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1 DESCRIPTI ON S04P0722 PIXEL CI RCUIT, Di SPLAY DEVI CE,

AND METHCOD OF DRIVING . PI XEL CIRCU T 5 TECHNI CAL FI ELD
The present invention relates to a pixel circuit

having an electro-optic eledent with a | umi nance S04P0722

controlled by a current value in an organic EL

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

di spl ay device conprised of such pixel circuits

arrayed in a matrix, in particular a so- called active

matrix type i mage di spPEFCBEPEEONcontrolled in val ue

of current flowi ng through the electro-optic elenents

by insulating gate type field effect transistors 15

provi ded inside the pixel circuits, and a nethod of
PIXELy i GRCUXR X HISELAN i DEVIGACKEROMETHIDT dF DRIVING @IXEL

di spl ay device, for exanple, a liquid crystal

di splay, a |l arge nunber gfRpUX®lSs are arranged in a 20

matrix and the light intensity. i's controlled for

every pixel in accordance with the inmage information

to be displayed so as to display an inmage. This sane

i's treeafiocapnEeeg@n ¢ EL display etc. An organic EL
‘display is a so-called self-light emtting type 25

gl SPtRY PRYEESL AU AVERELSR 4180 8! 5B pife LG rHLIE!

having an electro-optic éiément with a luminance controlled
by a current value in an organic EL (electroluminescence)
display etc., an image display devicé comprised of such
pPixel clrcuits arrayed in a matrix, in particular a so-
called active matrix type image dlsplay device controlled
in value of current flowing through the electro-optic
elements by insulating gate type fileld effect tramnsistors
provided'inside the pixel cifcuits, and a method of driving
a pixel circuit..

BACKGROUND ART

In an image display device, for example, a liquid

cxrystal display, a large number of pixels are arranged in a

matrix and the light intensity is controlled for every

pixel in accordance with the image information to be

“displayed so as to display an image.

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

display having a light emitting element in each pixel
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'SO4P0722 CIrCUIt and has the advantages that theil

| ~viewability of the 1image is higher in conparlson'MAth

a liquid crystal display, a backlight is unnecessary,

the response speed is high? etc. 5 Further, it S04P0722

greatly differs froma liquid crystal display etc. in

the point that the gradations of the color generation

are obtained by controlling the |um nance of each

light emtting el enent by the value of the current
CiFF%%Fn@n@hhéﬁghhﬁtadYﬁ%taggs rt theivlewmbilhgy of the

element is 10 a current controlled type. An organic
imgyge gl s phhghef nip heomparlisey with ajtldeid ceywshal

di splay, may be driven by a sinple matrix and an
displaye asbacklightehs Wimécessaryorvlee hespense ngpeed is

structure, it has the problemthat realization of a

‘highy getcl5 sized and high definition display is

‘difficult. For this reason, nuch effort is being

devateskler deliel gty aiififeers afddny @ MAlgudd Sorsgtaof
controlling the current flow ng through the |ight

diepiayi 8toe| tnethe i PS1AE €AY P& SyraddtLond &F Be color
active el ement provided inside the pixel 20 circuit,

geREPREBbhYard dhlalhbinod i bontFfSTEisd e Ffindnéé &t
bl ock di agram of the configuration of a genera

eah ORDhKt Eémﬁtéphayeﬂsﬁ(eﬁﬁ b}? hisse B sPL&VoflCMLEE, &rPé&t

as shown in FIG™1, a pix€el array portion 2 conprised

bR GRS aPooedt MOTOISOD Bindne 1o

a current controlled type.

An organic EL display, in the same way as a liquid
crystal display, may be driven by a simple matrix and an
active matrix system. While the former has a simple
structure, it has the problem that realization of a large
sized and high definition display 1s 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

circuit by an active element provided inside the pixel

circuit, generally, a TFT (thin film transistor).

FIG. 1 is a block dliagram of the configuration of a
ganeral organic EL display device.

