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1 S04P0610 DESCRI PTION PI XEL CI RCU T, DI SPLAY DEVI CE,
AND METHOD OF DRI VING PI XEL, . CIRCU T 5 TECHNI CAL FéE&BGlO
The present invention relatbs to a pi xel circuit

havi ng an el ectro-optic elenment with a | um nance
controlled by a current value in an organic EL

(el ectrol um nescence) 10 display etc., an image

di spl ay device conpris pi xel circuits

arrayed in a matri x, §%E§%9?§§p§} a so- called active
matri x type inmage dlsplay device controlled in value
of current flowi ng through the electro-optic elenents

i nsul ating ate Ey e field effect transistors
pxdbn, C3BeUnG, adSena's PRurcE,  afip, KEranh” 0¥ BRRUENG, Pxes

driving a pixel CIrCUIt BACKGROUND ART In an inmage

di spl ay device, for exarfpFREUET|jquid crystal

di splay, a large nunber of pixels are arranged in a

20 matrix and the light intensity is controlled for

every pixel in accordance with the inmage information

t o FECHNIONIa\FdEIdD as to display an inmage. This same

is true for an organic EL display etc. An organic EL

di s¥hey presendo-icadndd oge|fellatgst teoma tpinglt yiecudk

di splay having a light emtting el enment in each pixe
ha@irg) N ellectro-optic element with a luminance controlled
by a current value in an organic EL {electroluminescence)
display etc., an image display device comprised of such
plxel 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 flield effect transistors
provided inside the pixel circuits, and a method of driving
a pixel 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 1s controlled for every
plixel in accordance with the lmage information to be
displayed so as to display an image.

This same 1s true for an organic EL display etc. An

organlc EL display is 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 S04P0610
crystal display, a backlight is unnecessary, the
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

°i%§$?t”§ aKafohbeoperil %Q?S'E%%Qaﬁé cui%%ﬁﬁff+#'99* the

lght emttin
imwa nis hﬂi?ﬁ?ﬁg% efBnett89n effRoh: Liaht o?#%ag?@p
An_organic EL_displa in the sane as a liquid
digplayal adPgﬁF£§9hﬁa§7¥b‘éma?%%ﬁaﬁy a%l\@ﬂ! SEPAREE| XPERY 1S
an active matrix system Wile the forner has a
highppeEC-structure, it has the problemthat realization
of a large 15 sized and high definition display is
di f ffuxither Folt tgFeatie Ce R chram f%r-‘ti%f%efr'lﬁgstal
devoted to devel opnent of the active matrix system of
digphayoetenginhtheupednt thabi blhye ghadathonsiecofi the color
emtting elenent inside each pixel <circuit by an
gemetratvior| anenvbpabnedebyi centicolhtngi kKeé¢ baminancetof
generally, a TFT (thin filmtransistor). FIG 1 is a
eath oLkght agnhtt bhgt dkement | hyr the ovabhe aof gther elirrent
organi c EL di splay device. This display.device 1 has,
£18818§0thrbtgh! the 1116ht peniftt tiigayl@néht pntRatolP| | s&ch
of pixel circuits (PXLC) 2a 25 arranged in an mx n

1iGRE M éniit €1 HE" £16Mbat $&! &Cé@FrébEbon ErSUIE5EPpe .

An organic EL display, in the same way as a liquid
crystal dispiay, may be driven by a simple matrix and an
active matrix system. While the former has a simple
structure, it has the problem fhat realization of a large
sized and high definition display 1s difficult. For this
reason, much effort is being devoted to development of the
active matrix system of controlling the current flowing
through the light emitting element inside each pixel
circult by an active element provided inside the pixel
circuit, génerally, 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 circuilts (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 gelector 3 and supplied

) ) S04P0610
with a data signal in accordance with the | um nance
Information, and scanning lines WSL1 to WSLm
selectively driven by the 5 wite scanner 4. Note
that the horizontal selector 3 and the wite scanner

393%%m%§ﬁg%%ﬁﬁ§afSﬁgggﬁ3%?§§?t%P?%%ééf#?%gﬁtgﬁﬁﬁﬁﬁz s
&n>P: f
selghEPL P%t?b%ggsgéggpigFeégigﬁ??rz% AfarPepPlipg pith a

to f . S. Pat 5, 684, 365 d_Pat
aabg, FRbmaT s A aGoSEIaREs, iRy EhP nRRLARERE B BP?@%E%‘SH
Kokai ) No._ 8- 234683). The pixel circuit 3
angagcppeingnpines Wbl te Wﬁémcaﬁ#a’a%‘é??-sn Ei'ﬂﬁﬁﬁ Pﬁethe

| ar ge number of proposed circuits and is a so-called

wrike- ecanBest dr drive type circuit. The pixel circuit
2a of FIG 2 has a p-channel thin filmFET
(her¥dbafthat thecheopizental sElgchar ghdandTthe wgyite
capacitor Cl1l, and a light emtting el ement

scepneri tuard bmeOiunsofgamEG &rowndnthe ptkebs by MOSICs
Further, in FIG 2, DIL Indicates a data |line, and

etdSlwhedi fatmedaoncponlyogystatlindnsblrlijegonc EL el enent
has a rectification property in many cases, SO
SONeri@EeS2 i Bsr &f €Lredit odbsgram @GR cegaanmpTe of gtihe
emtting diode). The synbol of a diode is used as the

coR®ibhfhti6A bEi A0pekeNesirtait! fa @farUGt hE Qk8€er to for
figures, but 4 S04P0610

example U.S. Patent No. 5,684,365 and Patent Publication 2:

Japanese Unexamined Patent Publication (Kokai) No. 8-

234683).

The pixel circuit of FIG. 2 has the simplest circuit
configuration among the large number of proposed circuits
and 1s a so-called two-transistor drive type circuilt.

The pixel circuit 2a of FIG. 2 has a p-channel thin
film FET (hereinafter, referred to as TFT) 11 and TFT'lz, a
capacitor Cll, and a light emitting element constituted by
an organic EL element (OLED) 13. Further, in FIG. 2, DTL
indicates a data line, and WSL lndicates a schnning line.

An organic EL element has‘a rectification property in
many cases, so0 sometimes is.referred to as an OLED (organic

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

light emitting element in FIG. 2 and the other figures, but
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a rectification property is not always required for an
CLED in the follow ng explanation. In the pixel S04P0610
circuit 2a of FIG 2, a source of the TFT 11 is
connected to a power source potential VCC, and a 5
cathode of the light emtting elenment 13 is connected

to a ground potential GND. The operation of the pixe

. : ¢ (
= Enetlekealio® pofoefy) fontakai845s. FRRELe ] Fog hioum
(low | ey her e) ite potential Vdata is

insEBBIFQ&SPﬂithEXBEFHaF$%E DTL, the TFT 12 becones

conductive, the acitor Cl1 is ch rge
di schar HRe. PRRELt ALEGRIE 280PERXTGY f 4 HESTRTS ﬂf the

beconmes Vdata. <Step ST2>: 15 Wen the scannlnﬁ a
TFPsLli 4sngeengcked- e 8cPeWeTsFapECEhPghepEdal SFe)an a

the data line DIL and the TFT 11 are electrical
catbpdeapr8dthpulioht gmittppochlpBpnds 18hds ?P#niftﬁg to a

hel d stably by the capacitor Cll. <Step ST3>: 20 The
groundepotiehtdiaAgGNR: oG pperdtionlofnhenpigpgheircuit 2a

emtting elenent 13 becones a value in accordance with
ofaFIgat @- desuasefoedllbage Vgs of the TFT 11, while the

light emtting element 13 is continuously emtting

l'i gh¢stephsal>kum nance in accordance with the current

value. 25 As in the above step ST1, the operation of

sel eghéfgthe S9486K1Ag 1ine WSL is made a selected state
(low level here) and a write potential Vdata is supplied to
the data line DTL, the TFT 12 becomes conductive, the
capacitor Cll is charged or discharged, and the gate
potential 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
TPT 11 is held stably by the capacitor Cll.

{Step ST3)>:

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

luminance in accordance with the current value.

As in the above step STl, the operation of selecting




10

15

20

25

the scanning Iine WL and transmitting the | um nance
information given to the data line to the inside o

pixel wll be referred toq%s "writing" below As éoé%OGH)
expl ai ned above, in the pixel circuit 2a of FIG 5 2,

if once the Vdata is witten, the light emtting

el ement 13 continues to emt light with a constant

| um nance In, th er up to . the next r j
tng, SRARERs ' RACTHE T et g e [iaddce
a, b changi ng,_a gate ljcati,on vol tage of the
i1 9, (EF e v 1 A LR 1, i AR of p, pixel
val ue of the current flow ng . through the EL el enent
wikh be ROERTERd kP 38 At T%e PR¥R¥ source of the
p-channel drive transistor _is connected to the power
sourfde gRIHned ahave. da thhies pFply pimeudit,Ans of FIG.
operating In a saturated region. 15 Accordingly, it
2, bk omee sthoiidata dtrvrkiteurie Mgty emitiging element
shown in the follow ng equation 1. lds =
13 ideantinugsCobg \grelt | MdhY xwith a gonstant nkimeknance [ the
nmobility of a carrier, Cox Indicates a gate
pexchphoip ahw etlpe rnaxt treaweik e Wpexhtcldres a 20 gate
width, L indicates a gate |length, and Vth |Indicates
t he Ashreagiialihalavmvef, time tHel pliikell reiarcaiitpl2a ,mityr i X
type I nage display device, each light emtting

ch@l§ifgta efits dppiicotion atotfd antt ethe i xstvattradsistor
in an active matri x, as expl ai ned above, 25 each |ight

cortd® 1fu i BB BeNti NUehEHdldd bt 1EHd @ueferft flowing
S04PG610
through the EL element 13 is controlled.

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

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

Here, p indicates the mobility of a carrier, Cox
indicates a gate capacitance per unit area, W lndicates a
gate width, L indicates a gate length, and Vth indicates
the threshold value of the TFT 1ll.

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 esgecially a |large sized %BQPMHD
high definition display in"the point that the pea

| um nance and peak current of each light emtting

el ement can belowered 5 in conparison wth a sinple
matrix. FIG 3 is a view of the change along with

lLap of .th rrent-voltage, (1-V) gcharacterisli

a2 Pie roarpt ERELERI S RbRTErionY) THOBGRSLS | B Bgfomes

the.solid Iine indicates the characteristic.,in the
aaPARERHPOUPotB. CRRPFEALEY: AclEEI0 oo LhBin™a) BAEBbr oken

line indicates the characteristic after cﬂa e Wth
seginision| figetavain Fhe POYAtnthati Ehpcppakofiainance and

organic EL elenent _ends up deteriorating along with
regkapuETaBtspsAach 1light emi!ﬁsimm%m?ngi fias gﬁéowered

two-transistor drive systemof FIG 2 is a constant
incgpmparigenyveithsaegimpleomatad®- current is

continuously supplied to the organic EL el enent as

expl BEIGed abova. viEewnof f théechange haterg cwith | elapse f

organi c EL el enent deteriorates, the |um nance of the
théOcurrehtdvblyagew( EFVhothahaaberdbbhg oft ancbnganic EL

The pixel circuit 2a of FIG 2 is conprised of p
elemanfel INFFEG. bRt thei tureeeshowni byethe sobldglirei t

by n- channel TFTs, It would be possible to use an
indfBapBSUShe Sthh®aBtédiStloPLACERE inithelpasaten whele

fabrication of 25 the TFTs. This would enable a
théedistb08hbint B9 €R8! bRbkehT1In&04RA6E8tes the
characteristic after change with elapse.

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

However, since the two-transistor drive system of
FIG. 2 is a constant current drive system, a constant

current 1s continuously supplied to the organic EL element

as explained above. Even 1f the I-V characteristic of the

organic EL element deteriorates, the luminance of the

emitted light will not change along with elapse.

The pixel ciycuit 2a of FIG. 2 is comprised of p-
channel TFTs, but if it were possible to configure it by n-
channel TFTs, 1t would be possible to use an amorphous
silicon (a-S1) process in the past In the fabxrication 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 Circu%béPmno
di agram of a pixel circuit repl aci ng the p-channe

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
elsgent constituted by an organic EL el enent (OLED)

%9510 Further, in FIG 4, DIL indicates a data line,

and L, indicates a sganping lipe. In th i xel
cir c%g’l‘t 2b‘;“°'ﬁﬁg‘§%{’|7 at npgﬁ‘%:g %:?r?'ﬁ:gg d??@eac:ﬁ}gn@%t or
constituted by the TFT 21 is connected to the power
trgBE?EE°EBtEﬁF%aP‘?%EPnﬁﬁdTFﬂﬁ'source is connected to
15 the anode of the organic EL light emtting el enent
23, F%eréb%aas%?%igoﬂ%wéﬂmc?gc%iI?’JF%lf WL F G
5is a view of the operating point of a drive
replaningt 6hecpnshanneddTBYst A€ ¥the oirgnit oaf FFIG; edefiith
23 inthe initial state. In FIG 5, the abscissa
n-chdhpele¥FTRe 20 drai n-source voltage Vds of the TFT
21, while the ordinate indicates the drain-source
cur r'éié piizel Acistrabh 2 ¢f GFIG, 4 heasoan ce-clvannelk TET
determ ned by the operating point of the drive
21t aAdSTETOR2¢0AStapatitorbg2iheand@Ta2lightl ehbtELngi ght
emtting elenent 23. The 25 voltage differs in val ue
eldmpatdicBgsentibedgbBiearobiggnicBEE04PeMdAt (OLED) 23.

bo

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

In the pixel circuit 2b, the drain side of the drive
transistof constituted by the TFT 21 is connected to the
power source potential Vecc, and the source is connected to
the anode of the organic EL light emitting element 23,
whereby a source-follower circuit is formed.

FIG. 5 is 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 1n FIG. 5, the source voltage is determined
by the operating pdint of the drive transistor constituted
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 Ids of the value of jthe above equation 1 i
supplied for the Vgs for th® source vol t age of the§04P0610
operating point. 5 However, here too, simlarly, the

|-V characteristic of the organic EL el ement ends up
deteriorating along with elapse. As shown in FIG 6,

t he raLl oj nt d fl uct uat.i to . th
ot TGRSR et TR o e SR A US4 fod 1 o
fluctuates even i f suppl yi t 1 t
cuppept gLds 9t EBey Hf’i‘,‘glto A Eﬁ? ef-tbe%%? g%ﬁ%ﬁ‘gﬁef VR of
the drive transistor constituted by the TFT 21 ends
supplipdnfPRgthRdVasnEotathe 8PUTFR E%Jr?%ﬁ!i? ?F ot ig

fluctuates. The value of the current flow ng through
opeRatdngapPintL el enent 23 15 simul t aneously changes,
soif the |-V characteristic of the organic EL
el erionevsr ddhere okoe essimhkarly el of dhpragsfisglo
light will end up changing along with el apse In the
of sthecerganhlowBl element ehds| @ deténiohetingsakemgnwith
in FIG 7, acircuit configuration 20 where the
elapseceAsf shoendinhvEIGL absi theropenstingtpdiby énds up
n-channel TFT 21 |Is connected to the ground potentia
f1&dBiatihe daéi Boi shisndetéeiotatihe ahdhgdeith éhapse.
organic EL light emtting elenent 23, and the anode

Thef sbBBcer Ya0tagELr1libgihtes évengiel eapplyPigl Bhe same
connected to the power source 25 potential Vcc may be
gaggn§bﬂ€&§g; 9 S04PO061 0 '

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 f£lowing through the organic EL element 23
simultaneously changes, so 1f the I-V characteristic of the
organic EL element 23 deteriorates, the luminance of the
emitted 1ight will end up changing along with elapse in the
source-follower circuit of FIG. 4.

Further, as éhown in FIG. 7, a clrcuit configuration
where the source of the drive transistor constituted by the
n-channel TFT 21 1s 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 souxce

potential Vco may be considered.
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Wth this system in the sane way as when driven by

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

source is fixed, the drivedtransistor constitutedSB‘)l/]P0610

the TFT 21 operates as a constant current source, and

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

Lhe | -V characteristic of the organic EL el enent can

e prevented. Wth this stem however, the d

t r an&F et obB 8 SYSteme :l:‘bn LT RS A% HRe ’§¥ P kY

the organic EL |i emtting elenent._This, cathodic
thEoHnﬁEPPBﬁlrgﬁﬂngsFiﬁ devetRprRptential ot the source is

anode- cat hode el ectrodes. This is considere

fiﬁﬁﬁpehbeydaiv¢|éaa98$ﬁtﬁrtﬁ@n%E$F%h9d|EVthefTFT 21
technol ogy. Fromthe above, in the past systens, no

operatescagla tppAtanhi curngabi spuneeusang a phapganip the
transi stor free of 15 change in |um nance has been

lunitnahopedue DESCIEBLREOCEL T ORIVEMT| DNV Aghappeterdstic of
the present invention is to provide a pixel circuit,

théi 6pyanideBLcelemantneahobecpreventaed.a pixel circuit
enabl i ng source-follower output with no 20

det ewieh athD® ©Fstem] Necwevey £ntive tdrive hemaes bétdhehas
current-vol tage characteristic of the light emtting

to€h&MBBhnate8d ¥bt thel 82ERoa8N8LEENGE atRAUbEGahRt| BDELight
circuit of n-channel transistors, and able to use an

emiﬁtiﬁaaamsheﬁeanﬁhigoaa@ﬁoaﬂcEeoﬁhsaemanttaaﬁugéer

I1'e"using 25 current anode-cat hode el ectrodes. 10
deéQfggﬁéQt of new anode-cathode electrodes. This is
considered extremely difficult with the current level of
technology.

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

DISCLOSURE OF THE INVENTION

An object of the present invention 1s to provide a
pixel circuit, display device, and method of driving a
pixel circuit enabling source-follower output with no
deterioration of luminance even with a change of the
current-voltage characteristic of the light emitting
element along with elapse, enabling a source-follower
circuit of n-channel transistors, and able to use an n-

channel transistor as an EL element transistor while using

current anode-cathode electrodes.
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To achi eve the above object, according to a first
aspect of the present inveq@ion, there I's provided
pixel circuit for drivingdn electro-optic el enen
with a |um nance changing according to a flow ng
current, 5 conprising a data line through which a data
signal in accordance with lum nance Information Is
first..and seco

suppl i ed; firgst ontrol, Jine;
nodet? ?‘?rfﬁ'?v%n%%e%b"nvoe "rbéi‘eé’rq:e'néé’cﬁﬁdérﬂq H% 2 FHs% e
transi stor formng a current s I I ne_ be n th
aspeFt of oThe tRFoSTIE (HIVSREIoRY “HiFRd 17 BroCHipd o Pixel
controlling a current flow ng through the current
cixeivht yEoT n€riving (3f caleetTR 19P e pLRmeRt Arith 3
control term nal connected to the second node; a pixe
lupipapee Plhengiegertcerhing t ke »A MBS HEFTERE. node
and the second node; a first switch connected between
conpeising a5datmelimel throrgh othich (g dakzrsdgral okn
second term nal of the pixel capacitance el enent and
accandanté edith beontheid¢eninfyrmifsiden rbs sepplbed} i aefirst
and a first circuit for making a potential of the
coltrel hbme; chibnge awndasécomd mpodet i Edrshiand t $econd
el ectro-optic element is not emtting light; the 20
refétréfté pobPhyialse afdiiee dtraresisiorsiBéxming he ¢urmsdnt
node, and the electro-optic el enent being connected in
suSFLy CEiRet veeRedicthé rsirsef eamimrapoimnt tive Second
second reference potential. Preferably, the circuit

ter AL ak@ n@éﬁ@ﬁélﬁilgf CO&NGurEén € fidwing | figkot e €hiéve

transistor is a fiel effect 11 S04P0610

current supply line in accordance with the potential of a

§62P0610

cont;ol terminal connected to the second node; a pixel
capacitance element connected between the f£irst node and
the second node; a first switch connected between the data
line and either of a first terminal or second terminal of
the pixel capacitance element and controlled in conduction
by the first control line; and a first circuit for making a
potential of the first node change to a fixed potential
while the electro-optic element is not emitting light; the
current supply line of the drive transistor, the first
node, and the electro-optic element being connected in
series between the first reference potential and second
reference potential.

Preferably, the circuit further comprises a second

control line; the drive translistor is a fleld effeqt
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transi stor with a source connected to the first node,

a drain connected to the fjrst reference potentia% Pos1o

second reference potential;" and a gate connected 8

the second node; and the first circuit includes a

second switch 5 connected between the first node and

fixed potenti al and is controlled in conduction by

the second control line. Pre ly,. wh t he
CrenSLErerotih & SHBRPS, CoBRPOERD bR the| Frtiege. (Re

first swtch_is held In a non- conductive si;ie by the
draipseoppartef FenkherRirskchafierencs Pehenrtint of | Fegend

conductive state by the second control _ |ine, and the
referencaocpetentishnearddat gaker perEepbednte afbe sgocand

second stage, the first switch is held in a conductive
node at an@ytheefirsti ctveaibl inchudegaraseeond s¥bbelat ed

over the data line Is witten in the pixe
conneated abetweernthe, £16stheadehand| fixedwetentiahepnd is

in a non-conductive state; and as a third stage, the
conteoblle@wihcbondubtlioni hyathenseconductntrolt hime by

the second control line. Preferably, the circuit

f ur tIEs £ CLAPLY S 6heén SELONEllectnd +optic nelemdret dis vitriven,

transistor is a field effect 20 transistor with a
asUsafnrsengesgey tRet Perstrsiwiteheienteld poheatheh-or

second reference potential and a gate connected to

coh8Bcee6eNgtRPdehyabfet Berbtr 8bnekbLuline | NEheUSScénd
second switch connected between a source of the field

swELORCLy! RS 54 ORadBLELECkLRLEnbyComl epsabndbobtrel
1inépean&2t Q4E9§;9 node 1is connected to a fixed potential;
as a second stage, the first switch i1s held in a conductive
state by the first control limne, data to be propagated over
the data line 1s written in the pixel capaclitance element,
then the first switch is held in a non-conductive state;
and as a third stage, the second switch is held in a non-
conductive state by the second control line.

Preferably, the circuit further comprises a second
control line; the drive transistor is a fleld effect
transistor with a drain connected to the first reference
potential or second reference potential and a gate
connected to the second node; and the first circuit
includes a second switch connected between a source of the

field effect transistor and an electro-optic element and is

controlled in conduction by the second 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 no

conductive state by the firét control line, and th 4P0610
second switch is held in a non-conductive state by
the second 5 control line; as a second stage, the

first switeh Is held in a conductive state by the

first contraql 1ine, ta t.o he pragpagat,ed over, .t
(ot PSRy (i e P oo Taineie 1 Waven,
elepent, then the first switch.is held in a
as pEipTh 9 Sthe L1igsl siteh s 3“%’(‘%\9’6’1 3 f%econd
10 switch is held In a conductive state by the second
copdgtiye stake lprcthg Hixst (srntTet Hing (g the second
conprises a second control line; the drive transistor
switch i$ diefldfincd noneeRdUGELVR tFate RN e st
to the first nods, a 15 drain connected to the first
conefal ehtme pasna i sgcend ssbagrl. hd cfivele Potteh kg held
and a gate connected to the second node; and the
infaretndiuctive stateder theectbrst stentrel chinrctdata to be
between the first node and the electro-optic el enent
prépdlgdted ooven| tied datadhthetiomwiitter bectr pixel
control line. Preferably, when the electro-optic
caFASlEicé SeTkma®n, tleén athié rSirst agelteeld ikeld simtah
Is held In a non- conductive state by the first

notSEbi@hot1 v, stk | hengesondl tisikd Cétage Netle | fecond
non- conductive state by the second 25 control line; as

swPtSECPYhE1 89En & NSodkduSti v €4t Shethle lfe SBPOSdVErol

line.

Preferably, the circuit further comprises a second

. control line; the drive tramnsistor 1s a field 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; and the first circuit includes a second switch
connected between the first node and the electro-optic
element and is controlled in conduction by the second
control line.

Preferably, when the electro-optic element is driven,
as a first stage, the first switch is held in 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 is 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 &ﬁ%

pi xel capacitance el ement %t hen the first swtch ?s 610
held in a non-conductive state; and as a third stage,
the second 5 switch is held in a conductive state by

the second control I|ine. Preferably, the circuit

further has a second cir.cui ki ng t j rst de
in | ePRAUCEIY FEPER Y i The mn%h%orgﬁ?tﬁt{%%t et £ pe
held in a conductive state and wjtes dat 10
propagaked veRrtgHdate Hae 1§ il ef‘hz‘f%f? Rieel
circuit further conprises second and third .control
capagittange elementgetepthe fiesty $yitch ria*‘ns‘i‘%f‘ir“?sa a
field effect transistor with a drain connected to the
noit  cenduetivenstatber cand s ¢ Hekefhshage of e nigcond
potential and a gate connected to the second node;
swibtehfis sheldrimia comducittve skatmdrihe seerndceertrol
bet ween a source of the field effect transistor and
1idké&e electro-optic elenment and is controlled in
conduction by the second control line; and the second
Ci I it B 146 Stite 261 tditid Ruritheyr dom ex tseebdret welarcult
the first node and the voltage source and is '

malem%rﬁhé efl1 +- 5t CHHEEChé OReDd dbea thixeld porémbial iwiken the
Preferably, when the electro-optic elenment is driven

F1ASt AslifSh Phage1at DR Al thacotied stabel shdwoibes d@ata
conductive state by the first control |ine, the second

pr&ﬁh&@éggaéﬂrough the data 1line.

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 potential or second
reference potential and a gate connected to the second
node; the first circuit includes a second switch connected
between a source of the field effect transistor and the
electro-optic element and is 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 1s controlled in conduction by the third
control line.

