement of dphrogio
yiel d can be obtained. According to the second

enbodi nent, source-follower output with no
deterioration in |lum nance even with a change in the
|-V characteristic of an EL light emtting 5 el enent

and2hRpgovehln® 3BSenBEGIRRY RARSHA! BptA1naHW: ce-fol | over
circuit of n-channel "transistors becones possible, so

it Aécsﬁa§hgl€otehasseeana eﬁaaafhenkra9§ﬁ§&8ff§%1?wer

drive el ement of ['Tght emtting enment

outpabcnai%ngfmgnhe@w@igrgﬁmdinehﬁ ghgﬂ%a eJ:Qanittpxea’ it

0SSi e to configure transistors

circ nl.y channel, transi.stors.a ssihle.to
Change # tg&s? gr8§8§§°te 9ﬁE Fagrlcat?%nagggghem$ﬁ$§?g
this, duction of the co of TFT boards
15 el i

3133885n§§08835 APECFRPCREPS BEESIMAifig to the second
enbodinent, it_is possible to slash the_nunber of G\D
I|n%sS%Fr?ﬁef?##ogFHeciﬁﬁﬂiFa9SuP SPaPﬁélsEFFBEEHFﬂﬁs
lines and | ayout of the pixels becone easier.
becppeehepssiblps gesditble Pessikig tReufenB8r nochempedo
lines at the TFT side, possible to elimnate the
trapgdrtap of at HzigRDelemedtand wocEL Adghit epddtIng
board, and possible to inprove the yield. Further, it
elemenpowbilbeeusdngl aslrrens aowdercethGNB electrodes.

Further, 1t is possible to configure transistors of a
pixel circult by only n-channel transistors and possible to
use the a-S1 process in the fabrication of the TFTs. Due to
this, a reductlion of the cost of TFT boards becomes
possible.

Further, according to the second embodiment, it is
possible to slash the number of GND lines at the TFT side
and layout of the surrounding lines and layout of the
plxels become easier.

Further, it 1s possible to slash the number of GND
lines at the TFT side, possible to eliminate the overlap of
the GND lines and Vcc lines at the TFT board, and possible
to d1mprove the yield.

Further, it 1s possible to slash the number of GND
lines at the TFT side, possible to eliminate the overlap of

the GND lines and Vco lines at the TFT board so as to lay
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lines at the TFT side, possible to elimnate the
overlap of 25 the G\D lines and Vcc |lines at the TFT
board so as to |lay 48 S04P@g10 the Vcc lines at agd®wsio
resi stance, and possible to obtain an imge quality
of a high uniformty. <Third Enbodinment> FIG 17 is a
bl ock di agram of the configuration of an 5 organic EL
di spl ay device enploying a pixel circuit according to
the Ydd rd e entow daisithde 2 fid PYdsidRI@MNYtain
the concrete configuration of a pixel circuit
qgﬁﬂ#gi 1t thigdmn S8ty i n the organic EL
Eln'disp ay evigtn§% Flé§;17. 10 Thgﬁaisplay devi ce 200A
acc [ t thi.r.d enbodiment differs fromthe
disgﬁg§ e%@%@ngﬂﬁgg%tording to the second enbodi nment
in pqsi t,ion of connection of. the capacitaor G211
as %ﬁg;’pi(lf(’e iS¢ é‘i‘pzj\?’é’lotcg{r |?%sagirﬁ""t K& 5 ?lf? e Icocr:’il%?'gﬁjirta.tioﬁ of an
Specifjcally, in the pixel circuit 201 accordi to
o gl e o A HRrACE (P RHRE (b ey T EBihect ed
bet ween the gate of the TFT 211 as the drive
acqqridg ity aaddindenhttasditte of the EL 1ight
emtting elenent 214. As opposed to this, in the pixe
ci r EdCr A§1AS2@ sdEsdith@irsmeme ofhithe eopsFarent, the
capacitor C211 is connected between the gate and
confgguratgion jof Brpixel glndidt didaprdighdisttdre third
Specifically, a first electrode of the capacitor C211
embiosl igemriedire dtep argarclon @ tdism lpa feviseof FIG. 17.

The display device 200A according to the third
embodiment differs from the display device 200 according to
the second embodiment in the positlion of connection of the
capacitor C211 as the pixel capaciltor Cs 1in the pixel
circult.

Specifically, in the pixel circuit 201 according to

the second embodiment, the capacitor C211l i1s connected

between the gate of the TFT 211 as the drive transistor and
the anode side of the EL light emitting element 214.

As opposed to this, in the pixel cilrcuit 201A
according to the third embodiment, the capacitor C211 is
connected between the gate and source of the TFT 211 as the
drive transistor. Specifically, a first electrode of the
capacitor C211 1s connected to the connection point (node
ND211A) of the source of the TFT 211 and the TFT 213 as the

switching transistor and a second electrode 1s connected to
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ND211A) of the source of the TFT 211 and the TFT 213
as the 25 switching transistor and a second el ectrode
is connected to 49 SAPO61 t he node ND212. The rgs
of the configurationis si%?lar to that of the Sé%g%gGH)
enbodi nent expl ai ned above. Next, the operation of the
above configuration will 5 be expl ai ned focusing on
the operation of a pixel circuit wth reference to
the IG%? #%A to 19E and FIGS. 20A to 20F. First, at the
‘ttlng state of the EL Ilght en1tt|ng
el epent 214, as shown in

scaﬁﬁ?n§e§|gH§I§hﬁsF29fﬁguﬁéF292]is 55819ﬁ§ §8aﬁﬁ@ﬁg°f

lines 10 WBL201, WSL202.... are selectively set to the
they @qu@@b@mﬁPd#N%?ﬁMQWﬂéa§@ﬁﬁh@P°2@4, and the drive
signals ds[201.], ds[202].... to the drive |lines

DSLMext,Dsheoeperatipe ofelthet abevy senfigurgdilgngwill
| evel by the drive scanner 205. As a result, in the
be pxpdlaigiendc fiocuzGby, oms Bleowparmatidbm BIfGa GAelt el ITRRL
212 is held in the off state and the TFT 213 is held
withn relferemncet aioe FIAS .t Ni9A thHona,9E lamdc IGENt 2ods Hd AOF .
to the TFT 211 as the drive transistor and the EL
|'i givtirefd,t hitnghel eFalhaz¥demieihyg ktattBe off0rheTELL 1Aght
period of the EL light 20 emtting el enment 214, as

emii’cl%QWg] lef] eltle® 2404 4@ 200Bwnl B FAGEINING YOAIE, the
1], ws[202],.. to the scanning lines W5L201,

scaﬂﬁﬁ%@zs SnaﬁkewEQQ%lﬂt g doavy | evely Qhéﬂg%éﬂﬂfﬁ§ lines
scanner d the drive signal's ds[201],

wsr99020%s1.202,1.0 . are selectively set to the low level by
the write scanner 204, and the drive signals ds[201],
ds{202],... to the drive lines DSL201, DSL202,... are
selectively set to the high level by the drive scanner 205.

As a result, in the pixel circuit 201A, as shown in
PIG. 19A, the TFT 212 is held in the off state and the TFT
213 is held in the on state.

At thils time, the current Ids flows to the TFT 211 as
the drive transistor and the EL light emitting element 214.

Next, in the non-emitting period of the EL light

emltting element 214, as shown in FIGS. 20A to 20D, the

scannlng signals ws{201], ws{[202],.. to the scanning lines

WSL201, WSL202,... are held at the low level by the write
scanner 204, and the drive signals ds{201], ds[202},... to
the drive lines DSL201, DSL202,... are selectively set to

the low level by the drive scanner 205.
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the drive lines DSL201, DSL202.... are selectively set
to 25 the low level by the drive scanner 205. 50
S04P0610 As a result, in e pixel circuit 201A,

shown in FIG 19B, the TFTB 12 is held in the offs%cZLPGGIO
state and the TFT 213 is turned off. At this tine,

the potential held at the EL light 5 emtting el enent
214 falls since the source of supply disappears. The

pot gt ial-lahls 4g RS %ﬂ&%}h@i ikt 3g¢a, Vil %}p}:ﬁe in

EL Ilght emtti'ng eleme mever si‘nce

FIGggr ,rﬁ#g ?LSQ.['IJ'II %VXSZ. % thljae.LdEL.Ln O%IP t él:lsa"{% %nme TFT

e ‘non- enlt period continu
pQt e tial 4% faII to G\D. On the other hand, t he
213T&f é¥3r|ve transistor is held in the on
Stéé% %ggce the gate potenti al 1 %h As shownh
20R 5t kd™SoultEe 58{68%13# V? S‘f t hBeTEF 2ight
boosted to the power source voltage Vcc. 15 This
emifddayg - ementefidr fad Lish singifothepsougge Ak supply
boosting to the Vcc, no current is supplied to the TFT
dispppearphatThes pqt@ntvd@lp iHad|lscitoe (itte  XOE& sifo 1idh &7 oiags
enbodi ment, it is possible to operate w thout the
Vths gfplteofEL duighdntenilhtiing gilegiendi 2ddi-t Howeivieg .t tsdnoe
non-emtting period 20 and therefore possible to
offs gppresd talle op dlowsc dios thinet iEdn 1dfghtt lemifgdrielg eNeuatenti n
the non-emtting period of the EL light emtting
214el afernthe? bon -amithdwny ipedilo@Scod@Anes20Rhet potential
will f£all to GND.

On the other hand, the TFT 211 as the drive
transistor is held in the on state since the gate potential
is high. As shown 1in FIG. 20F, the source potential Vs of
the TFT 211 is boosted to the power source voltage Vcc.
This boosting 1s performed 1in a short perlod. After
boosting to the Vco, no current is supplied to the TFT 211.

That 1s, in the pixel cilrcuit 201A of the third
embodiment, 1%t 1s possible to operate without the supply of
current in the pixel circult during the non-emitting period
and therefore possible to suppress the power consumption of
the panel.

Next, in the non-emitting pexriod of the EL light
emitting element 214, as shown 1n FIGS. 20A to 20D, the
drive signals ds[201], ds[202],.. to the drive lines

DSL201, DSL202,... are held at the low level by the drive
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drive signals ds[201], ds[202],.. to the drive lines

25 DSL201, DSL202.... are held at the low |l evel by the
drive 51 SO4P0C610 scanner 5205, and the scanni ng gp4P0610
signals ws[201], ws[202],... to the scanning |lines
W5L201, WBL202.... are selectively set to the high

| evel by the wite scanner 204. As a result, in the
pi xel circuit 201A, as shown in 5 FIG 19C, the TFT
scahher 208! ddd tHhe ddnmitdy %1@?&1@1%1:%1]212@ [R021],

turned on. Due to this, the input signal (Vin)

%0%9;%%%‘1 %;011'?1%5‘1%%1”9 'Ehlz%(bl by, e Qnleiitally

ector 203 is witten into the capacitor C211 as the

el,.ca r \ ti shwn in FI G
Setpdé, tsl,l%ng‘g gg’o%é? cép @s g”fyjlsche S[F%Pr%%s as the
SW chln nsi gtor..i s the.po our pgLen
vCCE* S Rotessdent o Cariy é’\%’)‘é‘é% doiB e Rporbpdh, 1o
at of ent | al_ 1o (Vin-Vc t.h ct
F1qo 16 PO A5T MIY o thidd RS R StArea T ZrT
in the non-emtting period of the EL Ilight emtting
212 igmdmrneth ongs DR de ithil.chedrrny: sigral HY iR ve
S|gnals ds[ 201], ds[202].... to the drive |ines
propagzded b9 1¥e dataddneRfIa0k hy 14w harizantalhe
drive scanner 205, and the scanning signals ws[201],
selgsftRa2]203 A @rrtid: treme Igdanriihey danfesl bggt ARl as the
W5L202.... are selectively set to the |ow level by
pixwheamgaaimmamher 204. As a result, in the pixel
circuit 201A, as shown in FIG 19D, the TFT 212 is
tur aed thfiks anchel, h@aswshiognoper MIGon 20F, since the source

Vs of the TFT 213 as the switching transistor is the power
source potential Vcc, the capaciltor C211 as the pilxel
capacltor Cs is held at a potential equal to (Vin-Vcc) with
respect to the voltage Vin of the input signal.

After this, in the non-emitting period of the EL
light emitting element 214, as shown in FIGS. 20A to 20D,
the drive signals ds{201], ds[202],... to the drive lines
DSL201, DSL202,... are held at the low level by the drilve
scanner 205, and the scanning signals ws[201], ws[202],...
to the scanning lines WSL201, WSL202,... are selectively
set to the low level by the write scanner 204.

As a result, in the pixel cilrcult 201A, as shown in
FIG. 19D, the TFT 212 is turned off and the wrilte operation
of the input signal to the capacitor C211 as the pixel

capacltor ends.
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of the input signal to the capacitor C211 as the pixe
25 capacitor ends. 52 S04P0610 After this, as shown
in FIGS. 20A to 20D, the sganning signals ms[201]50M%m10

ws[ 202],... to the scanning |ines WS5L201, WSL20

are held at the low level by the wite scanner 204
and the drive signals ds[201], ds[202],... to 5 the
drive lines DSL201, DSL202.... are selectively set to

theabigh L8YE, B¥ LHEwAr iHeP$EaNN20A205. 266, athesul t,
in the plxel Circuit 201A, as shown in FIG 19E, the

scaEEInél o%grﬁ%qzﬁglEL%sfﬁhﬁﬁng LheoTkhe?k3a®Ring lines

ht "'em tting el ement 214

ws1.204 t%%n%%%rqg.p%kﬁnbﬁﬁhT%% %%% 1EET%%¥%&{%§'%héT%%1te

sour'ce potértial as t
tranS| tor qu uate but, de [ t-her e
ScaP? 6acFP€r b‘ %Iﬁ% @3@ 5%1 rcé 3% zﬂé “TET £
t he ot her tranS|stors etc. are n n cted 0
they A5y Jipg e Dsre0 Ly oPRIGE bt th@rfpfe%ff% 21y Ser %o
constantly held at (Min- Vcc). At this tinme, the TFT
thep highs Leyelg by dbher Srdiver seandery0pen in t he

saturated region, so the current Ids flow ng through

t heAFFE pesubseoiis thRePdaPre CdR6WAti R01Re ABoFbown in

equation 1. This is the gate-source voltage Vgs of the
FI1G20 1@E.,vaher WY 213r 1st farnied oy n-\co). That is, the

current flowi ng through the TFT 211 can be said to be

det Bynitnediby the VFR. 2D3eono therebdvElowseftoi theh&L

EL light emtting
light emitting element 214 and the source potential of the
TPT 211 falls. The source potential of the TFT 211 as the
drive transistor fluctuates, but despite this, since there
1s a capacitor between the gate and source of the TFT 211,
the other transistors etc. are not connected, so the gate-
source voltage of the TFT 211 i1s constantly held at (Vin-
Vee). At this time, the TFT 211 as the drive transistor is
driven in the saturated region, so the current Ids flowing
through the TFT 211 becomes the wvalue shown in the above
equation 1. This is the gate-source voltage Vgs of the
drive transistor, that 1s, (Vin-Veo).

That is, the current flowing through the TFT 211 can
be sald to be determined by the Vin,
Due to the above, even if the EL light emitting

element 214 deterlorates in its I-V characteristic along

with the increase in the emitting period, in the pixel
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el ement 214 deteriorates in its |-V characteristic

along 25 with the increase in the emtting period, in
the pixel 53 S04P0610 cirggit 201A of the third 804P0610
enbodi nent, the potential of the node ND211A falls

whil e the potential between the gate and source of

the TFT 211 as the drive transistor is held constant,

so the current flow ng through the TFT 211 does 5 not

cir‘é&é"iﬂ@ﬂﬁcw G0 thidd @niodigiint,| QMG ItemAUen e the

light emtting el ement 214 al so does not change.

node) §ib211 4 & 1lreY wrdhdy ﬁeer Jotldnt 131 twded it gate ana

emtting el errent 214 riorates, the current

t I {
So“%%rev\g)%g%gl here edt%e%lp%asdt]rqpﬁégb em %ééer?lnge ngé'ldy
conlsﬁ:éuﬁl di t | o Slcr{lceretn erfe_l.oaé.rwet rraorﬁsgltl'ﬁtt le Zgltlhqfoes

hé p capact ween 1 he gate
souyr ce of the TFT 211, variation in the threshold
not, gRANGRh will not 15 cause any change of the

gate-source volta e Vgs of the TFT 211 as th% drivaté hi
traﬁe’P§F6‘P-“I9"1IYe ither grpeat Ljowdno {Breughatne Flrldd
the potential of the cathode electrode of the

emﬂﬁtglmg @diemendy 2demie Apes fafaehange - Jthd £ the I-V

potential GND, but this nmay be nade any other 20
chagwcdretiistias ofelhe B Hegh treeidddg g ekanenfegaltd ve

power source enables the potential of the Vcc to be
detegviensdeand thenabimetthaeqoteapdring tchethenptpwt gnal

voltage to be lowered. Due to this, design w thout
volagieiing ddrestatielynailows and therefore the past problem
can be solved.

In addition, since there i1s no transistor etc. other
than the pixel capacltor Cs between the gate and source of
the TFT 211, varlation in the threshold value Vth will not
cause any change of the gate-source voltage Vgs of the TFT
211 as the drive transistor like in the past system.