This display device 1 has, as shown in FIG. 1, a
pixel array portion 2 comprised of pixel circuits (PXLC) 2a

arranged in an m x n matrix, a horizontal selector (HSEL)
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"3, a ‘wite. scanner: (VEK»D 4 data. I|nes DTL1 to DTLn
'.selected by the horizontal selector 3 and supplied
‘wWi:'th a data signal in accordance with the |um nance
information, - and scanning $ines WsL1 to WSLm 504P0722
selectively driven by the 5 wite scanner 4. Note
that the horizontal selector 3 and the wite scanner
4 are sonetines fornmed around the pixels by MOSICs
etc. when formed on golycrystalllne silicon. FIG 2 is
3. & TR 1 SERRpRNHFChh tx it bingsiPBel to DTLn
configuration of a pixel circuit 2a of FIG 1 (refer
Sela%ct%‘g by xEhp| Roxlzontal cfelegton, FRNBcHRMLLFYekth a
Publication 2: Japanese Unexam ned Patent Publication
daixokhdnaNoln gacogudmaye Wheh pthe| lwiinance ofnfoxaPion,
has the sinplest circuit 15 configuration anong the
and ssganmimpetinés Wpbska WSkn usebeaitiveky aistven| by dthe
two-transistor drive type circuit. The pixel circuit
wrPbe oécahier 24 has a p-channel thin filmFET
(hereinafter, referred to as TFT) 11 and TFT 12,
capatotertiaitl  tinchariigitakedlddtprel2and thie write
conprised of 20 an organic EL el enent (CLED).

. scimiéhes, abd EbfetLnedTEoihed CabSsnd ﬂ?éaiztét@s B MYELcs

indicates a scanning line. An organic el enment has

etd. rﬁﬁéhffsﬁﬁé@%ﬂrﬁﬂfﬁ £Hal PERY s“caﬁféonso soneti nes
is referred to as an (organlc l'i ght en1tt|ng

di odege. e SYhir&li &1&&%

emtting elenment in FIG and the other |gures
coﬁff@&fggfgn of a pixel circuit 2a of FIG. 1 {(refer to for

example U.S. Patent No. 5,684,365 and Patent Publication 2:
Japanese Unexamined Patent Publication (Kokal) No. 8-
234683).

The pixel circult of FIG. 2 has the simplest clrcult
configuration among the large number of proposed circuilts
and 1s a so-cailed two-transistor drive type circuit;
| The pixel circuit 2a of FIG. 2 has a p-channel thin
film FET (hereilnafter, referred to as TFT) 11 and TFT 12, a
capaclitor C1l1, énd a light emitting element 13 comprised of
an organic EL element (OLED). Further, in FIG, 2, DTL
indicates a data line, and WSL indicates a scanning line.

An organilc EL element has a rectificatlion property in
many cases, so sometimes is referred to as an OLED (organlc
1ight emitting diode). The symbol of a diode is used as the

light emitting element in FIG. 2 and the other figures, but




10

15

20

- 25

‘a rectlflcatlon property is. not almays reqU|red for an
OLED " in the fol l owi ng expl anation. In- FIG 2, a
source of the TFT 11 is connected to a power source
potential VCC, and a cathodé of the |ight 5 enittingtP0722
“element 13 is connected to a ground potential GN\D.
The operation of the pixel circuit 2a of FIG 2 is as
follows. <Step ST1>: Wen the scanning line WSL is
made a sel ected state 10 (low | evel here) and a wite
a pefkhiicatirnRreReEHHpl s ot A lyaws Feuirek fox an {RLED
TFT 12 becones conductive, the capacitor Cl1 is
incﬁ%?g%@l%QWHWSCQ%Pb%@at%QE the gate potential of -the
TFT 11 becones Vdata. <Step ST2>: 15 Wen the scanni ng
| i nel\B{IG s Zpce spukse f ddie IFBtLL dl g qingahesd to a
here), the data line DTL and the TFT 11 are
powercsoured | potepbial edCChuand he gatkodetenttls bighhe
TFT 11 is held. stably by the capacitor Cl1l. <Step
emSi6ing 261 dihent ul3 ehé ¢dbmmected htoughgtdwend Fdotidntdall GND.
the light emtting elenent 13 becones a value in
Thécépétatiion VWi hthe phkel sOUrEeivobdage RUS. 02 ideadFT
11, while the light emtting element 13 is

'fogpaﬁgnuously emtting light wwth a |um nance in

accordance with the current value. 25 As in the above
st exsddp $PE> operation of selecting SO4P0722 the
scanning line WAL and transmitting the | um nance

When the scanning line WSL 1s made a selected state
(low level here) and a write pofential Vdata 1s supplied to
the data line DTL, the TFT 12 becomes conductlve, the
capacltor 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
TFT 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 thé light

emltting element 13 i1s continuously emitting light with a
luminance in accordance with the current wvalue.