Preferably, when the electro-optic element 1s driven,
as a first stage, the first switch is 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 no
conductive state by the th?* control line; as a 504P0610
second stage, the first switch is held in a
conductive state by 5 the first control line, the
third switch is held in a conductive state by t he
hird contrqQl line, the fi node I
S“ﬁFEBeFErHﬁﬁgdiﬁo?eﬂ?PaF°n§H8 Vﬁ ?E%% ?gt é eards
be propagated gver the data |i étg in th
coptxbi Lafe, eafcEbe ERERE. SoREHR: 48 FPid: 28,2 RRRF
held in 10 a non-conductive state by_the first contrl
copfipetiyngdshate byntha thigs GPHErPiH. 1P BEh2 §eﬁ8’r‘§
in a non-conductive state by the third control
stage.t BhesEdonl switeh iLs hﬁé%diPnaaGEBﬂEEE?VGeSE?EFebY
by the second control |ine. Preferabl the circuit
theuFiiret bastseéohdnandthhltbirﬂssvéﬁPKO#SIPﬁEQ 4Rd2a
vol tage source; the drive transistor is a field
cofifiiettiver ataitet by whehthizducontrodndined thet fdrst node
first node, a drain connected to the first reference
1spﬁbgﬂth¢|aOpr&aeeeﬁmmaédrQDCenpdaéntaaﬂ, dndthagaskate,
connected to the second node; the first circuit

daitBClteles prépagateddoveirt thecaaraciledebesweedttes in the
first node and the electro-optic elenent and

pi&@&tbﬁbh%dthﬁceoed@ﬁbhen Bnehheéhes€aned eaitchl ilsi held in
and the second circuit includes a third switch

a H3R0had Qﬁb@eg%akgeby thl #edetagdntiRel Y9hk3agand as a
sour ce ang I's controlléed in conduction by the third
thi%dp%Q% Q kh@ethl§a59%R@%£015 held in a non-conductive
state by the third control line and the second switch 1s
held in a conductive state by the second control line.
Preferably, the circuit further has second and third
control lines and a voltage source; the drive transistor is
a field 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 circuit 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 i1s controlled in conduction by the third

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 nogs
conductive state by the fi 8 control line, the se%%%ﬁsu)
switch I's held In a non-conductive state by the second

5 control line, and the third swtch Is held in a non-
conductive state by the third control line; as a

secand _stage, the first switch Is held.n
con%’i‘ﬁ‘?l‘éaq%t?a't & e ?Sliefcsﬁroc'oorﬁtrqﬁ She é%ltt A FHEER-
switch I's held in a _conductjve state he third
as 3 f16Ft| $Hage nkhe; FLTshoRfRL YRR | +S Hé?}gfy n A non-
predeterm ned potential, and, in that state, data.&o
copduptbpacatate REr thacfimth ¢oaerel 1ing« g FegRR
pi xel capacitance elenent, then the first switch is
swhbtth 18 heldokn cantierteordeghive pytate BY (dhe 3pfonyd
line; and as a third stage, the third switch Is held
contrelnbinepnamdtthe tisizdgseibghthe held AR oBtRR~ | i ne
and the second switch I's held in a conductive state
cobuthiveesbate cont the thied cémbfelabine: tae zjseeend
further has a second circuit making the second node be
stige( Bheafiixedspitehntisl hebénintaecéndsetive tshate by
held in a conductive state and wites 20 data

the' epaget 6nthsDUTINE hetnat hitrdeswitich hes  hébid fm xad
potential is the first reference potential or second

coh8hEE £RECsPREENDY athe PERi fd abbiytréheliné ¢ utlhie f FitEIrNOde
conprises second, third, and fourth control |ines;

istﬁéﬁ&rEﬁeatﬁf@&éﬁéﬁ%iﬁédapoﬁénfiﬁig &hd gcint £RABI State,
W th a source connected to the 16 S04PC610
data to be propagated over the data line is written in the
plxel 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 1s
held in a conductive state by the second control line.

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

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

Preferably, the circuit further comprises second,

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

field effect transistor wlth a source connected to the
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first node, a drain connected to the first reference
potential or second reference potential, and a gatg04P0610
connected to the second node; the first circuit

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

sw tch_connecte bet wee ou eld effect
Firgtnepdeora aﬁﬁagﬂe°°???§g ﬁogg gﬁﬁ ?ir%€n¥? F% c(];n
conduction by the third contr ne; ang the second
pogeptipt PﬁcFﬁH@%d r?ﬁﬁF?ﬂcﬁopgﬁfPE%aionﬁ% t%dgﬁg?meend'
the first node and the fixed _potential and
coppacted| tg Fhecsnaordi BAdey Fh@ ﬁaﬁFiciEBH+Fo+nP%Hées a
Further, preferably when the el ectro-optic elenment_is
Seqpndeﬁwitghacﬁnhgﬁtgﬂabétwﬁﬁ@ ?Pﬁsfi§§£tﬁﬂd?saﬁélﬁh?n

a 15 non-conductive state by the first control |ine,
elehtreeophilc shemehti sndeld cansradhedohnucenduactianeby
by the second control line, the third switch is held

thénsacond- continoli ¥dnesaénfdeabyhind switdhcoornettefine,
and the fourth switch is held in a non-conductive

betiatn hBysbheckouft bheofileddl effiect26rasshsteroadd the
stage, the first switch is held in a conductive state

r1b¥tt A8abi hfill g€8nbbAtrbiled iLhecbadutbieni bghthe bblidd
In a conductive state by the fourth control |ine, the

cofifesndi1ngde hiahehd 3bcanfli ¥e@échAdtenhbatdeand, £oarthat
state, data to be propagated over the data line is

sw$%bhtsannaétba BQ?WE&K&'tﬁépﬁibE%nﬁSd€|ﬁﬂanthetheﬁe&he
swtch is 17 S04P

- 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 is held in a
non-conductive state by the first control line, the second
switch is 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 first switch is held in a conductive
state by the first control line, the fourth switch 1s held
in a conductive state by the fourth control line, the
second node is held at a fixed potential, and, in that
state, data to be propagated over the data line is written

in the plxel capacitance element, then the first swiltch 1s




10

15

20

25

reld in a non-conductive state by the first contro

ine, and the fourth swt g is held at a
non-conductive state by ﬁ fourth control |ine; %9# 0610
as a third stage, the second switch is held In a
conductive state by the second control 5 [ine and the
third switch is held in a conductive state by the

third control Acco to S d as ect
hel“?’lei‘br%s%?ﬁ'c‘?‘i'@é 1% S‘{%_e? gbjf stlb? oﬁfﬁse% =t & qine

devi ce co r|3|n€ glurallt i xel [
and, ¥ GERT B cowh e i f Ao At oF noe SandiEve crtate by

colum of the matrix arr of pixel _circuits and
the nfogkh weerErel ghine | @‘h%l ag f e FYHeads (the second

| um nance information Is supplied; a first contro
switok isrhehdetnfarcendickive oftate Matthe 38FoRA ffontrol

pixel circuits; and first and second reference
lipstandi the; thtod 81 pexels dreldi in fareordugklye s tate by

el ectro-optic element with a | um nance changi ng
thactwiod ngohtralflbmeng current, first and second

nodes, a drive transistor fornming a current supply

| i neadasd RNy atd i d Yedaidri aspedinhf tgher @ukgesrtn nal

and controlling a current flow ng through the current

invOn€16R| ythéPe 18 poeeidedce displipedpoicatéanpoising a
control termnal connected to the second node, a

plﬁ’i«éﬂtf APRCHIRBEL Col LIRS aBPAGEd €In hetmibrik hea fdata
node and the second node, a first switch connected

liRgtgff??%Q& flatdchtRecéldnn t §f £8& ORstRPLCaRdly of pixel
contro d in conduction by the first 25 control Iine,
cigﬁg%g% éﬁ&ttﬁf&ﬁﬂhtwﬂf&hngkdgeaasP&ﬁ&ftiﬁla&éoﬂ&ance with
1
luminance information is supplied; a first control line
arranged for each row of the matrix array of pixel
circuits; and first and second reference potentials; 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 pixel 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 n emtting light, the
current supply |ine of thg%drive transi stor, the S04P0610
first node, and the electro-optic el enent being
connected in series between 5 the first reference
potential and second reference potential. According

to ird_aspect of_the esent Jnv e ls

thg hrib P aadebittes: i T P IEE Rot V] dhund (S

an electro-optic elepent wt um ce chan 10
elogtEr PREle oSLerent, Ry R r%ﬁ’ctt#%af%"‘?‘fn qt%?%‘h‘g%

which a data signal In accordance with Iun1nan
supptor hiRe opf | the sipbye chransiston, the Hhsh and

first and second reference potentials; a field effect
the rehestrorontin alempnt ek ceeRASSESE Hth (f9ktes between

ref erence potential or second 15 reference potenti al ,
they Ebousterefenencedretentibaland secend Ieferener e

connected to the second node; a pixel capacitance
pokértkal. connected between the first node and the

second node; a first switch connected between the data

| i neactsk@indieto of third sdspesrtriofltle presudndinvention,

term nal of 20 the pixel capacitance elenent; and a

thé+é Sis ChF6villiefOa mEtkodGof @oiebhgan pixéh ecficutt
node change to a fixed potential; the current supply

havifg§ &h él&cHrbVveptiansienent witk &iI6hinesee elnahgheg
el ectro-optic elenment being connected In series

acgﬁ%&fﬁ 9 thHeaf FisH1h§f @apRERE Pohcdatal 1Phe atiir6@gRWhich a
erence potential, conprising steps of nmaking 19
daé&4§?§&91 in accordance with luminance information is
supplied; first and second nodes; first and second
reference potentials; a field effect transistor with a
drain connected to the first reference potentlal or second
reference potential, a source connected to the first 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 elther of a first terminal or a second terminal of
the pixel capacitanée element; and a first circuit for
making a potential of the first node change to a fixed
potential; 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, comprising steps of making
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a potent:albof the first node change to a fixed
potenti a y the first circuit in the state with
first swtch held at a noh? conducti ve state, hoI&#ﬂ%OGH}
the first switch at a conductive state, witing data
propagated over the data 5 line In the pixe
fﬁpa0|tancedelenent, then holding the first switch in
e non-conductive, and stopping the operatjon. for

2 DRBEHELAL R dit ALTRE MRS [AARSRGE G el Rapdtial
circuit change to a fixed potential. According to the

by rhe fkrsthvairowit in e rdrtsardit the MRS e
el ectrode of a drive transistor Is connected to a

heX¥d xaltd poramtdendudiioFtatay thalding tthe L4zt Hiigh at
capaci tor between the gate and source of the drive

a domhsoistve  stdie charlddna dabs mueragaked ewer Wmstda
in the |-V characteristic of a light emtting el ement

1ired oy tibe Whishe | cysecdi tsaroes resicsnesh t Widrert o ldting: the
transi stor is an n-channel transistor, by making the

£ifd X s P nin athel gmwWhquitents aland hetonyoimemn s
applied to the light emtting elenment is made the

ops¥F DI bh PESLHdIRnG G PotenILNIGEE atHwrEarst tiode pef isaild
of 20 the light emtting elenent. Further, by

£1A508 Ust+&oh £ NéhBide PES i D Bied FoBaOIEL . SW tch

connecting the source el ectrode and ground potential,

h C © S ; _
e ﬁgrégﬁdeijéﬁmw £Hy pggﬁéédtn A RAIH1AGn Ofsiite ddrdfxample

em t nt are usted for duty driving. 25

thgg_«;@g,g% Ve SBEILY 8 TaxArk PALEN ] S of ! £5Ccdithdded o

a fixed potential through a switch and there 1is a pixel
capaciltor between the gate and source of the drive
transistor, the change in luminance due to the change in
the I-V characteristic of a light emitting element along
with elapse 1s corrected.

When the drive transistor is an n-channel transistor,
by making the fixed potential a ground potential, the
potential applied to the light emltting 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 perlods 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
qual ity due to fluctuationg1n the threshol d voltgg%2P06H)
Vth of the switching transistor connected to the fixed
potential 5 is suppressed. Further, when the drive
transistor is a p-channel transistor, by making the
fixed potential the potential _of th oyer ,sourge
grops BARERTSY RE EaPROGETEPLCIPHEE SPapnkbat, §ht BY
emtting elenment, the potential applied to the |ight
ralgdngithe 93te Jediagdes ﬁ&&&rFHEaE&RQr°§oﬁg8eiB898ntia
so as to create a non-emtting period_of the EL
quadi&ye fue tpuF‘-tlw@ft}laﬁyswﬁarénn§hﬁh$g€ﬁam&ﬁewr’%itﬁaeo¥tphef
drive transi stor an n-channel type, a source-follower
thec ispdtichinge dnmns 15893 soangeiedns@ theohdsed prtential
beconmes possible. 15 Further, nmaking all of the drive
is suppgiestseds n channel transistors becones possi bl e,
introduction of a general anorphous silicon process
becPueshpessiwher, thaddrivdutranalstorhdscasp-channed
possi bl e. Further, since the second sw tching
trahsdRYodt,0by makidg aheé @Eikeldepotenttlad lthehpotentiamigof
el ement and the drive transistor, current is not

theS pRmere & ouddeh @olthiet eld &8s ithieOcathddeheleetredet bifnthe
period and therefore power consunption of the pane

1ight %&h@.&&@.&%e d1ehdnithehebypotentdal RPpaAkEdaltoofthehaight

cat hode side of 25 the light emtting elenment as the
emi®tIWY AR dls mhde +heSPdReElQource 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 circult
becomes possible and anodic connection becomes possible.

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

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

Further, by using a potentlal 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\ND lin at the TFT S|de i nsi de &B%

panel . Further, by being a le to delete the G\D I|S 610

of the TFT boards in the panel , layout in the plxels

and |layout of 5 the peripheral circuits becone easy.

$g;tger dby beiﬂg able to delete the GND |ines of the

oards in t there is rla t

ex?‘ﬂelepo%? §%‘E|‘?‘&€ %%f%ﬂ%‘?%? ??F?%‘ff%e‘f er n%é.e LA Heea

potenti a and round otentlal reference
to prenide 3 %!‘Dt#g“&o% henEr G s ‘i!l ? de  Hhe R

lines can be laid out with a |ower resistan

hi gFurilier mky W%@%i‘@/é’tﬁle%ﬁ%ﬁmo&mes °fa the

connecting for exanple a pixel capacitance elenent to
TFT Heoaods cin othe planed. tlayenktbp PHepLs | 3R olayout of

side of the capacitor to the power source 15 whi | e not
thenpetipgeraihtirchtte become | onger a need for a G\D

line at the TFT side at the inside of the pane

Fur thherthdwy, thy rbeitng lebIeoure Melete the GNR Jp'em of the

source line side on when witing in a signal |ine so
TFRSbé&rds ORI théepanpk(atieret he noupvenlapfihetwveen the

pi xel witing 20 is corrected in a short tine and an
pod:émgsoﬁi-ca poténtyaif penkéy refebéntacpotéatisk) , ahg

maki ng the potential of the power source |ine the
gréﬁﬂ'& ﬂétéﬁeié(ﬁcweés&al Abfeténté potenbtiel) cof renece
panel lines. 25 Further, according to the present

petiNROEL P01 P¥u?es SOREGEEc 1ines can be laid out with a
lower resistance, and a high uniformity can be achieved.

Further, by connecting for example a pixel
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 is 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 image of a high
uniformity 1is obtained.

Further, by making the potential of the power source
line the same as the Vcc potential, it i1s possible to
reduce the panel lines.

Further, according to the present invention, by
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fized Rattal theeugky Sibktah iand vy

connecging the gate el ectrode of the drive transistor

to a i xed potential throygh a swtch and provid

pi xel  capacitor between tﬁg gate and source of tﬁ%ﬁ}%ﬁﬂ)
drive transistor, change of the |um nance due to
deterioration of 5 the |-V characteristic of the Iight
emtting element along wth elapse is corrected. For

exanpl e, when the drive transjstor js, _an re- channe
compaT TSt s B A AR SRR e @
ich the drain electrode of .the drive transistaor is
RIS 9 Hire T
power source potential in the pixel._ Further, by
capagitor) heiwern dhe gafppant soWrce g dhe glrive
transi stors connected to the gate side and source
transistir  hehahde cof rthesi iinancagiinda Hetaningatiigy of
15 larger in size, deterioration of the imge qualit
thelUB-V cchamadtaristio afhethe lokghdt emidiing gflemant along
switching transistors is suppressed. Further, when
witiheeIkpsie 14 réosieatedi s a p-channel, by making the
fixed potential the fixed potential to which the drain
el eatgrodxmipldie whth ditievarive doamecitstwr tive &n xed
potential is made only GND in the pixel. Further, by

chdii &l Nby hfakil e tEsesd Potidiet 141 tiodhi fiked potential

transi stors connected to the gate side and source

to %&xﬁfcﬂftﬂ@ eafll iy Ce1dASd 8¢ WE OfheTBdd Dige tiears Beto1S L8 S
25 larger in size., deterioration of the inmage quality

corﬁk@cf@d?aﬂﬁ)@{)}@é@ potential is made only the power
source pofential in the pixel.

Further, by ralsing the gate voltages of the
switching transistors connected to the gate side and source
gside of the drive transistor or making the transistors
larger in size, deterloration of the image quality due to
variation in the threshold values of the switching
transistors is suppressed. Further, when the drive
transistor is a p-channel, by making the fixed potential
the fixed potential to which the draln electrode of the
driven 1s connected, the fixed potentialris made only GND
in the pixel.

Further, by raising the gate voltages of the
switching transistors connected to the gate side and source
side of the drive transistor or making the transistors

larger in size, deterioration of the image quality due to
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variation in the threshold val ues of the sw tching
transistors, is suppressed, BRIEF DESCRI PTI ON OF
DRAWNGS FIG 1 is a block2%|agran1of t he EHEPNHO
configuration of a 5 general organic EL display

device. FIG 2 is a circuit diagramof an exanple of

the configuration of a pixel circuit of FIG 1 Fl G

3 is a graph of .the_c e.al on h el aps t he
vardatich Jpo s, EHIEsUP Lo SRABEgT 4 Fh0P ARCRAIdni ¢ L

10 device. FIG 4 is a circuit diagramof a p|xe
tragisdstiors 45 FWRPFeFSeannel TFTs of the circuit of

FIG 2 are re Iaced by n-channel TETs. FIG 5 is a
gr aBRIEEORESGRE REIQHepgtFﬁﬁ BBAWENGS a 15 drive
transi stor constituted by a TFT and an EL |i ght
eni FEBng ledsem bileckndipgramapfstheecopfégugatioy of a
graph showi ng the operating point of a drive

geniersals ioxtgan e @t idlspdayb ey 1teT and an EL |i ght
emtting elenent after change along with el apse. 20
FI GFI&.i 2 asciar cirtuditagiagrem efparcexampdg of the
connecting a source of a drive transistor constituted

conif giitatiloihamal pikxkl @ircyidumd FaGentl.al. FIG 8 is
a bl ock diagram of the configuration of an organic EL

di sphrey devisCa gERphY bifg thePckhahgei adony 23 thcedagisegof
to a first enbodi nent of. 24 S04P0C610
the current-voltage (I-V) characteristic of an organic EL
device.

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

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

FIG. 6 1s 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 pixel circuit
connecting a source of a drive tramnsistor constituted by an
n-channel TFT to a ground potential.

FIG. 8 is a block diagram of the configuration of an

organic EL display device employing a pixel circuit

according to a first embodiment of.
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FICif_Q Is a circuit diagramof a specific
configuration of a pixel circuit according to the
first enbodinent in the o?@anic EL di spl ay devicéy%:OGIO
FIG 1. FIGS. 10A to 10F are views of equivalent
circuits for 5 explaining the operation of the
gerU|t|of FIG 9. FIGS. 11A to 11F are timng charts

or explaining the qpergtion of the cirguit of FIG

9. FFIIéO- P diss 3y el g §ﬁf“of’ftﬁes€8ﬁﬁ1¥6€r ation of

an organic EL display device enpl oyjn [
conf ¥Rt R ot cnfigﬂz/ Sty AR R {t‘% Eizsf
isacircuit diagramof a specific _confi '
emipracGients Fiu | ¥he: SHrTaNARy Hlo AP ISG HRF Le it A i
the organic EL display device of FIG 12. FIGS. 14A taq
14E FAIGS .vildds tof 1FLiarse anews ofye@ivglents circults for
expl ai ning the operation of the circuit of FIG 13.
expldhiddAthe didralrion iof nthe ekranftoroe§l@i Mng the
operation of the circuit of FIG 13. FIG 16 Is a
ci r quids dizagy ap afl Rratehdrimbrgnpibandfs fde explaining the
configuration of a pixel circuit according to the 20

opSELPIéh P OEh et rodl € ol FiG. @ bl ock di agram of the
configuration of an organic EL display device

enpl@yd Na 2 1 £lbXddiE diagrer oflitig: tavref idurakion of an

enbodiment. FIG 18 is a circuit diagramof a specific
orﬁ‘#@”@% WA %&gﬁo@évfc@l &Rb1EYIRi 4 FOLOL dbDgouDt t he
according to a second embodiment.

FIG. 13 is a circult dlagram of a specific
configuration of a pizxel circuit according to the second
embodiment in the organic EL display device of FIG. 12.

FIGS. 14A to 14E are views of equivalent circuits for
explaining the operation of the circuit of FIG. 13.

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

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

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

FIG. 18 is a circuit diagram of a specific

configuration of a pixel circuit according to the third
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enbodi nent in the organic EL display device of FIG

17. FIGS. 19A to 19E are vj.ews of equival ent circyj

for explaining the operati odn of the circuit of FI ngti1§'0610
18. FIGS. 20A to 20F are timng charts for expl aining
the 5 operation of the circuit of FIG 18. FIGS. 21

is acircuit diagramof another exanple of the

confuguration of a pixel_circuit according to the
eI E T L PR RIS Bb ILSBLEY RRVEFAG AN H - (HE-

confy at4 gani c.EL displ devi ce. .

enpl%%%fg 1a%13i§5elf§ct; r%]%T tq'[ lg%(y:gé oor%i %"gi’f‘gafé‘y toucr:'t]‘”hcm‘tS for
exSTRDH i@ NEhe Fbfar2Bids Sf CLEE Ui rShag 8 Piga specific

configuration of a pixel circuit according to the

f OUrRIGS .erA0Xi tve IAOF radeetimmigani chatt«lifgy ayxpleMirtitifthe

FIG 22. 15 FIGS. 24A to 24E are views of equival ent
oper# it of othe exbranit nef tHEGoptBati on of the circuit

of Fl%ﬁz .. FIGS. 25A to 25H are timng charts for

explEdi 'n}]tt‘i‘eS S ferafiidn BRI @fF @Rathar mrempls of

end Sondlgl el 50 8 L PSS IEAL B chira
emb¥iadAa®l VCC. FIG 27 is a circuit diagramof a

pi xel circuit having a fixed voltage line as the

gr oI .p2ents al BNk HiGgriin i ahd redtifti fliradidn &f an

anot her ‘exanpl e of 25 the configuration of a pixel
orgsigti BL atictp i gleol ad eemploo ity enipidteientircuit
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 ancother 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
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FIG 29 is a block diagramof the configuration of an
organi c EL display device | oying a pixel circu
S04P0610 according to a fi%?ﬁ enbodi mrent. FIG 305%33@ﬂ0
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 vi of i,bvalent circuits for

acc@fﬂﬁéﬁgni g % ﬁg\gﬁ:ﬁ‘ef‘g’?ﬁ% m&f"%t'he circuit of FIG 30.
FIGS, 32A tg 32H are timong charts for_ex i ning the
opeF&fir oA stﬁeG?FFE FtdéggﬁFﬁi°§O? ﬁ?%?gggcis a
circuit diagramof a_pixel circuit 10 havin% a fiégg

confdiguratiom 0f @ PFedo Rl ol AECRFAARE AP Thectif
34 is acircuit diagramof a pixel circuit having a

embpidilgenioing e orgagd o F G%MYpS‘Fé’HFPanGNEG°F%&'
35 is a circuit diagram of another exanﬁle of 15 the

3

conFiLg8r aBildntef 33Eppxe| vieweuPE egedvalapt:girgaits for
fifth enbodinent. FIG 36 is a block diagram of the
expladhiigg dthieowpefratd.onoofarche eirgiudy of FdGi-c80-
enpl oying a pixel circuit according to a sixth
enbPiGsenB2A280FBEH 3¥ei timingr chartdi fgraskpilaining the
specific configuration of a pixel circuit according
opeiratifon ifxithe edhediitentE PIG.haoarganic EL di spl ay
device of FIG 36. FIGS. 38A to 38F are views of
equFygl.ess 4kl auchgcho®t diagram of a pixel circuit
having a fixed voltage line as the power source potential
VvCC.

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

FIG. 35 1s a clrcult diagram of another example of
the configuration of a pixel circuit according to the fifth
embodiment.

FIG. 36 is a block diagram of the configuration of an
organic EL display device employing a pixel circuit
according to a sixth embodiment.

FIG. 37 is a cixcuit diagram of a speclfic
configuration of a pixel circuit according to the sixth
embodiment in the organic EL display device of FIG. 36.

FIGS. 38A to 38F are views of equivalent circuits for
explaining the operation of the circuit of FIG. 37.