Note that, in FIG. 18, the potentlial of the cathode
electrode of the light emitting element 214 is made the
ground potential GND, but this may be made any other
potential as well. Rather, making this the negative power
source enables the potential of the Vecec to be lowered and
enables the potential of the 1input signal voltage to be
lowered. Due to this, design without burdening the external

IC becomes possible.

Further, since no GND lines are required, the number
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I C becones possible. 25 Further, since no G\D |ines

are required, the nunber 54 S04P0610 of input pins to

t he panel can be slashed agg pi xel layout also go4P0610
becones easier. In addition, since there are no |onger
intersecting parts of the Vcc and GND lines in the

panel, the yield can also be easily inproved. 5

Further, as shown in FIG 21, the transistors of the

of Bhpel Qih%ukbstﬁ%e%aﬁ%u RannvehanRghelr aRdl pUXeI: layout
p- channel TFTs 231 to 233 may al so be used to form

als82BR BIMES eablietyl try gaa&ttii%nqas.;&ncteh%hee\@erar%og{?’ozqd@er

connected to the anode side of the EL el enent

intfkel il Pabeadbeatnb§otd gl Enl 1308°H0 i paps1.

an ET 213 as the sw t.chi transi stors may al so be
ybg%g . %.

the, ¥I8dGs £8P a5F °uPPr P& Ftes  fromthe TFT 211
rive_trapsi st

as fhe r. A corgin to,the third
enb%HF Rt, §8uF88WPo?Po§é - 1 'ogPﬁuFrﬂPF skgrs of the
deterioration in |lum nance even with a change in the
pixelycdggudtsepeed okt bennEchpngsl drepslsdors o fsfhannel
along with el apse becones possible. A source-follower
TFTg| Rddi £0o233- BRAnAdisot bgndisedote ToERoRBSTHPIFT e, so
it is possible to use an n-channel 20 transistor as a
cirgnilye dinerbbis ohsgn Ehel pgweresionmicgy 16| epameatisid &o the
usi ng current anode-cat hode el ectrodes. Further, it
anoide pddei bife the Ebnkilgmeatt 23dsi svibdls &hea TFH &1l as the
circuit by only n-channel transistors and possible to
drive transistor is connected to the cathode side.

Further, the TFT 212 and TFT 213 as the switching
translstors may also be transistors of different polarities
from the TFT 211 as the drive transistor.

According to the third embodiment, source-follower
output with no deteriloration in luminance even with a
change in the I-V characterlstic of an EL 1light emitting
element along with elapse becomes possible.

A source-follower cilrcult of n-channel transistors
becomes possible, so 1t 1s possible to use an n-channel
transistor as a drive element of an EL light emitting
element while using current anocde-cathode electrodes.

Further, 1t 1s possible to configure transistors of a
pixel circuit by only n-channel transistors and possible to

use the a-Si process in the fabrication of the TFTs. Due to

this, a reduction of the cost of TFT boards becomes
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use the a-Si process in the fabrication of the TFTs.
Due to 25 this, a reduction of the cost of TFT boards
becones 55 S04P0C610 possiBke. Further, accordi ng g&@posio
the third enbodinent, it is possible to slash the
nunber of GND lines at the TFT side and |ayout of the
surroundi ng lines and | ayout of the 5 pixels becone
easier. Further, it is possible to slash the nunber of
posdiB1d.ines at the TFT side, possible to elimnate the
overlap of the G\D |lines and Vcc lines. at the TFT

boa‘i&‘@mtﬁ%‘i’: p‘&%%'o@d@ng‘ @d TR0\ 1tHae e‘.»ﬁ'b%'d‘imela@ Fyrt her,

I's possible to sl ash the nunber of l'i nes at
t
P°4%%léi§f.sﬁ%§*§%3ﬁn ek e Tnfy 1%#%8510 TR, sige
Vi e nes at IOM/reS|sta 0 i.bl e
and Pagigelly o S M) R e T R e s
<Fourth Enbodi nrent> FIG 22 is a bl ock dlagran1of t he

pixe Hﬁﬁ%ﬂﬁ(ﬁ?%ﬁﬁgén organi c EL display device
enploying a pixel circuit according to a fourth
enbd, &%ﬁeﬁf BtGls2BossiR1g toust afha fhamiyiibefe of GND
concrete 20 configuration of a pixel circuit accordlng
Lines o PTAT SffodiRRARLALE (11b PrgiMabeEthg SPIegiap of
device of FIG 22. The display device 300, as shown
the §ND Gines and Mag LDqeshad dhe BT a\rrqaeryi.p@rrtq apssgble

havi ng pi xel circuits
to dlmprove the yield.

Further, 1t is possible to slash the number of GND
lines at the TFT side, possible to eliminate the overlap of
the GND lines and Vcc lines at the TFT board so as to lay
the Vco lines at a low resistance, and possible to obtain
an lmage quality of a high uniformity.

<¥ourth Embodiment)

FIG. 22 i1s a block diagram of the conflguration of an
organic EL display device employing a pixel circuit
according to a fourth embodiment.

FIG. 23 is a cilrcult diagram of the concrete
configuration of a pixel circuit according to the fourth
embodiment in the organic EL display device of FiIG. 22.

The display device 300, as shown in FIG. 22 and FIG.
23, has a pilxel array portion 302 having pixel cilrcults
{(PXLC) 301 arranged in an m % n matrix, a horizontal

selector (HSEL) 303, a first wrilte scanner (WSCN1l) 304, a
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(PXLC) 301 arranged in an mx n matrix, a horizontal

25 selector (HSEL) 303, a first wite scanner (WSCN1)

304, a 56 S04P0610 secondsswite scanner (WSCN2) FHDEP0610

a drive scanner (DSCN) 36, a constant voltage source

(CVvS) 307, data lines DTL301 to DTL30n sel ected by

the horizontal selector 303 and supplied with a data

signal in accordance with the 5 | um nance i nfornation,
secoRdN Mg ed iskanndsl IGECN2 )W\EI0Ma selise! isvanyed i(DSTNY)Y

the wite scanner 304, scanning lines WSL311l to

36 ,V\EL%WS%%JIIQPUO\J.Q{%G(:' sloi@idebY AVt WoiTt,€ aa@aNNehes3OTL301
and drive lines L301 to DSL30m sel ecti vel y driven by

to DIL3EL K2 136AACHyS Qe %QrNQto%ttafiatse‘M@ét%ﬂ 1@ 3Pt

circuits 301 are arranged in an mx n matrix in the
supPi8la F1HRY P Halila 031 f,%l 1hGa o radShaes walfthewaol e
erei n the pi el curts are arranged in 2 (=m

1um§nan%e Q%fnat“ Epr EQ%EEEE”'f'%?W%ﬂﬁof h%SL30m

raw ng he concrete

confi rat.i n of on pi xel. .circuit is
seleg V%%chlr §PY; Qedl"’aﬁ{ztl’?g SEIAT p|3 nﬁ craélﬁ‘ljtn%df nes
accordln to the_fourth_ enbodi nent h s, as .shown in
WSLElg tosWSIR1m SedsrdiveRy SFilverp by, therwijife gcanner
capacitor C311, a light emttin eI ement 315 nade of
305anaaﬂga‘1¥iéfeEELié‘ieé 30&_fo) P yel o fFiven by

ND312. Further, in FIG 23, DTL301 |nd| cates a data
the| dgydve scanner 306.

Note that while the pixel circults 301 are arranged
in an m x n matrix in the pixel array portion 302, FIG. 22
shows an example wherein the pixel circults are arranged in
a2 (=m) x 3 (= n) matrix for the simplification of the
drawing.

Further, in FIG. 23 as well, the concrete
configuration of one pixel cilrcuit is shown for
simplification of the drawing.

Each pixel circuit 301 according to the fourth
embodiment has, as shown in FIG. 23, an n-channel TFT 311
to TFT 314, a capacitor €311, a light emitting element 315
made of an organic EL element (OLED), and nodes ND31l and
ND312.

Further, in FIG. 23, DTL301 indicates a data line,
WSL301 and WSL311l indlicate scanning lines, and DSL301

indicates a drive line.
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W5L301 and WSL311 indicate scanning |ines, and DSL301

25 indicates a drive line. 57 S04P0C610 Anobng these
conmponents, the TFT 311 comfigures the field effecgosrosio
transi stor according to the present invention, the

TFT 312 configures the first switch, the TFT 313
configures the second switch, the TFT 314 configures

the 5 third switch, and the capacitor C311 configures

t he ARioxgl theapAdchpteRrtiscMifle aggondiineGonEilgees the
present invention. Further, the scanning |ine WSL301

£10Y AR A 41he d ra%ccﬁQﬂttfgfltd I it ddweddion,

present invention, the driveline DSL301 corresponds

thd 0% 1P GRRME CANIO! el d Mime dl AL NGIRE AR Ny 4 1 ne

WEL311 corresp s tot contr i ne.
UL e S A0l e AL S UGS Al 4R
s itch h 1

CORYe power souT e po eﬁcl al) E’or § esponds&}ngtejt e 1 %gtfe

ref erence potenti.al, while th roound potential, G\ND 1
endfsf ShETER O AT i et Sl e A e

circuit 301, a source and a drain of the TFT 313 are
CamAS N ARSI SO GHITDE ° (e REPSERE RHEHhLoh

anode of the |ight enittigg.elenent 315, a drain of

t he FREthery ithecsereaded donendShaRedr cosmes®opsetia hhe

Vcc, 20 and a cathode of the light emtting el enent
Firzts qontasdnddingd aqramlngy dind-hsothasent duyentiqnn i sthe

the TFT 311 as the drive transistor, the TFT 313 as
drimiee Isiniet RELIP 1 tacrrsspands died thee ddqgmd ety line,

el ement 315 are
and the scanning l1ine WSL31ll corresponds to the third
control line.

Further, the supply line of the power source voltage
Vco (power source potential) corresponds to the first
reference potential, while the ground potentlal GND
corresponds to the reference potential.
In each pixel cilrcuilt 301, a source and a drain of

the TFT 313 are connected between a source of the TFT 311
and an anode of the light emitting element 315, a drain of
the TFT 311 1s connected to the power source potential Vcco,
and a cathode of the light emitting element 315 is
connected to the ground potential GND. That is, the TFT 311
as the drive transistor, the TFT 313 as the swiltching
transistor, and the light emlitting element 315 are

connected In series between the power source potential Vcc

and the ground potential GND. Further, the connection point
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connected in series between the power source potenti al
Vcc 25 and the ground potential GND. Further, the
connection point 58 S04P064§ of the anode of the g04P0610
light emtting el ement 315 and the TFT 313

constitutes a node ND311. A gate of the TFT 311 is
connected to the node ND312. Further, the capacitor
C311 as a pixel capacitor Cs is 5 connected between

of e NRdRR N‘F’%%@&‘idgm%iﬂﬂl eSLemdift! VRGN ddie 1Rl errT
of the TFT 311 and the node ND311 (anode of the |ight

313e@€%§619:u@§@“%§ﬂ]e5)nnﬁ1f.i rst electrode of the

capaci t or 11 is connected to the node ND311l, while a

d_el ect [ 1
oot & Sptien g ate piee AL tohi e d 46T i hoae Rnb1z.
L301. .Furt her e and a drain. of t

a.s TETL
Furfher, the cqpagitoH, %1 Ehried&Eft SHETL Sﬁra E‘Tn%eg
DTL301 and the node ND312. Furtheyr, ate _of the TFT
congeptied BfiaaTedHo Radrs SRATE APY VP VL IGET 1
Further, a source and a drain of_ the TFT 314 are
be tasifte dthed Fdtawsdn e THS NDSPA difte (1R iRt (ancde
vol tage source 307. A gate of the TFT 314 is
of ddenddade: tepitiding cliameny 134w Frst (phefiregdy of
the pixel circuit 301 according to the 20 present
theemsguicigrar iG3 o romaeaiiath tthethwrede diDihe miylle a
311 as the drive transistor and the anode of the |ight
secanid tdleg:tatwhents Idhmoorirst tterd the thedTPIDBUB- as t he

swtching transistor, a capacitor C311 connected
bet wegate of the TFT 313 is connected to the drive line

DSL301. Further, a source and a drailn of the TFT 312 as the
first switch are connected to the data line DTL301 and the
node ND312. Further, a gate of the TFT 312 is connected to
the scanning line WSL301.

Further, a source and a drain of the TFT 314 are
connected between the node ND31l and the constant voltage
source 307. A gate of the TFT 314 is connected to the
scanning line WSL31l.

In this way, the pixel circuit 301 according to the
present embodiment is conflgured with the source of the TFT
311 as the drive transistor and the anode of the light
emitting element 315 connected by the TFT 313 as the
switching transistor, a capacitor C311 connected between
the gate of the TFT 311 and the node ND31l1 {(anode of the

l1ight emitting element 315), and a node ND31l 1s connected
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the gate of the TFT 311 and the node ND311 (anode of

the 25 light emtting elenment 315), and a node ND31l1

i's connected 59 S04P0610 fthrough the TFT 314 to tdhepss,
constant voltage source 30 (fixed voltage line). '
Next, the operation of the above configuration wll

be expl ai ned focusing on the operation of a pixel

circuit 5 with reference to FIGS. 24A to 24H and

FI GS. . 25A H .Note that EILG,_ 25 h anni.ng
thrgpgh AR FE81 P LenfB) B8 FORERETI FOLERSY SCRRGPNGOT ne
WEL301 of the pixel array, FIG 25B shows a scanning
(£1xpd,¥P1k2P%0318dpl ied to the second row scanning
line WL302 of the pixel array, 10 FIG _25C shows a
scalpxhg Ehgnapetatien) ofippheeabp¥er RRnELppLatigy will
scanning line WAL311 of the pixel array, FIG 25D
be shplelaedc fesirdng gratthgs PREXptdem réd 2t Bired sdaovdt
row scanning |ine WBL312 of the pixel array, FIG 25E
vwitbhoesexendei to FlGHal 242 301P4&pende§IGE -t REA itost25How
drivd line 15 DSL301 of the pixel array, FIG 25F
shoMeta thateFIGgnabA dbp862h spphnddgt eighelswsdd@li
row drive line DSL302 of the pixel array, FIG 25G
app3fieds td galke faakentriodl s\igndfinighd 1hleT WSEBD,1 anfd theGpixel
25H shows an anode side potential of the TFT 311,
arrbRat Fiis. b8 RALAR! adlscdNEdhY efidnka medsol8hpplAkd to
First, at the ordinary emtting state of the EL |ight

thete %Ui:‘binﬁg heFRahndty 130eS M3 02 Jfl Ehe PAAI0 RoRay,
e

scanni ng signals ws[301], ws[302],.. to the
FIGSC3BR 13§ oljsNGs sc\Qﬁln?LQxb sMYr342 ws[-31a17€ app19Ed w1 et
to the Tow | evel by

first row scanning line WSL311 of the pixel array, FIG. 25D
shows a scanning signal ws{312] applied to the second row
scanning line WSL312 of the pixel array, FIG. 25E shows a
drive signal ds[301] applied to the first row drivd line
DSL301 of the pilxel array, FIG. 25F shows a drive signal
ds[302] applied to the second row drive line DSL302 of the
plxel array, FIG. 25G shows a gate potential Vg of the TFY
311, and FIG. 25H shows an anode side potential of the TFT
311, that is, the potential VND31ll of the node ND311.

First, at the ordinary emitting state of the EL light
emitting element 315, as shown in FIGS. 25A to 25F, the
scanning signals ws[301], ws[302],.. to the scanning lines
WSL301l, WSL302,... are selectlvely set to the low level by
the write scanner 304, the scanning signals ws[311l],

ws[312],.. to the scanning lines WSL31l, WSL312,... are
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the wite scanner 304, the scanning signals ws[311],
25 ws[312],.. to the scanning |ines W5L311, WSBL312...
are 60 S04P0610 sel ective set to the |ow | evel

the wite scanner 305, %ythe drive signals ds[§%¥??ﬁu)
ds[302].... to the drive | ines DSL301, DSL302.... are
selectively set to the high |evel by the drive
scanner 306. 5 As a result, in the pixel circuit 301,

seifhedEth pls o Congiforh 18vP Brathe il a8h et dos.

ate.. At this tine, 311 a dH
and tieizie FOuALToRsiA0Me SR{dPAdad - egPofte, RELYe
current 10 Ids flows to the_ TFT 311 and the kF
1ingpeREHB 0315 PRLAA 2respe et §oLRE LdNPdYs SGEc &0V EPLaljd ol
Vgs. Next, in the non-emtting period of the EL |ight
levedi byi f§eekakwnt sgeBPeds 3hown in FIGS. 25A to 25F,
the scanning signals ws[301], ws[3021,.. to the
scahai agresndt , 15n\\Bheopixwb gdpcult APd. hapdshewphan
|l ow | evel by the wite scanner 304, the scanning
FIGsi gaal,s tive] IFTs, 3ue abd] 314 age hhédsdanﬁm#goﬁﬁn@§ate

W5L311, WBL312,... are held at the low Ilevel by the
andWthee T¥ranngr 130heldndnt hbedonvetaitgnal s ds[ 301],
ds[302].... to the drive |ines DSL301, DSL302.... 20

areagekneki ¥ehy, seinke the tew Bevehsbyhehardweve
scanner 306. As a result, in the pixel circuit 301,

traﬁ%i%tﬂl@ﬁntiﬁg d(:):?.lv@n 34BtHeh@aToEa3ba aRdildis THE ikrame
Ids flows to the TFT 311 and the EL element 315 with
respect to the gate-source voltage Vgs.