As in the above step ST1, the operation of selecting
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the r$%mt1=%slr

.|nfornat|on glven to the data_llne to the |nS|de of a
“pixel will be referred to as "witing" below As
expl ai ned above, in the pixel circuit 2a of FIG.
if once the Vdata is witteh, the |ight emtting Sodborz
el ement 13 continues to emt light with a constant
| um nance in the period up to the next rewite
operation. As explained above, in the pixel circuit

2a, by chan a gate application volta of the
[ the Wt (ond SHReRLHE Lo 1 he TR EIANGe e

val ue of the current flow ng through the EL |ight
ingermatinp cgivemita sthe data rblnedto Ahe nsidenof (ppixel
source of the p-channel drive transistor is connected
wilb bherﬁiﬁmwe%dbﬂo@spdﬁﬁ¢ﬁi%ﬂ \Relowso this TFT 11 is
al ways operating in a saturated region. 15
Accrsliexphainead dvones in ddvstpirelc wimmit @a f FIG..
having a value shown in the follow ng equation 1. Ids
2, =18/ dned \Whe Codd b sis bl e l) thélelghh embichigselément
- mobility of a carrier, Cox indicates a gate
13 CEPRELHNGEE etPedmimi 11 glitawltl | adéewéEsnt DimDwdece in the
width, L indicates a gate |length, Vgs indicates the
peBfbe- ﬁrﬁuf@etﬂéhi@ﬂe Péutiee Togeddtiamd Vth indicates
the threshold value of the TFT 11. In a sinple matrix

typead nBge Hdd Abeey] Chn 88 hidd Ui oadd I, by
elenent emts |ight onIy at a selected 25 instant,

ch&ﬁg 'Q GRLECAHYE1 BRELON v@ft&ﬁ@léfn€ﬁea@9¥€b transistor
eacC | ght emtti ng el enent conti nues

. coﬁgklk#ggd B h%hgvffT fiteghéhsafag 5% fﬂg &ﬁfféht flowing

hérefore, "1t becone
through the EL light emitting element 13 1s controlled.

At this time, the source of the p-channel drive
transistor 1is connected to the power source potential Vcc,
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.

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

Here, 1n indicaies the mobility'of a carrier, Cox
indicates a gate capacitance.per unit area, W indicates a
gate width, L indicates a gate length, Vgs indicates the
gate-soufce voltage of the TFT 11, and Vth indlcates the
threshold vélue of the TFT 11l.

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

instant, while in an active matrix, as explained above,
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_.advant ageous ‘i n especiall'y a |arge sized and high
~definition display in the point that the-peak
| um nance and 5 peak current of each light emttin
el enent can be |owered in €onparison with a sinpl 804P0722
‘matrix. FIG 3 is a view of the change along wth
el apse of the current-voltage (1-V) characteristic of
an organic EL elenent. In FIG 3, the curve shown by
the solid line 10 indicates the characteristic in the
each}ight semitting ¢lemenke eeptinues \#rbitime bighereven
line indicates the characteristic after change al ong
afygx hthe aprd . of ntherxtte eperationrhsifherefore, clbfbegomes
organic EL elenent ends up deteriorating along with

adwinpageaus shovwmspecidbly| G 1a8rge Holeedrand ilnkgh t he

two-transistor drive systemof FIG 2 is a constant

. defimithon ddisplaysimnthe polwst athhat cthe gpgak sluminance and

continuously supplied to the organic EL el enent as
pe&k ptarpent abdbveackVENght émbtting chbemeneros i lve oOlowdmeed
20 organic EL el enent deteriorates, the | um nance of

- inléemp&PLESRUwitENA ¥hmplaahathiwge al ong Wi th el apse.