FIG. 39 1s a view of an equlvalent circuit 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
S04P0610 expl ai ning the op%fation of the circuit 5%4P06H)
FIG 37. FIGS. 40A to 40H are timng charts for :
explaining the operation of the circuit of FIG 37.
BEST MODE FOR WORKI NG THE | NVENTI ON 5 Bel ow, preferred

odi ments of th resent.inventi i be
X RIoArgod i PReFBEAPBnEE £Be Fa-RReSnBinErde 37"
draw ngs. <First Enbodi t> Fl 8 is_.a bloc L agra
of FRESCoAPAGtPaePRnaEr Eibing GhaEheoter arehriyEis Ehe
devi ce enpl oying pixel circuits_ according to the
OPGFPFépneRGo&PﬁeﬁgFGPFé.°§ FLGa éifrcuit diagramof the
concrete configuration of a pixel circuit according
t o BRET{MPRE FQ%bUQBﬁﬁ“@ FHE FAVBNEEANC EL di spl ay
device of FIG 8. 15 This display device 100 has, as
shoRalow, Fpeefernad embaliments ppfethar PEGSHBE {BWenbion
havi ng pi xel circuits (PXLC) 101 arranged in an mx n
wilinbei deseriibeidz eritthl refekrenter tpHEER) acgompanyinge
scanner (WSCN) 104, a drive scanner (DSCN) 105, data
drakwitngs .DTL101 to DTL1On sel ected by 20 the horizontal
selector 103 and supplied with a data signal in

accqrd@seecEnbbiimbathum nance i nformation, scanning
lines W5L101 to WBL10m sel ectively driven by the wite

scapper, 8045 angidekvaibyphas HFLENé tonEbydPation of an
sel ectively
organic EL display device employing pixel circuits
according to the first embodiment.

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

This display device 100 has, as shown in FIG. 8 and
FIG. 9, a plxel array portion 102 having pixel circuits
(PXLC) 101 arranged in an m x n matrix, a horizontal
selector (HSEL) 103, a write scanner (WSCN) 104, a drive
scanner (DSCN) 105, data lines DTL101 to DTL10n selected by
the horizontal selector 103 and supplied with a data signal
in accordance with the luminance information,.scanning
lines WSL10l1l to WSL10m selectively driven by the write
scanner 104, and drive lines DSL10l1 to DSL10m selectively
driven by the drive scanner 105.

Note that while the pixel circuits 101 are arranged




10

15

20

25

driven by the drive scanner 105. 25 Note that while
the pixel circuits 101 are_arranged 28 S04P0610
mx n matrix in the pixel %?ray portion 102, FIGngﬂ§06H}
shows an exanpl e wherein the pixel circuits are
arranged in a2 (=m x 3 (=n) matrix for the
sinplification of the drawing. 5 Further, in FIG 9,
the _concret onf,i gyratiqn qf _one i xel cineyit
10 280 Bh 5 o BAGII At Hieo RGPt AESATaRORT OB THR 2l FEF- ©
circuit 101 _accordi to the first e di nent has, a
Sho¥fo AR [GFARBAS GReTell. His,RixeI-FIFPRIES aFerarfahogd in
capacitor Cl111, a light enmtting elenent 114 10 nmade
a 2of(mFaMoganilc B) Satkds foo tbp simgldddestipr) pfathe
ND112. Further, in FIG 9, DTLIOl indicates a data
drawiing-. WSL101 indicates a scanning |ine, and DSL101
Indicates a drive line. 15 Anong these conponents,
TFTFarthegnf iguFES-t Ae the| goneretet cepfignsabion of one
according to the present invention, TFT 112
pilxedntilgendd tlse shiowst fow sdmpliffcationopffi fheedrawdng.
second switch, and the capacitor Cl11 configures the
pi Xfhe papeti cawceitl| 2atnacaordidgnyot bthehElpstsent
i nvention. 20 Further, the scanning |line W5L101
embodinenponhds ,t ast Bhowhl dat FIGNt 99| ahi he chanaedi FETt A1l to
the present invention, while the drive line DSLIO1
TFTC ANBES ROAPpalcd tolke cagagnad 149Atr emiltitifg element 114
made of an organic EL element (OLED), and nodes ND1ll and

ND112.

Further, in FIG. 9, DTL10l indicates a data line,
WSL101l indicates a scanning line, and PSL101 indicates a
drive line.

Among these components, TFT 111 configures the fileld
effect transistor according to the present invention, TFT
112 configures thg first switch, TFT 113 configures the
second switch, and the capacitor Clll configures the pixel
capacitance element according to the present invention.

Further, the scanning line WSL10l corresponds to the
first control line according to the present imnvention,
while the drive line DSL10l corresponds to the second
control line.

Further, the supply line {power source 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 vol tagg, Vcc corresponds to th%04PO6HJ
first 29 SO4P0610 referenceé potential, while the

ground potential GND corresponds to the second
reference potential. In the pixel circuit 101, a |ight
emtting elenent (OLED) 114 is connected between a

f . th
ret3autE Rotehtiehrs hBorpe; shRinACRBRepTnT, BRT

otential G\D). Specif.,call t he_anode.of the |ight

°°r%ﬁFPPPﬂ§ gPeE@ﬁtS%fgnpsrggﬁﬁnggdpPge %%aééurce of

the TFT 111, while the cathode side.is ﬁg ecteg to

t heIngtBEnBIEELRIFGRIENEP L THE i%ﬂh@c?wg gﬂgn? 8Pe?he

anode of 10 the light emtting elenment 114 and th
(OLEB)r dd dofls; FENTEPLag PetyRen: fyPEUTEengFe te1 FET Hd and

source of the TFT 111 is connected to a drain of _the
theTpecond zZefexencesposeatdpdddinf this pEgsentopmbpdiment,

while the gate of the TFT 111 is connected to a node
theN@roRndl potieatdedr GDJf. Specificallyi.s thgnpaededofothe

fixed potential (in the present enbodi nent, a ground
1lighdt entlital ngGeDementti 1d 4t He ganwvecstedh&oTkle] s9urge of

connected to the drive line DSL101. Further, a second
theclrFat 1ade ehillleec theapathbde €ldé is comnected to the

node ND112. 20 A source and a drain of the TFT 112 as
grolun@s potwntdal &NP.C ThREChadebtibhe pddna loifn¢hBThhode of

and node ND112. Further, a gate of the TFT 112 is
theCA1GBEH ehike1hlc elemenitnd 14l aaa Bhlel4burce of the TFT
111 constitutes a node ND1ll.

The source of the TFT 111 is connected to a drain of
the TFT 113 and a first electrode of the capacitor Cl1ll1,
while the gate of the TFT 111 is connected to a node ND1l2.

The source of the TFT 113 is comnnected 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 Cl1l1l 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 WSL1lO1l.

In this way, the pixel cicuit 101 according to the

present embodiment 1s configured with a capacitor Cl1ll1
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In this way, the pixel cicuit 101 according to the 25
present enbodi nent is confjigured with a capacitor

30 S04P0C610 connected betmé@n the gate and source%%%&fi10
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 t, the o ation of a
conisftad HRYARETLAHS S o AL A o osithg A AdL as
oper.atigon of a pixel circuit wth reference.toFlGS.
the) GR1VS Tenip fanand; HAh & AEUTRS, POHSRE RGOt FRE TFT
shows a scanni ng signal ws[101 applied to the first
113 senaeshfchdq ian g @Pt&L*%é]& ﬁh}%ug?w%&r ray, 1#ecas
11B shows a scanni ng signal ws[102] applied to the
thes spdiehdng deansdftan-ne WsLI 02 of the pixel array,
FIG 11C shows a drive signal ds[101] applied to the
f i r ¥ext, okher operiatdenDgEltheopbpNe gPrELguraffonFrEll
11D shows a drive signal ds[101] applied to the
be sapdredoedyfidusdnd va theDopegatdion iod @i pdixedr cdycuit
FIG 11E shows a gate potential Vg of the TFT 111
witindefle@entE- th@AIESE JOA do JoFerindaFIGS. LA e TRF.
111. First, at the time of the ordinary emtting state

of Nblte Ehalti gG.enilt shgwsl ansgnhidAg sigahdwasihol]
FIGS. 11Ato 20 11D, the scanning signals ws[101],

appllel0do thd Fillta ToW FcagningeL1Wel WSL10W5ck0Zhe pixel
are selectively set to the low level by the wite

arr¥Anaic. 1848 b @'da\ﬁ@xingi @GYra1dsisTabl] dpplddd to
.... to the drive lines DSL101,
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. 11lE shows a gate potential
Vg of the TFT 111, and FIG. 1l1F shows a source potential Vs
of the TFT 111.

First, at the time of the ordinary emitting state of
the EL light emitting element 114, as shown in FIGS. 11lA to
11D, the scanning signals ws[101], ws[102],.. to the
scanning lines WSL101, WSL102,... are selectively set to
the low level by the write scanner 104, and the drive
signals ds[101], ds[102],... to the drive lines DSL101,

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 SP4P0610 As a result, % 610
pi xel circuits 101, as sho in FIG 10A t he Tth E%
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],

Q’féi h%drsﬁu?ﬁehﬁal RRvBitpy ﬁ%c#’fl 8Eanker Bqpy, 1o
FIGG 00| e 15 107 °pa 1% 13 GRe Bend.an Ry S8 (o

the 10 high |evel by the drive scanner 105. As a
stafesult, in the pixel circuits 101, as shown In FIG
10B, the TFT 112 is held in the off state and the TFT
113“P§ttu¢ﬁeﬁh6fPOHAPmFEFénﬂlHﬁriEGrPgthFIE&se?ﬁPGBEh
the TFT 113 and, 15 as shown in FIG 11F, the source
114pomsnishawnydnofF IGSe AR to]11Pa| fthet §opmelggosignals
potential GND. Therefore, the voltage applied to the
ws [E0 1]i,gwts [49i2t]ti.ng tel dieniscanninigsdingsc@$Bd 00V and t he
EL light emtting elenment 114 becomes non-emtting In
WSLdbat,e.. .2@Grketield att lthendowe develnpypeheowrrditet IsgaBner
light emtting el ement 114, as shown in FIGS. 11A to
104]1Bndt hhe drive Signals ds[[101], ds[102], ...t dot lthe

drive lines DSL101, DSL102,... are held at the high
drikv@valinky DSE.1®1,v®SL102,... are selectively set to the
high level by the drive scanner 105.

As a result, in the pixel circuits 101, as shown in
FIG. 10B, the TFT 112 is held in the off state and the TFT
;13 s turned ofEf.

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-emitting 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
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scanner 105, and the scanning signals ws[101],
ws[102],... 25 to the scanping |ines W5L101,

WBLI1 02.... are seIectiverE%Z S04P0610 set to thesﬂﬁg%ﬂﬂ
| evel by the wite scanner 104. As a result, in the

pi xel circuits 101, as shown in FIG 10C, the TFT 113
is held in the on state and the TFT 112 is turned on.

taI Iector 103 wites the
kRt g adRel by aa{ﬂa FosFﬁ8n8§t 3o L BT 10
into the capacitor Clll ix | c citor
t i 85¢ ArESoRLEy dantha prgel 1GaPotREsS 35%&%@?%&%?
Vs of the TET 111 as the drlve tranS|stor is at
FIGyr dQfd foeedtiTatiPeds bedlpirelbp) onggstate éHGmﬁthTE$
FIGS. 11E and 11F, the gptentlal di fference between
112t Bs tyapedasd -sd¥ectootthife the horigepsmds sedgalorol0s
the voltage Vin of the input signal. After this, in
writes hbe- dpputi wdgpedi ¢¥ind pnepggatpﬂgﬁp §hﬁtﬂﬂﬁ§ line

el enent 114, as shown in FIGS. 11A to 11D, 15 t he
DTLdDﬂvdnibgmhbsc@w@ﬂﬂtpx 641102k, the pdxeﬂecapﬁwétbrnes

_rt

se

DSL101, DSL102,... are held at the high level by the
drixe théanndéme]lOBsanHowhelnCENGEL NY1Ej| ghhessosfdO11,
ws[ 102],... to the scanning lines W5L101, WSL102,...

potahtiag! get o¥elthe TP 101t Be khe devee hyahbéstort ¢s at
scanner 104. 20 As a result, in the pixel circuit 101,

thedgroiad potentth @l 1QDeltWGNﬁFIe$ai)lSSburagdsnBﬁnamd

e wite operation of the input signal to the
FIG&2P34 k! AhaCii¥ ,asnkhpokenehialCanaeeirenctNBstween the
gate and source of the TFT 111 becomes equal to the voltage
Vin of.the input signal.

After this, in the non-emitting 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[102]....
t§ 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 Clll as the pixel
capacltor ends.

After this, as shown in FIGS. 11lA to 11D, the

scanning signals ws[lOl], ws[102],... to the scaanning lines
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After this, as shown in FIGS. 11A to 11D, the 25
scanni ng signals ws[1011, [102],... to the scan

'ines 33 SOIP0610 WSLIOL VBL102. .. are held at Fhaos0
low | evel by the wite scanner 104 and the drive
signal s ds[101], ds[102],... to the drive |lines

DSL101, DsSLIO2.... are selectively set to the |ow

o] b SRR e Do T S
B
ol B A B R eI

the drive transistor rises and curre | ows  t
thet derime |Liges @ﬁP@PanDﬁélgpenentaff4se%ﬁ 3& geset ‘2o
potential Vs of the TFT 111 fluctuates, but despite
thet fioy, levede byhdhe dsixec sgaeresr 198tween the gate and
source of the TFT 111, as shown in FIGS. 11E and 11F,
t heAganerssulte potthei pixed cdnsuihst L9lpers ghoypnin’
15 At this time, the TFT Ill as the drive transistor
FIGIr ilOES RMetE?TS&HBrdBeGumagﬁonﬁfSo the current Ids
flowing through the TFT 111 becones the val ue shown
i n Bgetalniag ¢heaTFON1l3 GKFs usal gbown dot Eifi.nddFpythe
the gate source potential Vin of the TFT 111. This
soudWe piftenddali Vid af ¥h20 TFTOUA 1t ast wheFldriivghttransistor
emtting elenment 114, whereby the EL light emtting
risleI @ chite®it aidd FhowsThe ahe Bl diighti remditttinlg t he
EL light emtting elenent 114 becones as shown in

elemeGt 1QR. so at this tine

The source potential Vs of the TFT 111 fluctuates,

but despite this, since there is a capacitor between the
gate and source of the TFT 111, as shown in FIGS. 11E and
11F, the gate-source ﬁotential is constantly held at Vin.

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

The equivalent circuit of the EL light emitting
element 114 becomes as shown in FIG. 10F, so at this time
the potential of the node ND11l1l 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 rrent lds flows through,pogi
the EL Iight 34 S04PC6510 e%#tting el enent 114. AIoné 0
with this rise in potential, the potential of the

node ND112 also similarly rises through the capacitor

Il (pixel capacitor Cs). Due to this, as expl ai ned

ahaove, t he te-source potential of the TFT 111 is
emqﬁﬁﬁ?géfiﬁmﬁptgaéﬁé, consi der the problems In the past

source- follower systemin the circuit, of th n
i nvétePgnvith tPﬁFsr&FFcaPtngeﬁtﬁFg'tﬁgeEEO?Fgﬁigi b
emtting elenent deteriqgrates in ts |-V

the; Radec AP (A0SR GHELARIY, FaSEs (Hheeusds the FRRaciter
emtting period. Therefore, even.if the drive

11% rpigiedt crpasidon 166 )sambec oy dls.t RS SFPdAlngd above.

applied to the EL light emtting el enent changes and
thet fgatepstommdenlpatfentialnodfe oL T diils L At Vin.
this circuit, the potential of the node 15 ND111
faIMm;whibensmaegambespmpbéepeténtthﬁ pAsthEodrree
transistor is held constant, so the current flow ng
follvwaigsystem dm whe rdnsisitoof] HEE presendednyention. In
change. Accordingly, the current flow ng through the
thifd diffiit ¥ tWding ahemEn ldight coedtdotg ciempat Even
if the I-V 20 characteristic of the EL light emtting

detdGBites Alie i at-65 cha it tedls ey raspandilth thhet he

I nput voltage Vin constantly flows. Therefore, the
1ndsis TGP 188 Gt th8ing PYetbd. Therefore, even if the
drive transistor sends the same current, the potential
applied to the EL light emitting element changes and the
potential of the node ND11l1 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 hot change. Even 1f the I-V
characteristic of the EL light 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
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As expl ai ned above, according to the present first 25
enbodi nent, the source of e TFT 111 as the driv
S04PC610 transistor is con%gcted to the anode of ?ﬁ§§06u}
light emitting elenment 114, the drain is connected to
the power source potential Vcc, a capacitor Cl11 is
connect ed bet ween the gate and source of the TFT 111,

| TET 1
cxeBFiaBE, 33 SERRRRER 18 o8, IS TETchblasgupopaneiai

a%%%%ﬁ%%%%ﬁ%

in lumnance even with a _change in

Potensad Fcy; P HpACHS oF CALL fgn coBneCtefy DEEURER; the
alon%imnth el apse becones possible. A source- follg

gate pad soyrae Ofathe TFTaddilst §nd tB§C§H€§°Eo?§|SP§ g§o°f
It is possible to use an n-channel transistor as

thed IFFe 1d|le disncophegited tio) ghf1&eid: potgntdad @h@ﬁPgﬂh ithe
usi ng current anode-cat hode el ectrodes. Further, it

TFT 41poas [the tsoridobiingutaansdisdiost.ose @heaf%ly@mlng
circuit by only n-channel transistors and possible to

effestst banabe obtmdeesl.in the fabrication of the TFTs.
Due to this, there is the advantage that a reduction
of tbareesFolloabrTbhtpasr dithenomietprderbtion in
<Second Enbodinent> FIG 12 is a block diagram of the

1umd 9RhiceU edldnO widh @ chan@@niih EhedisW ahadevitesistic of
enpl oyi ng pixel circuits

an EL light emitting element along with elapse becomes

possible.

A source-follower circuit of 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 circuit by only n-channel transistors and possible to
use the a-S1i process in the fabrication of the TFTs. Due to
this, there is the advantage that a reduction of the cost
of TFT boards becomes possible.

<Second Embodiment)

FIG. 12 is a block diagram of the configuration of an
organic EL display device employing pixel circuits
according to a second embodiment.

FIG. 13 is a cilrcult diagram of the concrete
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according to a second enbodinent. 25 FIG 13 is a
circuit diagramof the congrete 36 S04P0C610
configuration of a pixel C%{cuit according to theSO4PO6H)
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

,xel circuits 5 (PXLC) .201 arran '
confttbfiegtigh g 20 piet Larlyd SPRAERhY,0 BhE, Begona
scanner (WS 204, deiv scanner (DS , ta
embBATBERT (150 Fie, O5FEIH BB BFBASR, AepiaenE; St an?-
sel ector 203 and supplied with data sjpgpal . _.in
accghﬂaﬁEEP%PYhd?ﬁéggu fant8 Fﬁ?ﬂ?nﬁ?igﬁg'sﬁﬁnﬁPﬂgFIG'
.10 lines W5L201 to W5L20m sel ectively driven by the
13,whpgea pdxedearroy, PRAE10R ¢82 havingspigel: 61H8836/
selectively driven by the drive scanner 205. Note
(PXLEAt 2MRi harangedi lal api pcE psMAYTix. caghpPEAgeRtaln an
mx n matrix In the pixel array portion 202, FIG 12
sele&tooHSER)e283p| @ wirditei scepoepi XWSCH)r 201t sagdgive
arranged ina2 (=m x 3 (=n) matrix for the
scasnem i(DSCH)i @05¢f dalte ldnew BFL2PAr thePTL2@nFselectedsby
well, the concrete configuration of one pixel circuit

thei hosti@onthar sel@ctiorplioBi aadli sappflielde wdthwandatBashgnal
pi xel circuit 201 according to the second enbodi nent

in Be®ordaansleowd th theGlukinankeniafomnalt i6h] 2tanntingTFT

213, a capacitor C211, a light emtting el enent 214
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 ¥ n matrix in the pixel array portion 202, FIG. 12
shows an example wherein the pixel clrcuits are arranged in
a2 (=m) x3 (= n) matrix for the simplification of the
drawing.

Further, in FIG. 13 as well, the concrete
configuration of one plxel clrcuit 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 €211, a light emitting element 214

made of an organic EL element (OLED), ard nodes ND211l and

ND212.
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nage of an organic EL elenment (COLED), and nodes ND211

an 25 ND212. 37 S04PC610,JFurther, in FIG 13, D
indicates a data |ine, M§ﬁ§01 i ndicates a scanni-r%%pé610
l'ine, and DSL201 indicates a drive |line. Anmong these
components, the TFT 211 configures the 5 field effect
transi stor according to the present invention, the

confRBEPEE": REEER, 88 PHEROT LA Tea 08 dah ane-

gu e Ssecon e capacitor

fi th i xel ' '
e T P I T
01 corresponds to the first control line

WEL i
dri?@c& 8fng to the present invention, while the drive
i ne DSL201 corresponds to the 0 ? control lin
Fur RHerg FH§S§UBBW?°PFHESOft?ﬁeégﬁmg 1sﬁﬂ?%i995?§ag%e
15 Vcc (power source potentijal) corresponds to the
flefd sffect kmansd storeAcrardingi ke the §regrRAtpIPYRRELPR-
G\D corresponds to the reference potential. In_each
thepC¥FE 2d2r confipyresy theufdeskngwatebai f6f TFThE1PrT
213 are connected between a source of the TFT 211 20
confnguaesarkbee seiconde swilfih . epndt thg eapasdtor1£213
drain of the TFT 211 is connected to the power source
confidgereisalthéc plxedndapacithode eflemedt| agordingt kpgthe
elenment 214 is connected to the ground potential G\D
preféat HaventdobhRkT 211
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
Voc (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 draln of
the TFT 211 is connected to the power source potential Vcoc,
and a cathode of the light emitting element 214 is
connected to the ground potential GND. That i1s, the TFT 211
és 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 elenment 214

38 SO4P0610 connected in g@%ies bet ween t he pomersehQM1O
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 .cqonstitutes a,node ND211. 5 A gate_of th 1
conigStEinap: S48, RECHEAR FB515%eF FrREre pHEeitlat vee
capacitor C211 as_a pixel capacjtor connect ed
and;, £hte GHOPRE. BGHEEARS1 ENBnFRBEEST ( Fle FOPRORELGBROLRE
the gate of the TFT 211 and the anode of the Iighk
of ghet apedecpénthe 3ightaemitiing) elemsnt gi4; pRA the
capacitor 10 C211 is connected to the node ND211,
sougge| efathecdFd 24PecrpshdtniesopnaefedNPditne node
ND212. A gate of the TFT 213 is connected to the drive
| i nd gabe20f. ther TRBr 214 teaucernenbed HepabheonofpNRER2.
212 as the first switch are connected to the data
Furthee , DEh20tapadithe C31docde BDPlZelFgaphelitoxn §&te of
the TFT 212 is connected to the scanning |ine WSL201.
conhécitleids betweenhthei xelesi NDQIL0. 204 ND2dedi khatoishe
present enbodinent is configured with the source of
betivBenTithe Jhteasst thedwFre2iilanadsthe anddehefatbeeldpht
the light 20 emtting el ement 214 connected by the TFT

em12E3ndS eliBfientW21@Ni AQFikaRSeIbOtrodRi bE &heapapatdtor

C211 connected between the gate of the TFT 211 and
c211h9 s2edRettein®ol thlt nodel kb2Aa ,ewainet a2técond
electrode is 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 DTL201 and the
node ND212. Purther, a gate of the TFT 212 is connected to
the scanning line WSL201.

In this way, the pixel circuit 201 according to the
present embodiment is configured with the source of the TFT
211 as the drive transistor and the anode of the light
emitting element 214 connected by the TFT 213 as the
switching transistor, while a capacitor C211 connected
betweén the gate of the TFT 211 and the anode of the light
emitting element 214.

Next, the operation of the above configuration will

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 pi?ﬁhPOGH)
circuit. 39 SO04P0610 with Teference to FIGS. 14A t0

14E and FIGS. 15A to 15F. Note that FIG 15A shows a
scanni ng signal ws[201] applied to the first row
scanning |line WSL201 of the pixel array, FIG 15B

Witiggg%&%Fﬁ%%QgéﬂﬁﬁﬁsgF?ﬁé“%éfgé% 3Re. kECs; s a%?2§?F-

15C shows_a drlve naI 20 a I|e tQ
f|r§9terBRPHrF$@ | L8 ﬁlaofc%ﬂgiégxgggg? [%§£§
15D shows a drive signal ZOZL I|ed 1
appddedndo SheaELFaY FRY SPaPPIRdon pRLASEA0N B! 55 piee
15B shows a gate potential 10 Vg of the TFT 211
arrayG FIGr éﬁMhQWSaﬁoae%n&egpatisﬁﬂlar'%?"?ﬂea?P'*i?ﬁl“
that |Is, the potential VND211l of the node ND211.
theFisesopdatrowh s congilngr }iasi WELAQ2s 4t Ehef PLRELERTFAYIt
emtting el enent 214, as shown in FIGS. 15A to 15D,
FIGLh&SCSshoasnmngrswgnaﬂgnwi[ESIZOldstvéled tpothgefirst

scanning lines WSL201, W5L202,... are selectively set
row drtive 1dwel asamouyofthhewpﬁkelsaamnwn FAG. 34D shews a
drive signals ds[2011, ds[202],... to the drive lines

ariRel 2a4na@Sa2q202]. appdiedciecthecksycoaid trowt deifidgAine
| evel by the drive scanner 205. 20 As a result, In the

DSU@O&ebe%h%ub&xﬁqlar&%thQWG | 15EFshowd4A, dalte ﬁBfeﬂtial
is held in the off state and the TFT 213 is held in

vg e 12 TFal 211 dnldl FIE.M5F BBowWd Bantanbde kliaes to

t he TFT 211 as
potential of the TFT 211, that is, the potential VND21ll of
the node ND211l.