Next, in the non-emitting period of the EL light
emitting element 315, as shown 1in FIGS. 25A to 25F, the
scanning signals ws[301}], ws[302],.. to the scanning lines
WSL301, WSL302,... are held at the low level by the write
scanner 304, the scanning signals ws[311], ws{3l2],.. to
the scanning lines WSL311, WSL312,... are held at the low
level by the write scanner 305, and the drive signals
ds[301], ds[302],... to the drive lines DSL301, DSL302,...
are selectively set to the low level by the drive scanner
306.

As a result, in the pixel circuit 301, as shown 1in
FIG. 24B, the TFT 312 and the TFT 314 are held in the off

state and the TFT 313 is turned off.

At this time, the potential held at the EL light
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state and the TFT 313 is turned off. 25 At this tine,
the potential held at the EL Iight 61 S04P0610

emtting elenent 315 fallsggince the source of supph¥osio
di sappears. The potenti al ?alls to the threshol d

voltage Vth of the EL light emtting el ement 315.
However, since off current also flows to the EL |ight
emtting elenent 5 315, if the non-enmtting period

emi%%ﬂki”%i qugﬁ$t$%§%%lsfwce thdl ol cE\Re QpbA§

as the drive tranS|stor I'S

held int [ th
asoffhoih, Rsohotitiial IB NG ARSI o nce
the 1 TFT 1l.is b ted tq the r urce vol_t
venpE © ié@et. SRR 56, PR iy s KGR IREr Ga e
After boostln to the Vcc, no_current is supplied to
Of £y RETTERL3 PLSOTRIOWSS o frhen ELp L lahtcierd it ngo P L5
fourth enbodinent, it is possible to operate mnthout

3154 hd£s el oo emis tdmar Berliod Gentdinugs citheyPetemtiad
the non-emtting periaod and therefore possible to
wilduppdds ot B&Dpower consunption of the panel. Next, in
the non-emtting period of the EL light emtting
el egmnthdlbthas bhodn itheFIES. 323Aagso tRgFdrde 20
drive signals ds[301], ds[302],.. to the drive lines
trahSi3Gbr BSLIRAA in ahe hel Giatte elaey they gatsy ndfential
drive scanner 306, the scanning signals ws[301],
is W3pEBQ2Rhs shdowd inh@ITCasae)g theneudle3@btenBiizd? of .the

are selectively set
TPT 311 is boosted to the power source voltage Vcc. This
boosting is performed in a short pexriod. After boosting to
the Vec, no current 1s supplied to the TFT 311.

That is, in the pixel circuit 301 of the fourth
embodiment, it 1s possible to operate without the supply of
current in the pixel circuit during the non-emltting period
and therefore possible to suppress the power consumption of
the panel.

Next, in the non-emitting period of the EL light
emitting element 315, as shown 1in FIGS. 25A to 25F, the
drive signals ds[301], ds[302],.. to the drive lines
DSL301, DSL302,... are held at the low level by the drive
scanner 306, the scanning signals ws[301], ws[302},... to
the scanning lines WSL30l, WSL302,... are selectlvely set

to the high level by the write scanner 304, and the

scanning signals ws[311], ws[312],... to the scanning lines
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to the high Ievel by the wite scanner 304, and the 25
scanni ng signals ws[311], ws[312].... to the scanning
lines 62 S04P0C610 WSL311, L312.... are select|%ghyoﬁu)
set to the high Ievel by ? mwlte scanner 305.

result, in the pixel circuit 301, as shown in FIG

24C, the TFT 312 and TFT 314 are turned on while the

5 TFT 313 is held in the off state. Due to this, the

Vi r e .da [ D
s G 1, el AR 00 1 HEAETL o
ca C311 the pi xel capacitor Cs. Wen
th%M4£¥ %ﬁﬁq§ §‘éﬁ§i line voltage, it is 10 inportant
that the TFT_314 be turned If there were n
31425 f FREUHET 482 the; BIEEINEATEH tnd Oto 5 88"

SI%Fa| were witten in the pixel capacor , couplln%
FIGno #4F rerither THThS 1o dtde T5ck B arwfva@%@ﬂrwﬁiéﬂ th

As opposed to this, if turning on the TFT 314
TFTc@riri?ecitﬁ Mg lohd mdde NIEEL B tad e -hPUEs toidtignt the dagat

source 307, it will be connected to the |ow inpedance
SiddaﬁeiﬁimkIn;qnﬂqaﬁﬁﬂ(ﬁotﬂh@Iﬂaﬁﬁ\miﬂqjqﬁ¥3%Wiﬁﬁe§he

into the source potential side (node ND311) of the
horlEbo¥HD sitlddtios: tA0fe, 15 fwmiditieng e ddteetdpdcigfon K811

line Vo, 20 the source potential (potential of the
as rbde NGB cagfaditer L 311 as the drive transistor

becomes Vo, so a potential equal to (Vin-Vo) is held

W t ghegspedting thdsveliigage Yihe @olithee npit isi gnal

at the pixel capacitor Cs.
important that the TFT 314 be turned on. If there were no
TFT 314, 1f the TFT 312 were turned on and the video signal
were written in the pixel capacor Cs, coupling would enter
the source potential Vs of the TFT 311. As opposed to this,
if turning on the TFT 314 connecting the node ND31l to the
constant voltage source 307, it will be connected to the
low impedance line, so the voltage of the line would be
wrltten into the source potential side (node ND311l) of the
TFT 311.

At this time, 1f making the potential of the line Vo,
the source potential (potentlal of the node ND31ll) of the
TFT 311 as the drive transistor becomes Vo, so a potentlal
equal to (Vin-Vo) is held with respect to the voltage Vin
of the input signal at the pixel capacitor Cs.

After this, in the non-emitting period of the EL

light emitting element 315, as shown in FIGS. 25A to 25F,
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After this, in the non-emtting period of the EL 25
light emtting elenent 315, as shown in FIGS. 25A to
25F, 63 S04P0610 the driv§%5|gnals ds[ 301],

ds[302].... to the drive | DSL301, DSL302, .. .S04F@e10
held at the low |l evel by the drive scanner 306, the
scanni ng signal s m5[311], ws[312],... to the scanning
lines W5L311, WBL312.... are held at the high 5 I evel

theméré%% “s”ﬂig%%é%%?s’i% flﬁisﬁaéﬂﬁ. 0 2P B %&‘gﬂ%%'ﬁines

selectlvely set to the |ow | evel

DSL@P#P D§&§Hﬁer -30arepbeddr g&yfthe 1ﬁ“tﬂ€vﬁﬂx€W éPFbGFFve
301, as shown in 10 FIG 24D, the TFT 312 is turned
soapnpTrafdd 6y hEher scansgagasienalst weid Lildpuwsdidgidl- -t-o to

the capacitor C311 as the pixel capacitor ends. At
thet bcgnnimg, ltihess #SL3d lpoWERBILAl. .of e TEEA3at the high
(potential of node ND311) has to hold the | ow
levedpbgante, wsdtelschineeTF30814and lthlet soanndhigersigmad s
as shown in FIGS. 25A to 25F, while the drive signals
ws[88[L3Q1}ws [BBR3Q2].... to tthet keannamg Ndnleisn@SLBL301,
W5L302.... are held at the low level by the wite

WSL30anner. 3@4, skhecigaenyngesi gaalmemsloawll]ewaaswl&he ..
to 20 the scanning |lines W5L311, WBL312.... are set to

wrikBesk@QWnehewsls by the wite scanner 305, “then the
drive signals ds[301], ds[302].... to the drive lines

Pgbgglbyp?ﬁg95r|$3 g%gﬁﬁgséﬁchi¥%hltsgbltanhﬁhBhﬂhin
FIG. 24D, the TFT 312 is turned off and the write operation
of the input signal to the capacitor C311 as the pixel
capacitor ends.

At this time, the source potential of the TFT 311
{potential of node ND311) has to hold the low lmpedance, so
the TFT 314 1s left on.

After thils, as shown in FIGS. 25A to 25F, while the
drive signals ws[301], ws[302],... to the scanning lines
WSL301l, WSL302,... are held at the low level by the write
scanner 304, the scanning signals ws[311], ws[312],... to
the scanning lines WSL311, WSL312,... are set to the low
level by the write scanner 305, then the drive signals
ds[301], ds{302].... to the drive lines DSL301l, DSL302,..
are selectilvely set to the high level by the drive scanner
306.

As a result, in the pixel circuit 301, as shown in
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306. 25 As a result, in the pixel circuit 301, as
shown in 64 S04P0610 FIG 24E, the TFT 314 is turned
off and the TFT 313 beconEﬁ4 on. By turning the TRhapos10
313 on, current flows to the EL light emtting
el ement 315 and the source potential of the 5 TFT 311
falls. The source potential of the TFT 311 as the
drive transistor fluctuates, but despite this, since
FId.hpzrfﬁ__, ! fa TFAP 3Gl 9{3 RELYRAN olFe 93 & AN 4FS0W13e Hilcomes
the T 311, "thé gate-source voltage of the TFT 311
n is constantly held at (Vin-Vo). 10 At this tine, the
‘TFT 311 as the drive transistor is driven in the

PR o 880t 05,1 Bl LMD, Bt
13 Gy Dl 115 S0 2 LG Gl e

current flowi ng through the TFT 311 can be said to he
TFIYSldy fadde -byfhensounee motentdalapt e Fi iyl 8
314 on during a signal wite period to nake the
drigurtomnsfister Fipnckretesy Hut idesaddigc&hdig, jslnce there
possi ble to make the source side of the 20 TFT 311 of
is teheqpacltaapedivesn dhe aatepanghtsoairag of Ithe (THES 311,
there is no need to consider deterioration of inage
thequaltid\solired volddwggd mef dthe T 318 dfs aigfiaitly deld
wite operation, and it is possible to wite the
at Yivamalvdj.ne

o]

At this time, the TPT 311 as the drive transistor is
driven in the saturated region, so the current Ids flowing
through the TFT 311 becomes the wvalue shown in the above
equation 1. This 1s the gate-source voltage Vgs of the
drive transistor, that is, (Vin-Vo).

That 1s, the current flowing through the TFT 311 can
be sald to be determined by the Vin.

In this way, by turning the TFT 314 on during a
signal write perliod to make the source of the TFT 311 low
in impedance, it is possible to make the source side of the
TFT 311 of the pixel capacitor a fixed potentlal at all
times, there 1s no need to consider deterioration of image
quality due to coupling at the time of a signal line write
operation, and it is possible to write the signal line
voltage in a short time. Further, i1t is possible to

increase the pixel capacity to take measures against leak
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voltage in a short tinme. Further, it is possible to 25

i ncrease the pixel capacity to take neasures agai nst

| eak 65 S04P0610 characteg;stlcs Due to the abov§MP0610
even if the EL |ight en1tt|ng el ement 315

deteriorates in its |-V characteristic along wth the
increase in the emtting period, in the pixel 5

circuit 301 of the fourth enbodi nent, the potential of

halr 11 falls while the potentlal bet ween t he
oha ggteg&%%i?gﬁrce of the TFT 311 as the drlve

I
:afﬁﬁgz% 6 B CRERT R U CEba TN
t f th h the EL_I
e1elpRfo A 5o YE LS =atEs ok Jefangy SBFEASHET 3#5  glong
characteristic of the EL ht emtting el enent 315
WitHeFBF|&P3F€§SetH§ 6&Prswﬂt$gpﬁegﬁaﬁaﬂngipotpﬁeﬂ%ﬁﬁh

voltage Vin constantly flows and therefore the past
cirgpdpl éml o5 the Bevashyeabodidmgadi 1 ithe, poiteadigled the
no transi stor etc. other than the pixel capacitor Cs
nodpeNRgdp €rdlgawblded tbeupedeotialhbetReenl Lthey gaitgt cod
in the threshold value Vth will not cause any change
sougfet b€ YheeTEFuBEd wsl thge dvdveoftrasiSEdr 3G Beldas
the drive transistor like in the past system Note
conshahti hsopthentuaireat fhewhnge thapnght ¢tiet TFTha11Tidbes
314 (constant voltage source) is not limted, but as
notsbhangen FIG 26, if making the potential the sane as
Vcc,

Accordingly, the current flowing through the EL light
emitting element 315 also does not change. Even 1f the I-V
characteristic of the EL light emitting element 315
deteriorates, the current corresponding to the input
voltage Vin constantly flows and therefore the past problem
can be solved.

In addition, since there 1s no transistor etc. other
than the pixel capacitor Cé between the gate and source of
the TFT 311, variation in the threshold value Vth will not
cause any change of the gate-source voltage Vgs of the TFT
311 as the drive transistor like in the past system.

Note that the potentlial of the line connected to the
TFT 314 (constant voltage source) 1s not limlted, but as
shown in FIG. 26, if making the potentlal the same as Vcc,

slashing the number of signal lines becomes possible. Due

to thils, the layout of the panel lines and pixel parts
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sl ashing the nunber of signal |ines beconmes possible.

Due 25 to this, the layout of the panel |ines and

pi xel parts 66 S04P0610 begones easy. Further, th§0ﬂ%m10
nunber of pads for panel input becones p055|ble

the other hand, the gate-source voltage Vgs of the

TFT 311 as the drive transistor, as explai ned above,

is 5 determ ned by Vin-Vo. Accordingly, for exanple as

beSIMUM ddk Flﬁrt?t?er' ftt?e?tﬂdrﬁl?e]}éc\llag %aﬁdé WH P YL Y nput

such as t ground potentia |nput Si gha

beddld n be prepared by the |ow potential near
© t he Gﬁﬁ”ieveﬁgand boosting of the signal of the

nearo?xy &1%5 tzler}.ptha UI reeg].gat oe%h%lf tsag(%RPgsSIObfl Q:he

to reduce on vo

tchln st or nd ossible to at.e
TFT@ e o e R e e, e e b atovey B
, the potentlal of the cathode electrode of the
deﬁ%rgtweé%n % i W enditconbin gl ¥ FOF Fampley 3 fhown in
otential GND, but this -g be made any ot her
Ficfyot?é’m ildfl setting VRdiher Iom@aaleahial tshehetmtive

power source enables the potential of the Vco to be
gqué\fJe Petepidale @R esthehdpmiteradgnalofvaliage glkn stamdie

voltage to be lowered. Due to this, design w thout
prepargshibyy tthee Jow arotantizil Il@abeddmesﬁmbsmmie.and

Further, as shown in FIG 28, the transistors of the
boopitdialg off dind sigwsd ot e mehanndCd rinsict aresyuired.

p-channel TFTs 321 to 324 nmay al so be used to form
Fure¢helr ,piitells possible to reduce the on voltage of the TFT
313 as the switching translstor and possible to eliminate
the burden on the external ICs in design.

Further, in FIG. 23, the potential of the cathode
electrode of the light emitting element 315 is made the
ground potential GND, but this may be made any other
potential as well. Rather, making this the negative power
source enables the potential of the Vco to be lowered and
enables the potential of the input signal voltage to be
lowered. Due to this, design without burdening the external
IC becomes possible.

Further, as shown in FIG. 28, the transistors of the
Pixel circults need not be n-channel transistors. p-channel
TFTs 321 to 324 may also be used to form each pixel

circuit. In this case, the power source potential Vecc is

connected to the anode side of the EL light enitting
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circuit. In this case, the power source potential Vcc

is 25 connected to the anode side of the EL |ight
emtting 67 S04P0C610 ele t 324, while the TFT 3

as the drive transistor ig%qconnected to the cathogéiPOESlO
side. Further, the TFT 312, TFT 313, and TFT 314 as

the switching transistors may al so be transistors of
different 5 polarities fromthe TFT 311 as the drive

eletn{eanc‘i £r wl‘é?f gI‘Et'lo g{f ulgc}{{' tﬂ@\?g ’E@ﬂsistor is

Sour ce-7 ol I'over put™ w erioration in
| um.n nge in the |-V

en w
CoRBSTSE e‘ﬁs < coq‘uh%daeEL %‘fee‘rrent along wth el apse

e e 35l Vot s g SPL A 4% ene

possible to use an n-channel ~transistor as a _driv
SWidiGiHdit GrRanHHions Gy e iRy transkhionhi ok %ﬁf@mnt
current anode-cat hode el ectrodes. Further, it is

polggddilnse firpm difie g% Alamsg skhy dnkve tnanplseer.

circuit by only n-channel transistors and possible to

use Aclrorgigig fooddes fomxtthe emblodigeniton ssfundee- fiAkpwer

Due to this, a reduction of the cost of TFT boards
outipado s iposs idd e riduattiver  1racloonihangcd cevdre wbtinth

enbodi nent, it is 20 possible to wite the signa
chanigee iroltlega - chatwriediiseleweh an tEL f @l erdeaatiph Pomg

bl ack signal and possible to obtain an image quality
withi tdlapdd HedondOrpodsabls nul t aneously, it is

possible to increase the signal |ine capacity and

A source-follower circuilt of n-channel transistors
becomes possilble, so 1t 1is possible to use an n-channel
transistor as a drive element of an EL light emitting
element while using current anode-cathode electrodes,

Further, 1t 1s possible to configure transistors of a
plxel cilircult by only n-channel transistors and possible to
use the a-Si process in the fabrication of the TFTs. Due to
thils, a reduction of the cost of TFT boards becomes
possible.