- The pixel circuit 2a of FIG 2 is conprised of p--
 Charnypd, TETEs HUidd df MR olfssd Utodg o i sd tof

by n- channel TFTs, it would be possible to use an

th@"ChPPOHE-voitagé! EPLV é}%l?&%a@f@ff%i& No# N&n PGS§ahlc EL
the fabrication of S04P0722 the TFTs. This would

c1EHARLS fn' PRUCILONChD LREVEOShoRh B tnb0S6fiPa DENE.
consider a pixel circult replacing The
indicates the characteristic in the initlal state, while
the curve shown by the broken line indicates the
characteristic after change along with elapse.
In general, the I-V characteristic of an organic EL
element ends up deteriorating along with elapse as shown in

FIG. 3.

However, since the two-transistor drive system of

FIG. 2 i1s a constant current drive system, a constant

current is continuously supplied to the organic EL element
as explained above. Even i1f the I-V characteristic of the
organic EL element deteriorates, the luminance of the
emitted light will not change along with elapse.

The pixel circuilt 2a of FIG. 2 is comprised of p-
channei TFTs, but 1f it were possible to configure i1t by n-
channel TFTs, 1t would be possible to use an amorphous

silicon (a-Si) process in the past in the fabrication of
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transi stors wi'th n-channel TFTs. 5 FIG. 4 is - a circuit

di agram of a pi xel circuit, replacing the p-channel '
TFTs of the circuit of FIG 2 with n-channel TFTs.

The pixel circuit 2b of FIG 4 has an n-channel TF304P0722
21 and TFT 22, a capacitor C21, and a light emtting

10 el enent 23 conprised of an organic RL el enent

(OLED). Further, in FIG 4, DIL Indicates a data

line, and W5L Indlcates a scanning line. In the pixe

the | TRES ¢ Tpls (wenld gnakleia greduntinm v thereesk pf TFT

constituted by the TFT 21 |Is connected to the 15

bogmA®sr source potential Vcc, and the source is
connected to the anode of the EL el enent 23, whereby a
soumestf oldansddercia quizell Tifmmidd refil@cing she vi ew
of the operating point of a drive transistor

trawssd tord oeitly nhehaieR IFEPS. an EL el ement 23 20 in

the initial state. In FIG 5, the abscissa indicates
t he FlitGU it ST eedidiagidifrand ofhé Pikeldl ciudia t he
ordinate indicates the drain-source current lds. As

repl@¥ing Ntid @-éhankel 9pers o i geitSu et et nered 2 byith
the operating point of the drive transistor

n-&Rashéi UpPps, 25 by the TFT 21 and the EL |ight

emtting elenent 23. The S04P0722 vol t age differs.in
val ug, dependi L Bwit WYL MY Whas HH %-&Erﬁi‘el SPFT

drlven i'n the saturated region, so a current Ids of

21! d"ﬁ"b' ﬁ’f éhé‘cgé’ of QY | 0&1}]& d S1aghPrlh e {0y the

for t e’ sour tage of

_element 23 comprised of an oxganlc EL element (OLED).

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

In the pixel circult 2b, the drain side of the drive -
transistor constituted by the TFT 21 is connected to the
powexr soufce potential Vecc, and the source i1s connected to

the anode of the EL element 23, whereby a source-follower

clircuilt 1s formed.

FIG. 5 1s a view of the operating point of a drive
transistor constituted by the TFT 21 and an EL element 23

in the initial state. In FIG. 5, the abscissa indicates the

drain-source voltage Vds of the TFT 21, while the ordinate

indicates the drain-source cﬁrrent Ids.
As shown in FIG. 5, the source voltage is determined

by the operating point of the drive transistor constituted

by the TFT 21 and the EL light emitting element 23. The
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5 operatlng p0|nt ‘However, here too, simlarly, the
|-V characteristic ~of the EL el-ement ends up '
deteriorating along with elapse As shown in FIG
the operating point ends up8fluctuating due to th5§4P0722
change along with el apse. The source voltage .10
fluctuates even |If supplying the sane gate voltage
Due to this, the gate-source voltage Vgs of the drive
transistor constituted by the TFT 21 ends up changi ng

volfrge  ftffarsclnf vakee cdepenting oor nghe | grEeareltagee

value of the current flow ng through the EL |ight

enm t¥hig) ERmhtls Jivkven dn tthe dpiyratethgegion. o a

the 1-V characteristic of the EL light emtting
cupremenidgl3oficthe i valuesoft hee abovaoegeablonhd Lsitted

light will end up changing along wth el apse In the
supplied-for| thervgsrfort thé So@rcd. véltadgerof ashehown

in FIG 7, acircuit configuration 20 where the
opébat Legopoifi®. drive transistor constituted by the

n-channel TFT 31 |Is connected to the ground potentia

G\D, Howdie¥l] didrd Ste®NNELhETa Dy | hthe at hpdshafadteridtic

el ement 33, and the anode of the EL light emtting

of etREERL, SBehEnEOBNESI 8 HEtéhEoPRVENg SAL6RE WLERNELEpse.
Vcc may be 25 considered. Wth this system in the