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, 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. 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-emttlng period of the

light 40 S04P0C610 enittingﬁg}enent 214, as shown E%4P06u)
FIGS. 15A to 15D, the scanning signals ws[2011,

ws[ 2021,.. to the scanning lines W5L201, W5L202,...

are held at the low level by the wite scanner 204,

and the_drive si.gnals ds[201 02 v e 5 e
ous§tod Rakmengady BoEbhon 1h BIERILTER EoclS0e.HAE,
the low | evel by the_drive_scanner 20 As a resu
scanRLpge SOREL S MELaOL 120 W5 1202 dhoun tPn the) BoRBREHY, frines
TFT 212 is held in the off state_and_the_ TFT 213 i
WSL2QAneWSBRO2 110 - ARTEnPE 1A AS. thee 10 JAFPH bReLhearrife
EL light emtting element 214 falls since the source
scaphexug@idy amids ibgcdriveTrdapailsndsirodd)| gsddogde--- to
threshold voltage Vth of the EL light emtting
theederwet 11hés BSERGAr,, DSLR62. .cur aEst sgllestively sett ke
EL light emtting elenment 214, if 15 the non-emtting
thepdowodeveldt byudhe drdvegoseannsgir R0Sl. fall to GND. On
the other hand, the TFT 211 as thr drive transistor
|'s Bel d restfie,onnsthéepiketeciiteudit 20pot aat shbwnj in
hi gh. This boosting Is perfornmed in a short period. 20

FIGAf 1B beds! iMFy a2t He Yedd Am dher off statepphidedheoTFT
the TFT 211. That is, In the pixel circuit 201 of the

213580 rn@dP@derENt, it is possible to operate w thout
t he supply of

At this time, the potential held at the EL 1light
emitting element 214 falls since the source of supply
disappears. The potential falls to the threshold voltage
Vih of the EL light emitting element 214. However, since
current also flows to the EL light emitting element 214, if
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
1s high. This bodsting is performed in a short period.
After boosting to the Vcc, no current is supplied to the
TFT 211.

That i1s, in the pixel circuit 201 of the second
embodiment, i1t is possible to operate without the supply of

current in the pixel circuit during the non-emitting period

and therefore possible to suppress the power consumption of
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current in the pixel circuit during the non-emtting
period 25 and therefore p ible to suppress the

consunption of 41 SO4PCBld£¢he panel . Next, in th%e}fﬁ5610
non-emtting period of the EL |ight en1tt|ng el ement
214, as shown in FIGS. 15A to 15D, the drive signals

ds[ 201], ds[202],.. to the drive lines 5 DSL201,
. are held at the low | evel by the drive
theDggﬁgér 205 and the scanning signals ws[2011, ws[202]

sei kot “eBETRB B il Fedtra ot e s
204, ,
emi%ﬁ %?re?ﬂremfet%% 148 shawntan S1857 cik ‘a"“hEPﬁg%Bﬁ

e and the TFT. 212 |s gurned on, Da #hIS t he
driVﬁpﬁt’-%P&ﬁafis({Wﬁ)’ AFbpl3dred £8 the gni¥e iHBeBTLzol
y the horizontal selector 203 is witten into
DSLaaéacpﬁbﬂoéall aérﬁhbelﬂlﬁEItBSpQEWtéﬁveé bIstkf Pﬁige

tine, as shown in FIG 15F, since the anode side

scapoesn2Phl wadothehscapwingssignahe wad 28MIngwsi202], ...
transistor, that is, the potential VND211 of t he node
to tﬁﬂlspahaiag ﬁheegrHﬁbaoéotﬂﬁbﬂﬁﬂ.LeveﬂrécﬁﬁﬂﬂéﬁéV?lY
the capacitor C211 as the pixel capacitor Cs Is held
setatoatB8 pdphnleskletwakheowrhtevstangerVRfidoef the
I nput signal. After this, in the non-enmtting period
of -AkeaEteshlght isnthéi pixel eobtnéuPi420hs ahosihowm in
FIGS. 15A to 15D, the drive signals ds[2011, ds[2021
FIG.  14CtOthBereri ve3l iBeReld in the off state and the TFT
212 is turned on. Due to this, the input signal (Vin)
propagated to the data line DTL201 by the horizontal
selector 203 is written into the capacitor C211 as the
pixel 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 i1s, the potential VND21ll of the node
ND211, is at the ground potential level (GND level), the
capacltor C211 as the pixel capacitor Cs is held at a
potential equal to the voltage Vin of the input signal.

After this, in the non-emltting 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 e scanni ng signals S04P0610
ws[ 2011, ws[202],... 42 S04P0610 to the scanni ng II'nes
W5L201, WBL202.... are selectively set to the |ow

| evel by the wite scanner 204. As a result, in the

pi xel circuit 201, as shown in FIG 14D, the TFT 212

is turned,of f gnd t i,te ration 5 of
to gﬁgna s ihe S PER0L  1RE0R ) a2 eei BBt PRty
s. After this, homn n FIGS. 15A 15D, the
setg o thgy 19 1ave Z%PF WW% ftsospanner; 3% he scanni ng
lines WBL201, WSL202.... are held at the |ow ] evel by
theAﬁﬁﬁtEef91§eaﬁﬁthEOEixSﬁdG?HE“aFl3815|@ﬁaF£°wn 1n”
ds[ 201], ds[202],... to the drive lines DSL20
FIGRSLAD2, the 5&@3§éﬁeéﬁ1¢@F?e§ePfﬁoath§hﬁl@FiFQVQPeEQti°n
the drive scanner 205. As a result, in the pixe
of divec dinput05ignals fowthien caprGlterEC2lle asrthe) pixel
turned on. 15 By turning the TFT 213 on, current flows
caphgittee Endd.i ght emtting el enent 214 and the source
potential of the TFT 211 falls. The source potentia
of AlfeeTFthas] as shewndlnvEIGBanibat e ABDct bhees,
but despite this, since there is a capacitor between

scainin@ ngisd gila IIdharsT2D121 1 waridollg .20 awodheoischahainiggitnes
emtting elenent 214, the gate-source potential is

wstPohd &sron, Al. tdiles el att RheTEbw2 Lbvad bige ther wrdte
transistor is driven in the saturated region, so the

ca\%&%ﬁ%d drfd BN @rliveOwdlyntane Ee 201 basqrex]the. to
the drive lines DSL201, DSL202,... are selectively set to
the high level by the drlve 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 desplite 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 1is driven in the saturated region, so the
current Ids flowing through the TFT 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 S04P06

Here, the TFT 213 operates%?n t he nonsat ur at ed apos1c
region, 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

d t th TF 1 5 That th
ChrBagR-| FReTERT, 13 aRepRte g, th flolcur{)}ce*g%g{l#gneggby
the Vi DU to th Lf th

reg&ﬁ%ﬁtﬁgg h&%eﬁ%nyigf% Oé%eF|8ﬁ5P%§ Fﬁgﬁﬁ§ "value.

characteristic alon wth the increa | h
Accomddngdy .pdheo gater SeHECs Yerltage P ofc ?ﬁﬁ %6"1“ TEN f'ré Vin
second enbodi nent, the potential of the node ND21
ninug theyvalue: 9f M@eﬁ?ﬂ-&lﬂgﬁeﬁmgndﬂlﬁeté’atté‘eaﬁ'g T §&&rce
of the TFT 211 as thr drive transistor by is held

Thatodstarthe sunreatc flowdngf thxonght Kbeu #d 1Tepn) be
does not change. 15 Accordingly, the current flow ng

saildhtoude dederinineghby dimet ¥idng el ement 214 al so does

not change. Even If the I1-V characteristic of the EL
| i gbueerbt thegabbeepnevénhdifetbei Bhaldghtt pmitbinent
corresponding to the input voltage Vin constantly

elefieds 2a7d deterdloaatelshdnpdtls [I-Oblcharaztesdstie along
solved. In addition, by raising the on voltage of the

witi @ elfindrasE inthe lemiit:ipes pelilied,o i3l thec pdxel

variation in the resistance value due to variation in
cirdia & Meas e dnedlsé®ond 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 is held
constant, so the current flowing thrdugh the TFT 211 does
not change.

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

In addition, by raising the on voltage of the gate of
the TFT 213, it is possible to suppress variation in the
resistance value due to variation 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 SO4PC61O el ectrode of

light emtting el enent 214" s made the ground Sb%&mlo
potential GND, but this may be nade any ot her

potential as well. Further, as shown in FIG 16, the
transi stors of the 5 pi xel circuits need not be

n-ch nneI hann TETs 22 3
1o E0380 o5 Hhe 3 Ph R AR, Bremefie (218715 fadelcHRY

case, the omer source connecied tq t de side
sogi HQtEEtIiP&hF'NQm binshepcan, baonadsyAfy PRESE 2y

1 as the drive transistor is connected to the

potentAgdeasiyedilde. Further, the TFT 212 and TFT 213 as

the switching transistors may al so be transjstors_of

di f Fartherpofdr FhPUs iﬂrﬁﬁﬁthiGTF?hﬁlirﬁgs%ﬁE°H?l9% the

transi stor. Here, the pixel circuit 201 according
pixeficcdocudds nednbodi henn-ghannpd EF%@ISiéFPE‘El-tPIGEannel

according to the first enbodi nent expl ai ned above
TFTei R2R21b&éocazBamay. alise basusedi tbefonme epshwpdredhe

pi xel circuit 201 according to the second enbodi nent
cireadttha@npithdls caseyi thelpbwerceprdirng tis choneoted to the

enbodinent lies in the 20 difference in the position
anodke ©3ARCOE @heORL! NaghTedldtand eIEheht32a4.t While the

switching transistors. In general, the |-V

rrrC hanagkehe! g1 2rankdatos Es cohasemederdsthp cathode
deteriorating along with el apse. However,
slde.

Further, the TFT 212 and TFT 213*&5 the switching
transistors may also be transistors of different polarities
from the TFT 211 as the drive transistor.

Here, the pixel circuit 201 according to the second
embodiment and the pixel circuit 101 according to the first
embodiment explained above will be compared.

The basic difference between the pixel circuit 201
according to the second embodiment and the pixel circuit
101 according to the first embodiment lies 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 organlc EL
element ends up deteriorating along with elapse. However,

in the pixel circuit 101 according to the first embodiment,

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

enbodi nent, 25 the potenti di fference Vs betmeegxﬁpggu)
gate and source of 45 S04P0610 the TFT ill is he
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

[ l,g. =W Lxel Gl [ 0 [ t h
ene Bpbehy 39 Bl ool S indObasigedenpigeiie

113.1 ' \/ '
corbip o 11 EnBaB oghheie S a7
t i.c EL el t 114 it li.gh d
enab e AU S DRI 51053 Al Bekbsahodpy, e

first electrode (one side) of the pixel capacitor
lumipancgs dsndelthe ground potential GND. However, even

in the non-emtting period, the gate-source valtage

conipniibe Pdxsd ﬁéFﬁuéﬁdleErPEﬁPrﬂFBﬁstPntPﬁebeﬁgl

circuit 101 fromthe power source (Vcc) to the G\D
embodimgnggnsben the FFFadil2 g offnand khe TETehlH: dFgon.

period and a non-emtting period. The |um nance of a
thepspuirce potenddalnds of tthe grdyectrgnsdissornTERsldy}

of the emssion and the emtting period. Usually, the
becohest ¢het lground potegtjed and the begapdict E& edemegt 114

pi cture 20 characteristics becone, so it is preferable
doelsOnote eit Jimhd and a@ntleanst acmiont-iemd tEdmigoperTod.

obtain the sanme |um nance as w th when shortening the
Sim@Tithhiedaisisy,i dhe Firsits electyodey (oaer aide)t b€ the pixel

intensity of the em ssion of the :
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 GHND.

In general, an organic EL element has an emitting
period and a non-emitting period. The luminance of a panel
is determined by the product of the intensity of the
emission and the emitting period. Usually, the shorter the
emitting period, the better the moving picture
characteristics become, so 1t is preferable to use the
panel in a short emitting period. To obtain the same
Iuminance as with when shortening the emitting peried, it
is necessary to raise 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 driye transistor. 46 S04PO

Here, the pixel circuit 1 6according to the firsg%gPOGH)
enbodi nent will be considered further. In the pixe
circuit 101 according to the first enbodi nent, as
expl ai ned above, current flows even during 5 the

non-emttj riod.  Theref , LI shorteping th
o BefRg BBf Bikafaorpei ot heathatREndr S ofrd fures,
current continuously flo ven during the
embadiment; widd b&ePPB&?d§Egﬁh§“EEPPEnt consunpti on
i ncreases. Further, in the pixel circuit 101 cor di ng
t o {Retheopirel: cirgBifntft 2¢60EA1RGUFR Rt g?cﬁ{a
WCC and ground potential GND |lines are necessary in
embpddmenite| asTexpdpdned appvps FEEECRYr Floys| syepyguring
types of lines inside the panel at the TFT side. The
theVoonaediGkibnigaperiodhe Thergfoyea HéwshozderingcEheo
prevent a voltage drop. Accordingly, if 15 laying two
emityiey periiodeand meilsdpguther emovntt b€ cugFEengasun;o
be increased. For this reason, if the pitch between
curitent! soatdnumeusdyalflewsakveg duringhdhlei gher-emitting
definition of panels, laying of the transistors etc.

period,i @bl €hlko dueeet cdnbumpition Fnkmenaszesous!y, the
regi ons where the Voc lines 20 and GN\D |ines overl ap

in glsthage! 1ar enki phkelt 8irBG1€a3601 asdoiligtng to the
i nprovenent of the yield is liable to be kept down.

F1rAt %a,ggaaq.em ! BowreracoairdieNgotc@nith@1pivrelc andc dirouadl

according to the second enbodi ment, the effects of the
potential GND lines are necessary in the panel. Therefore,

it 1s necessary to lay two types of lines inside the panel
at the TFT side. The Voc and GND have to be laid by a low
resistance to prevent a voltage drop. Accordingly, if
laying two types of lines, the layout area of the lines has
to be increased. For this reason, if the pitch between
pixels becomes smaller along with the higher definition of
panels, 1aying 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 increase
ﬁnd the improvement of the yleld is liable to be kept down.
As opposed to this, according to the pixel circuit

201 according to the second embodiment, the effects of the
above first embodiment can be obtained of course and also

the effects of reduction of the consumed current and lires
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above first enbodi nent can be obtained of course and
also 25 the effects of reduction of the consuned AP0610
current and |ines 47 SO4P0610 and i nprovenent of thé
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 ;ag.EL _|ight i.tting 5 el ement
a“daFER§°MPFﬁ“3|8%55%6e8&ﬁ39 BSES?6|8S Riggﬁfce-follomer
circuit of n-chanpel trangistor becones _possjib S
"t Reopsdingi £0; BhasecaAn. EHARALRSSE, aparEre: EaL omes
drive elenment. of an EL light emttin elenen& ﬁhile
outgutyFith PenAeinIoraSinBdne LIBLPAHEE, SYERRIILReR, it
is possible to configure transistors_of _a i xel
chagigecdint the 5nwycﬁﬂ€ﬁ§ﬁﬁ§FSFF§n§?sF8r§Laﬁégﬁgs§PBFEin
use the a-Si process in the fabrication of the TFTs.
elepgatt @long with edapsei becomeshpossdPls TFT boards
becones possible. 15 Further, according to the second
enbadsoente-Eblilowepossrohdtt of shachanhelntrpesligforsD
lines at the TFT side and |ayout of the surrounding
becbiness pasaibdequiscofitt he ppssdblebdéoomsecani archannel
Further, it is possible to slash the nunber of G\D 20

trahisietoat alsha Grive dé2emeantsblfl ant ELelightaemithdng
overlap of the G\D Iines and Vcc lines at the TFT

eleh@dtd whald REIRighlcarreati apbdes calthoyeclkedeckrodesr., it
is possible to slash the nunber of G\D

Further, it is possible to configure transistors of a
pilxel circuit by only n-channel transistors and possible to
use the a-S1i process in the fabrication of the TFTs. Due to
this, a reduction of the cost of TFT boards becomes
possible.

Further, aécording 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
pixels become easler.

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, it is possible to slash the number of GND

lines at the TFT side, possible to eliminate the overlap of

the GND lines and Vecc 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 GND |lines and Vcc |ines at theSﬁﬁ%MlO
board so as to |ay 48 S04 10 the Voc lines at a“$
resi stance, and possible to obtain an imge quality

of a high uniformty. Third Enbodinent> FIG 17 Is a

bl ock diagram of the configuration of an 5 organic EL

di,spl devi ce egpl oyin i xel _ci.rcuit ccordi Q
theg ViR HingRnah pedpw FPelsfahes” af Blipripis Panphlalt

the concrete caonfiguration_ of i xel circuit
an impageqAnglisy AE thﬁgh EﬂﬁSBFﬂgﬁg'in the organic EL

di spl ay device of FIG 17. 10 The display device 200A

accé'F’élXﬁ@ Embedimentrd enbodi ment differs fromthe

di spl ay device 200 according to the second enbodi nment

in FRe. pbdZiison blogkndtagrem of the ceaplgnratienief an

as the pixel capacitor Cs in the pixel circuit. 15
org8pdci ELcdlisplaiyndendcpi smplefiogi & pdxedcedrendy to

t he second enbodi nent, the capacitor C211 is connected
accbetilegntbhe ghtledoembhdimemt211 as the drive

transi stor and the anode side of the EL |ight

em FIGnglsl eseat c2itduifsdibpgpnamdof othai spnecnetée pi xe

circuit 201A 20 according to the third enbodi nent, the
congéagachteonCdtlal pixednpeetadtbavveedihhetgatheanhiird

source of the TFT 211 as the drive transistor.
embSEiﬁbBECihlfheaokgaﬁicehﬁcamgégagfdbbgcecaﬁawtcorlezll

I's connected to the connection point (node

The display device 200A according to the third
embodiment differs from the display device 200 according to
the second embodiment in the position of connectlon of the
capacitor C211 as the pixel capacitor Cs in the pixel
circult.

Specifically, in the pixel circuit 201 according to

the second embodiment, the capacitor C211 is 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 circuit 201A
according to the third embodiment, the capacitor C211 1is
connected between the gate and source of the TFT 211 as the
drive tfansistor. Specifically, a first electrode of the
capacitor C211 is 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 is connected to
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ND211A) of the source of the TFT 211 and the TFT 213

as the 25 switching transi gg‘)or and a second el ect rs(bq?%m
I's connected to 49 S04P0610" t he node ND212. The res

of the configuration is simlar to that of the second
enbodi nent expl ai ned above. Next, the operation of the
above configuration will 5 be explained focusing on

1:hth )ioeo‘i@}t £2n of a pixel circuit wth reference to

%% 19E and FIGS. 20A to 20F First, at the
ord r tt st at e, of th EL I| oLt
el e#g‘ﬁt ¥'?f? fsr% “(r%r? IgFég 202&5 &E)feirt #e’ Bat of
scanni n S|gnals m5[20 ] 2 . to the scanning
the isr?é'émfg ebioshmenfg € ainegavag"’&& ‘ectively set to the

low | evel by the wite scanner 204, and.the % rive
si gNars . dsheo pperaddonpoof the ahoyge cgpEdgurpfden will
DSL201, DSL202,... are sel ecti vel y set to the hig
be Ieeuélaiblﬁd oansing smnthe opEsatisn, ofed Pixely CtiH'é’“it
pi xel circuit 201A, as shown in 15 FIG 19A the TFT
withl Teferesiat ite HREST {199 Ao 19F] ande FIGE. 203 jte ROFY
in the on state. At this tinme, the current Ids flows
t o FiesELTallibhes ordipadyi eaitting steteandf the EL light
light emtting elenment 214. Next, in the non-emtting
emifdiiingyg eXenidict Bl14, gid sHbuweniin iRIGESS| @0dntt2 20D .adhe
shown in FIGS. 20A to 20D, the scanning signals

scabi[12yl |s1 {1203 20110, tid 202NN .NGd ithes sAARIDAGY lines
W5L202,... are held at the low level by the wite

SIW.””WSI% and dihe gHlectisignplsetid?@te low level by
ds[202] .. .. to
the write scanner 204, and the drive signals ds[201],
ds[202]1,... 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
FIG. 19A, 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

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

scanning 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 th drlve scanner 205. 50
S04P0610 As a result, in tﬁ% pi xel circuit 201A, $94P0610
shown in FIG 19B, the TFT 212 is held in the off

state and the TFT 213 is turned off. At this tine,

the potential held at the EL light 5 enitting el enent

214 falls since the our u appea h
ot B RafeplilEs {8 EHS PRFELHGTHCOGE A0R- VRR BRoTReL
EL Iight emttin elenent 214. r,.since
FIGouASB theS SR Q3 15 PRAIEAD i ob BEAR BPEneRe TFT
214, If the non-emtting period continues, the
213pdseimrmed oESsi || fall to GND. On the other hand, the
TFT 211 as the drive transistor is held in_th p
st aAt thasetime.gihe petential hPédhﬁﬁhthﬁsgghgﬁﬂ Fn
FIG 20F, the source potential Vs of the TFT 211 i's
emiltddsige & lemenite 2idvdialdsusdacpolthggsovrce 4 HPPLY
boosting Is perforned in a short period. After
disapeiarsy the poténtialo faddsero ithes iileisheldo ioRd ageT
211. That Is, in the pixel circuit 201A of the third
V'the [$F0 e BT, ]J:IIgHtS dirttinge ellememdr 2A1d .wiHoweyer,hglnce
supply of current in the pixel circuit during the

of NSt ia1EPFLowE 20 taved BIhdrefhdr emiddsing @legent
suppress the power consunption of the panel. Next, in

214!, haﬂ%eemaﬂJéiﬁmrﬂgo%éﬂddﬂ@oﬁtﬂnm e tpdteptial
€l énent 214, as shown in FIGS. 20A to 20D, the
will fall to GND.

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

That is, in the pixel circuit 201A of the third
embodiment, 1t is possible to operate without the supply of
current in the pixel circuit during the non-enitting period
and therefore possible to suppress the power consumption of
the panel.

Next, 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 drive
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drive signals ds[201], ds[202],.. to the drive lines

25 DSL201, DSL202,... are held at the |ow |l evel by.t
drive 51 S04P0610 scanner 2b5, and the scanni ng %O4P&ﬂﬁ
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

i xel circuit 1A, as shown.in .5 Fl C .t ET

scapper; 20734 G‘q%%?‘ﬁ‘e SEEPRSEG: éigﬁalfhgs%?ﬁzﬁsﬁgﬁ] e

turned on. . Due to this, the_input signal (Vig)
to Shep#GARBANG, RS HEL20Mn VERED81 by BFE REAESHAYELY

selector 203 is witten into the capacitor C211 as the
setpiteetheapd@hy deved. brothe pRite; sranngT 2R4uwn In FI G

20F, since the source Vs of the TFT 213 as the

swi Ashengesuadsi dnothespinelpaderultodPla . paeefbryp in

Voc, the capacitor C211 as the pixel capacitor Cs is
FIGhell@Cat thep@Fan2ld isqbelldt dn( vhe- VEE) skiate apdsibe; TFT

to the voltage Vin of the input signal. 15 After this,
212 dst barmed em.t Duey tperthds , othehdnput |signaleiVioing

el enent 214, as shown in FIGS. 20A to 20D, the drive
propagatied daf Akl dais] 202k, DTL204 biye tie horilzoatal

DSL201, DSL202,... are held at the low level by the
selddbéd 29T ARE WA ena A toh ¢ heC sapiaed teirg C2l19 \as| 26
ws[ 202],... 20 to the scanning |ines WsL201,

pixdBl Zdpacitod €ssel ectively set to the low |evel by
the wite scanner 204. As a result, in the pixe

Cirgyi ip %%ima% a80WRokA 1Rl Frcl9BoF, he1hEE 2he kbdurce
turned o and the wite operation
Vs of the TFT 213 as the switching transistor is the power
source potential Vcc, the capacitor C211 as the pixel
capacitor Cs is held at a potential equal to (Vin-Vce) with
respect to the voltage Vin of the input signal.

After this, in the non-emitting period of the EL
1light emitting element 214, as shown 1in FIGS. 20A to 20D,
the drive signals ds[201], ds[202],... to the drive lilnes
DSL201, DSL202,... are held at the low level by the drive
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 circuit 201A, as shown in
FIG. 19D, the TFT 212 1is turned off and the write operation

of the input signal to the capacitor C211 as the pixel

capacitor ends.
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of the input signal to the capacitor C211 as the pixe
25 capacitor ends. 52 S04P(p610 After this, as sho§ﬁ4§&ﬂ0
FIGS. 20A to 20D, the scarhing signals ws[201],

ws[ 202],... to the scanning |ines W5L201, WsL202,...
are held at the low level by the wite scanner 204,
and the drive signals ds[201], ds[202],... to 5 the

dri Lin DSL201, . DSL202, ar electjivel et to
CheXEEgH FRISr B9 EREWD Pe.FIOSAnZ0ASHE 2T IneC |
in.the pixel circuit 201A shown,in_, Fl 1 t
scapping; ¢lo8ats, HEk 2081 - BY°LaPAIng -t nEOTERSS affing' nes
current flows to the EL_ 10 ljght emttingg. el nt 4
WSLZAA" | HEL30%mce -pBEenPERE BF the LoRTisyeli Ry ERETHELLS
source potential of the TFT 211 as the_ dri
Scappaﬁsﬁgﬁor?Pﬁu@b&a@§§Yeb§?96§§§iPé[?ﬂﬂéf §F¥§828here to
is a capacitor between the gate and source of _the TFT
thep drivet HdngshPSI20dns PSLEP3S . et-c. a&Le SRILCLINRLY: 88T &8
the gate 15 source voltage of the TFT 211 is
thecbdghadeivplhbiyd the @vilve gcepnest 208i-s tinme, the TFT
211 as the drive transistor is driven in the
sat Asaaedesujitoninsthehpizelr ehrcuds 2Pddi ngs shewvnghn
the TFT 211 becones the value shown in the above
FIGEJUOEI,Othe THN 213s isheugakd source vol tage Vgs of the
20 drive transistor, that is, (Vin-Vcc). That is, the
cur ggntuthewgngnehrewgb1shenTFEutténtaflows tai theoEbe
deternmned by the Vin. Due to the above, even if the
11igBk kindRit19y Eiled@nt 214 and the source potential of the
TFT 211 falls. The source'potential of the TFT 211 as the
drive transistor fluctuates, but despite this, since there
i8 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 is 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 value shown in the above
equation 1. This is the gate-source voltage Vgs of the
drive transistor, that is, (Vin-Veco).
That 1s, the current flowing through the TFT 211 can
be sald to be determined by the Vin.
DPue to the above, even 1f the EL light emitting

element 214 deteriorates 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 increasg,in the emtting perio

the pixel 53 S04P0610 ci Jetit 200A of the Chird  204bBb10
enbodi ment, 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,

R N L A

EL | em_tting_el epent 21 0.dges not chan
nods, AbAA falis, vidie dteopolantlal Brbaeen i J4ts and
enltt|ng#é enent 214 deteriorates, the current
souxsier &f TET 2dhes P& dféV\'PoFFa"géiﬁtﬁrc&ﬁsP&r’rﬂ y
flows and therefore the past problem can be solv
constanddi tsioothesovaEemie £l owdngo thrgvghs ithe dFT Z&tlhépes
than the pixel capacitor Cs between the gate and
notsalmangeocf the TFT 211, variation in the threshold
value Vth will not 15 cause any change of the
gat Acsomddaglyl,t &he Ygsrehtt faowing hrought fhedELydight
transistor like in the past system Note that, in FIG
emittinighelppiestt i2d/4 @flstohdoest made chelngs.r EBvenofift the I-V
light emtting elenent 214 |Is nade the ground

chal@ictferidtiG\NBE itle HI Ligdit kmittdmgielentendr 22@
potential as well. Rather, making this the negative

de HiWRratedll Gd L ithent wiespoddngoftd teVanput be
| owered and enables the potential of the input signal

voltAUdeP 8 nf i tdniNSF Towd And thrfefdiRsSitlie Walstogroblem

urdeni ng t he external
can be solved.