Further, according to the fourth embediment, 1t 1s
possible to wrlte the signal line voltage in a short time
even wlth for example a black signal and possible to obtailn
an image quality with a high uniformity. Simaltaneously, i1t
1s possible to increase the signal ilne capacity and

suppress leakage characteristics.

Further, 1t is possible to slash the number of GND
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suppress | eakage characteristics. 25 Further, it is
possi bl e to slash the nunber of GND 68 S04P0C610 |ines

at the TFT side and | ayoutzof the surrounding |ineg,pogio
and | ayout of the pixels becone easier. Further, it 1s
possible to slash the nunber of GND Iines at the TFT
side, possible to elimnate the overlap of 5 the G\D
lines and Vcc lines at the TFT board, and possible to

I QY h i el Eurst it SSJ
LingB et T et Eifte Rl 18ipody de) B SHOnAML Yines

i i f i d Vcc i
andl el By’ B0 YIEEAR ool oo Voc Tines at &
I | st : d Lble t bt ai [
onrFEShEE IS A" HRBRIPIR. Bo' B2RRH" Hhe, RRpPLERISE, o
possible to _nmake the inpyt . signal vaoltage near the

LingRpaindhfosEitbifddfs Prgitdter k& Sldid eta Hdeetvear of
drive system 15 <Fifth Enbodinent> FIG 29 is a bl ock
theyGYDr ddnsp 2R Y&rr tdbest fdnthe IXT Sogat.c apd Foghidle

devi ce enB'oyin% a pixel circuit according to a fifth
to dmpsaveettre FReld30 is a circuit diagramof the
concrete 20 configuration of a pixel circuit according
t o Fasthefrt hltedbonrashblentohelashathe Bumdezplo&y GND
device of FIG 29. The display device 300A according
lines elre thief T Testidei, mpossdibfleets feldminadeditdye awerlap of
devi ce 300 according to
the GND lines and Voo lines at the TFT board so as to lay
the Vcc lines at a low resistance, and possible to obtain
an 1lmage quality of a high uniformity.

Sti1ll further, it 1s possible to make the input
signal voltage near the GND and possible to lighten the
load on the external drive system.

<Fifth Embodiment)

FIG. 29 1s a block diagram of the configuration of an
organlc EL display device employlng a pixel circuit
according to a £ifth embodiment.

FIG. 30 1s a circult dlagram of the concrete
configuration of a pixel cilrcuit according to the f£ifth
embodiment in the organlo EL display device of FIG. 29.

The display device 300A according to the fifth
embodiment differs from the display device 300 according to

the fourth embodiment 1n the position of connection of the

capaclitor C311 as the pixel capacitor Cs in the pixel

a
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the fourth enbodi nent in the position of connection of
the 25 capacitor C311 as the pixel capacitor Cs in
the pixel 69 S04P0610 cirguit. Specifically, int
pi xel circuit 301 accordlnéyto the fourth enbodiﬁgﬁ?OGH)
the capacitor C311 is connected between the gate of
the TFT 311 as the drive transistor and 5 the anode
side of the EL light emtting elenment 315. As opposed
to this, in the pixel circuit 301A according to the
clroidty enbodi nent, the capacitor C311 is connect ed
bet ween t he ga e and source of the TET Sé as tg
dri YBePAEAASPILEr. 18pdbrr PaFFy | oizepilts P04 acrpsdangs to
the 10 capacitor C311 is connected to the connectlon
thep Siopr thny ggdodimenty) tde gapasdiade Gtk He morrecteshq
the TFT 313 as the switching transistor and a second
betalegnt th¢e gatec ofnddree TR 3ilhasdde Nudve trapsigfionfand
the configuration is simlar to that of 15 the fourth
thee aipodieneriidec o dibeeElaldght Nextttimwye edpareaxti H%f t he
above configuration will be explained focusing on the
opehat bppoakdatpi thllsci dauithe pilkielr efleveadde 304 8F GS.
31A to 31H and FIGS. 32A to 32H. First, at the
accordiimay Yt oefthld iFIFEtH ainboafintdiet FltHd glipadeniaiiingls
el ement 315, as shown in FIGS. 32A to 32F, the

conS@IHIAN B et THeS [ ks [stid]ce .off THNEBERWE N5 the
lines WBL301, WSL302.... are selectively set to the

dri‘v%Wdr%\ﬁ@iQ%r t 'ﬁéﬁiﬂi%asl%nn% B804t R RGVHY F the
signals ws[3

capacitor C311 is connected to the connection peoint (node

ND311A) of the source of the TFT 311 and the TFT 313 as the

swlitching transistor and a second electrode is connected to

the node ND312.

The rest of the configuration is simllar to that of
the fourth embodiment explailned above.

Next, the operation of the above configuration will
be explained focusing on the operation of a pixel circult
with reference to FPIGS. 31A to 31E and FIGS. 32A to 32H.

First, at the ordinary emitting state of the EL light
emlitting element 315, as shown in FIGS. 32A to 32F, the
scanning signals ws[3011, ws[302],.. to the scanning lines
WSL301l, WSL302,... are selectively set to the low level by
the write scanner 304, the scanning signals ws[311],

wsi312],.. to the scanning lines WSL31l, WSL312,... are

selectively set to the low level by the write scanner 305,
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ws[ 312],.. to the scanning lines W5L311, WSL312...

are 25 selectively set to the low level by the wite
scanner 305, 70 SO4P(610 d the drive signals _
ds[301], ds[302] ... to thidrive lines D301, SC4PO6I0
DSL302.... are selectively set to the high |evel by

the drive scanner 306. As a result, in the pixe

circuit 301, as shown in 5 FIG 31A, the TFTs 312 and

3 a I [ e Lofif, nstyat the T [ | d
ana’ tieP 52108 S15Ra15 dBI30LI: Bs (3891502 TP 38 e

ri nsj is driven i,n e _sat urat reai Qn,
1ingg' BREs0ReT bR Ipas rrone s So st ettt tang (Y Alen
| i ght i tLi element 315 with 10 respect to the
1ev§gtEyégg%cgrggﬁt§§8n9§§i% Xt, in the non-emitting
period of the EL Ii%ht enittin% el ement 315, as shown
in PR T83AEo 19FthenplixelarhrAgisi dRar s2RsFROYR, 10

ws[302],.. to the scanning lines W5L301, W5L302...
F1Gar d13¢| &bej FERG RdRdamd OR4 @gw bheds ipy the ofd wtiate

scanner 304, the scanning signhals ws[311], ws[312],..
andt ghen&FTc ARk Ag bedds Lnsitdel onwsitate.-. .. are
selectively held at the low |level by the wite scanner
305At bhilst hbmelr i VhesTHRaB31dsp30he, duty802fansistor is
the drive |ines DSL301, DSL302.... are selectively
drigseh tio the kewuz@tkdveleghipnt haoditihee cacaendr IH6.£lAsisato
result, in the pixel circuit 301, as shown in FIG
the3TBr she dhd 8h2 End1Ight3kfhiandnieledementhe 16f withat e
and the TFT 313 is turned off.
respect to the gate-source voltage Vgs.

Next, 1n the non-emiiting perliod of the EL light
emitting element 315, as shown in FIGS. 32A to 32F, the
scanning signals ws[301], ws{[302],.. to the scanning lines
WSL301l, WSL302,... are selectively held at the low level by
the wrilte scanner 304, the scanning signals ws[31l},
ws[312],.. to the scanning lines WSL311l, WSL312,... are
selectively held at the low level by the write scanner 305,
and the drive signals ds[301], ds[302},... to the drive
lines DSL301, DSL302,... are selectively set to the low
level by the drive scannexr 306.

As a result, in the pixel circuit 301, as shown in
FIG. 31B, the TFT 312 and TFT 314 are held in the off state
and the TFT 313 is turned off.

At this time, the potential held at the EL light

emltting element 315 falls since the source of supply
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At this tinme, the potential held at the EL Iight 25
emtting elenment 315 falls since the source of supply

71 S04P0610 disappears and;the EL light em tting goypogio
el ement 315 does not emt flght The potenti al a%q

to the threshold voltage Vth of the EL light emtting
el ement 315. However, since off current also flows to
the EL Iight emtting elenent 5 315, if the

dis‘&% e%'Pst é\l'&g t%;ér d 191 #g;ta;it;%e eﬁ%‘in% 3_'.' 5 W ! not

e Ot e vo
t he E
ol i e B A ok %ﬁ%e%@#@l%u%e

oSt B, (A, WIS, S5 S3R
and the source potential rises. Due to this, the TFT
off3pirgeadnadspuflors Hodthe Fluldaht erdiding eHemeet

311. That is, in the plxel circuit 301A of the fifth
315151@n$8&|H@Hreﬂiﬁtﬂ§9p§§§‘ Hgde coatdpaest-e thier ROtential

supply of current in the pixel circuit during the
WilﬂoﬁaéﬁiﬁplﬁgDperlod and therefore possible to
suppress the power consunption of the panel. Next, in
t heOnobhenpthenghpedi odlohgt wathL theghplzedenidropngt the
el ement 315, as shown in FIGS. 32A to 32F, while the
anodei wddei gialtded EL301ghtdem3@2Hing. eflemend @liSue thengmte
DSL301, DSL302.... are held at the low |l evel by the
potédnitial scamher TRAOC 31hasscaenidadva ransiwtoi0Falils
ws[302].... to
through the capacitor C311. In parallel with thils, current
flows to the TFT 311 and the source potential rises.

Due to this, the TFT 311 becomes cut off and no
current flows to the TFT 311.

That 1s, in the pixel circuit 301A of the fifth
embodiment, it is possible to operate without the supply of
current in the pixel circult during the non-emitting period
and therefore possible to suppress the power consumption of
the panel.

Next, in the non-emitting period of the EL light
emitting element 315, as shown in FIGS. 32A to 32F, while
the drive signals ds[301], ds[302],.. to the drive lines
DSL301, DSL302,... are held at the low level by the drive
scanner 306, the scanning signals ws[301], ws[302],... to

the scanning lines WSL301l, WSL302,... are selectively set

to the high level by the write scanner 304, and the
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the scanning Iines W5L301, WSL302.... are selectively
set 25 to the high level by the wite scanner 304,

and the 72 S04PC610 scannifg signals ws[311], So4pmﬂ0
ws[312].... to the scanning |ines W5L311, WBL312

are selectively set to the high level by the wite
scanner 305. As a result, in the pixel circuit 301A,

as shown in 5 FIG 31C, the TFT 313 is held in the

scaB&En o%@ﬁn%&@ h%?3]€jt w3329 TET 344 @kl %%n@ﬁ%goﬁines

t he si-gnal” ‘(Vi'n)" propagat e

wsLdL?, WERSAES v ho 20k 58 F8? Ay Ay | %L%‘ﬁt%i%% Terel by

pI X €

i tor 1 en witing this signal |ine
thevUEﬁ%&escaPne§ 3 ggortant that the TFT 314 be turned
on. If there_were no if the TET 312 re
turﬁ%daoﬁeﬁﬁatthé“vFB@opéFﬁﬁaFirﬁBFE ﬁP}PfGﬁSI%%PHE in
i xel capacor Cs, coupling would enter the source
FIGpoBdfti & eV?F8f3ﬂﬁei?F#eé 1 inpdheppddedtade mndd the HFT
turning on the TFT 314 connecting the node ND311 to

312t ppd FEAsBAnt ayel tagaedoorce DY@7 to thijs).| the damvdct ed
to the I|owinpedance |ine, so the voltage of the |ine

signedl dVie) wriopagatiedt dot Irres clartee Ldatee DL Iofowt HdeTFT
311. At this tinme, if nmaking the potential of the |ine

hor¥YapntaQ itskdestorcaopotientirditten timdolEhe3 thpascitting C311
drive transistor becones Vo, so a potential equal to

as E¥enpYakli sapaled teit lcs.respect to the voltage Vin of
the input signal at the pixel capacitor Cs.

When writing thils signal line voltage, 1t is
important that the TFT 314 be turned on. If there were no
7FT 314, if the TFT 312 were turned on and the video signal
were written in the pixel capacor Cs, coupling would enter
the source potential Vs of the TFT 311. As opposed to this,
1f turning on the TFT 314 connecting the node ND311l to the
constant voltage source 307, it wlill be connected to the
low impedance line, so the voltage of the line would be
written into the source potential of the TFT 311.

At thilis time, 1f making the potential of the line Vo,
the source potential of the TFT 311 as the drive transistor
becomes Vo, so a potential equal to (Vin-Vo) 1s held with
respect to the voltage Vin of the ilnput signal at the pixel
capaclitor Cs.

After this, in the non-emitting period of the EL

light emitting element 315, as shown in FIGS. 32A to 32F,
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After this, in the non-emtting period of the EL 25
light emtting elenent 315, as shown in FIGS. 32A to

32F, 73 SMP0610 the drivessignals ds[301], S04P0610
ds[302].... to the drive |lines DSL301, DSL302.... are
held at the low |l evel by the drive scanner 306, the
scanni ng signals ws[311], ws[312],... to the scanning
lines W5L311, WBL312.... are held at the high 5 I evel

theb\idive Wiigne 1 a0 1305 dsAqEb A Nne, SCayitie tRAl Slines
ws[ 301], ws[302],... to the scanning |ines W5L301,

psedPa30Ds1,30231.8 S:RCHMR] YatS&ihd A dWadwd Iy alnd ¥t

wite scanner 304. As aq result, in the pixel circuit

scatdk r@%t,s%wédann&%d:'s@gn%h@, déi:[gaﬂiﬁT, A4S furned,

off a he wite operatidn of t I nput signal to

t j t th [ ca I tar At
the, KSHIAY R BRI IR o the HrERE il g

hql d._t | ow.i,npedance, the TFT.314 is left on. 15
Levih &Y dhe, e LRGSR s Saih i S o fupes

nin i ganal s 3 , Ws[302].... to_the scanning

ws (Y SHRSRE sl S He SRRy Lnah SR ovel by

the wite scanner 304, scanninﬁgéi nal s ws[311],
WSLR02310]-. are 6 1@edivedanfiety 19 W evedp b the

are set to the lowlevel 20 by the wite scanner 305,
wrifge g cap@edy 3P4 -si gnal s ds[301], ds[302],... to the

drive lines DSL301, DSL302.... are selectively set to

t heARi ghreevdk, bynt khedpl¥elscadmeuit3G01A4s ag sbowint 1n

in the pixel circuit 301, as shown in
FIiG. 31D, the TFT 312 is turned off and the write operation

of the input signal to the capacitor C31l1 as the pixel
capacitor ends.

At this time, the source potential of the TFT 311 has
to hold the low i1mpedance, so the TFT 314 1ls left on.

After this, as shown in FIGS. 32A to 32F, while the
scanning signals ws[301], ws{302],... to the scanning lines
WSL301, WSL302,... are held at the low level by the write
scanner 304, scanning signals ws{311l], ws[312],... to the
scanning lines WSL31l, WSL312,... are set to the low level
by the write scanner 305, then the drive signals ds[301],
ds[302],... to the drive lines DSL301, DSL302,... are
selectively set to the high level by the drive scanner 306.

As a result, in the pixel c¢ircuit 301, as shown in
FIG. 31E, the TFT 314 is turned off and the TFT 313 becomes

on.
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FIG 31E, the TFT 314 is turned off and the TFT 313
becones 25 on. 74 S04P0610 By turning the TFT 313
on, current flows to the EL light emtting el ement 3%8
and the source potential of¢the TFT 311 falls. Th¥4F0610
source potential of the TFT 311 as the drive
transistor fluctuates, but despite this, since there 5
is a capacity between the gate and source of the TFT
311, the gate-source vol tage of the TET 311 is
conBY ahurplng| §heaTFT\BA3\eR)y. cpEFent: floygTte fhe EL
drives in the non-saturated region, so this is viewed
light gmditkppg edemeninddSyande thep saugsedipedieptiade of the
gat e-source voltage of the TFT 311 is (Vin-Vo) mnus
TFTt Ba lvfhdd sof Thiee seulrceg@odeot idde ofo thige TFAT 31313s the
That is, the current flowi ng through the TFT 311 can
dribe szndstietbe dduetuaned . bputhdevipditel rehtllsi,s sdayce Mpere
turning the TFT 314 on during a 15 signal wite period

is hocaplkeithebeaween ahetl GatBFhndlkdumwe iof itheedFTTS11,
it is possible to nake the source side of the TFT 311

theOhakbe sBu¥ele SN2GigeOibsa thiexagmauantisalcotistaldtly held
tines, there is no need to consider deteriorati on of

at (fagevcgyal ity due to coupling at the time of a signa
'ine wite 20 operation, and it is possible to wite

theggignakyli pge 49kt §98vkR 3nShAk! nbhIBatGMakd@ relghion,
is possible to increase the pixel capacity to take

so ThIzY4ES vg_%%ieﬁs tasI %a%imiﬁ%r Q:(étsqré.ts«‘itr{d‘és value.