As SERBwHRYn aPTENes, dEh¥ Chpa¥atifg Po1sP28RE: b TePhcthéting
2, the potential of the source is fixed, the drive

duér@&StﬁigrcﬁQﬂ & 5!&&@ Yt fthlIg% 31'1'1189@6121':8% ¥ol8age

const ant curre t sour and a ange 1-n t
e t h
oHBRE UepgLidhdl AR, Sbmblifnts eolsage- o
can 6he VEQ 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 walue of

. the current flowing through the EL light emitting element

23 simultaneously changes, so 1f the I-V characteristic of
the EL light emitting element 23 deterilorates, the

luminance of the emitted light will end up changing along

with elapse in the source-follower circuit of FIG. 4.

Further, as shown in FIG. 7, a circuit configuration
where the_source of the drive tramsistor constituted by the
n-channel TFT 31 is conneqted to the ground potential GND,
the drain 1is cénnected to the cathode of the EL element 33,

and the anode of the EL light emitting element 33 is

" connected to the power source potential Vcc may be

consilidered.
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~ Wth this system  however, the drive transistor has:

. to be connected to the cathode side of the EL |ight
emtting elenent. This cathodic connection requires 10
devel opnent of new anode-ca® hode el ectrodes. This $@&4P0722
considered extrenely difficult with the current |evel
of technol ogy. Fromthe above, in the past systens,
no organic EL elenent using a n-channel transistor
free of change in 15 |um nance has been devel oped.

DI S@idburghier systamvveENr the samspjwast as when grdyen by
invention is to provide a pixel circuit, display
thelayichanngtl TEE hofl BIG dr2 vithe polppndalakioft the source is
enabl i ng source-follower output with no 20
fixed orithe alyve cfransd sieorc ccavetil wted by Harey LI 3dne
current-vol tage characteristic of the light emtting
opetrziestasl anconstdnte| apseen e nairer, camsdur czhdrge alverthe
circuit of n-channel transistors, and able to use an
luritn&éE Ndke A NGe Béolorst Porilrof etled elrntcldracteristic of
el ectro-optic 25 el enent while using current

thé il er Lol 06l et B6d r §l@ren B SN0V Pgrevaiteye t he

above object, according to a first aspect of the

Pr esgitnh ivhedtdyiven Na{drdvie! @t dlefhidreditekins iEtoxlidas
for driving an electro-optic elenent with a | um nance

to CHENGsAWe SEERT € Nehd Octhd QM SHAE USE Oflle 1L CGhE | SI NG

a data Irne through which a data signal In accordance
emff{fnﬁqgigﬁ@ﬁ€.ifﬁfé”@é%ﬁ%hié é&ﬁﬂ%&ffbnffé&ﬁires
development of new anode-cathode electrodes. This 1is
considered extremely difficult with the current level of
technology.

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

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide a

pixel circuit, display device, and method of driving a

pilxel cilircult enabling source-follower output with no

deterioration of luminance even wlth a change of the

. current-voltage characteristic of the light emitting

element along with elapse, enabling a source-follower
circuilt of n-channel translstors, and able to use an n-
channel transistor as a drive element of an electro-optic

element while using current anode-cathode_eiectrodes,
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. second, -third, and fourth nodes: first and second

reference potentials; a pixel capacitance el enent .

connected between the first node and the second node;

a coupl i ng. capaci tance 10 dPfenent connected betweeR04F0722

the second node and the fourth node; a drive

transistor formng a current supply line between the

first termnal and the second term nal and

controlling a current flow ng through the current

suppiy adhifye the aham@blfath areqritiag ite first

control term nal 15 connected to the second node; a
aspe¢ttof\Fhe Preperktaventiome there inpd@rowided ondpixel

switch connected between the second node and the
citénit Hodedriving rah selectreopibie clemmivoeith e

first node and a fixed potential; a fourth swtch
Llunihmaecéed echdmgiver mederding to e Shaoving ¢urmxédt nhode;