In addition, since there is no transistor etc. other
than the pixel capaclitor Cs between the gate and source of
the TFT 211, variation 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 potential of the cathode
electrode of the light emitting element 214 1s 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 Vcc 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, since no GND lines are required, the number
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| C becones SossLbIe. 26 Further, since no G\D |ines

are required, the nunber 54 S04P0610 of input pin

t he panel can be sl ashed it pi xel | ayout palsg BoiFbe10
becomes easier. In addition, since there are no |onger
intersecting parts of the Vcc and G\ND lines in the
panel, the yield can also be easily inproved. 5
Further, as sho in FLG_ 21

of SRUR BiPR P, CHECHOREY G8RPenANREHOR, ARG Bape 1aFout

p-channel TFTs 231 to 233 may al so be used _to for

alsgy bRopmes| eagilegy dIn PﬂdFﬁFQnZa§%P°Fh$h65ﬁePr§oﬁPcgbpger
connected to the anode side of the_ EL el ement 234,

intgmsectdng PRTts3pfadhen¥oroapfl GNP AAREFs By ti‘% panel,
connected to the cathode side. Further, the TFT 212

theayd €1AT can3 adsot he easddli ABPTEV&Asi stors may al so be
transistors of different polarities fromthe TFT 211
as Fhetteveasr gsheowst dn. FAEcoRdi nheotraasifteys of the
enbodi nent, source-follower 15 output with no

pix@dt edirefudttisomeied noti benoe chasneli traasiskarge Prchpanel
|-V characteristic of an EL light emtting elenent

TP 23Q Wol 233 apge dlseomes usessitbl €ora sawhc piikelll ower
circuit of n-channel transistors becones possible, so

ciricaiitS RS HHilse dakdls ahN poweliasveirce2 st konsiesttedd &> dhe
drive elenment of an EL light emitting elenment while

anodd Y del g theA R0 ¥ 1Ecnd 2 30l eGihia@ethe FWT 231, aist the
I's possible to configure transistors of a pixe
ari¥e Pands 1 U doiRdRled 1N The Yathvde RATR.ble to

Further, the TFT 212 and TFT 213 as the switching
transistors 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 deterioration in luminance even with a
change in the I-V characteristic of an EL light emitting
element along with elapse becomes possible.

A source—foilower clircuilt of n-channel transistors
becomes possible, so it 1s possible to use an n-channel
transistor aé a drive element of an EL light emitting
element while using current anode-cathode electrodes.

Further, 1t is 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 TFIs. Due to

this, a reduction of the cost of TFT boards becomes
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Eze the a-Si process in the fabrication of the TFTs.
eto 25 this, a reducti of the cost of TFT bqar
beconmes 55 SO4P0610 possib&g. Furt her, according%{a’é‘98610
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
éag er. Further, it is possible to slash the nunber of
pos I S-ines at the TFT side, possible to elimnate the
overl a the G\D | ines . and Voc_lin t the T
banHreaﬁE p8SEPEAdng; §o; ﬁﬁ?ogggFﬁee ﬁgﬁg FgFtﬁgr
It is possible to slash the nunmber of G\D I|n
POSF%QI?FFOSﬁ&QShpG§§ Bugbeg Qﬁlﬁﬂﬁhﬂé“@ﬁeaﬁv§PPaEF3fSide
the G\ND Iines and Vcc lines at the TFT board so as to
and Jpyourte ofc dhe sagreoundingyliagissandcdayend pdsIPs e
to obtain an inmage quality of a high uniformty. 15
pixelsubelcolehedistemt.> FIG 22 is a bl ock diagram of the
configuration of an organic EL display device
enpFayithgra pitxdls posediblle &oceldshgthe numbert hf GND
enbodiment. FIG 23 is a circuit diagramof the
1ine@naitetthe? TRIOBideyr poissibdfe Zopieldminateuitheacserdiapgof
to the fourth enbodinent in the organic EL display
thedeNDCa i9feFldad Yoo 1ihesdiatpthe OPD beald), and pPoswible

in FIG 22 and FIG 23, has a pixel array portion 302
to Haprd¥elivhdl yalg1@li ts

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 Vcc lines at a low resistance, and possible to obtain
an image quality of a high uniformity.

{Fourth Embodiment)

FIG. 22 1s a block diagram of the configuration of an
organic EL display device employing a pixel circuit
according to a fourth embodiment.

FIG. 23 1s a clrculit dliagram of the concrete
configurdtion of a plxel circuit according to the fourth
embodiment in the organic EL display device of FIG. 22.

The display device 300, as shown in FIG. 22 and FIG.
23, has a pixel array portion 302 having pixel clrcults

(PXLC) 301 arranged in an m x n matrix, a horizontal

selector (HSEL) 303, a first write scanner (WSCN1) 304, a
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(PXLC) 301 arranged in an mx n matrix, a horizontal

25 selector (HSEL) 303, a érst wite scanner g@&ﬁOGH}
304, a 56 S04P0610 second Wite scanner (MBCNZ) 3

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

secéig%ﬂw—ﬁ' 3 BERhR Bethe)\aPSonn HEVBEIBEaRHeR BRG],
304,
36. V8 SORFLEPE. PPIERSoaPPYBReD TR dPT fedé‘?LﬁééPegsBEml

and drive_lines DSL301 seI tlvel riven by
to PREsHR selechntoPysthe hraPD TRetaT 8%?&2@ -
circuits 301 are arranged, in an n1x n matri x_In the
suppilied ¥ithy apGF'ttlaoﬁiSGEl #PG“GEQrdgﬁss?/sW&ﬁhe%Hﬁpl e
wherein the pixel circuits are arran in g
lumgngnece Anfegmationgr Spﬁénépﬂpﬂ-ﬂ-ﬂleéa?’gé'ﬁoéf tPhE—'ISL Om
draw ng. 15 Further, in FIG 23 as well, the concrete
seleoﬁﬁvgawaﬂmdwenfbwnéhplwﬁﬂtelS§9nners3gﬁowﬁ°ﬁaping lines
sinplification of the drawing. Each pixel circuit 301
WSLaddotdi WLBAm lseleotdviklyedivddeneby khe, wxdtehsaanpar
FIG 23, an n-channel TFT 311 20 to TFT 314, a
305¢apadi deive3linea DSHBOletiot DSHEOml eedeptivelyndeiven by
an organic EL elenment (OLED), and nodes ND311 and
theNB21%e Edahher 308.FI G 23, DIL301 indicates a data
l'ine,
Note that while the pixel circuits 301 are arranged

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

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

Bach pixel circult 301 according to the fourth
embodiment has, as shown inVFIG. 23, an n-channel TFT 311
to TFT 314, a capacitor C311, a light emitting element 315
made of an organlc EL element (OLED), and nodes ND311l and
ND312.

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

indicates a drive line.
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W5L301 and WSL311 | ndicate scanning |ines, and DSL301
25 indicates a drive Iine.,f? S04P0610 Anobng t hes 04P0610
conmponents, the TFT 311 coh igures the field effecC
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

he_5 thi i tch d . th ' C311 '
t heanphd thesh, kShnaRRes kR RER P BopsopLLa the
t i tign, Furth h [ | i WEL 3
£10l10; PEERGHGEEADSAREOF| ACEOEOAPPORO! FRE RESSPRENGPPESERSR -
resent invention, the drive |ine DSL301 corrﬁzgonds

the?gFFh§1§e€8H§i§HHPFoFhPiﬁéFStlﬁwéﬁ&hvh§h§cgﬁﬁi l'i ne

W5L311 corresponds to the third control Iine.
confggpmes, thee segpply sWikehot thre TE8 AL 4sGOPEATYTRELRE
Vcc (power source potential) corresponds to the first
thipdf enditch.pendnthel caparisorh€3glografpanensi fhecribxed
corresponds to the reference potential. In each pixe
capacitance3élementoaccerdhugatdr $he piresend IAVeBtionre
connected between a source of the TFT 311 and an
anoHartherhetheghtanningi hinel ¥868013¢6rresgonds té the
the TFT 311 is connected to the power source potentia

fir¥ec cod@rond 1dneakbkededahgt ke khehpresenti agveheédont the
315 is connected to the ground potential GN\D. That

drive. 1ihe DEL391lcoasekpondEsi ¥6 thansesbad coherdET12h3,
as the switching transistor, and the light emtting

and€t88PRltadh2nd’ @ine WSL31l corresponds to the third
control line.

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

In each pixel circuit 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 is connected to the power source potentilal Vcc,
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 switching
transistor, and the light emitting element 315 are

connected in series between the power source potential Voo

and the ground potential GNP. Further, the comnnection point




10

15

20

25

connected in series between the power source potentia
Vcc 25 and the ground potential GND. Further, the
connection point 58 S04P06™D of the anode of the ﬁpéﬁﬂﬁﬂ)
emtting elenent 315 and the TFT 313 constitutes a

node ND311. A gate of the TFT 311 is connected to the
node ND812 Further, the capacitor C311 as a pixe

capaci tor is 5_connected. be n th es 1

e 0 obudh, Shriher 1I9RRCShERA IR ST AnblE, RHCRADRR e
and the node ND311 (anode of the light emtting

313ccepskitatsy. aanpAesNDdldct rode of the capaC|tor C311
Is connected to the node ND311, while a seco
el edt gotie PE EbanBETe3llolsheonpeetafato. the QPﬁﬁtﬁDﬁ}z
the TFT 313 is connected to the drive line DSL301.

FurfEherhethea capacd&oan§33dldasi p plxehecaprodtora&s: Ag
first switch are connected to the data |ine DTL301 and

conhketedote thB2h2 theunpldes, NB33at endf NDRA2TFThat21ks
connected to the scanning |ine WSL301. 15 Further, a

betweenC ¢handatediofi thef TFiFe 3TETadd4 theenodenNO3idd (anode
bet ween the node ND311 and the constant voltage

of $8¢’ 19887 emAt3dng efleientTBI5I14AI Sivsknedeedrodet o
scanning line WSL311. In this way, the pixel circuit.

the3 %P%Q%Qﬁ QG110 16h@onA@citeas ¢ot thehndideenp3lla, while a
configured with the source of the TFT 311 as the

sec‘é:?'xdvfél'é%&%'d%t Qs dhnkltcanede tak hbae NBRU2.em tting
ment 315 connected by the TFT 313 as the swtching

traﬂsbakgr o2 thaPagit 853C331c60R868L80tBetHBCATrive 1ine
DSL301. Further, a source and a drain 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 ND311l and the constant voltage
source 307. A gate of the TFT 314 is comnected to the
scanning line WSL31l.

In this way, the pixel circuit 301 according to the
present embodiment 1s configured 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 C31l1 connected between

the gate of the TFT 311 and the node ND31l (anode of the

1ight emitting element 315), and a node ND311l is connected
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the gate of the TFT 311 and the node ND311 (anode of
the 25 light emtting ele t 315), and a node N

i s connected 59 S04P0610 t S?ough the TFT 314 to %EIPOGIO
constant voltage source 307 (fixed voltage line).
Next, the operation of the above configuration will
be explalned focu3|ng on the operation of a pixe

ul S Wt erence to F A to 24E an
thr@n %AW hd TN GREE RS voRkagso RS E R0 ng
%Q ws[ 301]. applied to the first row scanning line
(fiﬁEL OPidRandiRoel array, FIG 25B shows a scanning
gnal %3021 applied to the second rqw scanni ng
| . n&lev\sLs beoPpPW@tameePfthsy?bQUeFPanfégergﬁaaB ‘5111
scanni ng S|gnal ws[ 311] applied to the first _row
be sepdmingd ifecusging] Profthehopsmadiion ofy a plgelpghroult
shows a scanning signal ws[3121 applied to the second
withowefegmmyiend-d IFIGSABIZIE tof 24fc apidx SILGE.r 2pA KOG25H5E
shows a drive signal ds[301] applied to the first row
dri Wetei nhatsFDEL3@5A0EhpWe pi selnaingy sighal REE301]
shows a drive signal ds[3021 applied to the second
applaediio/ aleé FAI3Y 3% afcanmdngilimle MSIBP1 BIEGLhRSGlxel
shows a gate potential Vg of the TFT 311, and FIG

arrdy;] ¥Iews 258 e 9 damiiey isdignafll tad 3021 applied to
that is, the potential VND311l of the node ND311l. 20

theFlsreﬁionaatrM%dmm@ VLi61d WYL 2StoF @S piike1Flariraght
emtting elenment 315, as shown in FIGS. 25A to 25F,

FId.N25c5 GG Hdiilih PNSit i, veéﬁ[ﬁci%] applied h® the

scanning l1nes WS5L30 are selectively set

£1rst W% |QUdAYY 1Phe wsL31l 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 pixel array, FIG. 25F shows a drive signal
ds[302] applied to the second row drive line DSL302 of the
pixel array, FIG. 25G shows a gate potential Vg of the TFT
311, and FIG. 25H shows an anode side potential of the TFT
311, that is, the potential VND31l of the node ND31l.

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
WSL301, WSL302,... are selectively set to the low level by
the write scanner 304, the scanning signals ws[311l],

ws[312]1,.. to the scanning lines WSL31l1, WsL312,... are
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the wite scanner 304, the scanning signals ws[311],
25 ws[312],.. to the scanning |lines W5L311, WBL31%M4PO6K)
are 60 S04P(0610 seIectiveI@yset to the |l ow |l evel by

the wite scanner 305, and the drive signals ds[301],
ds[302],... to the drive lines DSL301, DSL302,... are
selectively set to the high |evel by the drive

s BERR i BB SR Revr oo s S o
cod BT, 3 GhGn AR TR 1 ot R R

transistor is driven in the saturated region, .the
Lings, PERB0130DEBS 0Pl ons (5%t RELPEFLARITaREY: RE EPS Bigh
el ement 315 with respect to the gate-source voltage
levgdsbyndke drdvehecaBReEnPPi-ng period of the EL |ight
emtting elenent 315, as shown in FIGS. 25A to 25F
t heAssganabndtsi §natbevpirel] cingpdy2pol, as shewn in

scanning lines 15 WSL301, W5L302.... are held at the
FIG.o®4Rsv&hebTFilise 32 pad Sd4nnze Bedd dpetheankifngtate
signals ws[311], ws[312],.. to the scanning |ines

and\6hal rFM\\8[13131s. heldr dnhéhe an shfetleow | evel by the
wite scanner 305, and the drive signals ds[3011,
ds[ R@2khis. timel heidcevenhti TET BEL38%, theLdb2yve.. 20
are selectively set to the low level by the drive
trahedshor 130@riAena ihethk! satarhitedpiwegion,r thiet cafttent
as shown in FIG 24B, the TFT 312 and the TFT 314 are

Tdsh¢hews tHohenef frFT 311 and the EL element 315 with

respect to the gate-source voltage Vgs.

Next, in the non-emitting pexriod 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
WSL301, WSL302,... are held at the low level by the write
scanner 304, the scanning signals ws[311], ws[312],.. to
the scanning lines WSL311l, 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 selectlively set to the low level by the drive scanner
306.

As a result, in the pixel circuit 301, as shown in
FIG. 24B, the TFT 312 and the TFT 314 are held in the off
state and the TFT 313 1s 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. tineg,
the potential held at the EL light 61 S04P0610 10
emtting elenent 315 fall s since the source of supoflP06
di sappears. The potential falls to the threshold
voltage Vth of the EL light emtting el ement 315.
However, since off current also flows to the EL Iight
en1tt|n eIe 5.3 i f the on en1tt|n er|
emiE 5o Gdeepi S35, SALLE S1nPPI P8 FORGCENDE BAPPAE
ot her hand the TFT 311 a [ tra tor
disaep&arﬁ { Bbeoporpatsal feiis §° 5#8 ﬁBFsﬁFPéﬁ VP%*age
% As shown in FI G 25G _the source potentia
venRE ‘theTRE JAghitoepattian paopRBL dAer HOUPRETsoPLaGE
Vcc. This boosting is perfornmed In a short period.
offAPHETensogilisag flowst ke Vie, Eholdghtepmitilegpplemgnto
the TFT 311. That is, in the pixel circuit 301 of the
315fo¢ftMheenbodem@mt;nntpesipésgpbténFGSQpﬁh&tEO%PPE&G@
the supply of 15 current in the pixel circuit during
wiltLth€afdnteniGNDl.ng peri od and therefore possible to
~suppress the power consunption of the panel. Next, in
t heonobhenbthenrghand| othef TFHe3EL asghhe dnivel ng
el enent 315, as shown In FIGS. 25A to 25F, the 20
trafdbi%eos geahe1dsiaOthe da[ 3@3te. siheet thedghte potestial

DSL301, DSL302.... are held at the |low I evel by the
is ﬁ& ne AEC 3ROGN 3&6F1bhezscannhags&u@&el§owebﬁmal of the
3021,... to the scanning lines W5L301, WSL302,

TFTaﬁilsiheﬁbbEQEH £8! the power source voltage Vcc. This
boosting is performed in a short period. After boosting to
thé Vcc, no current is supplled 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-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. 25A to 25F, the
drive signals ds[301], ds[302],.. to the drive linmes
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

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[ 3111, [312],... to the scannd

lines 62 S04P0C610 WSL311, @@lez, ... are selecti ng&?oﬁw
set to the high Ievel by the wite scanner 305. As a
result, in the pixel circuit 301, as shown in FIG

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

FT‘%} s hel d cq:tf sl&at . E,%egh i t‘%%

P t . » 1 1 b
WS %r%'-prlLft Si g%nla (‘Wi %ﬂegrsgeg‘%ai&g osteehe at a%1 [ ngﬁDTL 01 ¥
theb tqie . chorizc%tsal selector 303 is witten into the

cgﬁ"&tet& AEPLC At he pi xel capacitor Cs. Wen

witing this_signal .Line,voltage, it is.10_Il rtan

thatst e SpERLYyS 1 chis, RAFS0n SLEP el lua S RRCWRRED

314, if the TET 312 were turned on and the vid
FIGsi #f4. the FEF i3h%emnt Tffe Pikars el v ithe

woul d enter _the source potential Vs of the TFET 311.
TFTAS 1ok ek dmithe 9fF statieng e (o this 3the Input

connecting the node ND311 to the 15 constant voltage
signalr d¥1307 puapagatieddaoc dlee dad@ tldnen@TL3G bpddence

line, so the voltage of the line would be witten
horilziom ttaie ssederatep @0shtlisawrditden dade Nb@l Papgicitier C311

TFT 311. At this tinme, if making the potential of the
as |thee pdxel Zapgawitzoudss potential (potential of the

node ND311) of the TFT 311 as the drive transistor

becunesn Woitingathdisestigakl ddunal vodt@den- ¥a) 1ss hel d

with respect to the voltage Vin of the Input signal
impdirtdit Ained thRpPa®ET @14 hbe turned on. If there were no
TFT 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,
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
written into the source potential side (node ND311l) of the
TFT 311.

At this time, if making the potentlial of the line Vo,
the source potential (potential of the node ND31l) of the
TFT 311 as the drive transistor becomes Vo, so a potential
equal to (Vin-Vo) is held with respect to the voltage Vin
of the ilnput signal at the pixel capacitor Cs.

After this, 1n the non-emitting period of the EL

light emitting element 315, as shown in FIGS. 25A to 25F,




10

15

20

25

After this, In the non-enmtting period of the EL 25
light emtting elenent 315, as shown in FIGS. 25A
O5F. 63 SO4POB10 the drivedignal's ds[3011, sbpoe10

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 t he scanning

o Bl i 2 B i
DSLQBESO?£L3°2are séF@éP%&Qf?%szggpgbgﬂée%g%'ng%ﬁ N et

wite scanner 304. As a result, in_the pixel _circuit
scapper 396shdhe ﬁﬁafaipseﬁignelstWé[?#+13155[§ ?drned to
off and the wite operation of the input signal
thet seapnpngi 1dnee3WEL3d 1t hWSHBARL - - eaaaeuheﬂdeﬁ&sthﬁthigh
this time, the source potential of the TFT 311
1ev@pobwnthalwmﬁtnoseaNDBrlﬁoﬁasand bed scpanipw signals
i npedance, so 15 the TFT 314 is left on. After this,
ws[391dhows [BO2H,GS.. 25Athe 26RApningl dinks WBLBOé.signals
ws[ 301], ws[302].... to the scanning |ines W5L301,
WSL¥HR3Q2... areaselkettdvaelyt Betl dw ftheellolay lelelwbyt &he
scanner 304, the scanning signals ws[311], ws[312],
write 2@ahhersgeani ng |ines WSL311, W5L312.... are set to
the low level by the wite scanner 305, then the

drixg §i 988hst, dsh3edd, p¥ab308)rcuitt 8ot headr EMowhi NS

DSL301, DSL302,... are selectively set to the high
FId.eﬁﬁb,bihEhQFﬁrhﬁg §6aR8hed 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 impedance, so
the TFT 314 is left on.