Accordingly, the gate-source voltage of the TFT 311 1s

(Vin-Vo) minus the value of the voltage drop due to the TFT

313. That 1s, the current flowling through the TFT 311 can

be sald to be determined by the Vin.

In this way, by turning the TFT 314 on during a
signal write period to make the source of the TFT 311 low
in impedance, it is possible to make the source side of the
TFT 311 of the pixel capaclitor a fixed potential at all
times, there is no need to consider deterioration of image
quality due to coupling at the time of a signal line write
operation, and it is possible to write the signal line
voltage in a short time. Further, 1t 1s possible to
increase the pixel capaclty to take measures against leak
characteristics.

At thilis time, the TFT 311 as the drive transistor

constituted by is driven in the saturated region, so the
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At this tinme, the TFT 311 as the drive transistor 25
constituted by is driven in the saturated regi on, so

the 75 S04P0610 current flow ng through the T

311 becones the val ue shoﬂi in the above equatiogﬁ’f.m610
This is the gate-source voltage Vgs of the drive
transistor, that is, (Vin-Vcc). That is, the current
flomﬁng through the TFT 311 can 5 be said to be

curgEhE] SHE EAPvPAy thEoaet Ehe aFleadd, Bise eve”#ftgaﬁue

characteristic alongﬁﬂg with the increase in

showg; {n; fJepabpys, © Nyl e ffo1g; L&t ez@fﬁ §°Pﬁ€e
fifth enbodi ment, the potential of the 10 node ND311
voltappsVaRi PE the Faids tarnsdskesn thatgdse dfdn-d5Grce
of the TFT 311 as the drive transistor is held
conEhaht issothfecugrentit flpwhnagthrevghhthge IFET3311can
does not change. Accordingly, the current flow ng
be shddugh beedetekrmdimied bF ¢het Vilng el erent 315 al so
does not change. Even if the |-V characteristic of
t hepik toghheeabbtrengeekambfit tB&5EHel kghtr emétstinge
current corresponding to the input voltage Vin

elem@nst 305! veteowsrandst har ater & -whehpaactprdkitam adang
be solved. 20 Note that the potential of the line

witfoRAectigadrbaskhen the 3%4tteaasbaiiongl HaganeowieR) i s
not limted, but as shown in FIG 33, if making the

cirBQientoah Bhetﬁéﬁ%i%%hV%&bod&héﬁﬁln%hbhﬁdﬂéﬂﬂyaﬂﬁbf the
signal |ines becones possible. Due

node ND31l falls while the potentlial between the gate and

source of the TFT 311 as the drive transistor i1s held

constant, so the current flowing through the TFT 311 does

not change.

Accordingly, the current flowing through the EL light
emitting element 315 also does not change. Even if the I-V
characterlstic of the EL light emitting element 315
deteriorates, the current corresponding to the input
voltage Vin constantly flows and therefore the past problem
can be solved.

Note that the potential of the line connected to the
TFT 314 (constant voltage source) i1s not limited, but as
shown 1n FIG. 33, if making the potential the same as Vcc,
slashing the number of signal lines becomes possible. Due

to this, the layout of the panel lines and pixel parts

becomes easy. Further, the number of pads for panel input
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to this, the layout of the panel |ines and pixel parts
25 becones easy. Further, the nunber of pads for pane

i nput 76 S04P0610 beconesrgossible. On the other gg4ro610
hand, the gate-source voltage Vgs of the TFT 311 as

the drive transistor, as explained above, is

determ ned by Vin-Vo. Accordingly, for exanple as

shown in 5 FIG 34, if setting Vo to a |ow potentia

beconelk osisid1eground potential GND, the input signa
voltage Vin can be prepared by the |ow potential near

t heof\NPhke¥ehe@NHanA00shiNga®th - EBﬁr%bggﬁthEeth%s of the
nearby ICs is not required. Furt er i s posSible

TFTtglﬁeQQC%hEh%rQQ g%%%%g.pOSSI gﬁ%I%Eﬁ AHIE 1s

swi tching transi st I mnate the

0 e n. Furt FI G
det§559§%d %gt P’aP o?@ OE%i gae%b%iegFmgﬂé Kialas t Own in
tt| el nt 3 i S und
PTGy o0 (B LAY e s%%?wb@”%ﬁ&é:%iy %[c%eraslsthe
entlal s wel | t her, makin thls t he negative
groﬁe@spotge& 20" Bty 2B amp: Grighal gPLHRINNIR Gae be
| owered and enables the potential of the input signa
Preparedgly dhge LopoROteRtiple negnt fine, GOsilgivadi amsut
burdening the external |1C becones possible. 20
boogliipgept AdesKkdgnatln of| Chesneaghy ICandiss Pts reauimed.
pi xel circuits need not be n-channel transistors.

Furghekanihél 1sTPPssiplet $o32¢dwee dheo ope viedd@aeo ofortpe TFT

each pixel circuit. In this case, the power source is
313caantbeedgwiidchheg transistor and possible to eliminate

the burden on the external ICs in design.

Further, in FIG. 30, the potential of the cathode
electrode of the light emitting element 315 is made the
ground potentilal GND, but thils may be made any other
potential as well. Rather, making this the negative power
source enables the potentilial of the Vcec to be lowered and
enables the potentilal of the input slignal voltage to be
lowered. Due to thils, design without burdening the external
IC becomes possible;

Further, as shown in FIG. 35, the transistors of the
plxel circults need not be n-channel transistors. p-channel
TFTs 321 to 324 may also be used to form each pixel
circult. In this case, the power source 1s connected to the
anode side of the EL light emitting element 325, while the

TFT 321 as the drive transistor i1s connected to the cathode
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anode side of the EL light emtting elenent 325, while

the 25 TFT 321 as the drive transistor is connected

to the cathode 77 S04P0610-,side. Further, the TFTgo4posio

312, TFT 313, and TFT 314 as the swtching

transi stors may al so be transistors of different

polarities fromthe TFT 311 as the drive transistor. 5

According to the fifth enbodi ment, source-foll ower
sigutput with no deterioration in [um nance even with a

change in the |-V characteristic of an EL el enent

al Or oWl EhaPIEDSINTETHOSID! S 3G () LT
CerUIt of “n-'channel "trdnsistors”’ econes” possi bl e,
0, |t 0S Q¥F to _use .an qinnel t ransi st S a
swind R <hota, har AT B R Aot
usi.n current node- cat hode el ectrodes. Further, it is
p°1|5‘6‘ S From, e b Ad diftg dgve, tranghs 9% cyi ¢
by only n-channel transistors and possible to 15 use
theAQCSFd&P&c@s the £REthagmbosddmsntor sopEcerfollgyer
to this, a reduction of the cost of TFT boards
oub@é@onééﬂpmmt@.riwﬁm Amdéwridianya Ve with m
enbodi nent, it is possible to wite the signal |ine
chapget dge the J-IhehandaterdEtade wfjamh Florelemantt ealong
bl ack signal and possible to obtain an inmage quality
withi tellapse fplecomesopuostsiblsi.nul t aneously, it is
possi ble to increase the signal |ine capacity and
Suppr esarkealfaddoekar adiremiist €S n-channel transistors.
becomes possible, so it 1s possible to use an n-channel
transistor as a drive element of an EL light emitting
element while using current anode-cathode electrodes.

Further, it is possible to configure transistors of a
pixel circulit by only n-channel transistors and possible to
use the a-51 process in the fabrication of the TFTs. Due to
this, a reductlion of the cost of TFT boards becomes
possible.

Further, according to the f£ifth embodiment, it is
possible to wrlte the signal line voltage in a short time
even with for example a black signal and possible to obtain
an lmage quallity with a high uniformity. Simultaneously, it
1s possible to increase the signal lilne capacity and
suppress leakage characteristics.

Further, 1t is possible to slash the number of GND

lines at the TFT side and layout of the surrounding lines
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Further, it is possible to slash the nunber of GN\D 25
lines at the TFT side and | ayout of the surrounding
lines 78 SO4PG610 and |ayegt of the pixels beconegyyppgip
easier. Further, it is possible to slash the nunmber fO
G\D |ines at the TFT side, possible to elimnate the
overlap of the GND lines and Vcc |lines at the TFT
board, and possible 5 to inprove the yield. Further,

and tldy%xﬁo%% Hie 1A ddimd Wilifle,0f GND lines at

he "TFT SI de, possible to ellmnate the overlap of

the ﬁ%’ ggiltf‘ﬁg ¥%§s%?$§ 3! hl&n Tl:tﬁeb%&%&" o3 GiD

nes-a ow reS| stance 0ssi bl e

li“t§t% %I t %| re’lt #2, ni{fag%ﬁ%gg-lbl}fé/ ?#&kh bIh umtﬁ%ﬂ%jélﬂap o
t G\D t t
"hare 39 9 e aarat&@ 353 sy and bossinie

Enbodl ment> 15 FIG 36 is a bl ock d| agram of the
to dgwmogsr #eoX 36 %n  organic EL display device
enpl oyi ng pixel circuits accordi ng to a sixth
enbBHFFBRE, REGLs3possilkle teustag a§P&nPHFbPﬁe°f GND
concrete configuration of a pixel circuit according
lineg e thiexMFT Zddenb pdissdible to led igrigatiec thie divanlap of
device of FIG 36. This display device 400 has, as
thes [GOEN lilmes @nd3§ cand lnelsGat3 thea THIK dloaard e poy tlicorlay
402 having pixel circuits (PXLC) 401 arranged in an m
thex Viecndtihies, ax odioxontealistance, and possible to obtain
an image quality of a high uniformity.

Stil1l further, it 1is possible to make the input
signal voltage near the GND and possible to lighten the
load on the external drive system.

<Sixth Embodiment)>

FIG. 36 is a block diagram of the configuration of an
organic EL dilsplay device employing pixel clrcuilts
according to a silxth embodiment.

FIG. 37 1s a circult diagram of the concrete
configuration of a pixel circult according to the sixth
embodiment in the organic EL display device of FIG. 36.

This display device 400 has, as shown 1in FIG. 36 and
FIG. 37, a pixel array portion 402 having pixel cilrcuilts
(PXLC) 401 arranged in an m x n matrix, a horizontal

selector (HSEL) 403, a write scanner (WSCN) 404, a first

drive scanner {(DSCN1l) 405, a second drive scanner (DSCHN2)
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selector (HSEL) 403, a wite scanner (WSCN) 404, a

first 25 drive scanner (DSCN1l) 405, a second drive
scanner (DSCN2) 79 S04P0614, 406, a third drive gg4pog10
scanner (DSCN3) 407, data |ines DTL401 to DTL40n

sel ected by the horizontal selector 403 and supplied
wth a data signal in accordance with the |um nance

i nformati on, scanning lines W5L401 to W5L40m 5

4058656%& Dg 6%%?’ 8m the pWehizs i@qnnﬁ%tﬁo‘i’in@%k YOL401

I nes selectively driven by t

to égﬁe dr'Fgctgﬁa%geEBéO?ﬁrQQbﬁ%a %ie@%h%liogoag L41m

e secon r|ve scanner
a r iLn 421 L DSL42m.sel ect | |ven
supBtefl i Epy 8" Bhtge s G dangr SAB7ReE R R
he pi x circuits 401 ar e
LaniianPe " ERepRBatoB.  AFPRp LR LagHE4H5E Y e“a@'s'ﬂ‘*ﬁsws
an exanpl e wherein the pixel circuits are arrang d |n
selscﬁi(felm dpiyep-by) the: wrlteoscappes; didif drdy Sr
the 15 drawing. Further, in FIG 37, the concrete
DSL4&BA tquPELAOR 6Fleghdveilvedrdvesyby ithesfdwsts drive
sinplification of the drawi ng. The pixel circuit 401
scanpeyr 4Phg toiviee 1dingish DEO4ddbdei PSRt lnaseleetdvedy i n
FIG 37, n-channel TFT 411 to TFT 415, a capacitor
dri¢éthlpbyathiegkecemd tdimgeelsmmemﬁ@&m@ei dirige dges c
EL el enment (COLED), and nodes ND411 and ND412.
DSL421 to DSL42m selectively driven by the third drive

scanner 407.

Note that while the pixel circuits 401 are arranged
in an m x n matrix in the pixel array portion 402, FIG. 36
shows an example wherein the pilxel circults are arranged in
a2 (=m) x 3 (= n) matrix for the simplification of the
drawing.

Further, in FIG. 37, the concrete confilguration of
one pixel circuit 1s shown for simplification of the
drawing.

The pixel circult 401 according to the sixth
embodiment has, as shown in FIG. 37, n-channel TFT 411 to
TFT 415, a capacitor C411, a light emitting element 416
made of an organic EL element (OLED), and nodes ND41ll and
ND412.

Further, in FIG. 37, DTL401l indicates a data line,

WSL401 indicates a scanning line, and DSL401, DSL411, and
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Further, in FIG 37, DTL40l1 indicates a data line, 25
WEL401 i ndicates a scanning |line, and DSL401, DSL411,

and 80 SO4P0610 DSL421 inggcate drive |ines. ANDED4POS10
t hese conponents, TFT 411 configures the field effect
transi stor according to the present invention, TFT

412 configures the first switch, TFT 413 configures

the 5 second switch, TFT 414 configures the third

psLagit ahdiEeted 82iveonfingdr.es the fourth switch, and the
capacitor C411 configures the pixel capacitance

el eaRphgaeReLdi B8mpAnkhes, PEPECRT 1! BYRRI hAResFehENE el1a
the scanning |ine L401 corresponds to the 10 first

eff%BEtEQ nEHQ%g%C Qedirdgn Otbh%hgrS%%@Enk”!%&%h%ﬁonﬁr%FT

rive |1 ne 401 corresSponds to the second contro
412, S8R 3ol £hEC £ LBE Sydth. R 33, Shnird it s
sechig, Bab:" Beas 33 SouiriBirpbor i bS5, P sBP Y s
cont SpuRER o Fhe, £ore thhang otna 80 SHe SPPaMBEegoriddponds
to the second reference potential. In each pixe

congilgpgpes 599,Péx§&uPéBagﬁ&aﬁcﬁr§#ﬁm8Pt SGCPREIPpET to fhe
are connected between a source of the TFT 411 and the
prefeRE Ap¥enrtignsource and a drain of the TFT 413 are
connect ed between the node ND411 and an anode of the
| i ghartkeritthy stanehng4lgneWikaPh oprriaepPRits4te khe

connect ed
first control line according to the present invention, the

drive line DSL401 corresponds to the second control line,
the drive line DSL411 corresponds to the third control
Iine, and the drive line DSL421 corresponds to the fourth
control line.

Further, the supply line (power source potential) of
the power source voltage Vcc corresponds to the first
reference potential, while the ground potential GND
corresponds to the second reference potential.

In each pixel cilrcult 401, a source and a drain of
the TFT 414 are connected between a source of the TFT 411
and the node ND41ll1l, a source and a drain of the TFT 413 are
connected between the node ND411 and an anode of the light
emltting element 416, a draln of the TFT 411 1s connected
to the power source potential Vcc, and a cathode of the

light emitting element 416 1s connected to the ground
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to the power source potential Vcc, and a cat hode of

the 25 light emtting element 416 is connected to the
ground 81 S04P0610 potentgal GND. That Is, the T

411 as the drive transist%?, the TFT 414 and TFTE%%§O6M)
as the switching transistors, and the |ight emtting

el ement 416 are connected in series between the power
source potential Vcc 5 and the ground potential GN\D.

potén@ih& efpt NeRLET 1 éllth%4??%n%ﬁﬁegst%P Eha Qe ND412,

ther, the capacrt as a pixel capacitor Cs is

traggagQSEGdtpstW%%n4&neagﬁ;%p%nq1§°%fng%lshu%aﬁi All.

rst electrode of capacit 6r s “Eonndct ed

to the 10 no D4 ;5ec9 el ect,rode is
erah@iB8rRl BRATrHe Kt s R aREe SEnER T IRTERS 5 |
nnegted to the drive |line DSL401 Furt her
confBCEER Shrsgtacss betkRen: Shet GOFRE SGMRGE POieBaal: Yoo
Further, a source and a drain of the TFT 15 412 as the

ands thet 95qPPEhPitentdAteENBd bet ween the data i ne
DTL401 and the node ND411 (connection point with first
el ebtgatie of Ehpa€FToflisis)coppeched, ta §heenoflet NB412.
TFT 412 is connected to the scanning |ine W5SL401.
Furtherhetheacgpardsoan@4dldasi a ofixefe ciPicitdrals 120
connect ed between the node ND412 and t he power source
conpettetli between Ahgagaetef anklesoETc4l5fi $heoMFgcidd .t &
the drive line DSL421. In this way, the pixel circuit
fird6ledecardiingofothkecapacitor C411 is connected to the
node ND41l1l, while a second electrode 1s connected to the
node ND412,

A gate of the TFT 413 i1s connected to the drive line
DSL401. Further, a gate of the TFT 414 1s connected to the
drive line DSL411. Further, a soﬁrce and a drain of the TFT
412 as the filrst swilitch are connected between the data line
DTL401 and the node ND411 {(connection point with first
electrode of capacitor C411). Further, a gate of the TFT
412 is connected to the scanning line WSL401.