20 and a fifth switch connted between the fourth node
compei i n@reddied ihes flotewdh athidhea fddaisd sigmab, i he

third node, the current supply Iine of the drive
acébBdshéé ol th MEuif&hce NDEEo el dinel €| SeppDiOD] | £1rst,

el enent being connected In series between the first

sebShE! CHREr@Ot & | fduntll $6EOHd £5:s€ edd ed66ond reference
potential. 11 SO4PO722 Preferably, the drive

poEéﬂHf&ﬁéPraiﬁiibiié%ﬁ%éifé%%e éiéﬁ@ﬂ@téﬁnﬂééﬂe@-ﬁé%%ééh
connected to the first node and a drain connected to

thé NB1 8t "o 80Ugna PERL €L 8BbYg HUED, tJﬂec&hﬁieﬁ%' ?S 4Gitance

element 1s driven, 5 as a tirst stage,
eléM@%ﬁhcbﬁngg*éh!ﬁbfﬁ&éﬂdﬂﬁéhyé?OQ&Qﬁ d?téﬁhffﬁﬁtfburth
“swtch1's held in a non-conductive state, .
node; a drive transistor formling a current supply line
between the first terminal and the 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 first switch connected to

the thilird node; a second switch conmnected between the

second node and the third node:; a third swlitch connected
between the first node and a fixed potential; a fourth
switch connected between the data line and the fourth_node;

and a Fifth switch connted between the fourth node and a

‘predetermined potential; the first switch, the third node,

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.
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and, in-that state, the third switch is held at a
conductive state and the first node is connected to a
fixed potential; as a second stage, the second sw tch
and the 10 fifth switch ardlheld in a conductive S04P0722
state, the first switch is held in a non-conductive
state, then the second switch and the fifth switch
are held in a non-conductive state; as a third stage,
the fourth switch is held in a conductive state, data
t o Hrefiegatyt .cdthehrduigie thranglstons 19 me fieldpfifear
the fourth node, then the fourth swtchis held in a
trawsisbon uettl ca ssenxce grhnected otp tthetfigst tiede and a
third switch is held in a non-conductive state.
dr&iwefeombégtedhen the Ehird rmedpiic el enent is driven,
as a first stage, the first switch and fourth swtch
ar e pe¥Fersidly N whero reheo redieaitirwe- ddtalice edithentn dshairiven,
state, the third switch is held in a conductive state
as adeihet fstade, NEKe £BrLONBRLEEH 19 Keld XBd pudeiductive
as ‘a second stagé, the second switch and the fifth

st&¥é | Ctheél foltftl Wi €ch CONELA VEn SA Mén-ddieadtt e state,
switch is held in a conductive 25 state for a

and@! efet Endt Necape! i ok {HPRa topiesicoNg Budd Cde 12
SO4P0O722 and the fifth switch are held in a

co@icE -u§ﬁéy§ Shdlfhe 36 diré%tﬁﬁﬁg B 386nnd Hfed OLE L fixea

swtc I'n a conductive state, data to be

R e D Al L
ﬂg SODPURTLNE RLPECIn Ao B8a G0 UL U SLE0Cnd NEy 1L T O

‘hon- COﬂ IVG S

switch is held in a nonjconductive state, then the second
switch and the fifth switch are held in a non-conductive
state; as a third stage, the fourth switch is held in a

conductive state, data to be propagated through the data

‘1line is input to the fourth node, then the fourth switch is

- held in a non-conductive state; and as a fourth stage, the

third switch 1s held in a non-conductive state.
Preferably, when the eledtrb-optic element 1s driven,
as a first stage, the first switch and fourth switch are

held in a non-conductive state and, in that state, the

third switch 15 held in a.conductive state and the first

node is connected to a fixed potential; as a second stage,
the second switch and the f£fifth switch are held in a
conductive state, the first switch i1s held in a conductive