After thils, as shown in FIGS. 25A to 25F, while the
drive signals ws[3011, 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[312],... to
the scanning lines WSL311l, WSL312,... are set to the low
level by the write scanner 305, then the drive signals
ds[301]1, ds[3021,... to the drive lines DSL301, DSL302,...
are selectlvely 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.h25 As a result, in the pixel circuit 301,
as. shown in 64 S04P0610 FI 24E, the TFT 314 is
turned off and the TFT 3lsg%econes on. By turning %ﬁgO&m
TFT 313 on, current flows to the EL light emtting
el ement 315 and the source potential of the 5 TFT 311
galls The source potential of the TFT 311 as the
rive transistor_f] uctuates, despite thi
FIGHAUE. (e, THLATA o Hatussh Sah R dtie, Frs 1, Hgbomes
the TFT 311, the gate-source voltage of the TFT 311
On4s constantly held at (Vin-Vo). 10 At this time, the
TFT 311 as the drive transistor is driven int
sat Byattagrndag dhe 5T 3d 3 @R MUTEER Y [EJRWFy Tt ﬁ?’&&ﬁ'
the TFT 311 becones the val ue shown in the above
ligijuamidit ing Rrlement (316 qad-Hwusaanes Rgfenkiabod fhe
drive transistor, that is, (VIn-Vo). 15 That is, the

TP B erallown T tdownah ndkemARBOE dhe TRE sl ao the

determned by the Vin. In this way, by turning the TFT
dri3ie! tramkis ter af luciretesy itk paspite dhiske since there
source of the TFT 311 low in inpedance, it is
1s ROSEAPHEL tor PdiErddre tdnsirgrtes i anl cfourtvee 2AE TiHe 3FT Fl1,
the pixel capacitor a fixed potential at all tines,

thd Nfftee | SoudodIopsh tye S| ey TRT e3Drig i onsffari g dheld
qual ity due to coupling at the time of a signal line

atVYV£ﬁL 6perat|on and It is possible to wite the
signal 11ne

At this time, the TFT 311 as the drive transistor is
driven in the saturated region, so the current Ids flowing
through the TFT Bli becomes the wvalue shown in the above
equation 1. This is 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 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 capacitor a fixed potential at all
times, there i1s 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, it 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 aga

| eak 65 S04P0610 character%gtics. Due to the abo&%ﬁPo&w
even if the EL light emtting element 315 deteriorates
inits |-V characteristic along wth the increase in
the emtting period, in the pixel 5 circuit 301 of the

cha%%#ﬁkﬁﬁﬁnﬁgg{ggnébtéﬂ?ggrtgg:;ggnozhéhgatQ:ngNDgéﬁrce
ET h ' '
conBHEnFo' £8% A %artar?sx%ﬁgﬁ&cﬁ%sbﬁ;%ghi ﬁﬁ-t%ﬁmsn
d 10 A
etk % ﬁee*%az%qr@aes I g i chemacissistes ades

not Chan%Fﬁ Even if the |-V characterlstlc of the EL
with the dpomeass difetbe epidtdoge pegidodes 1oy fbec plredt

correspondi n o the |nput vol tage Vin constantly
ciroudis 384d Otﬁ"&lh@f epbodimenit.c the Potgatdal of the

solved. In addltlon S|nce there is no transistor etc.
nothHBBlltﬁaﬂlﬁh@h@lﬁeﬁh@aPQGBnGﬂaGSbb@mwsanthheggaﬁeand

and source of the TFT 311, variation in the threshold
sourgeuefVitheWTFT 3dil. asadbe dmivehdmgasdistolmels held

gat e-source voltage Vgs of the TFT 20 311 as the
condtiant ,t santhet ourired iflotlagpbironght ¢he WPre 3thatioes

the potential of the Iine connected to the TFT 314
not( ehaagant voltage source) is not |limted, but as

shown in FIG 26, if nmaking the potential the sane as

VccAccordingly, the current flowing through the EL light
emltting 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 Cs 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 potential of the line connected to the
TFT 314 (constant voltage source) is not limited, but as
shown 1n FIG. 26, if making the potential the same as Vco,

slashing the number of signal lines becomes possible. Due

to this, the layout of the panel lines and pixel parts-
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sl ashi ng the nunber of signal |ines beconmes possible.
Due 25 to this, the layout of the panel |ines and
pi xel parts 66 S04P0610 be@gnes easy. Further, t heP04P0610
nunber of pads for panel Input becones possible. On
the other hand, the gate-source voltage Vgs of the
TFT 311 as the drive transistor, as explai ned above,
is 5 determ_ped_by Vin-Vo. Accordingly, for exanple a
beddiish G477 HIRAT AT 1 ey SV L, K o SRR A
such as the _ground potential GN\D, the input signa
becomeas, RGP be prepared by the |ow potential near
the G\D | evel and boosting of the signal of the
neaPBy thes othexohapdyyitheqgate-soprrer voiltage ¥gsspp| &he
to reduce the on voltage of the TFT 313 as the
TFE §ltlc fsh Fhe Srdiver dransd sgedsi @ise explalnech abeverhds
burden on the external 1Cs in design. Further, in FIG
detzImimed oyt 8fim-Mo .oAcdexrddagiyde foal ectampde @fs tshown in
light emtting elenent 315 is made the 15 ground
FIGuot2ant ilfl s@tidingutVot Hos andypwh @ortead 1arly suicheas the
potential as well. Rather, making this the negative

gromude potemiricd GNDYl ¢het Hapott edignall efolitage\/ddnt cane be
| owered and enables the potential of the Input signa

" prepelriedy ®yt @hlke 1dwopRtefti@ie neart the GHPSI1@vel ahaut

burdeni ng the external 20 |IC beconmes possi bl e.

booSHinRClof dhesSRA\Yhal offl EhelBealrhd TN IsShRAS relquiiked.

pi xel circuits need not be n-channel transistors.

f’uxﬁbh%?n ! l:l.sTlf)E% siplel Ro32bale he0 o€ veifRgkl oftOftlle TFT

eac pI Xe
313 as the switching transistor 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 thils the negatiﬁe power
source enables the potential of the Vcc 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 circuits need not be n-channel transistors. p-channel
TFTs 321 to 324 may also be used to form each pixel
clrculit. In this case, the power source potential Vecc is

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

Is 25 connected to the anode side of the EL |ight
enitting 67 S04P0610 el onehit 324, while the TFT 32P458610
the drive transistor is connected to the cathode

side. Further, the TFT 312, TFT 313, and TFT 314 as

t he smﬁtching transistors may al so be transistors of

N

sour ce- f ol | gwer output with no deterioration in
conngGted, ko &g Sptteds sddSnge in the 1-V

characteristic of an EL el enent al on with el apse.
becEHESPEEsstBRe TFT03A25 oiF L3 8l | 8 rTEFréaﬁtaﬁfthe
n- channel transistors becones possible, so it is
swigedding drensdsdons maghadsel be; taasisdsdorss of diifferent
el enent of an EL light emtting elenent while using
polemitdes £ivode thet MFTe 3d/le aisr Shes driye: kaansilistios.
possible to configure transistors of a 15 pixe
ci r Aocoryngnity thehfionektht embhediment, asdupoesEbliower
use the a-Si process in the fabrication of the TFTs.
output wdth! hiocs dexerddmation dh LominaniceoeveRT widhr ds
becones possible. Further, according to the fourth
chagigeodnMtihle, T-¥ ichardete@dsitilce offo aw ELe elllemenitgadong
line voltage in a short tine even with for exanple a

withl adlapsiedbRlcomed possible.to obtain an inage quality
with a high uniformty. Sinultaneously, it s
posgi Bberbe-¥Btisnes ENBcaifingk hliBRaRABRCEL¥ndRHtors
becomes possible, so it is possible to use an n-channel
transistor as a drive element of an EL 1light emitting
element while using current anode-cathode electrodes.

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

Further, according to the fourth embodiment, it is
possible to write the signal line voltage in a short time
even with for example a black signal and possilible to obtain
an image guality with a high uniformity. Simultaneously, it
is possible to increase the signal line 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 ble to slash the nunb%% of G\D 68 S04P0C610 l'@ﬁ&mﬁuj
at the TFT side and | ayout "0f the surrounding |ine€

and | ayout of the pixels becone easier. Further, It is
possi ble to slash the nunber of GND |ines at the TFT
side, possible to elimnate the overlap of 5 the GN\D

line d i S at. the TET and
11!1%%%%@“@? S i oy 9t s gt daded
he nunber_ of GND l.i nes at the TFT side, possible to
andelllarﬁq’r’di &F Hde pdFels Qe €3§395 nes and Vec |ines
at the TFT board so as to Iay 10 the Vcc lines at a
| owFlgdherandd ign@ogsddls &or §la5haithe aymbgrget GND
quality of a high uniformty. Still further, it Is
1iq@<$s§4to|té1q FER e dene Dassikbles itgh ALipdinatge theaovaflap of
G\D and possible to lighten the |oad on the externa
thed GNR: Ishnetse and) ¥ oo liine sE@fo dibee MEY Mogrdy9 angd passidde
di agram of the configuration of an organic EL display
to depmereeiileowieg da pi xel circuit according to a fifth
enbodinment. FIG 30 Is a circuit diagramof the
conFuatthez:,0 itodsi posstibde ¢b slasbelthei nomber of GND
according to the fifth enbodinent in the organic EL
1indiss pltat e iFeE sdfde;l GosiAblel dilsipdiaiatéde whee o360 ap of

according to the fifth enbodi nent differs fromthe
theliGNY Ao i s A9esiat] e TFT board so as to lay
the Vcc lines at a low resistance, and possible to obtain
an image quality of a high uniformity.

Still further, it is possible to make the input
signal voltage near the GND and possible to lighten the
Joad on the external drive system.

<Fifth Embodiment)

FIG. 29 1s a block dlagram of the configuration of an
organic EL display device employing a pixel circuit
according to a £ifth embodiment.

FIG. 30 is a clircult diagram of the concrete
configuration of a pixel circuilt according to the f£ifth
embodiment 1n the organic 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 in the position of connection of the

capacitor C311 as the pixel capacitor Cs in the pixel
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the fourth enbodi nent in the position of connection of
the 25 capacitor C311 as e pi xel capacitor
the pi xel 69 SO4PC610 circgpt. Specifically, in t#h?POGH)
pi xel circuit 301 according to the fourth enbodi nment,
the capacitor C311 is connected between the gate of
the TFT 311 as the drive transistor and 5 the anode

ol qt of the EL light emitting elenment 315. As opposed
ﬁ() in the plxel CIrCUIt 301A according to the

fift di t,  th C311 t

| ST, sk L S
. drive transistor. SpeC|f|caII a flrst electrode of
the founih grhqdiglenty, the; HE CoRPESSsh

0|ntﬂ§10de ND311A) of the source of the TFT 311 and
betmeenrthe; gates of dhes R R g as dhe drdveafFansdstor) and
el ectrode is connected to the node ND312. The rest
thepfanagde cdde pfi diheo Rl dighti el ttdnghglepfent] 3 Idhe
fourth enbodi ment expl ai ned above. Next, the operation
of #iseopposedcof thdsat Lonthel pixied eipicaidted@0fdcusi ng
on the operation of a pixel circuit wth reference to’
acder@ng3 e tithe3 ¥H fobid elfib@d inedA ,t dh¥2 daphicitior @31tthds
ordinary emtting state of the EL light 20 emtting
conftietiteid bRtweeds tHeowaten amdCSouide o Ihle TFTe 311 as the
scanni ng signals ws[301], ws[302],.. to the scanning

drivenagandSisidl. WheilZically e aSHigGt Clletsede! @f hte

low | evel by the wite scanner 304, the scanning
capaicdtdrs ¥I134H connected to the connection point (node
ND311A) of the source of the TFT 311 and the TFT 313 as the
switching transistor and a second electrode 1s connected to
the node ND312.

The rest of the configuration is similar to that of
the fourth embodiment explained above.

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

First, at the ordinary emitting state of the EL light
emitting element 315, as shown in FIGS. 32A to 32F, the
scanning signals ws[301], wsi302],.. to the scanning lines
WSL301, WSL302,... are selectively set to the low level by
the write scanner 304, the scanning signals ws[311],

ws[312],.. to the scanning lines WSL31ll, 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 lowlevel by the wi
scanner 305, 70 S04P0610 ahd the drive signal s f&ﬂPO&m
ds[ 301], ds[302],... to the drive 1lines DSL301,
DSL302.... are selectively set to the high |evel by

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

circuil 301, as sho [ 5 E , the TETs and
and; 11, dr 37 5 fpatio 30 Ly @S LAGE Lire TiEP £18 AEIH g
in the on state. At this tine, the TFT 311 as .the
lings PSI30%Nsi A0S < - @R fekpdtiyels dok &P rfé'gﬁ SHak
so the current Ids flows to the TFT 311 and the EL
levelghy difiq dmiyeesoamem @6 th 10 respect to the
gate-source voltage Vgs. Next, in the non-emtting
per Bed aofresmd ty| 10 ¢he pdaed: cdgcaidnsil 385, shewdhdRn
in FIGS. 32A to 32F, the scanning signals ws[301],
FIGAS[3302] ,the tTFEsh3 1 and (314 iars helgl Jon thepiofP) state
are selectively held at the low level by 15 the wite
and cdenarF IS 3 tixe edahdimdghsl gmalstatsd 311], ws[312], ..

to the scanning lines WSL311, WSL312,... are
sel agt ithdlsy thale] &het FFT W1l aselthiey ddigewtiraasdsdiored s
305, and the drive signals ds[301], ds[302],... to

drivied) diH the |ddirirdd3 Fagildn,3@Gh .the dureltce@ds/ dhows to
set to the low 20 | evel by the drive scanner 306. As a

the Q%4 (311 dd aHy 8l Qg idnidthnd e FdeMt 1315 WiGh
31B, the TFT 312 and TFT 314 are held in the off state
respitd & HHe Yotd SddtdEdAffage vgs.

Next, in the non-emitting period 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
WSLQOl, WSL302,... are selectively held at the low level by
the write scanner 304, the scanning signals ws[31l1l],
ws[312],.. to the scanning lines WSL311l, WSL31l2,... 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
Jevel by the drive scanner 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

emitting 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.,gince the source of su

71 S04P0610 di sappears and7?he EL light emtting Pbos10
el ement 315 does not emt |light. The potential falls

to the threshold voltage Vth of the EL light emtting

el ement 315. However, since off current also flows to

di%%l%ﬁré iz&hi 19{3 tﬁﬂ g t.ergf'tﬁtté. %1élnfentlﬁgi'15 Vt\}qels not

emtting period continues, the potentl
f.al (J*% ;ﬂléﬂl h l% n i th t I e
i .
em (ﬁl olpj'%& t e n(;; eetsi%&e%:)a\’l aﬁqg:oEﬁ:lhl [ g:hht\qgeegriﬁot]{hﬁ%oq'ga%%
el t gé?, tib at pot enti al_.of gpe TET 311 as .the
ven ok dhe BRELeht Rt Shetat 3ie cHores. Sprt
n parallel, with thi rrept . flows tq.the TFTH%é*
o£s, taftdidhe ah, Shevedtoathe By 1 Eatid mfsuast
311 becones cut off and no current flows to the TFT
315y 4f #ha nan-emitiing,pesiod coptinyesy Fhe potential
15 enbodinent, it is possible to operate w thout the
wildF3hL 30 @Brent in the pixel circuit during the
non-emtting period and therefore possible to
supPredhe; odhgahandonadepoi ¥ithi thenwopinge. drept ofj fhe
the non-emtting period of the EL Iight 20 emtting
anogleg sdidte IS thes Blhdghitn eR1CS 1R &lemed®F 315hi [the tdage
drive signals ds[301], ds[302],.. to the drive |lines
potesitiGl odiSlE3e2 TFT 3dile aseltheatdrtiive townisdwdoxbEaillis
drive scanner 306, the scanning signals ws[301],
thrnwsigh0Ahe .capagitor C311. In parallel with this, current
flows to the TFT 311 and the source potential rises.

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

That i1s, in the pixel circult 301A of the fifth
embodiment, it is possible to operate without the supply of
current in the pixel circuit 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[301l], ws[302],... to

the scanning lines WSL301, 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 |evel the wite scanner 30

and the 72 S04P0610 scanniﬁ% signals ws[ 3111, %m4PO6H]
ws[3121,... to the scanning lines W5L311, WSL312,...
are selectively set to the high level by the wite
scanner 305. As a result, In the pixel circuit 301A,

as ,sho in. 5 Fl 1C FT 313 is.held in.the
soagpiig SRS RIS - ¥EISIA] e os tbe SeaPRaR Todines
Due to this, the input _ signal (Vin rQpagat.e o_the
WSL3dl, WSkd13r-301 3R Fﬁ&e%a”iez‘é’ms&lt) £9) %@‘Fo?‘%g‘saﬂeg by
witten into the capacitor C311 as the pixe
thee yridie Feapper 3% hen witing this signal line
voltage, it Is inportant that the TFT 314 be turned
on. Asf at Fesalker dnngheTpixglscirpud e 39Lk. 328 FBPEn in
turned on and the video signal were witten in the
FIGpi BAIC,cdbecFFTCS13cdgphiedg Aoulthee ofLs statige apdythe TFT
potential Vs of the TFT 311. As opposed to this, 15 If
312t andi HFTo13 14hereF tudhedc omeduiendot diisoddheDd nputo
the constant voltage source 307, it will be connected
sighalt {&rin)owropagatede to he siatishdine DIFS0JS biyhdhle ne
would be witten into the source potential of the TFT

hordkbntAl shiledtoie 303 1 kirid telhe imdioe thiealcapactiter iC3a1
Vo, 20 the source potential of the TFT 311 as the

as $hieVpilkeans Htoze@aes Vo, so a potential equal to

(Vin-Vo) is held with respect to the voltage Vin of

t heyhBRUL 390! tRlst BegRkiehineapadithge, Cit is
important that the TFT 314 be turned on. If fhere were no
TFT 314, if the TFT 312 were turned on and the video signal
ﬁere 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
written 1nto the source potential of the TFT 311.

At this time, if 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) 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 ¥IGS. 32A to 32F,
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After this, In the non-emtting period of the EL 25
light emtting el enent 315,,as shown In FIGS. 32A
32FAr 73 S04P0610 the drivesignals ds[301], $6pos10

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

thd | AR YR YBHT01s . g} O A1 (ol Hefed ol
%y the witle scanner ]3.%)'5, aﬁs t'he scanni ng signals es
Oé; 302] , ;s j ' glﬁp ,
Ds‘%ﬁgﬁ ,g.’I.'Ma'r'e' 'se %%t#%#ﬁe% %(rJH' cﬁﬂei"il%\?'\'/? Ib e etl)yd"nt:lhvee
wite nner_ 304, a resul i pgﬁi jrcuit
sodfifie 2EEL e, Tmndipd 4foiAts AN 1 L e
of f and the wit perati %ig the inpyt sjqgnal, .to
the {RPTURRT (OIes PO L nANGHAA - - ookl Bl it tBE high
this time, the source potential of the TFT 311 has to
leypt P¥ Hdrg JFHtdhSRaRneT P} handthy pqanning sihgnals
After this, as shown in FIGS. 32A to 32F, while the
ws [sthhi MF 51k < wdjsdhie seguing lines, WHeE%oanni ng
lines WBL301, WSL302.... are held at the |ow |l evel by
WSLAAR2 w4 + earss gt imly stethringhs gy dewsgl by the
ws[312],... to the scanning lines WSL311, WAL312,...
wridree ssnnex t3ed.] ow | evel 20 by the wite scanner 305,
then the drive signals ds[301], ds[302],... to the
dri v la resud$,30h tBSLpdZkel cilaomitsai0ddt,i asl whoetn tio
the high level by the drive scanner 306. As a result,
FIG. il mihee!TRT rag tis3Ghrssd dffvand) 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 has
to hold the low impedance, so the TFT 314 is left on.
After this, as shown in FIGS. 32A to 32F, while the
scanning signals ws[301]1, ws[302],... to the scanning lines
WSL301l, WSL302,... are held at the low level by the write
scanner 304, scanning signals ws[311l], ws[312],... to the
scanning lines WSL31l1l, 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 resuit, in the pixel circuit 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 S04P061Q By turning the TFT 31
current flows to the EL 96ht emtting el enent 3%¥%BOGH)
and the source potenti al of the TFT 311 falls. The
source potential of the TFT 311 as the drive

transistor fluctuates, but despite this, since there 5

I's a ca |ty b meen t ate and source of TF
57137 Hidhabe SB5,TEE 905 Bge GRIERBETEFOUR, the the' B
constantly hel d n- Vcc Her e, the TFT 31

1ight @@&ﬁ%%@%ﬁw%mt@& 3’@@ SPurag, %eél*ﬁig’ﬁv' ofndie
as a sinple resistance value. 10 Accordin

TFTy31d- Faldse he spurse moateptiall pf the \?%‘Hy \?&)1 r'ﬁSanle
the val ue of the voltage drop due to the TFT 313.

dripeattnansistor flusfuatesy hyt fespdite AdiprT sipre dhere
be said to be determned by the VIn. In this way, by

is taurcrpagpittiye bEEwe@M the datienqrd suricgnaf Whie é—'Fﬁ'eriﬁléd
to make the source of the TFT 311 low in inpedance,

the tgateeanidd erdldagpkof Hhes AR S1di de consitan YT hedd
of the pixel capacitor a fixed potential at al

at t(virs-vddl)ere I's no need to consider deterioration of
image quality due to coupling at the tine of a signa

| i ngreWel,t @20 TEMEBAB @irivead int the poasshteratedr region,
the signal line voltage in a short time. Further, It

so ithiR0SS RHRded 496 G Id &b pelantrpasiline L 0 t ake
measures agai nst | eak characteristics.

Accordingly, the gate-source voltage of the TFT 311 is

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

313. That is, the current flowing through the TFT 311 can

be said 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 sourée slde of the
TFY 311 of the pilixel capacltor a fixed potential at all
times, there is no need to consider deteriloration of image
gquality due to coupling at the time of a signal line write
operation, and it 1s possible to write the signal line
voltage in a short time. Further, it is possible to
increase the pixel capacity to take meaéures agalnst leak
characteristics.

At this time, the TFT 311 as the drive transistor

constituted by 1s 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 region,

the 75 S04P0610 current ikfl(nm ng through the TéiﬁPOGu)
311 becones the val ue shomn in the above equation 1.
This is the gate-source voltage Vgs of the drive

transi st or, that is, (Min-Vcc). That is, the current

fl ow t h the TFT 3 c e.said to, pe
cur58F£1ﬁgﬁ % B HetsFﬂugﬁu%%Fo@?ﬁegégoygco$sgntﬁ9 YRAue
EL Light emittin nent 315 deteri rate inits |-V
shoyR, g £he; §PP83agSH t38: - RBLFntPeble BREERECUTSe
emtting period, in the pixel circuit 201A of the
volEagenVerpedi fbst drifrﬁetﬁapéﬁﬁrcarr:othﬁﬁeiie A¥dB-NBs 1
falls while the potential between the gate and source
of ThatTis, 3theggurrent; flewipgnthseughi the JTHT 311 can
constant, so the current flow ng through the TFT 311
be gadd tpobecHemgzminedobni feyVinke current fl ow ng
through the EL light 15 emtting elenent 315 al so
doeBuaotochhagabo®eenevént hf th& Ebhiight cemtttingf
the EL light emtting el enment 315 deteriorates, the
elenegntedilscaetesponditeg o tlhs ERPuthavabtegds¥io along
constantly flows and therefore the past problem can

withethel yadred8eNahe thbabmilieipngt peirial, oint BRel pigel
connected to the TFT 314 (constant voltage source) Is

cirbalt! bohheds buk 23rthhewboldmEh®, BBe pbtBRKiLARY bEEthe
potential the sane as Vcc, slashing the nunber of

nodé! fibdh1! ¥B83sPGRITRS tABSPbREAtiBICbetween the gate and

source of the TFT 311 as the drive transistor is held

constant, so the current flowing through the TFT 311 does

nét change.

Accordingly, the current flowing through the EL light
emitting element 315 also does not change. Even if 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.

Note that the potential of the line connected to the
TFT 314 (constant voltage source) i1s not limited, but as
shown in FIG. 33, 1f making the potential the same as Vco,
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, ge nunber of pads for b
i nput 76 S04P0610 becones E ssible. On the other ﬁﬁﬁg 610
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 potential such as the

S al GND, the Input signal voltage VIn can

ared b e | ow potential near G\D_ | evel
and ob, 358, PRgbr hang-o i gnesr SPRECReAPEY=PEs VEE Al the
%glred Further it is possible tq reduce_the o
TF%? L@ dihe fEiver tRansistor « RS SFPLAANSS APOVS -
and possible to elimnate the burden on the externa
defegminedidyi yin-Fer-t Accondingly., For exempdiec@ds fhogm in
the cathode electrode of the light emtting el enent
FIG134,s ifadettttiag Fooked apdioshpodiendipl such [@ss they be
made any other 15 potential as well. Rather, making
grodrids patenidgdt iGN pdber Lnpudr sd. gmadb lved taige Ydine gtaing be
of the Vcc to be lowered and enables the potential of
prepaeddbyt thegiaw potteadd alo near [thee GNP, 1Bvel @anidhi s,
desi gn wi thout burdening the external |C becones
booATPloFE tHe BugnkAar ofathehawarby F0s 135 ndthaequired.
transistors of the pixel circuits need not be
Fu::ﬁ:t&li:an A iy PoFsABAleS tod T&RIVeL thelbhs vdAkadge 4 thRy TFT
al so be used to form each pixel circuit. In this

313 A tH SHALMR nTO WG 1% 10N 29d Poslsa ke to eliminate

be

the burden on the external ICs in design.

Further, in FIG. 30, the potential of the cathode
electrode of the light emitting element 315 1s made the
ground potential GND, but this may be made any other
potential as well. Réther, making this the negative power
source enables the potential of the Vcc to be lowered and
enables the potential of the input signal voltage to be
1oﬁered. Due to this, design without burdening the external
IC becomes possible; |

Further, as shown in FIG. 35, the transistors of the
pixel circuits 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 1s connected to the
anode side of the EL light emitting element 325, while the

TFT 321 as the drive transistor 1s 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 connecte
the cathode 77 SO04PC610 sidé. Further, the TFT 312?04&’%610
TFT 313, and TFT 314 as the switching transistors may
al so be transistors of different polarities fromthe
TFT 311 as the drive transistor. 5 According to the
i fth enbodi nent, source-follower output with no
erioration in |um nance even with a change in the
I -V _characteristic of an EL el enent al on W th eI%pse
bec EMELNSTas thee TFE 3ddrcdFloPldwend; fES #14f as the
n- channel transistors 10 beconmes possible, so it is
swigehdng &nansiafonf maghalfa be tHansdishozns of dfferent
element of an EL light emtting elenent while using
polanitdas diree-the FFde dle@as dhess drye Hgansistor.-
possible to configure transistors of a pixel circuit
by adopndiigafoelther FAfitdt emboddimends sisipuaceg fold oyea
the a-Si process in the fabrication of the TFTs. Due
ocutipmt tWiith o rdechextlioxatdfont Hen dastindncE-kevwoanddh a
becomes possible. Further, according to the fifth
chaigwdin®iiie IV icharaeasidilstiico off idre Bthelsngmet! dliony
voltage in a short tine 20 even wth for exanple a
wit adlapgdd)tlconidds posEidbie.to obtain an inmage quality
with a high uniformty. Sinultaneously, it 1is
Posal Korla -Fe118aee thecuidNalf hi-thataRACHMN#AGtors
suppress | eakage characteristics.

becomes possible, so it is possible to use an n-channel

si

transistor as a drive element of an EL light emitting
element while using current anode-cathode electrodes.

Further, 1t is 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
possible.

Further, according to the fifth embodiment, it is
possible to write the signal line voltage in a short time
even with for example a black signal and possible to obtailn
an image quality with a high uniformity. Simultaneously, it
is possible to increase the signal line capacity and
suppress leakage characteristics.

Further, it 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 l.ayout of the surroundirgb
lines 78 S04P0610 and IayoG? of the pixels becone 4P0610
easier. Further, it is possible to slash the nunber of
G\D |ines at the TFT side, possible to elimnate the
overlap of the GND lines and Vcc lines at the TFT
board, and_ pqgssible _ 5 _to inprove the yield. Further,

and  Laxouf (e R LE PAIme FARISTor QD | i nes at
the TFT _side, possible to elimnate the overl ap of
t he Fagshemhed tad® ROSSbles ter sdashrithe, sumper; ofs R
lay the Vcc lines at a | ow resistance, and possible

lines cift dike MFRFlidtgPonrinls 6t eél#ﬂigwﬁmﬁlm Avgrlap of
Still further, it is possible to nmake the input

thes iGN 1inss azg'ei Weg inesONE dihe (TR ihgaxrd.o andyipagsible
the 1load on the external drive system <Sixth

to Bmipachweeritre ¥eAlds 36 is a bl ock di agram of the
configuration of an organic EL display device
enplFagtthgni M4 is posisibleadeworsdiasy theansmbielr of GND
enbodiment. FIG 37 is a circuit diagramof the

Lis Hietiche CFFY isld@ed! ippssifble Mo liminate thec avlripp of
to the sixth 20 enbodinment in the organic EL display

thel VNI eLiHed |dad oo Tidediap!@ie del AW stias ao lay
shown in FIG 36 and FIG 37, a pixel array portion

the'Ved'aM il R 1y Cﬂédﬁsta&f’eﬂrc)arﬂiﬂpo%fdﬂﬂg#d:d YRR
X n matrix, a horizontal
an image quality of a high uniformity.