Further, a source and a drain of the TFT 415 are
connected between the node ND412 and the power source
potential Vco. A gate of the TFT 415 1s connected to the
drive line DSL421.

In this way, the plxel clrcuit 401 according to the
present embodiment 1s configured with the source of the TFT

411 as the drive transistor and the anode of the light
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present enbodinent is configured with the source of

the TFT 25 411 as the drive transistor and the anode

of the Iight 82 S04P0610 emitting el enent 416 S04P0610

connected by the TFT 414 and TFT 413 as the sw tching

transi stors, a capacitor C411 connected between the

gate of the TFT 411 and the source side node ND411,

and the gate of the TFT 411 (node ND412) connected 5
emiftiong e lidi@ent- 1 141 Tond eldte o Gye re o tree 4208 ediid alFvorl3

(fixed voltage line). Next, the operation of the above

as 0 IS9UFRINIY Wirlaln s 18 00| ai REDAANGT A 10N ddihected
operation of a pixel circuit wth reference to FIGS.

bet%%%nt Q:h%S gatd G 3%e @R 'ill@ar&p/%:helgottﬁ*c@%id:é %ode

A shows a scanni ng signal ws[401] applled to the

NI)4';_LI1Ir Stanjig\gh%hy%g:'en%fl IR, iju"f(x{dh[%mz 3 prd ¢oted

a scanni ng si gnal appl 1 e
S n n 402 f
enslfys S8 e, %@ S hanents gt ikt FordfioME Sor
41 ap tto the first row drive |ines DSL401
(£13 % Bg{ETTP 3 ‘pi xel array, FIG 40D shows drive
S|gnals ds[ 402 and d[ 412] pplled to th secand ro
3

ar | DEREr nSLepepasatial BEL NS GPVRe CoPEIUTA QR will
FI G. 40H shows a drive signal ds[421] applled to the

‘be zgpiligdped FRHSIPG Othdhesoperadilam o) aixgt zﬁ/ircuit

FIG 40F shows a drive signal ds[422] plied to the

withomefencane dio FAGSnd B0 BER. (S pidt and BLCH A4OA
40G shows a gate potential Vg of the TFT 411, that

to 4HH.t he potential VND412

FIG. 40A shows a scanning signal ws{401] applied to
the first row scanning line WSL401l of the pilxel array, FIG.
40B shows a scanning signal ws[402] applied to the second
row scanning line WSL402 of the pixel array, FIG. 40C shows
drive signals ds{401] and ds[411] applied to the first row
drive lines DSL40l1 and DSL411 of the pixel array, FIG. 40D
shows drive signals ds[402] and d[412] applied to the
second row drive lines DSL402 and DSL412 of the pixel
array, FIG. 40E shows a drive signal ds[421] applied to the
first roﬁ drive line DSLA421 of the pilxel array, FIG. 40F
shows a drive signal ds[422] applied to the second row
drive line DSL421 of the pixel array, FIG. 40G shows a gate
potential Vg of the TFT 411, that 1s, the potential VND41l2
of the node ND412, and FIG. 40H shows an anode side

potential of the TFT 411, that is, the potential VND41l1l of
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of the node ND412, and FI G 40H shows an anode side 25
potential of the TFT 411, that is, the potenti al
VND411 of 83 SOAPG610 the gyode ND411l. Note that tReigsio
is no problemno matter which of the TFT 413 and TFT
414 turns on or off, so as shown in FIG 40C and FI G
40D, the drive signals DS[401] and ds[411] and 5 the
drive signals ds[402] and ds[412] applied to the drive
thé i mede DA, and DSL411 and the drive |ines DSL402 and
DSL412 are nmade the sane timng. First, at the

or diNttey t8{Ht St & ® Fﬁ)ﬂhﬁé& nd Qrmtte?f”‘i]ﬁié}g of the
el enent 416, as shown in GS. 40A to 40F 10

TF@CM'%%W%%V‘@%%Q&] ?nV\§£4<Q£'% ‘g0l Q t@ﬁo?ﬁaﬁqiﬁ%.

[ines W5L401 are selectively set to't
W Scapner 404, dri S S
oY oot Yol 0 2 HORR 0 D) SO0 e
veI eg h Ievel
enq it s vttt T EE Yind 25t 00 e 1€ Bha drave
11 ee%é%%z o (g the drive_lines. DSL411, DSL412.... are
R&T A PGPt Hhean gHe (B Vel ineR BFR4Q2 and
scanner 406, and the drive signals ds[421],
DSIfky B madg GEheyesame \EiMiR@s DSL421, DSL422.... are
selectively set to the low |level by the drive scanner
407 Fixstas af ftdwy|ardinaphenpitddng istatie ofotheEL light
shown in FIG 38A, the TFT 414 and TFT 413 are held
emfititine oemant etlnks ehaAT 4l F EGRl. T4UA 446 4@F hetle
in the off state. First, at the ordinary non-emtting
scanrdingg flgdeelFlws{401], ws[402],.. to the scanning lines
WSL401, WSL402,... are selectively set to the low level by
the write scanner 404, the drive signals ds[401],
ds[402},... to the drilve lines DSL401, DSL402,... are
selectively set to the high level by the drive scanner 405,
the drive signals ds[411], ds[412],... to the drive lines
DSL411, DSL412,... are selectively set to the high level by
the drive scanner 406, and the drive signals ds[421],
ds[422],... to the drive lines DSL421, DSL422,... are
selectlvely set to the low level by the drive scanner 407.
As a result, in the plxel circult 401, as shown in
FIG. 38A, the TFT 414 and TFT 413 are held in the on state
and the TFT 412 and TFT 415 is held in the off state.
First, at the ordinary non-emitting state of the EL

light emitting element 416, as shown in FIGS. 40A to 40F,

the scanning signals ws[4011, ws[402],.. to the scanning
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light emtting el enent 416, as shown in FIGS. 40A to

40F, 25 the scanning signals ws[401], ws[402]... to

t he scanning 84 S04P0610 @ nes WSL401, W5L402.... 8%e10
held at the low |l evel by the wite scanner 404, ﬁ
drive signals ds[421], ds[422],... to the drive lines
DSL421, DSL422.... are held at the ow I|evel by the
drive scanner 407, the drive signals ds[401], 5

drive lin L4
1in 4%%*3/ s&f&&g the ow}i‘eg]\?/%% Olf%e d"r"l]\c'/)eév%]c Ehe
05, . and th rive s al s 4 1] 4
e {38 A L s AflVeptadte asf B {E a4 %ﬁ}
S t he | evel by the drlve scanner_406. 10
to Fhadfiive 1 {Ren THARLY DUEHEE uos, Heo SHOMA Th e cLow
38B, the TFT 412 and TFT 415 are held in the off state
Levgld hd e e seRpREam 405 tihaclrbre  shgnaky s 4R11,
the potential held at the EL light emtting el ement
ds 402 ¥ al 4 s 19 rdie tdel s ukbre DSl y DIAARR sappedFrs.
The EL light emtting el enment 416 stops emtting
sellegqiiiveIthesgiottanttiled Fow | bevel the the ebhbve scahnernedos,
Vth of the EL light emtting el enent 416. However,
andsitiee d&fffve kgl sl ol 41bins dol 41&] EL. | | gt tieen dtiwng
el ement 416, if the non-emtting period continues, the

1in2G pxgieritli alpsndiz fall dxe GNDLedivdiey aidertdarse 1w
TFT 411 as the drive transistor is held in the on

levellatyy SIMCRIdRR gaianmeat endé 2l i s high. The source
potential of the TFT 411 is boosted to

As a result, in the pilxel clrcuit 401, as shown in
FIG. 38B, the TFT 412 and TFT 415 are held in the off state
and the TFTs 413 and 414 are turned off.

At this time, the potentlal held at the EL light
emitting element 416 falls since the source of supply
disappears. The EL light emltting element 416 stops
emitting light. The potentilal falls to the threshold
voltage Vth of the EL light emitting element 416. However,
since off current also flows to the EL light emitting
element 416, if the non-emitting period continues, the
potential will fall to GND.

On the other hand, the TFT 411 as the drive
transistor 1s held in the on state since the gate potential
1is high. The source potential of the TFT 411 i1s boosted to

the power source voltage Voo. Thils boosting is performed in

a short perliod. After boosting to the Vco, no current is
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t he power source voltage Vcc. This boosting is
perfornmed in 25 a short period. After boosting to the
Vco, no current is 85 S04PQ610 supplied to the TF

411. That is, in the pixel “8ircuit 401 of the S|xt%b@NM1O'
enbodi nent, it is possible to operate w thout the
supply of current in the pixel circuit during the
non- enitting period 5 and therefore possible to

pr onsunption of the panel. In this
Sugéﬁi % 2@*@‘%@% in FIGS. 40A to 40F, the drive
sig [401] . to.the_drive_lines
%%f% 1ad3 ‘thS’ piat. e kind oo ahe e
drlve 10 scanner 405 the drive S|gnals ds[411],
embpdiment, it ds messihie &q joparats mithqyy s supplyp of

hel d at the | ow | evel by the drive scanner 406, and
cunnenthgn she @ipred dHvEks @ging ddfe T -estyzalg period
to the drive |ines DSL421, DSL422,... are set to the
andﬂqyenqﬁnﬂekgpﬂﬂﬁbkﬁitnasunnnﬁﬁSAﬂn& ndvear Ionswmption of
scanni ng signals ws[401], ws[402],.. to the scanning
the ipaeeM5L401, WBL402.... are selectively set to the
high level by the wite scanner 404. As a result, in
t he Ipi x@H sCistattiel, 4@kt ,a%sskbown An FIGS.3ACGA tHee 40T,
413 and TFT 414 are held in the off state 20 and the

thel 142 sanghalilsT aslBrarte, tasmrdk pn.. .Duss tithd hisSivd NBines
i nput signal propagated to the data |ine DTL401 by the

DSHR® ,z@3alo2sel .eCtdile 413 d atMiHd Qb rﬂ&wélh%faﬁ%”dﬂ{ve
411 as the pixel capacitor Cs.

scanner 405, the drive signals ds[411], ds[412},... to the
drive lines DSL411, DSL412,... are held at the low level by
the drive scanner 406, and in that state the drive signals
ds[421], dsf422],... to the drive lines DSL421, DSL422,...
are set to the high level by the drive scanner 407, then
the scanning signals ws{401l], ws[402],.. to the scanning
lines WSL40l, WSL402,... are selectively set to the high
level by the write scanner 404.

As a result, in the pixel circuit 401, as shown in
FIG. 38C, the TFT 413 and TFT 414 are held in the off state
and the TFT 412 and TFT 415 are turned on. Due to this, the
input signal propagated to the data line DTL401 by the
horizontal selector 403 1s wrlitten into the capacitor C411
as the pixel capaclitor Cs.

At this time, the capaclitor C411 as the pilixel

capacitor Cs holds a potential equal to the difference
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At this tinme, the capacitor C411 as the pixel 25
capacitor Cs holds a potential equal to the difference
86 SO4PC610 (Vcc-Vin) betwgen the power source  go4po610
vol tage Vcc and the input voltage Vin. After this, In
the non-emtting period of the EL light emtting

el enent 416, as shown in FIGS. 40A to 40F, 5 the

drive signals ds[401], ds[402].... to the drive lines

(vdeShARYY), Yttt -the & él?léinﬁ.tcé Rev1tyd Mt dda tife

drive scanner 405, the drive signals ds[411],

1np@&[¢gﬂba e WG the drlve l'ines DSL411, DSL412. ... are
hel d at f%e | ow | evel the drive scanner 406, and

i n h?;%xsEﬁEEdt?ﬁngilve%l%%i%% % %Eiéé{gféthg EL

ds [4 ines are
ect.i.vel Qe e, of OM/|e by t (%é scann
11035, SRpunking Feaichet o dhoa it 1965"
scanni n L401, W6 402 . are selectlve
the 313 Kt g a0l Ty Geia e scté’nrjr'é’re Hive
3 result, in the pixel circuit 401, as shown in FIG
DSL48p - ﬂ%*?ri!? 415 3%5d PRAE 4 the st levied e the dye
of the input signal to the capacitor C411 as the pixe
scappgzc o dh@s dTAVe Hignglfe dslfd ldap &6 iidr2 G411 Het ddhe
a potential 20 equal to the difference (Vco-Vin)
driget vd&est RSIgdder DSEdds - -vwolanggdiedso aindhendampigvel by
voltage Vin regardless of the potential of the
thec dpdviet Gicaongr AbBer amid dn dhathematien HileGariAGA signals
40F, the drive
ds{421], ds[422],... to the drive lines DSL421, DSL422,...
are selectlvely set to the low level by the drive scanner
407, then the scanning signals ws[401], ws[402],.. to the
scanning lines WSL401l, WSL402,... are selectively set to
the low level by the write scanner 404.

As a result, in the pixel circult 401, as shown in
FIG. 38D, the TFT 415 and TFT 412 turn off and the writing
of the 1nput signal to the capacitor C41ll as the pixel
capacltor ends.

At this time, the capacitor C411 holds a potential
equal to the difference (Vecc-Vin) between the power source
voltage Vec and the input voltage Vin regardless of the
potential of the capacitor end.

After this, as shown 1n FIGS. 40A to 40F, the drive
signals ds[401], ds[402],... to the drive lines DSL401,

DSL402,... are held at the low level by the drive scanner
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signals ds[401], ds[402].... to the drive lines

DSL401, 25 DSL402,... are held at the |ow | evel by

the drive scanner 87 S04POg30 405, the drive signgd£o610
ds[421], ds[422].... to the drive lines DSL421,
DSL422.... are held at the low |level by the drive
scanner 407, the scanning signals ws[401], ws[402],.

to the scanning lines W5L401, W5L402,... are held at

hem | V@l griyr 4 s 1Y SEHRS ,4% B8 Oy
40gstgcte tél?g‘}%rl ve signals dsf411] ds} 12].... I%é]o %ﬁ?e

1 I
11&{# ‘iﬁ;n eveﬁ' thesfl(-fr Aldera £ &€ ﬁ%'i’@&é/lst?} t1fa

I ve scanner 406. As a result,

t
axii, %@ﬁ%ﬂ i né‘:’%*% R Y10 wa0E £ B0
t h ' t t FT41
vo BRS AR LB Fordfod DOuAVT Lt B A e
lowre?wé!?eyaita PO T SqAREER 4 § ot dhboaiet Thete the
val ue of the source potential 15 of the TFT 411, the
driys skInalslidsididhbe 935l Hd b and thethe iFtEe phings i al

of the drive transistor 411 rises to Vcc. Furt her, as

DSIckcwn DSEHITGS, - 4@Fe st ivalyrsele &9 g shiwh 4bayel by

ds[422].... to the drive |ines DSL421, DSL422.... are
thehalni g sdrnreny 4&el by the drive scanner 20 407,
the scanning signals ws[401], ws[402]... to the

scatsi g reismds Wl Ghe \W8x4AQ2 circuwdte 404 d &t shyewrd o
level by the wite scanner 404, the drive signals
FIGIS[3REL] ,thel SfRMI4 . turdo dihe B ithe: | TFES4 DSl ¥ddning on,

DSL412.... are held
the gate-source potential of the drive transistor TFT41l1
becomes the potentlial difference (Vce-Vin) charged into the
capaclitor C411 as the pilxel capacitor. Further, as shown in
FIG. 40H, regardless of the value of the source potential
of the TFT 411, the potential difference 1s held and the
source potentlal of the drive transistor 411 rises to Vcc.
Further, as shown 1n FIGS. 40A to 40F, the drive
signals ds[421], ds[422],... to the drive lines DSL421,
DPSL422,... are held at the low level by the drive scanner
407, the scanning signals ws[401], ws[402],.. to the
scanning lines WSL40l1l, WSL402,... are held at the low level
by the write scanner 404, the drive signals ds[41ll1l],
ds[412].,... to the drive lines DSL41l1l, DSL412,... are held

at the high level by the drive scanner 406, and in that

state the drive signals ds[401], ds[402],... to the drive
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at the high |level by the drive scanner 406, and in
that 25 state the drive signals ds[401], ds[402],...
to the drive 88 SO4P0O610 kgnes DSL401, DSL402....s@Pes10
selectively held at the high Ievel by the drive
scanner 405. As a result, at the pixel circuit 401, as
shown in FIG 38F, TFT 413 turns on. 5 By turning the
TFT 413 on, the source potential of the TFT 411

1infed! DSL4l0n ,t Hs3.403Y,. .deslid gl thaEiyt hlid ha: RUEYh
potential of the TFT 411 as the drive transistor

1evelUSHUIHRS arSveC & daheled 14952 Capaci tance between the
gate” of the TFT 411 and the anode of the EL |ight

. . ¢ 5 ) :
e AL A5ARuBhCTRR (ALOpLRS BaLnIUIGT Pakeiah dh
FIG't'InI}'?ﬁ’ét I;i.%.TTIﬂB4 :lllrarllsS tor}le. drive transistor is driven

saturated Téegion, so the current value Ids
flowng to.the TFT 411 conmes_ .t he value shown . i,n.th
15 B0 buERARE: bheaTERuAdRoR T th SoRE R POR AR oy E
the gate- squrce _voltage Vgs of the drive transistor
therEFT 411 fiald sculPedttid ¥6% GRSAIT S Adepfaqiyihat the
emtting elenment 416. The EL light emtting el enent
souxee ERitedtipdhet freg WFThidddnas Srdivenh dirans it
current value. 20 The equivalent circuit of the EL
flucitgptesn singg tdeageds casapacddamcepdetiieen the gate
transistors as showmn in FIG 39, so in FIG 39, the
of fboeelFTaldldf anlde tived @nikiBe] pLsitdnes Elafliahty jexiidding t he
gate potential at which the current Ids
element 416, the gate-source potential of the TFT 411 is

constantly held at (Vcc-Vin).