.State for a predetermined period, then the second switch
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Preferably, at the third stage, the first switchis
hel d at a conductive state, then the fourth switch is
hel d at a conductive state. 10 Preferably, when the
electro-optic el ement is diven, as a first stageS04P0722
_the first switch is held in a conductive state, the
fourth swwtch is held in a non-conductive state,
.and, in that state, the second switch and the fifth
switch are held in a conductive state; as a second
andithe fifh swifeh sarefeld in qdaepigprductive state; as
non- conductive state, while the third switch is held
a thizd cobriget | Viee sEonpthnewiich fig heldoke a oot es|
to a fixed potential; as a third stage, the second
stabe [ cdrbadte Hee fpropagated hthreugdle| the matackine is input
~conductive state; as a fourth stage, the fourth switch
to i th@(fdwetth i mode cothem t the HSowteh sieltch olbecheld in a
propagated through the data line is input to the
nofi-atdndudoive $tete i hend cas td fonttic hstsgdel the ntldrd
non-conductive state; and as a fifth stage, the first

swhtéh Cls iBe D@ Thi & BosobshdictBre SéBdEe. Whil e the third

switch is held in a non-conductive 25 state. 13

S04 Rl A0 Jidl {1k XIBRD A dhe feilit sl 1s
invention, there |Is provided a display device

he£&RE | &1 B8nducPlvé dbtave Of X CLnE| £5uER ShiBAWCLs iNe1a
a matrix; a data |ine arranged for each colum of the

at BUELXa@LE fYe OLepigel 5 circuits and through which a
data signal 1n accordance with |um nance |nformation

I's %W%¥éf§£lfyuhﬂéﬂ5%hé”§&é5¥fgu%ptic element is driven,

as a first stage, the first switch 1s held in a conductive

state, the fourth switch is held in a non-conductive state,

.and, in that state, the second switch and the fifth switch

are held in a conductive state; as a second stage, the
first switch is held in a non-conductive state, while the
third swlitch is held in a conductive state and the first

node 1ls connected to a fixed potential; as a third stage,

. the second switch and the fifth switch are held in a non-

conductive state; as a fourth stage, the fourth switch is

held in a conductive state, data to Be propagated through

the data iine is input to the foﬁrth node, then the fourth
switch is held in a non-conductive state; and

as a f£ifth stage, the first switch is held in a conductive
state, whlle the third switch 1s held in a non-conductive

state.
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ref-erence patentials; each the.pixel circuit further.
having an electro-optic.element with a |unmi nance
changing according to a flowing current, first,

second, third, and 10 fourtld nodes, a pixel S04P0722
capaci tance el enment connected between the first node
and the second node; a coupling capacitance el enent
connect ed between the second node and the fourth

.node; a drive transistor formng a current supply

| i ndhcdnndideh ttheé feqannd aspesl ofhdhenhe

termnal and 15 controlling a current flow ng through

Anvémtbons cthexeipls yprovkded actisplar cdewide t¢amprising a

potential of a control termnal connected to the
plwsthitly nofiepizel | cbrowiis cdrxamgsttion 4 gratfisxs ha rdata

node; a second switch connected between the .second
Linw deredaigéd ef 61 i edlch ocke]l umn t Gif rithes vind fod s ey eaff . @2lkel

between the first node and a fixed potential; a fourth

. clti€d SOdNERiedglh aiNEEl 4 heatitsidnde B chdderdadé hwith

node; and a fifth switch connted between the fourth

Lurioelen 80 04 RE o RMLEES 8! 16 Neeppri € | Add £0esf | 415d S¥bdisd,

the third node, the current supply line of the drive

refdPORES Porentfalil ! SbadR ﬂﬂgipiﬁgﬂ 1@l e CtdPrItdt | Kaving
el ement bei ng connected In 14 S04P0Or722 series between

an (&febtFSL of:'ﬁ:[@ r ?139 t wt?#l'l al flﬂﬁix?%?(?ﬁ g?hglﬁéﬁli& nce

pot ent al refera e device I ncl udes a

ol 0, C LA SETRUERRR 2 L LA TSR, o
ot Sy SHbe C1a 31 B £OULHEL1 ¥6n Sk A fehdn? SOMEENLL Bdtween