Still further, 1t i1s 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 display device employing pixel circuilts
according to a sixth embodiment.

FIG. 37 is a circuit diagram of the concrete
configuration of a pixel circuit according to the sixth
embodiment in the organic EL display device of FIG. 36.

This dilsplay device 400 has, as shown in FIG. 36 and
FIG. 37, a pixel array portion 402 having pixel circuits
(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 (DSCN2)




10

15

20

25

selector (HSEL) 403, a wite scanner (WSCN) 404, a

first 25 drive scanner (DSCNL) 405, a second dr'vesoﬂxm10
scanner (DSCN2) 79 S04P0610°406, a third drive scanner
(DSCN3) 407, data |lines DTL401 to DTL40n sel ected by
the horizontal selector 403 and supplied with a data
signal In accordance with the |um nance information,

A A
- BB MR W iy
adedt EHE AR SR i, SHerdine ot R o ve

0 scanner_407. Note that while the |er circuits 401
L Rty JASAEA Oy AOPAR IR ribpesh Wik O k9 WAy
portion 402, FIG 36 shows an exanple mhereln t he
Selm%éiveél'r driven hy dheavgdde soannen 404, Arive- lipes

matrix for the sinplification of the 15 draw ng.
DSLa@; fer PSLA0m gelprtived i irdveme byo ey Fdasitodrdive
one pixel circuit is shown for sinplification of the
scagnex @S . Tidaiyiex diingis QFLi4 140 Xoa BSdddim getlectidyedivkt h
20 enbodi nent has, as shown in FIG 37, n-channel TFT
driveh by thel s&tonda dodyaciscoamn@s] 1065 langhtdrdviet tliimgs
el enent 416 .nade of an organic EL el enment (OLED),
DSLA2d ned dSLMDA] beded:tiN8A}? driven by the third drive

scanner 407.
Note that while the pixel circuilts 401 are arranged

in an m ¥ n matrix in the pixel array portion 402, FIG. 36

- shows an example wherein the pixel circuits are arranged in

a2 (=m) x3 (= n) matrix for the simplification of the
drawing.

Further, 1in FIG. 37, the concrete configuration of
one pixel circult 1s shown for simplification of the
drawing.

The pixel circuit 401 according to the sixth
embodiment has, as shown in FIG. 37, n-channel TFT 411 to
TET 415, a capacitor C4l1ll, a light emitting element 416
made of an organic EL element (OLED), and nodes ND41l1 and
ND412.

Further, in FIG. 37, DTL401 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
"W5L401 Indicates a scanning_ |ine, and DSL401, DSL

and 80 SO4POBL0 DSL421 indFRate drive Iines. Amon:jg“]‘ﬂ’0610
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 swiitch, TFT 414 configures the third
DSL4gL &H‘,d%‘ﬁg%%f%"i"?or]dji“&lfr'es the fourth switch, and the

capacitor C411 configures the pixel capacitan
e|eﬁ@ﬁpga$esﬁeiﬁgmpen%ﬂgs:pFE?eﬁﬁliﬁeaﬁgpaﬁ?SFﬁﬁﬁhgéﬁld
the scanning |ine W5L401 corresponds tQ the 10 first
effesh rtéiaﬂﬁiﬁ’g:% AGCOTg D Hioh Eher drEsentydayenddonndEFT
drive line DSL401 corresponds to the second contr ol
412 cenfigunesdrtibee finsd p@iLeh.c FFT 4Idnh Fontd gaares ey
control line, and the drive line DSL421 corresponds to
seciomd fsyuirticih, TR Mdl4 IcomElgiaremy rbhiee thimde ssddishy, FER 415
(power source potential) of the power source voltage
confdgures ddeofeaixith (sl tichr,s tand dher eapagidoantd4d],
while the ground potential GND corresponds to the
conFaemites dher @ixelpeapaiditlanden edenent aricoriding ttolGhe
a source and a drain of 20 the TFT 414 are connected
preiimeahventaeonce of the TFT 411 and the node ND411, a
source and a drain of the TFT 413 are connected

bet waednkhe padestRAhingndine @a8ede10koirkespogdls to the

emtting elenent 416, a drain of the TFT 411 is
FLrEARHED1 1ine according to the present invention, the
drive line DSL401 corrésponds to the second control line,
the drive line DSL4l1ll corresponds to the third control
line, and the drive line DSL421 corresponds to the fourth
control 1line.

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 circuit 401, a source and a drain of
the TFT 414 are connected between a source of the TFT 411
and the node ND4ll, a source and a drain of the TFT 413 are
connected between the node ND41l1l and an anode of the light
emitting element 416, a drain of the TFT 411 is comnected

to the power source potential Vecc, 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 elengnt 416 is connected to

ground 81 S04P0610 potentidl GND. That is, the TF#OQ?QGIO
as the drive transistor, the TFT 414 and TFT 413 as

the switching transistors, and the light emtting

el ement 416 are connected in series between the power

souyrce potentjial Vcc and t ground pqtential GND
potRaftad BRDunaaker 15y, the’ HEm ddaeas: Shehdrighe NoI12

Further, the capacitor C411 as _a pixel ca ac%% r Csis
trapgHatered e REEh Atfe 254 TFIALIoaRcED6 SPECRARIA1 1

A first electrode of the capacitor C411 |Is connected

trapgistersy Adde they 11ghkhemd tiing: shgmendc 4ilddares
connected to the node ND412. A gate of the TFT 413 is
conpgated: da series between fhe porer]1sopgcehpotentdadeVee
of the TFT 414 is connected to the drive |line DSL411.
andFohieh grouads poteatdad &NBr.ain of the TFT 15 412 as the
first switch are connected between the data |ine
DTLAOGa&adofhehaoWETNDA1116coonpetted poi bthewnoflef NP412.
el ectrode of capacitor C411). Further, a gate of the
Furthér,4thel capapitore¢4nd tase aspdxeilngapacd ted €81lis
Further, a source and a drain of the TFT 415 are 20

confhieied ®éthelenethe! hateoded\Béhzcandrt hhep@PE 49dUr @
potential Voc. A gate of the TFT 415 is connected to

£1rishe 180t ¥R del B¢ BHed Ehpaldd toh £49aY 4 st kRnRievtledC itoC the
401 according to the

node ND411l, while a second electrode 1s connected to the

node ND412.

A gate of the TFT 413 is connected to the drive line
DSL401. Further, a gate of the TFT 414 is connected to the
drive line DSL411l. Further, a soﬁrce and a draln of the TFT
412 as the first switch are connected between the data line
DTL401 and the node ND411 (comnection 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 Vocc. A gate of the TFT 415 is connected to the
drive line DSL421.

In this way, the pixel circult 401 accoxrding to the

present embodiment is 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 driyge transistor and the argdepeio

of the light 82 S04P0610 emtting el ement 416

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,
emi%@i Eg‘élg e 1of16NSohhb il HYOERNBFE2) 190 %ﬁﬁCtr?‘i' 433

e TFT 415 to the power source potential Vcc

as %leg%i¥ %ﬁ%%e aﬁ%&gtﬁ%@t’ t%%g%%ﬁ&%? QQ1qchﬂﬁe@Q%ﬁe

conflgura e expl ai ocusi ng on

era n of a I ref F
betiBgh h?snsatﬁ e $Be "t oty bl es0 e hiSe
A sh nni 401 [ t
ND4ﬁ|rsPn FnQ%FFﬁgg&% gi& R %bfg%)agfg§ggted
FIG 40B shoms a scanni ng si gnal ms[40 plLied t
throghs EhonTFL, oo tan iy PORE. FRIFSE #P CPRELRL Jpe ©
array, FIG 40C shows 15 drive signals ds[401] and
(figeayolltags d@edo the first row drive |ines DSL401
and DSL411 of the pixel array, FIG 40D shows drive
si gNekt, dtheoopenasiapsef) thpprbeye: gopfdgusating riwl
drive lines DSL402 and DSL412 of the pixel array

'be Ek@laddEds fomnsdngr one thiegeperadfion ofygppleglt @iﬂ%lit

20 first rowdrive line DSL421 of the pixel array,
withl GeféfEncehdws FAGH.i B8Asitgn38Fds [FABR] 33pplandd FI&S.h40A

second row drive |ine DSL421 of the pixel array, FIG
to 408.shows a gate potential Vg of the TFT 411, that

is, the potential VND412

FIG. 40A shows a scanning signal ws[401] applied to

the first row scanning line WSL401 of the pixel 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 DSL40]1 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 row drive line DSL421 of the pixel 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 is, the potential VND4£12

of the node ND412, and FIG. 40H shows an anode side

potential of the TFT 411, that is, the potential VND41l1 of
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of the node ND412, and FI G 40H shows an anode side

25. potential of the TFT 4#%, that is, the potentig
VND411 of 83 S04P0610 the ritde ND411. Note that theP#P0610
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
dr|v S g&s ds[ 402] and ds[412] applied to the drive
?lﬂ% [ﬁﬁg and DSL411 and the drive Ilnes DSL402 and

DSL412 are nad e sanme timng. First, at
o GitS) G TR (PR 19 Gt L iiahy of the
el enent 416, as_shown in FIGS. 40A to 40F, the 10
TFE 413 FRA STHR 24 14 \EYTRA | on \RT 4088 , 50 125 1 hoWR o TS -
| i nes VBL401 W5L402,... are selectlveIY set to the
40¢ AR EEF- p4OD ¢ Hehew dxtve catgrala RS[40k] Rnd dsf 4hb] sand
ds[ 401], ds[4021,... to the drive lines DSL401,
theginbve signals d=l402] \and d=t412] tapphieh tevihe drive
the drive scanner 405, 15 the drive signals ds[411],
lingsg ANSR401 . and DSTed UL | amd | theee SAr D8 MlineDNSNILQ2 .andir e
selectively set to the high level by the drive

DSL4ER nere 4fi6de artib tdmmelrtinelsg gnal s ds[ 421] ,
.ds[422],... to the drive |ines DSL421, DSL422,... are

sel eiigstsl Yats @thd @rdimdSiV dnfietl 1oy stutediofy &hec BINdiight
407. 20 As a result, in the pixel circuit 401, as

enSOIy i dledit AR ddesidn 4k FreE THoA o afeF hetkk
in the on state and the TFT 412 and TFT 415 is held

sci%ﬁbeog néis’;ltvﬁs[fdiﬁt Wi 402E, OF R ¥he Kiiidd | Nihes
WSLA401, WSL402,... are selectlively set to the low level by
the write scanner 404, the drive signals ds[401],
ds[402],... to the drive lines DSL40l1l, DSL402,... are
selectively set to the high level by the drive scanner 405,
the drive signais ds[411], ds[412],... to the drive lines
bSL411, 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
selectively set to the low level by the drive scanner 407.
As a result, in the pixel circuilit 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[401], ws[402],.. to the scanning
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light emtting el ement 416, as shown in FIGS. 40A to

40F, 25 the scanning sign s ws[401], ws[402]... %ﬁ 0610
t he scanning 84 S04P0610 Ilﬁes W5L401, WBL402....

held at the low |l evel by the wite scanner 404, the
drive signals ds[421], ds[422],... to the drive lines
DSL421, DSL422,... are held at the ow I|evel by the

dr|v n 4 the drive ds
$ SRR R L1 4 et 8 Sr L v by tne
electlvel to th ow | evel  by_t er
weiifn Soaped | A0, | the iR ={afata]as ﬂf%ﬁfl |ds CEZEL.
the drive |I|ines DSL411 DSL412, ... are selectlve
to ke (rivR 1HReS |R¥%t2hy BFRAT i ver STERRSLAGRE Elé)gﬁém’
aresult, in the pixel. circuit 401, as shown in
levgh by HEhqriTie seanneT 405 dkhe (Tive rsigpaby fd%E"aQJel
and the TFTs 413 and 414 are turned off. At this tineg,
ds (422 bot ent @l the| drive thinegs DSIARL, FE40hg ef it
416 falls since the source of supply 15 di sappears.
seldutBrely gbet cbo t theiglesy chavel 446 the pdrive ts¢anper 405,
light. The potential falls to the threshold voltage
and/tthefdtive BHidgnabhs dwni41ihg d&d bhEd], 416. tdokiey alrive
since off current also flows to the EL light emtting

limd £ MSE4 Y1 5, DSE41 L. Noraxsi dd ek peeipdsconto ntles, 1dwne
20 potential will fall to GND. On the other hand, the

levidl] sl ltles dFpvdlrsoennds aqmé stor is held in the on

state since the gate potential 1is high. The source

pot e iplreurtthe 1 knbl bixe 1A RAE W01, 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 potential held at the EL light
emitting element 416 falls since the source of supply
disappears. The EL light emitting element 416 stops
emitting light. The potential 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, 1f the non-emitting period continues, the
potential will fall to GND.

On the other hand, the TFT 411 as the drive
transistor is held in the on state since the gate potential
is high. The source potential of the TFT 411 is boosted to

the power source voltage Veco. This boosting is performed in

a short period. After boosting to the Vcc, no current is
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t he power source voltage Vcc. This boosting is

perfornmed in 25 a short perj.od. After boosting to

Voc, no current is 85 SO4P&810 supplied to the TFTég‘ﬁ?OG10
411. That is, in the pixel circuit 401 of the sixth
enbodi nent, It is possible to operate w thout the

supply of current In the pixel circuit during the

Fo g h O and therefore possible to
su%ggsgét% Afeh Ofh P,

power consunption of the panel. In this
sta next, ,as ,sho in FILGS. ,40A .0 QSF tgst rive
o oriiad B, o HICH] ST A0 af e e
401, DS 4%ﬁ%... hel d at tﬂ; | ow_ | evel by the
enmbgT{ictity BogsEblq Foy qRAFAk e BN 4be supply of
ds[4121,... to the drive lines DSL411, DSL412.... are
0“%4'& a&ln tHhe |IRAFT e AT ([GHring e aaframikicing Reriod
in that state the drive signals ds[4211, ds[4221,..
ang JFherefnre PFHdleodio SUPRRG S the powan cansuympiign of
hi gh | evel by the drive scanner 407, then 15 the
thes@anfidhg signals ws[ 4011, ws[4021 ... to the scanning
lines W5L401, W5L402.... are selectively set to the
hi gin [thisl siatiehe newitt, e asc sivopn 40 FIGS .a 408s ot 40iFn
the pixel circuit 401, as shown In FIG 38C, the TFT
thed i3rdared shighallls! dalatdidl,d dsi 402 ,of f. Hoatthe diriared ltives
TFT 412 and TFT 415 are turned on. Due to this, the
DSL49iyt DSIgIed, .or.opagathed.d at theddicr lliave 1Dyl Ghed e
hori zontal selector 403 Is witten Into the capacitor
scanhklr 405! thepidedlve. JIAMaly de411], dsf412]1,... to the
drive lines DSL411l, DSL412,... are held at the low level by
the drive scanner 406, and in that state the drive signals
ds[421], ds[422],... to the drive lines DSL421, DSL422,...
are set to the high level by the drive scanner 407, then
the scanning signals ws[401], ws[402],.. to the scanning
lines WSL401, WSL402,... are selectively set to the high
level by the write scanner 404.
As a result, in the pixel circult 401, as shown in
FI1G. 380; 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 written into the capacitor C411

as the pixel capacitor Cs.

At this time, the capacitor C411 as the pixel

-capacitor Cs holds a potential equal to the difference
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At this tinme, the capacitor C411 as the pixel

capacitor Cs holds a potentj,al equal to the dlffer

86 S04P0C610 (Vcc-Vin) bet w88n t he power source voIﬁ%@@Gu}
Voc and the .input voltage Vin. After this, In the
non-emtting period of the EL 1ight em'tting el ement
416, as shown in FIGS. 40A to 40F, 5 the drive

(v%%f’ (b 8 i | sourd® YOS oo 'R the

can 405, the drive signals ds[411], ds[412]
i“P“ Vei£e nﬁéfhve lines DSL411, DSL412,... are heI d
at the |OMI evel the drive scanner 406 éa
é{ e EL

t hatrtdieh iy dﬂ \Fé‘eslng’ﬁ'eﬂeé“iltot

to the drive |lines DSL421, DSL422,... are selectlvehy
light emitiing mlemsny 446+ s Fhemr sk fles- APA §
the scanning signals m5[4011 ws[ 4021,.. to the
the dmiie signmks i ML ] nelsioh2], - ar o dite dnisg Liges
to the lowlevel by the wite scanner 404. 15 As a
DSL4®\ tDSH4P2 he. pigks held At ot low lewgh b the @drive
38D, the TFT 415 and TFT 412 turn off and the witing
scapingih et Qhputhes i dpiare tsil gl s abmict 1), GlEl4 1] the pidihe
capacitor ends. At this time, the capacitor C411 hol ds
drivedins DSLLOL eMEN41D, 1 he aird flslhcet (Bloe -Miw)level by
bet ween the power source voltage Vcc and the input
the/ difage sdahdeagatol esndfind thatpaiteite atheofddivée signals

capacitor end. . After this, as showmn in FIGS. 40A to
dsP ] s [fd¥E, ... to the drive lines DSL421, DSL422,...
are éelectively set to the low level by the drive scanner
407, then the scannihg signals ws[401], ws[402],.. to the
scanning lines WSL40l, WSL402,... are selectlively set to
the low level by the wrlte scanner 404,

As a result, in the pixel circuilt 401, as shown in
FIG. 38D, the TFT 415 and TFT 412 turn off and the writing
of the input signal to the capacitor C411 as the pixel
capaclitor ends.

At this time, the capacitor C41l1l holds a potential
equal to the difference (Vcc-Vin) between the power source
voltage Vcc and the input voltage Vin regardless of the
potential of the capaclitor end.

After this, as shown in FIGS. 40A to 40F, the drive

slgnals ds[401], ds[402],... to the drive lines DSL401,

DSL402,... are held at the low level by the drive scanner
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signal s ds[401], ds[4021,. to the drive lines
DSL401, 25 DSL402.... are_peld at the low level Db
the drive scanner 87 SO4PC§?O 405, the drive sign&%@POGH)

ds[421],

DSL422. ..

ds[ 422] to the drive
are held at the I ow | evel

| i nes DSL421,
drive

by the

407 the scanning signals ws[4011, ws[4021,..

[ i.nes ... are hel t
VR R A AT o, e, G
state the drlve signals ds[4111, ds[4121, to.the
1ings PPR44les D %i%-r--o&%ilem af Fhg 1oy Lyt &t the
t he high |evel the drive scanner 406. As a result

drive tSrF@%e)i"elm?-r &I’fet sﬂﬂ‘“’é‘ﬁ Happks wsild B g w02
the TFT414 turns on. By the TFT 414 turning on, the

to Jdree-seanndag iinas étiISIdfO]t:he?’SH% +raffes theldraty the
beconmes the potential difference (Vco-VIn) charged

1owW eyelhdy dhpasinidie GrEnnEY 40 piamsl ignddhat @tate the
Further, as shown in FIG 40H, regardless of the

driva sdgfalshelsdallde metilaitdlal. .15 Wof tthee difved Ilineshe
potential difference is held and the source potentia

DSIA1 It h®SIrd Mk, t.r.araxies sel et welse setto tdodthe Fdghhdreveds by

scanner
o .t.he
4(’%'he“!’ae I

shown in FIGS. 40A to 40F
thedrd?d scanndro 406 drive |

the drive signals ds[421],
i nes DSL421, DSL422....

are held at the low |level by the drive scanner 20
407 ast e reganii, ndnsitdeapixea| ¢dLbuiws4697] as- shbant ha

scanni ng |ines W5L401, WSL402, .

are held at the | ow

FId.C\E
ds[411],

Rhe Mgpi1ial @uSTdN e,
ds[ 4121, .

to the

Abgfl,tﬂéﬂ QPEA’ MY %&@ﬁn@ on,
rive lines DSL411

théuad%gisourégwidgaﬂ%1a1 of the drive transistor TFT411
becomes the potentlal difference (Vcc-Vin) charged into the
capac¢itor C411 as the pixel capacitor. Further, as shown in
FIG. 40H, regardless of the value of the source potential
of the TFT 411, the potentlal difference is held and the
source potential of the drive transistor 411 rises to Vcc.
Further, as shown in FIGS. 40A to 40F, the drive
signals 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 WSL401l, WSL402,... are held at the low level
by the write scanner 404, the drive signals ds[41l],

ds[412],... to the drive lines DSL411l, DSL412,... are held

at the high level by the drive scanner 406, and in that
to the drive

state the drive signals ds[401], ds[402],...
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at the high |level by the drive scanner 406, and in
that 25 state the drive si gals ds[ 4011, ds[402] 0610
to the drive 88 S04P0O510 |Phes DSL401, DSL402, ... “BFE
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 t he
TET 4 our ce poten

tPSE-

Lings PSLAoY L Geah Saptiery, Read fe'the, pagn

potential of the TFT 411 as the drive transistor
levely by dhes drdiviec S9aRBEE #9%; capaci t ance between the

gate of the TFT 411 and the anode of the EL ||

o &6 AgTegudkenah theGPLERL GAPEULB ARE pBFeRPAR &P

the TFT 411 is constantly held at (Vcc-Vin). At this
FIG.i 38F.t FFTTRLLNIAS OBe drive transistor is driven

in the saturated region, so the current value Ids

f| oBnguroingetuBTTET14h3coresthhesourae pREARLLALL RE

15 above-nentioned equation 1. This is determ ned by
thet TFIgdd- fadlisce Inolthdge wdys despidedthee fiackndbattothe

TFT 411. This current also flows to the EL |ight
souie! pot@ntdladnedt the6 TFThd 1AL alsi ¢he driwvei ngasisdistor

416 emts light by a |um nance proportional to the

fluctinatels ,vValinee 2pelec 160W Gapadt tanceubketakenhehel gate
light emitting elenment can be described by

of tha¥iFat @13 andshaw anedel Gf thS E$01ightl Gmit:dngt he

potential of the node ND411l stops after rising to the
elefidn® RSN galteMoticPotdnt@dl b#Sthe TFT 411 is
constantly held at (Vcc-Vin).

At this time, the TFT 411 as the drive transistor is
driven in the saturated region, so the current wvalue Ids'
flowing to the TFT 411 becomes the value shown in the
above-mentioned 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 emits light
by a luminance proportiomal to the current value.

The equivalent circuit of the EL light emitting
element can be described by transistors as shown in FIG.
39, so in FIG. 39, the potential of the node ND41ll stops
after rising to the gate potential at which the cﬁrrent Ids

flows to the light emitting element 416. Along with the

change of this 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 é&ﬁM6H)
node ND412 89 S04P0610 al so changes If the final
potential of the node ND411 is Vx, the potential of

the node ND412 is described as (Vx+Vcc-VI n) and the
gate-source potential of the TFT 411 as the drive

aldd %}%rf‘dé%.e'ff ht[fﬂed ﬂna(l o\‘cfé‘r)tiﬁﬁe[&i? i tglb%é‘kifﬁ’ﬁ1 is

even | |ng ment 41

I i t.he
v R AR d Jf *f%‘ﬁ{gf?ﬂf ﬁfi Y Stiod AT
thes the odlrrent tetl?t ta'#ﬁfo
(v Nam] gt e RS i ae, mb g e F e
t TET 41%8:3 the 10 driv ns i.s held
ctg’r?s LR l’f‘-’ie-'dim}g g‘{gwq, H t he TFT 411
does not change, Accordlngly, the current flow
t hr B4§h tondPel aboyRe e¥sem; fEnFhsy @'ﬂ‘eﬂ“tigﬁlf635'|’§$1&§es
not CES%? Even if the 1-V characteristic of the EL
elemegk deteFiaratan imd-% daraqtenksido long aHith
correspondlng to the gate-source potential (Voo-Vin)
the; dmareasey o dbe emiditdng dimenhe ippdhe Ppidslepircuit 401
relating to deterioration along with el apse of the EL
of ddwe Isdx3d \emboddmentar then potendidaduiof dhet moder ST
invention, 20 since the fixed potential is only the
dropewsihideurihe datd-sourve potentiml @D then@Fahiddl lass the
to be laid thick I's necessary. Due to this, it is
dripes tirans list are disc hetllde cpinstlantyr e the idudtrentn flloering
non-emtting period, the TFTs 413 and
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 can be solved.

Further, in the circult of the present invention,
since the fixed potential 1s only the power source Vcc in
the pixel, no GND line which has to be lald thick is
necessary. Due to thils, it 1s 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 circuit. That

1s, by not running current through the circult during the
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414 are off and no current Is run through the circuit.
That 25 is, by not running_gurrent through the cirguj
during the 90 S04P0C610 nonggnitting period, it Is éﬁﬂﬂbGH}
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 i t h i.n the 1-V
non SRR REal 3 ¥ SRRl K Fefinee g pomer
beconmes possible. A source-follower circuit of

conHEYR *transistors beconmes possible, so it is
possi ble to use an n-channel _ 10 transistor as a drive
el eféhtexprladnedyboye.t Eoserdiase fo Hhe &igding
current anode-cat hode el ectrodes. Further, it is
embosiments, (the difurpa-Eallangs e wlthhing| circuit
by only n-channel transistors and possible to use the
detergomatugs <ln dunimangs ieven ol a rehaes ipgde E-V
15 this, a reduction of the cost of TFT boards becones
chauasidaistidwf ar EL reldwend eslamg (witdntelapsd tbeagpmes
possible to use the pixel power source for the fixed
posgxditekdi al, so It is possible to reduce the pixel area
and possible to expect 20 higher definition of the
pan@ .soSiridd- folloker diycudit o m-thannelr teanstiiztorgh
the circuit while the EL light emtting elenent is

bedtle£LBdddile | isthiit I JUBMIDLIRORD HHd G GAtHihnel
reduced.

transistor as a drive element of a light emitting element

while using current anode-cathode electrodes.