At this time, the TFT 411 as the drive transistor is
driven in the saturated reglon, so the current wvalue Ids
flowing to the TFT 411 becomes the wvalue shown in the
above-mentlioned equation 1. This is determined by the gate-
source voltage Vgs of the drive transistor TFT 411.

This current also flows to the EL light emitting
element 416. The EL light emitting element 416 emlts light
by a luminance proportioconal to the current value.

The equivalent circuit of the EL light emitting
element can be described by transistors as shown 1n FIG.
39, so in FIG. 39, the potentlal of the node ND41ll stops
after rising to the gate potential at which the cﬁrrent Ids
flows to the llight emitting element 416. Along with the

change of thils potential, the potential of the node ND412
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flows to the light emtting elenent 416. Along with

the 25 change of this potential, the potential of the
node ND412 89 SO4PC610 al X0 changes. If the fina%m4PMﬂ0
potential of the node ND411 is Vx, the potential of
the node ND412 is described as (Vx+Vcc-Vin) and the
gate-source potential of the TFT 411 as the drive
transistor is held at (Vx+Vcc). 5 Due to the above,

als%é?ﬂahfe%heI§LthF9%&€%gl%%%Q%ti?&eg%nkhél%Pte N #&1 is

erirorates in cteristic alon

increase in.the emtting.tige, . iLn, the pix ircuit
v, 85 BpEend e oR thisodrien 4tAe 150 FEREEIPGt “Fhe
ngde ND411 drops while the gate-source patential of
(VxpigerREnd] ands the IRFearPYE Ry BREFEEAL S5hdhe TFT 411
constant, so the current flowing through the TFT 411
as 4hesdpdvechzrgslskecolgi Agld athd V&dVicddt f1 owi ng
through the EL Iight emtting elenment 416 al so does
not Dehakgetheyvahove. t peen- £ Ehear Bkt dLpbti emdfttipg EL
light emtting elenent 416 15 deteriorates, a current
elementedpbndetgrioraltesgdne Isfucbaragheadsitdic @eoagviwith
constantly flows. Therefore, the past problem
ther ébhatreaget dndéher eorldtiog Zioeg vmt fthel gpdselofciriemitEl401
can be solved. Further, in the circuit of the present
of itR¥eBhikeh, emBOodimane ,t hbel pvednhdbaniifalthes nodey NDAA 1
power source Vcc in the pixel, no G\D Iine which has
dropg hAihal @hkhigakel$outeeepotiet iRIE off0 thil TF 1 1411S as the

possible to reduce the pixel area. Further, in the
drifentelhklikRerPesl adiat kenbelintdldocaRthe current Flowing
through the TFT 411 does not change.

Accordingly, the current flowing through the EL light
emitting element 416 also does not change. Even 1f the I-V
characteristic of the EL light emitting element 416
deteriorates, a current corresponding to the gate-source
potential (Vcc-Vin) constantly flows. Therefore, the past
problem relating to deterioration along with elapse of the
EL c¢an be solved.

Farther, in the circuit of the present invention,
since the fixed potential is only the power source Vecc in
the pixel, no GND line which has to be laild thick is
necessary. Due to this, it is possible to reduce the pixel
area. Further, in the non-emitting period, the TFTs 413 and

414 are off and no current is run through the circult. That

is, by not running current through the cilrcult durlng the
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414 are off and no current is run through the circuit.
That 25 is, by not running current through the circuit
during the 90 S04PC610 nogsenmitting period, it iSgo4pog10
possi bl e to reduce the power consunption. As
expl ai ned above, according to the sixth enbodi nent,
the source-follower output with no 5 deterioration in
| um nance even with a change inthe |-V
nonCaRa2%usly %te'r o‘&f % 'o%'Eﬁ B 2k QNG il et!hae%%wer
becones sou omer circu
n- channel tranS|stors becones possible, so |t IS
c°n58¥§% °€'to use an n-channel 10 transistor as a drive
el egent o emttin ement |ng
cur anﬁxgisiaes PheSE - cPEEPFOLEY. teutPlerinty |
possi ble to configure transistors of g _pixel C|rcuit

embRA LB n TR FEE e Z0EFS AP FodSith &% 0  use the

a-Si process in the fabrication of the TFTs. Due to
d9t9519m3§1°§ A&d JeMisRnse eenc dithoR PEROgeadds thec dmds

possible. Further, in the present invention, it is
chagectepiistie ofsant K& gileglenfowndiongomidd: fedrapste Yecemes

potential, so it is possible to reduce the pixel area
possdbleossi bl e to expect 20 higher definition of the

panel . Still further, by not running a current through

t heA sbnecuketfohilbeerheiEbullitghf enchanngleltemmst.sitors

not emtting |light, the power consunption can be
becbfddCpdssible, so it is possible to use an n-channel
transistor as a drive element of a light emitting element
while using current anode-cathode electrodes.

Further, 1t 1ls possible to configure transistors of a
pixel circuit by only n-channel transistors and possible to
use the a-S1 process in the fabricatlion of the TFTs. Due to
this, a reduction of the cost of TFT boards becomes
possible.

Further, 1in the present ilnvention, 1t 1s possible to
use the pixel power source for the fixed potential, so it
is possible to reduce the pixel area and possible to expect
highexr definition of the panel.

Still further, by not running a current through the
circult while the EL light emltting element 1s not emitiing
light, the power consumption can be reduced.

As explalined above, according to the present

invention, source-follower output with no deterloration in
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As expl ai ned above, according to the present 25

i nvention, source-follower output with no

deterioration in 91 S04PC5 | um nance even MAthE%4P06H)
change in the |-V characteristic of an EL el enent

along with el apse becones possible. A source-follower
circuit of n-channel transistors becones possible, so
it is possible to use an n-channel 5 transistor as a

LBk GUE 0 3 LhARbeCTh! L0 e\ eIRR WAL el B8

current anode-cat Furt

o_confi ansistors of a circuit
an §b° ?iFS?eHItcﬁ;ﬁH& giﬂﬁ;ﬁnsﬁgl?s& gﬁamsgsgfﬁﬁ&’*(’fls use the
S' $rocess g the fa rlcg% of he TFTs g to
hFQuUrgerEg %?‘i’%ﬂ ‘6 Tthe®cBst of’ FRRe oEFBQS 8t8hés
OSSIb|e Furt her, is possible to wite the signa
becPi"ﬁE PosELRde-i fica 1§h6Ft PPEfdbeGetOWER B8r NecRRpPEla
bl ack signal and possible to obtain an i mage quality
traﬂﬁ#ﬁtarhﬁghalgréﬁﬁfGiﬁwﬁyt stndl ddebdusmitting glement
possible to increase the signal |ine capacity and
whiieppsdng tuzakept shaflacratheodecelectyodies, it is
possi ble to slash the nunber of G\ND |lines at the TFT
si déuptidel aybut isfposeibler bandonfignnestrandibtigoat of a
of the pixels becone easier. 20 Further, it is
pilxebseilbbaitobygl aahyt hechanhell akaGdibstbiseand polsesibEE to
side, possible to elimnate the overlap of the G\D
usel thesaapd yeockspesnathbheabrbicheabd, oEFndheosFriel.e pukoto
i nprove the yield.

this, a reduction of the cost of TFT boards becomes
possible.

Further, it 1s possible to write the signal line
voltage i1n a short time even with for example a black
signal and possible to obtain an image quality with a high
uniformity. Simultaneously, 1t ls possible to Increase the
signal line capaclty and suppress leakage characteristics.

Further, 1t is possible to slash the number of GND
lines at the TFT side and layout of the surrounding lines
and layout of the pixels become easiler.

Further, it 1s possible to slash the number of GND
lines at the TFT side, possible to eliminate the overlap of
the GND lines and Vcc lines at the TFT board, and possible
to improve the yleld.

Further, 1t is possible to slash the number of GND

lines at the TFT side, possible to eliminate the overlap of
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Further, it is possible to slash the nunber of G\D 25
lines at the TFT side, possible to elimnate the
overlap of 92 S04P0C610 th D |lines and Vcc line

the TFT board so as to Iayqnfﬁg Vcc lines at a lo %O@POGM)
resi stance, and possible to obtain an inmage quallty
of a high uniformty. Further, in the present
invention, it is possible to 5 use the pixel power

théoéﬁﬁeliﬁéstQﬁdfVéSdlﬂﬁéﬁnktaEheS@FTtboh%dpgﬁshg'%otﬁay

reduce the pixel area and possible to | ook orward

thQ 998r1QS££”5E 8”1?& EQSﬁQ?ESEe Sﬁhh'PBm%FPe iﬁgygﬁghin

current Eircui
ht en1t% S E tlng 10 light, the
an, @g?ecgﬂg W59 8 Bahieh*pad 8’@‘&1 YTl further it
IS p035|ble to nake t he |nﬁ ?nal ﬁ e neai i
GN\D Bt ossi B et 10 PTEFER imeentloR ohtt F8 BRESHRLF to
drive sisten1 | NDUSTRI AL APPLI CABI LI TY 15 According to
usehEhpj RA¥eL| PEHET, SANEELafolctPecti%Ad PREEREA2Ls So it
driving Elxel circuit of the present invention,
isspeseiblel FeweedagepthewpinehoatenerPer RPFSAPILA to look
| um nance even with a change in the |-V
forwardcterhigherofiefibnEtion| efehheabanglwi t h el apse
becones possible and a source 20 follower circuit of
n- chginhel funiises) ory et onesnpogsa béerregt throwgh the
possi ble to use an n-channel transistor as a drive
cietetenghbieabh&l KRl 2hght edhiteingi ajlemsntents not emitting
anode- cat hode el ectrodes, therefore the invention can
1i§rt apphéefov¥LncbAsumption can be reduced.

Still further, i1t is possible to make the input
signal voltage near the GND and possible to lighten the
load on the external drive system.

INDUSTRIAL APPLICABILITY

According to the pixel circuit, display device, and
method of driving a pixel clrcult of the present invention,
source-follower output with no deteriloration in luminance
even with a change 1in the I-V characteristic of an EL
element along with elapse becomes possible and a source-
follower clrcuit of n-channel transilstors becomes possible,
so it 1s possible to use an n-channel transistor as a drive
element of an EL element whille using current anode-cathode
electrodes, therefore the lnvention can be applied even to

a large-sized and high definition active matrix type

display.
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a large-sized and high definition active matrix type

25 display. 93 SMPC610 CLAIMS 1. A pixel circuit for
driving an electro-optic gtenent with a | um nancespspogio
changi ng according to a flomnng current, conprising:

5 a data line through which a data signal in

accordance with lum nance information is supplied; a
first control line; first and second nodes; first and
second reference potentiggyyd0 a drive transistor
formng a current supply I ne between the first

ter gri nal fﬁimgmizwf ﬁf&‘}& «! 8600 a8l 204 ﬁoa{xéek#bnsp@ic

current rou sald curren I ne

acg e mnth the nti of a ¢ troI ter na
elﬁ@%ﬁ% RRRE° P L B0 Kh Asas® petet N el & Budfien
| ement con ted between said first node and said
cur§895ndcﬁwg§ gnﬁirst switch connected between said
data line and either of a first term nal or second
term nal dfddgpglipexEpreaghcrhifkeacfiab@ntigngl in
controlled in conduction b 20 said first contro
aGGPFﬁéPCSnUiﬁhfﬂP@#n@PP@uﬂF'Hﬁﬁﬁﬁéﬁnnéﬁaﬁ&ﬂﬂé¥ﬁdal of
said first node change to a fixed potential while
sai d el ecarbirgpt fentrehebineés not enmitting light;

first and second nodes;

first and second reference potentials;

a drive transistor forming a current supply
line between the first terminal and the second terminal and
controlling a current flowing through sald current supply
line in accordance with the potential of a control terminal
connected to sald second node;

a plxel capacitance element connected between
sald first node and sald second node;

a first switch connected between said data line
and either of a first terminal or second terminal of said
pixel capacitance element and controlled in conduction by
sald first control line: and

a first circuit for making a potential of saild
first node change to a fixed potential whille sald eléctro-
optic element 1s not emitting light;

sald current supply line of the drive

translstor, sald first node, and sald electro-optilc element
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said current supply line of the drive 25 transistor,

said first node, and said electro-optic el enent 94
S04P0610 bei ng connect ed bQ series between said f$dﬁﬁm1o
reference potential and sécond reference potenti

2. Apixel circuit as set forth in claim1l, wherein:

5 said circuit further conprises a second contro

line; said drive transistor is afield effect

be :Ltnrga%%ln%t Yr e 4 3etids bt ”eCts%‘ii ¢33 ddefleipde,
ralrn connec e tO sal |rst erence potenti a

ond 10 reference potential, qca gate connected
pot @RI A0 GRE O L SRR B HAVIE L, ot £ | el udes
a second swtch. connected between said first node and
fixéd potBnP1¥flafilircpritcdfit F6FI E8TFR dBnHLRLPoA by
sai d second control line. 15 3. A pixel circuit as set
whegdis in claim2, wherein when said electro-optic
elenment is driven, as a first stage, said first switch
is held isald ebncudhdiertherscamprpgegapdserpnd control
control line, said second switch is held in a
lineonducti ve state by said second 20 control line, and
said first node is connected to a fixed potential; as
a second sahdedrieedttansissortth asfheld efifeat
conductive state by said first control line, data to
trah@istor with a source connected to said first node, a
drain connected to sald first reference potential or second
reference potential, and a gate connected to sald second
node; and
said first circult includes a second switch
connected between said first node and fixed potential and
is controlled in conduction by sald second control line.
3. A plxel circult as set forth in claim 2,
wherein when sald electro-optlc element 1s driven,
as a first stage, sald first switch is held in
a non-conductive state by sald first control line, said
second switch 1s held 1in a conductlve state by saild second
control line, and sald first node 1s connected to a fixed
potential;
as a second stage, sald first switch 1ls held in
a conductive state by said first control line, data to be

propagated over sald data line is written in sald pixel

capacitance element, then sald first switch 1s held in a
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propagated over said data line is witten in said

pi xel 25 capacitance elenent, then said first swtch

is held in a 95 S04PC610 peon-conductive state; angy,@3s10
a third stage, said second switch is held in a

non- conductive state by said second control line. 4. A
pi xel circuit as set forth in claiml, 5 wherein:

said circuit further conprises a second control [ine;

nod$3dﬁdﬂéf§%é'é%%?eﬁt%$.'S a field effect transistor
wth a i ]

rain connected to said first reference 10

potential a8 a Eh7E é@égc’;ﬁg%giﬁgég%hé' s{;}!ﬂ@cﬁ 93 Be1g 1n

connect ed Secon e: sard rTirst circu

i ncl ud second .swi.tch onnect ed between sour ce
a ngA-cHnRtIVE SRALE B, AA4% CEEONh FORH e domR opt | ¢

el ement and is controlled in 15 conducti on_by said

sec8nd coft PoFel Rireyit A28 Ref EPFEBi?naglgiW forth

in claim4, wherein when said electro-optic el enent
wherelim: yven, as a first stage, said first switch is held

in a non-conductive state by said first control I|ine,

and sai d sgbdsetvpuiswfeehhes aerpripes poAeconduerhiigol

state by said second control |ine; as a second stage,
lineaid first switch is held in a conductive state by

said first control line, data to be

sald drive transistor is a fleld effect

transistor with a drain connected to sald first reference
potentlial or second reference potential and a gate
connected to sald second node; and

sald first circult includes a second switch
connected between a source of sald fleld effect transistor
and an electro-optic element and 1s controlled in
conduction by said second control lime.