Further, it-is possible to configure transistors of a
pixel circuit by only n-channel transistors and possilible to
use the a-51 process in the fabrication of the TFTs. Due to
this, a reduction of the cost of TFT boards becomes
possible.

Further, in the present invention, it 1s possible to
use the pixel power source for the fixed potentlial, so it
is possible to reduce the pixel area and possible to expect
higher definition of the panel.

Still further, by not running a current through the
circult while the EL light emitting element is not emitting
light, the power consumption can be reduced.

As explalned above, according to the present

invention, source-follower output with no deterlioration 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 SO4P%§8 | umi nance even with #04P0610
change In the |-V characteristic of an EL el enent
along with el apse becones possible. A source-follower
circuit of n-channel tranS|stors becones possi bl e, so
ossi bl 0 _use an n-ch t ansi st or a
Lungnanped SR IS 2 GRIeD Pt iRy ToNe FORE AR |i§ﬂ§~s %
current anode-cat hode el ectrodes. Further, it
an Rl slgment, along itk lapses bsconss &"’S&%Pée'cu rcuit
by only n-channel transistors and possible to wuse the
a- SR gPyreestphlewers sdrredti 8f Bf chaan¢ETirapgdsters
10 this, a reduction of the cost of TFT boards becones
begomes possibient s 1Y s posgsddils dor ds@r @ne NifRayngdy|
line voltage in a short tine even with for exanple a
trapsdsitorsiagnal dndwepedeimend of @btldightaenitidaggediement
with a high 15 uniformty. Sinultaneously, it is
whijes siging tcurnente apodereatdiogieale leiataodasaci ty and
suppress | eakage characteristics. Further, It is
posFultkher) skatk pbssdbibetootofiEiDghirectranstibeto¥sTof a
side and |l ayout of the surrounding lines and |ayout

pixefl dlecuiteby bai9 a-ehduntel Rahgilshtors lkind possible to
possi ble to slash the nunber of GND I|ines at the TFT

useS ¥R alP®ISiphloRels® Anl hRAtFabiieatyon aF @he HFesG\NDue to

lines and Vcc lines at the TFT board, and possible to
thilsTPROVR 42 1¥nCo# the cost of TFT boards becomes
possible.

Further, 1t is possible to write the signal line
voltage in a short time even with for example a black
signal and possible to obtain an image quality with a high
uniformity. Simultaneously, it 1s possible to increase the
signal line capacity and suppress leakage characteristics.

Further, 1t is ﬁossible to slash the number of GND
lines at the TFT side and layout of the surrounding lines
and layout of the pixels become easier.

Further, it is possible to slash the number of GND
lines at the TFT side, possible to elimlinate the overlap of
the GND lines and Vcc lines at the TFT board, and possible
to improve the yield.

Further, 1t is possible to slash the number of GND

lines at the TPT side, possible to eliminate the overlap of




10

15

20

25

Further, It is possible to slash the nuhber of G\D 25
lines at the TFT side, possible to elimnate the

overlap of 92 SO4PC610 the%éND lines and Vcc |inesS¥tFo610
the TFT board so as to lay the Vcc lines at a | ow

resi stance, and possible to obtain an imge quality

of a high uniformty. Further, in t he present

[ tjon, it ble to the pixel power
tng 1 6ks 4nd NERTIRGE 4€ e Sy 0 pso%é’sov%tloav
reduce, t he plxel area and 033|ble o | oo f or war
the, ¥R rl i8S Mt idni Yt TP |P<f%fr% t4h P, in
running a current through the CIrCUIt while the EL
an |impge datity of éhé?i'tgl} IO EYi ng 10 light, the
power consunption can be reduced.. Still further, it
i s Foutihen, te e Puesantpdmventdon. Ui deg@assdblendo
G\D and possible to lighten the |oad on the externa
uselrihe BlaslmodetDUSTRIGE HRP| tiensfixedy Dok endclst ki rip tit
the pixel circuit, display device, and nethod of
is rossibjle {0 xEduce cihe pixeheaypesynd possihieto look
source-foll ower output with no deterioration in
forwiid ane chighean definttidmnege the tfendl.V
characteristic of an EL elenment along wth elapse
bec A P EiFithed ,abd Got0 Hurmidly faldudwen tc ithawdghofthe
n- channel transistors becones possible, so it is

ciRasst bigi 1 e B N ndfl t 18 ¢ Bdnintf 9 <A ftt nitting
el ement of an EL el enent while using current

11%-[\9‘3'9&&‘@ pler Sadndeen ddiersd GFddea i nvention can
applied even to

Still further, it is possible to make the 1input
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 c¢ircuit of the present invention,
source-follower output with no deterioration in luminance
even with a change in the I-V characteristic of an EL
element along with elapse becomes possible and a source-
follower circuit of n-channel transistors becomes possible,
so it 1s possible to use an n-channel transistor as a drive
element of an EL element while using current anode-cathode
electrodes, therefore the invention 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 di splay.” 93 S04PC610 CL%INB 1. A pixel circuits&ﬁ;o610
driving an el ectro-optlc el*ment with a | um nance
changi ng according to a flowing current, conprising:

5 a data line through which a data signal in

accordance with lum nance information is supplied; a

first control |ine; firgkéiﬁ% second nodes; first and
second reference potenti 0 a drive transistor

forming a_current suppl | i ne hetween th
tormmal An@iERd SAEGHFY SoR AZLVARE 2Bo P&Itr"’°n§1’1’§1°
current flow ng through said current supply |ine

elepent dxkide %%W*Wﬂ%‘%t%‘ﬁ?%n%@%%ﬂFﬁ%ltq et rﬁl\‘%ﬁ’ing

connected to said second node; 15 a pixel capacitance
curreitpnt CORPEFETARG: bet ween said first node and said
second node; a first switch connected between said
data |inea dataeciliiner thirozgh whichernidagh signedoda
term nal of said pixel capacitance el enent and
acomrdarote edltin Joomkharice n.iformiitim dd isumpldedr ol
line; and a first circuit for making a potential of
said firat ficrde cobatgelt diaef;i xed potential while
said electro- optic element is not emtting Iight;

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 pixel capacitance element connected between
sald first node and sald second node;

a filrst switch connected between said data line
and either of a first terminal or second terminal of said
plxel capacitance element and controlled in conduction by
sald first control line; and

a first circuit for making a potential of said
first node change to a fixed potential while saild eléctro-
optic element 1s not emitting light:

sald current supply line of the drive

transistor, sald first node, and sald electro-optic element
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said current supply line of the drive 25 transistor,

said first node, and said ﬁlectro optic el enment 94 0610
SHUPO610 bei ng connected i h*series between said fivgE
reference potential and second reference potential. 2.

A pixel circuit as set forth in claiml, wherein: 5
said circuit further conprises a second control [Iine;

sai d drive tyansist field fransi stor
bejfY eotinasfiad 35 stiries hevieh, Gt Fiipss X ernte,
ected fo sai flrst ref erence potential or second
e AR &S eTents ROpENt @hmected to said
second node; and sal flrst circuit includes a second

swi Bch  cAnRE¥EEJCHEPRAEN2S 1Rt FPELRNSRCLAIDS Lxed

potential and is controlled in conduction by said
wheZed®id control line. 15 3. A pixel circuit as set
forth in claim?2, wherein when said eleotro-optic
el enent | Sadidj gércuyt Further gompbises @ sepopds@ppipol
is held in a non-conductive state by said first
Hnegntrol line, said second switch is held in a
conductive state by said second 20 control line, and
sai d firssahddérivecbnarsistiotols 4i gbeldpeffactal ; as
a second stage, said first switch is held in a
traneidiolr witd & eouceaicdnhnieictied ot salld ifiestdalodte,0 a
be
drain connected to said first reference potential or second
reference potential, and a gate connected to sald second
node; and
sald f£irst circuit includes a second switch
connected between sald first node and fixed potential and
i1s controlled in conduction by sald second control line.
3. A pixel cilrcuilt as set forth in claim 2,
whereln when sald electro-optic element is driven,
as a first stage, sald first switch is held in
a non-conductive state by salid first control line, said
second swltch 1s held in a conductive state by said second
control line, and sald first node is connected to a fixed
potential;
as a second stage, sald first swiltch is held in
a conductive state by sald first control line, data to be

propagated over sald data line is writien in said pixel

capacitance element, then sald first switch is held in a
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propagated over said data line is witten in said

pi xel 25 capacitance eleneg%, then said first SMAE&§£OEM

is held in a 95 S04P0610 noh-conducti ve state;

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 nprises a second control [|ine;
no%’éfod“ﬁ'}cfve Yq rséﬁ'sﬁ s't cﬁnqos a field effect transistor

with a drain c to sal first reference

10
pot enti al #8r &s Pg?enﬁé oF%ﬁ?Pglsﬂﬁacg {§i Beld in
connected to sald second node and said first circuit

a TR QR e Pt 1F2ch Rissondy 99RtRodn Lnsour ce

of said field effect transistor and an electro-optic
el efent afdPi¥edomirepilEdas; fetsfeshbudni ehapyp iaj d
second control line. 5. A pixel circuit as set forth
whenelisizai m 4, wherein when said el eotro-optic el enent
is driven, as a first stage, said first switch is held
in a nonsatddatrcudtsfurthey canprisestacsaconfli conbrol
and said 20 second switch is held in a non-conductive
linst;ate by said second control line; as a second stage,
said first swwtch is held in a conductive state by
_said firssatanarovel thanstistart osbe field effect
transistor with a drain connected to sald first reference
potential 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 field effect tramsistor
and an electro-optic element and is controlled. in
conduction by sald second control line.
5. A pixel circuit as set forth in claim 4,
wherein when sald electro-optic element is driven,
as a first stage, saild first switch is held in
a non-conductive state by sald first control line, and said
second switch is held in 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 sald data line is written in said pixel

capaclitance 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 el enent, n said first swt Q

is held in a 96 S04P0610 ngﬁ-conductlve st at e; andg 0610
a third stage, said second switch Is held In a
conductive state by said second control line. 6. A

pi xel circuit as set forth In claiml, 5 wherein:

nosal d |t f #her nprises a second control [|ine;
a?%n ?r% %‘to?’ s afield effect transistor

wth a source cted to sai flrs i.n
connect ed &% as%?‘arﬁ thaqﬁef §1t°g‘r ]1§ g’ﬁﬁ& in
- -reference gotentlal and a ate connected to said
a cordnRtive gt ob%a%i‘iﬁ%‘i%‘?r%‘lﬂ‘ir% HRes a second
switch connected between said first node and said
el e o- opt Pdxed iaewdt &% sed LomthoAmegldm 1,
conduction by said second control line. 7. A pixe
wherebnit as set forth in claim6, wherein when said
el ectro-optic elenent is driven, as a first stage,
sai d firssadd cdycud thdugther 2onprisescandecpinde control

state by said first control line, and said second
limey tch Is held in a non-conductive state by said
second control line; as a second stage, said first

swtch i sshdaldddmive transistor is a field 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; and

sald first circuit includes a second switch
connected between sald first node and said electro-optic
element and is controlled in conduction by sald second
control line.

7. A pixel circult as set forth in claim 6,

wherein when sald electro-optic element is driven,

as a first stage, sald first switch is held in
a non-conductive state by salid first control line, and said
second switch is held in a non-conductive state by said
second control line;

as a second stage, sald first switch is held in
a conductive stéte by saild first control line, data to be

propagated over said data line is written in said pixzel
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a conductive state by said first control line, data to

be 25 propagated over said data line is witten i

said pixel 97 S04P0610 capﬁgltance el enent, then s§9¥ﬁxﬂ0

first switch is held in a non-conductive state; and

as a third stage, said second switch is held in a

conductive state by said second control Iine 58 A

pixel circujt as set forth in claim1l t her

camipif?%%ge%erg%%ﬂdﬂm ctRtd fakFHy %‘Hfoﬂf EESLCSTERIEY

held at a fixed potentjal when said first swtch is

noppepdygtive oikRkei V@2t ate and wites data propagated

through the data Iine. 10 9. A pixel circuit as set
forth in @sa@mtdirdusdagen: sadiddsecead swikcbhds held in
conprises second and third control |lines and a
a cenduglwripptate Moy ssatd dsecend reontrebrline g fiel d
effect transistor with a drain connected to said
firdt. ref ar plxel wdiremiitalasosedefomdly decdada 1,
potential and a gate connected to said second node;
fusthélr fesmprisingid semdnd esircwkc omakivg tsdl @0Eirst node
connected between a source of said field effect
be (HEI®i £t i £hkel JpdEeret B4l rvhaptsaid| £hest swtltéls is held
controlled in. conduction by said second contro
in !4 Nondisk £7¢ G ELEONGhE | wELEds | At (efopadditdd tMEdwdh
the data line.
9. A pixel circult as set forth in claim 8,
wherein:
sald circuit further comprises second and third
control lines and
a voltage supply:
sald drive transistor is a field effect
transistor with a drain connected to said first referenqe
potential or second reference potential and a gate
connected to sald second node;
sald first circuit includes a second switch
connected between a source of sald field effect transistor
and saild electro-optic element and is controlled in
conduction by salid second control line; and
sald second circuit includes a third switch

connected between sald £irst node and said voltage source

and i1s controlled in conduction by said third control line.
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connected between said first node and said voltage
source 25 and is controll gﬁin conduction by said

third control line. 98 SO4§ 10 10. A pi xel ci r cui POHI610
set forth in claim9, wherein when said electro-optic
element is driven,. as a first stage, said first

swtch is held in a non-conductive state by said

{11 Sig COM Qi 838014, Bo586RGoRMA G LAME! § 11 2

non-condu ve Sta sai d- second contro , and

i ollde 4 S o s s Lo LR é‘cf%%e?n éé?fje
first itch_ig held i ' t at '
et confPoft BLABE SHRGernFRAd SOrEh ERLPL het Beid 4n

conductive state by said third control line, said
a nqn-gonfift-iee ik atb®n Al &iash captFalenting., sakd,

in that state, data to be propagated over said data
seqak §wltgh theheld s B Ronscangdusdiive atadiehintsald

then said first swtch is held in a non-conductive
seaand cqptrad dire f ignd skt dlnd serltely ds heldhiing a

stage, said third switch is held in a non-conductive
nonstearglyntisze dtdtie by gadd/thiind comtrdi dinsecond

switch is held in a conductive state by said second

control | asea 286cthd Atppegl| saldcfiltstsseiktchoishhehd in

claim8, wherein 25 said circuit further conprises
a coasivutiaed stdted by sald first control line, said third
switch is 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 said data
line is written in saild pixel capacitance element, then
sald first switch is held in a non-conductive state by said
Eirst control line; and

as a third stage, sald third switch is held in

a non-conductive state by sald third control line and said
second switch is held 1n a conductive state by sald second

control line.
11. A pixel circult as set forth in claim 8,
wherein
sald circuit further comprises second and third
control lines and
a voltage source;

sald drive transistor is a field effect
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control lines and a voltage source; said drive

transistor is a field effect 99 S04P0C610 transi st

with a source connected to%3aid first node, a g#%POGH)

connected to said first reference potential or second

reference potential, and a gate connected to said

seconﬂ node; 5 said first circuit Includes a second

SWtc connect ed between said first sai _d
traeise«éftpaf o a SouRas congecdedy ey Seid %nil’r"sg;o REGEi Bn

y said second contraol line; and said second _circuit

dra#ﬁc comaectedhitoy sadid £ rsto reserence  PoEEREdRLs 5y Second

first node and said voltage source and is controlled
refiexeaged potieatial s and @higadec genngctedndo salda sgoead

circuit as set forth In claim1l, wherein when said

‘nodel;ectro-optlc element is driven, as a first stage,

said first switch is held in 15 a non-conductive
state by said first cbmcubt inobudesia seconddswhickh
is held in a non-conductive state by said second
conferted betweenisaishifdrisiti hddewiandh siad dhellécttroaoptioc
non-conductive state by said third control line; as a
elefiRR®N&ndA 3@E condird1ieds tins vohdacitLonelby isaid Gewond
conductive state by said first control line, said
conltio1d 119\t @lhd S held in a conductive state by said
third control 1line, said first node is held at a

predet er m fieflg POL &M dbircuit includes a third switch
connected between said first node and said voltage source
and is controlled in conduction by said third control line.
12. A pixel circult as set forth in claim 11,
wherein when saild electro-optic element is driven,

as a first stage, sald first switch is held in

" a non-conductive state by sald first control line, saild

second switch is held in a non-conductive state by said
second control line, and saild third switch is held in a
non-conductive state by said third control line;

as a second stage, sald first switch is held in
a conductive state by sald first control line, saild third
switch 1s held in a conductive state by said third control
line, sald first node is held at a predetermined potential,
and, 1n that state, data to be propagated over sald data
line 1s written in sald pixel capacltance element, then

sald first switch is held im a non-conductive state by sald
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and, in that state, data to be propagated over said
data line is witten in said pixel capacitance

el ement, then 25 said first%wtch is held in a S04P0610
non- conductive state by said 100 S04P0610 first

control line; and as a third stage, said third switch

is held in a non-conductive state by said third

control line and said second switch Is held In a

Eirsh, sontned d BP%aid second 5 control line. 13. A
pi xel circuit as set forth in claiml1, further
conpri si n@SadsERbRa EFREe; « sakei BHelsd; gwiteRndshgtd in
be held at a fixed potential when said first switch is

a nea-gondyuctiven gkatey dyseald Ihdofy copdredt 3ipeogadasadd
through 10 the data Iine. 14. A pixel circuit as set

seciond (switch dismbedd ipgher sopdygitdve sdatgobdnhsadd s¢cond
said first reference potential or second reference

contotodntlidmle. 15. A pixel circuit as set forth in claim
13, 15 wherein: said circuit further conprises
secasd, tAipixelactiréoittéasceatrbbrthnis; ctaid Hrive
transistor is a field effect transistor with a source
fuzﬂmﬁte@‘oﬁ@rti@iw @ secvndredecud t2hakdiamigh sadd eeicettd node
said first reference potential or second reference
be BlINEtAla FAREdA podich td AN ehlend slad as Fiidsteewidchndgeheld
in a conductive state and writes data propagated through
the data line.

14. A pixel circuit as set forth in claim 13,
wherein saild fixed potential is said first reference
potential or second reference potential.

15. A pixel circuit as set forth in claim 13,
wherein:

sald clrcuit further comprises second, third,
and fourth control lines:

sald drive transistor is a fleld effect
transistor with a source connected to sald first node, a
drain connected to sald f£irst reference potential or second
reference potential, and a gate connected to salid second
node;

sald first circuit includes a second switch

connected between sald first node and said electro-optic

element and 1s controlled in conduction by sald second
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said first circuit includes a second switch connected
between said first node and said electro-optic 25
element and is controlled % conduction by said set$Rfe10
101 S04P0610 control line and a third switch connected
between a source of said field effect transistor and
said first node and is controlled in conduction by
said third control |line; and said second circuit
contraly ddarea apsh @ rhdiid Siwid cho oanect et BfdHae & Fource
first node and said fixed potential and is controlled
of isaidofdedd efferts firansdstor amk seld Eirst ppdepand is
pi xel circuit as set forth in claim15, wherein when
condiod Lejde diry comgiicd: 1sine aynisaild dibilpdh copdned dimer:s@nd
stage, said first switch is held in a non-conductive
state by said Secehdcohtculit|imeludesda Seuvhl switch
is held in a non-conductive state by said second
conmt@itited betw@endnisdiidhifid stwniodie iandheladd fixedpotential
conductive state by said third control line, and said
andl3s @onitroIlida An wdidudtiona byo Faldn dutirnthe conetreiby
said fourth control |line; as a second stage, said
1infd.rSt switch is held in a conductive state by said
first control line, said fourth switch is held in a

condgctive piRke BYrsaid hAouséP £6PtHhOLn201hiRe155ai d
second node is held at a fixed potential, and, in

wherd@h $hhe sadd 21l to Rpt0dhethedMe 1 SHAwaf,a | ine

I's witten 1n sald pixel” capacitance el enment, then

said firs&s a first stage, said first switch is held in
a non-conductive state by sald first control line, said
second switch 1s held in a non-conductive state by saild
second control line, said third switch 1s held in a non-
conductive state by said third control line, and said
fourth switch 1s held in a non-conductive state by said
fourth control line;

as a second stage, sald first switch is held in

a conductive state by sald first control line, said fourth
switch is held in a conductive state by salid fourth control
line, sald second node is held at a fixed potentilal, and,
in that state, data to be propagated over sald data line is
written in sald pixel capacitance element, then said first
switch i1s held in a non-conductive state by said first

control line, and salid fourth switch 1s held at a non-

conductive state by sald fourth control line; and
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switch is held in a non-conductive state by said first
control line, and said fourth switch is held at a non-
25 conductive state by sail@2fourth control |ine; &94P0610
102 S04PC610 as a third stage, said second switch is '
held in a conductive state by said second contro
line and said third switch is held in a conductive
state by said third control line. 5 11. Adis l%X
devi ce com®rasthirdashageal ﬂjydo'fe‘b%(‘éls‘ﬁ-?%if% eld in
arranged in a matrix; a data line arranged for each
a coolductive siate byt saldasegpndf cpnkrplcilisg aadgfsglid
t hrough which a data 10 signal in accordance with
thimdnmiswditch isf heddt don ai condppltilve; siater by seddr ghird
line arranged for each row of said matrix array of
conftired! 1dnecuits; and first and second reference
potentials; 15 each said pixel circuit further

having: Rnagsprayodepiée edbmpeidimgih a | umi nance
changi ng according to a flowng current, first and

second noge?luﬁaﬂﬂ:yeofrﬁﬂﬁéﬁt@iré@it& Ngroafgedeh a
supply 20 Tine between a first termnal and a second

mat inal and controlling a current flow ng through
said current supply line in accordance with the

potential 508, 8, CPPLEOhriShJe @3 or each column of said
matrix array of pixel cireuité and through which a data
signal in accordance with luminande information is
supplied;

a first control line arranged for each row of
séid matrix érray of pixel circuits:; and

first and second reference potentials;

each sald 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 sald current supply
line in accordance with the potential of a control terminal
connected to said second node,

a pixel capacitance element connected between

sald first node and sald second node,
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connected to said second node, a pixel capacitance
el ement connected between 25 said first node and said
second node, 103 SO4P0610 ¥3first switch connect ed04P0610
bet ween said data |ine and said second node and
controlled in conduction by said first control I|ine,
and a first circuit for making a potential of said 5
first node change to a fixed potential while said
el ectro- apfilrssl swadhchi goppectad: bekyeepgRalidsdpha line
current supply line of the drive transistor, said
and isadid medendmbdmiahd|cntmeldsd doejcondnction hy said
connected in series between said first reference 10
£11¥4 evintaloland mecaendi ref erence potential . 18. A
di splay device as set forth in claim17, further
conpri si ng gigetoedreunitufbrf makingi agpetedtialsof sald
node be held at a predeterm ned potential when said

£iddt Hodes Wtdityd st el Eixed i teartdiut iwtelIst ateldredectro-
wites data to 15 be propagated through the data

op‘l%ji.dqeehle'hﬁanﬁﬂ S YertBMi Gy A |, forth in claim17,

urther conprising a second circuit for making said

second  nads gbeuiekilsabupphyxgdnobenthal avhos said

first sw held in"the conductive state and

eI A0 MO8 Ut i amens
beiellge Cc;c{norieotzplgécf :BL e@ia&“ t;é]l:v?eéry 'HM G rst reference
potential and second reference potential.

18. A display device as set forth in claim 17,
further comprising a second circuit for making sald first
node be held at a predetermined potential when said first
switch ié 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 circuit for making sald second
node be held at a fixed potential when said first switch is
held in the conductive state and writes data to be
propagated through the data line.

20. A method of driving a pixel circuit having:

an electro-optic element with a luminance
changing according to a flowing current,

a data line through which a data signal in

accordance with luminance information is suppliled;
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changi ng according to a flowng current, a data |ine

t hrough which a data signal in 25 accordance wth

| umi nance information is S96plied; 104 S04PO610 f iF04FP0610

and second nodes; first and second reference

potentials; a field effect transistor with a drain

connected to said first reference potential or second

5 reference potential, a_source connected to said

first nodBlrsipangd geeendonedefed to said second node;

a pi xel capacitance el enent connected between said

first nodEluRE 3nddseeenddreberengefperientipnlen

connected between said data line 10 and either of a

first terai fheldreffectobmanataton| whthsaj drapnxel

capaci tance elenent; and a first circuit for nmaking a
conpeicdedd dlo shishifdrst referencec patentials ofi segond

potential; said current supply line of the drive 15
reflefrendies portentdiad. ,f iar sbumrede coandcsaidd tol satlido-£dptsitc node,

el enent being connected in series between said first

and @f gatkec eonheicteld do asaddseeeond abd@eence potenti al,
said nmethod of driving a pixel circuit conprising

steps of : a2P1#8ki 88pacPParbéi @ledéntaconheetédnbetween
change to a fixed potential by said first circuit in

sald €133 Qold RindS ¥ad df seTondVnbeld;hel d at a
non- conducti ve state,

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, said first node, and sald electro-optic element
being connected in serles between said first reference
potential and second reference potential,

sald method of driving a pixel cilrcuit
comprising steps of:

making a potential of sald first node change to
a fixed potential by sald first circuit in the state with
sald first switch held at a non-conductive state,

holding said first switch at a conductive

' state, writing data propagated over sald data line in said

pixel capacitance element, then holding said first switch




hol ding said first switch at a conductive state,
writing data propagated over said data line in sa

25 pi xel capacitance el emeéfP, then hol di ng sai d fié@ﬁxﬁlo
swi tch 105 S04P0610 in the non-conductive, and

stoppi ng the operation-for making a potential of said
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.