5. A pilxel clrcult as set forth in claim 4,

whereln when sald electro-optic element 1s driven,

as a flrst stage, sald flrst switch 1s held in
a non-conductive state by said first control 1line, and said
second switch is held in a non-conductive state'hy sald
second control line;

as a second stage, sald first switch i1s held in
a conductive state by sald first control line, data to be
propagated over sald data line 1s written in said pixel

capacltance element, then saild first switch 1s held 1n a
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propagated over said data line is witten in said

pi xel 25 capacitance elenent, then said first swtch

is held in a 96 SO4PO610 ggn-conducti ve state angh 8610
a third stage, said second switch is held in

conductive state by said second control Iine. 6. A
pi xel circuit as set forth in claiml, 5 wherein:
said circuit further conprises a second control [ine;

nonsga%&@aﬁﬂ%glgygyest%5d:3 a field effect transistor
with a source connected to said first node, a 10 drain

connect ed, 50?39{1 r{i E:?:é égf S&?E%e@%ﬁ”&hﬂcﬁr §eﬁ898 in

reference po € connecte

%E&@Q%i nod 2 % sai i rst rcuh; i.n j_udes a second
a cs véaor?nélctee eta\(/\iéieﬁc’es?é’ln nstror%o e and sai d

Confincti o t'%ngafgsﬁiﬂéagc”;%ﬁ%ss?rﬁngh' Fagfioiso

circuit as set forth in claim®6, wherein when said
whegiedgy:y o_optic el enent is driven, as a first stage,

said first switch is held in 20 a non-conductive

state by Sald ¢irsuitofurbtheri aemprhgesapdsesergngontrol

switch is held in a non-conductive state by said
1linggcond control line; as a second stage, said first

switch is held in
said drive transistor 1ls a fleld effect

transistor with a source connected to sald first node, a
drain connected to sald first reference potentlial or second
reference potential, and a gate connected to said second
node: and

sald first circult includes a second switch
connected between sald first node and said electro-optic
element and 1s controlled in conductlon by sald second
control line.

7. A pizxel circult as set forth in claim 6,

wherein when sald electro-optic element 1s driven,

as a first stage, sald first switch i1s held in
a non-conductilve state by said first control l1ine, and sald
second switch 1s held 1n a non-conductive state by said
second control line;

as a second stage, sald first switch is held in
a conductive state by sald first control line, data to be

propagated over said data line is written in said pixel
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a conductive state by said first control line, data to

be 25 propagated over said data line is witten in

said pixel 97 SO4PC610 capacitance el enent, then %g%ﬁBGH)
first switch is held in a "lon-conductive state; a

as a third stage, said second switch is held in a
conductive state by said second control line. 5 8. A

pi xel circuit as set forth in claim1, further

si ng second mrcw%\ﬂ in sa'E %i st, node, be
Gam%%TE{%?G% b EsREifor Hheh P bAch i ERP SPHFeh' 4R pERd e S
a conductive state and wites data propagated
nO?h??R@ﬁFt%ﬁ% gheteri#4d 10 9. A pixel circuit as set
forth in claim8, wherein: said circuit further
conpri ses aedoridiah stader Mt oW ihigh sls held in
vol tage supply; 15 said drive transistor is a field
a eendurtive anbate obywwahdasepand eenhteleling-sajd
first reference potential or second reference
pot éht i al Aamdxelgatigrcuwddnmertsmt tfpidi dins exlaridn node;
said first circuit includes a second switch 20
furtivae ct@tpbis e na asscond ecbfcesht dmbékbhd sfldcfirst node
transi stor and said electro-optic elenment and is
be C@id Oht esl fixedOopoti€ht DAl byheni dasacontdstonkibbhl Lneheld
and said second circuit includes a third switch
in a conductive state and writes data propagated through
the data line.
9. A pixel cilrcult as set forth 1n claim 8,
wherein:
said clrcult further comprises second and third
control lines and
a voltage supply:
sald drive transistor 1s a fleld effect
transistor with a drain connected to sald first reference
potential or second reference potential and a gate
connected to sald second node;
sald filrst cilrculit includes a second switch
connected between a source of sald field effect transistor
and sald electro-optlc element and is controlled in
conductlion by sald second control line; and
said second olrcult includes a third switch

connected between sald f£irst node and sald veltage source

and 1s controlled in conduction by sald third control line.
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connected between said first node and said voltage
source 25 and is controlled in conduction by said

third control line. 98 S04 10 10. A pixel circ

as set forth in claim?9, mE rein when said Sdipos1o
el ectro-optic elenent is driven, as a first stage,

said first swwtch is held in a non-conductive state

by said first control line, said 5 second switch is

hel d_in non- conduct | state, by sajd, second gontro
Iing?'an S ?ﬁe?h?¥ﬁ°§%ft%ﬁ ?gthg?ﬁg#ni% Sialih 8,
non- copductive state by sai,d third contr line; as a
wheZgdan hefnGel s SR ErPLOPIAG G mentond AFivER,
conductive state by said first _control line, said
third 1038wrtERFFS RBRAer nsaldohimet| veitrh ispheld; §n
third control line, said first node is held at a
a nppegendugitdze soede byl salgndlrst ceatrodatld negaseido
be propagated over said data line is witten in said
secpinde lswd&ghc Lisahed de lenennon-irondushilyef istates i drlid
held in a non-conductive state by said 15 first
secoad! conthodeliaed anda seHidr dhdirageswidanhd dtshied dsviint ¢h
is held in a non-conductive state by said third
nonéeobhdalk thivee stat es diyd s ad@c amd reiviconitricd. Ndlnd:i n a
conductive state by said second control line. 20 11.
A pixel chgcalite@Sndeithgel hshndckairst8swivbRr @sNheaildin

circuit further conprises second and third contro

a cbh@®etaRd state by said first control line, said third
switch 1s held in a conductive state by said third control
line, sald first node 1s held at a predetermined potential,
and, 1n that state, data to be propagated over sald data
line is written in sald pixel capacltance element, then
sald Ffirst switch 1s held in a non-conductlve state by saild
first control line; and

as a third stage, said third switch is held i1in
a non-conductive state by said third control line and said
second switch is held 1in a conductive state by saild second
control line.

11, A pixel circuit as set forth in claim 8,

wherein

sald cilrcult further comprises second and third
control lines and

a voltage source;

sald drive transistor is a filield effect
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a voltage source; 25 said drive transistor is a field
effect 99 SO4P0C610 transistor with a source connected
to said first node, a connected to said fir

ref erence potential or seg%p reference potentlal’@POGIO
and a gate connected to said second node; 5 said

first circuit includes a second switch connected

bet ween said first node and said el ectro-optic

s contraolled_ in et | cond
traeaﬁ??sF PRf. 5, 500ekR, cBlosrs ol Hs p R, AR R
tch 10 connect %Ig t ween a|d first gﬁ3$1 nd sai d
aralp| caRReSEEfod SAdS $1C5H PEEFEETCR 2O -ﬂgn%jsemd
said third control line. 12. A pixel circuit as set
refegppre; Rotrhitialy, anghér @‘Pf‘?e\/\ﬁé’ﬁ"?é‘ & e[t t53d-Yo Fe GO
elenent is driven, as a first stage, said first switch
nodeg held in 15 a non-conductive state by said first
control line, said second switch is held in a
non- condusaidgef rat echycuht dingbedes gonerend| Fnatchnd
said third switch is held in a non-conductive state
conhycsahdbbhheéncsnﬂﬂofﬂhsﬁepod@ angesadd stlagdrosgptio
first swwtch is held in 20 a conductive state by said
elefubnst aaantlsolcohitielled d.nt kiohductvionc byl sadlal degomal
conductive state by said third control line, said
conﬁrbgtlng@e asdhel d at a predeterm ned potential, and,
in that state, data to be propagated over said data
sald second cilircuit includes a third switch
connected between sald first node and said voltage source
and 1s controlled in conduction by sald third control line.
iz. A pixel circult as set forth in claim 11,
whereln when saild electro-optic element is driven,
as a first stage, said first switch is held in
a non-conductive state by sald first control line, sald
second swltch is held in a non-conductive state by sald
second control line, and sald third switch 1s held in a
non-conductive state by sald third control line;
as a second stage, sald first switch i1s held in
a conductive state by said first control line, said third
switch 1s held in a conductive state by sald third control
line, sald first node is held at a predetermined potential,
and, 1n that state, data to be propagated over sald data

line is wriltten 1n said pixel capacitance element, then

said first switch is held in a non-conductive state by saild
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line is witten in said pixel capacitance el enent,

then 25 said first swwtch is held in a non-conductive
state by said 100 S04PC61 first control I|ne a

a third stage, said thirdq&%itch is held in "SheBe10

non- conductive state by said third control I|ne and
said second switch is held in a conductive state by
said second 5 control line. 13. A pixel circuit as

t forth ing,claim further conprising a second
fir§% CoPETRditgedai®®%econd node be held at a fixed
potential when said first switch eld i
conductlv%ss?a?%iﬁﬂdsﬁfg?essﬂﬁ?at%iﬁgaﬁﬂfﬁﬁﬁ ﬁ?oﬁﬁﬁdlén
the data line. 14. A pixel circuit as set forth in
a ngngicepiRctiyee sdiates é’in seilfe Fhddde fordirals ldaey ang ald
reference potential or second reference potentia
secopd Awditedl 1si hedid 1as as sontgctd-vien sgiagiembys salrh second
wherein: said circuit further conprises second, third,
condmebIf ddmieh control lines; said drive transistor is a
field effect transistor with a source connected to
sai d3firsA pbee]l aliPOutitaasm sehntatth #n sdmdmf L, st
reference potential or second reference potential,
Furdhé rd conipe 1GARIE Gl 8@ don ds 1t ciAao Mk iiedesa ishi sk ddnds tnode

circuit includes a second swtch
be held at a fixed potentlal when sald first switch is held
in a conductive state and writes data propagated through
the data line.

14. A pixel cilrcult as set fqrth in claim 13,
wherein sald fixed potential 1s said first reference
potential or second reference potential.

15. A pixel circult as set forth in claim 13,
wherein:

said circult further comprises second, third,
and fourth control lines;

sald drive transistor is a fileld effect
transistor with a source connected to sald first node, a
drain connected to sald first reference potential or second
reference potential, and a gate connected to sald second
node;

sald first circult includes a second switch
connected between sald first node and saild electro-optic

element and is controlled in conduction by sald second
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connect ed between said first node and said

el ectro-optic 25 elenent and is controlled in
conduction by said secondlé 1 S04P0610 control |'§H%P
and a third switch connect bet ween a source sa
field effect transistor and said first node and |s
controlled in conduction by said third control |ine;
and said second circuit includes a fourth switch 5

db d d

con BB TN BAG8 (MBAR PGP gours
th trol | 16. A f

ot bYE! S0 e 1ol PSR, S M0 550 1A 1

is driven, 10 as a flrst sta e, said first switch is
conkzpdled 1a eRdushdes: by éhb‘fds gog trods L 10sst Aahd

line, said second SMAtCh |s held in a non-conducti ve

state by sald seeenddctvantbl inphudesandfenurth switeh

is held in a non- conductive state by said third
conpepted betweendndadd 1irsH owdeh andl sa@id £ ixed poteptial

8610

non-conductive state by said fourth control Iine; as
andaisecontrefldgd ipaicehniducstlogwibiyc saiist Halagtin captrol
conductive state by said first control line, said

1inkQurth switch is held in a conductive state by said
fourth control 20 line, said second node is held at a

fixed,potgnpiabl 8fdcultnabhaétsfaten dat alhambes,
propagated over said data lineis witten in said

whefi}le)iﬁl WHARA G €A RIS RRpt I SRt Tiig drivM tch is
in a non-conductive state by said first

as a first stage, said first switch 1s held in
a non-conductive state by said first control line, said
second switch 1s held in a non-conductive state by saild
second control line, said third switch is held in a non-
conductive state by said third control line, and said
fourth switch is held in a non-conductive state by sald
fourth control line;

as a second stage, salid filrst switch 1s held in
a conductive state by said first control line, saild fourth
switch is held 1in a conductive state by sald fourth control
line, sald second node ls held at a filxed potential, and,
in that state, data to be propagated over said data line 1is
written in said pixel capacitance element, then sald first
switch is held in a non-conductive state by sald first

control line, and said fourth switch is held at a non-

conductive state by sald fourth control line; and
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control line, and said fourth switch is held at a non

25 conductive state by said fourth control |ine; and

102 S04P0610 as a third stage, said second switch

held in a conductive statel®y said second control ééﬁgﬁﬂ)
and said third switch is held in a conductive state

by said third control line. 5 17. A display device
conprising: a plurality of pixel circuits arranged in

a mtrix; a data |line arranged for each col um of

sai d natﬁﬁxaaﬁhéydoﬁtﬁﬂ%elSéﬁ@c&ﬁFQ“Qn&“FﬁP&u&ﬁ REiLEH 10

a data 10 signal in accordance with | um nance
a dorfdratdtveostiate dpplsaldl seqandroaniiebl Lingangd rsitfhd
for each row of said matrix array of pixel circuits;
thiart svirtsth gl Tedlobnidh raefegrehoet g estate sby s#l & adnird
said pixel circuit further having: an electro-optic
corthesIErming t h a | um nance changi ng according to a
flowing current, first and second nodes, a drive

trangi.stop HOkBlAg AetUokebnpufpling:20 |ine between a
first termnal and a second termnal and controlling

a current of h9Wrad 1k O¥ghisaind cadiddnis Sifnged i1me a n
accordance with the potential of a control termna

mataopinected to said second node,

a data line arranged for each column of said
matrix array of pixel circuité and through which a data
signal in accordance with luminance information 1s
supplied;

a first control line arranged for each row of
sald matrix array of pixel circuits; and

first and second reference potentials;

each said pixel clrcuilt further having:

an electro-optic element with a luminance
changing according to a flowing current,

first and second nodes,

a drive transistor forming a current supply
1ine between a first terminal and a second terminal and
controlling a current flowing through said current supﬁly
line in accordance with the potential of a control terminal
connected to said second node,

a plxel capacitance element connected between

gald first node and sald second node,
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a pi xel capacitance el enent connected between 25 said
first node and said second node, 103 S04P0610 a first
swi tch connected between said data |line and said
second node and control | ed%®n conduction by said SC4P0610
first control line, and a first circuit for making a
potential of said 5 first node change to a fixed
po;enpiallmhLle said electro- optic elenent is not
emtting light, said current supply |line of e driv
transi st oft, F45FH FWF§FhnSﬂEPeﬁFggsé?EWSFBCFPgBoBFFE Tine
el ement being connected in series between said first

andr siadideseond podentandl conFredded Irefeareitat i & ispld
18. A display device as set forth in claim17,

firfsir tclvertxodnddinsi .ngral second circuit for making said
first node be held at a predeterm ned potential when
said firsa fawstchirsuhel fornmakéngondpetensiglaré sadd
wites data to 15 be propagated through the data

£1dsth@odd .charijes e datiert Reteaatidlonttl e sdixd elleGtro-
further conprising a second circuit for making said

optIRL ¥Widnditda Padie|dhiait snd ivdeshipot enti al when said
first switchis held in the conductive state and

wites dakgihocheréBtP5apadgt ednkhoeughet Beidat a |ine.
20. A nethod of driving a pixel circuit having: an

traﬁsﬁgﬂ&%,orga{i(é & thodd ,h #hd WHIRCRctfWh i element
according to a flowng current,

being connected in series between said first reference
potential and second reference potential.

18. A display device as set forth in claim 17,
further comprising a second circuit for making said first
node be held at a predetermined potential when said first
switch 15 held in the conductive state and writes data to
be propagated through the data line.

19. A display device as set forth in claim 17,
further comprising a second circuilt for making said second
node be held at a fixed potential when sald first switch is
held in the conductive state and wrltes data to be
propagated through the data line.

20. A method of driving a pixel circult having:

an electro-optic element with a luminance
changing according to a flowlng current,

a data line through which a data signal in

accordance with luminance information is supplied;
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a data line through which a data signal in 25

accordance with lum nance information is supplied; 104

S04P0610 first and second nodes; first and seconﬂi

reference potentials; a fi041 d effect transistor wid o610

a drain connected to said first reference potentia

or second 5 reference. potential, a source connected

to said first node, and a gate connected to said

second node; a pi xel capacitgnce el enent connect ed

between §3Fdtfardt SaBARIaNAYCE7 d second node; a first

switch connected between said data line 10 and either

of a firsflrsknandl sepondseedanerernPALPRSLalSid

pi xel capacitance elenent; and a first circuit for

maki ng a pofdeldapfectatyansissernydthchRadgeiro a

fixed potential; said current supply line of the drive
conb® ctreain dics tsarl,d Skt inefleneod® poicenddial arceesngbtic

el ement being connected in series between said first
refle@feficeng@d tepaiieit, a sathceecomhecafest dnr esqpiot ettt ,node,

said nethod of driving a pixel circuit conprising

ands Rt cotthdBlddEa gatieridcadndinamid first node
change to a fixed potential by said first circuit in

the stateaWliRe1SahpatittahcéVklieRehtl doabedted between
non-conductive state, holding said first swtch at a

saf&”yyfgﬂ\ﬁ%de and sald second node;

a First switch connected between said data line
and elther of a first terminal or a second terminal of said
pixel capacitance element; and

a first circuit for making a potential of said
first node change to a fixed potential;

sald current supply line of the drive
transistor, sald first node, and sald electro-optic element
being connected in serles between sald first reference
potential and second reference potential,

sald method of driving a pilxel circuit
comprising steps of:

making a potential of sald first node change to
a fixed potential by sald first circuit in the state with
salid first switch held at a non-conductive state,

holding sald first switch at a conductive
state, wrlting data propagated over sald data line in saild

pixel capacitance element, then holding salid first switch



state, witing data propagated over said data line in
said 25 pixel capacitance elenent, then holding said
first switch 105 S04P0610 _ i.n the non-conducti ve,
stoppi ng the operation foﬂoﬁaking a potenti al offggggﬁu)

first node of said first circuit change to a fixed
potenti al .

in the non-conductive, and
stopping the operation for making a potential
of sald first node of sald first circuit change to a fixed

potential.