r

the first node and the second node; a coupling capacitance

element connected between the second node and the fourth

-node; a drive transistor forming a current supply line

between the first terminal and the second terminal and
controlling a current flowlng through the current supply
line in accordance with the potential of a control terminal

connected to the second node; a flirst switch connected to

.the third node; a second switch connected between the

second node and the third node: a third switch connected
between the first nodg and a fixed potential; a fourth
switch connected between the data line and the fourth node;
and a fifth switch connted between the fourth noﬁe and a
predetermined potential; the first switch, the third node,

the current supply line of the drive transistor, the first

. node, and the electro-optic element belng connected in
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optic el ement. According to a third aspect ‘of the . -
present Invention, there is provided a nmethod of -
driving a pixel circuit -10. having an el ectro-optic
element with a | umnance cBénging according to a S04P0722
flowng current, a data |ine through which a data
signal in accordance with |um nance Information is
supplied; first, second, third, and fourth nodes;
first and second reference potentials; a pixe
septgradre e diigrdht Tl refinkencs pRESRIERY Rng jseqond
node and the second node; a coupling capacitance
rekeeener RoFeRrital. bet ween the second node and the
fourth node; a drive transistor formng a .current
sup@nefienablynt iden dewlde fsrthermilmgdlugdes teharisecond
term nal and controlling a current flow ng through 20
deviee cior eromplgpdytariky okt dédoe efidwsth svictch at a
potential of a control term nal connected to the
nos-acadadiotiee Stdi¢ swhikev Hahdoonnded echind tdeitidh rak a
node; a second switch connected between the second
condilet Byél dHetd hin da Nosle-emPetidy rsesiéd CGOE celiv asiadtro-
between the first node and a fixed 25 potential; a
optDyrdlemiht ch connected between the data line 15 .
- S04P0722 and the fourth node; and a fifth switch
Conrxc%ink&tﬁf% thanQ tdsgrde andne gfféieéx&r WffGhtion,

potential; the first switch, the third node, the

th rfé“p:?é'@f’&é(d'ér}ﬁegif.o&*}?f & VEnd "ANBLRE L o1t BBt

Irst node, and the ectro-optic el’enment bel ng

 nef R PSP el S e ST Brangng

according to a flowing current, a data line through which a
data signal in accordance with luminance information is
supplied; first, sécond, third, and fourth nodes; first and
second reference potentilals; a pixel capacitance element
connécted between the first node and the second node; a
qbupling capacitance element connected between the second

node and the fourth node; a drive transistor forming a

‘current supply line between the first terminal and the

éecond terminal and controlling a current flowing through
the current supply line in accordance with the ﬁotential of
a control terminal connected to the second node; a first
switch connected to the third node; a second switch
connected between the secohd node and the third node; a
third switch connected between the first node and a fixed

potential; a fourth switch cpnnected between the data line
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‘met hod of driving a pixel circuit conprising steps of
“holding the first switch 1n a conductive state,
~holding the fourth switch In a non-conductlve state,
and, In that 10 state, holdPng the third sw tch atSPo722
conductive state and connecting the first node to a
fixed potential; holding the second switch and the
fifth switch in a conductive state, holding the first -
switch in a non-conductlve state, then holding the
and; dighsn EQWF Bl tRodRF 134 13 FEH By kol @WQQDetween the
conductive state; holding the fourth switch in a
founkhl nade cand tatpredeirmmingd Retentvlale givp st
through the data line to the fourth node, then
swhiothli nche hdh ¥l rmdriew theh ¢yrrenihomppiy ukine eoStidhe;
and holding the third switch in a non-conductive
dritateransistec riloal firsepode ¢ die fhe stl@ftrwdepiiom
the fixed potential. According to a fourth aspect of

eldment Mvelid onidetead ik e < ase bwemi hete of 1kt vi ng

a pixel circuit having an electro-optic elenent with
referdibd Petettitdlli A1 a6l e fdferfod | e P TAL | Sle
a data line through which a data 25 S|gnal in

me BESET SENERIWIAG & YH KT COLEEULF r@& %65 Fe2
supplied; first, second, third, ourt nodes;

noldiy A0 £ 500Nk EIE B0 é@&@&ﬁtﬂé sfatd XQolding the
capaci tance el ement connected between the flrst no e

fo l?%ﬁ}]ect e%&getvveeg‘g&heé%%%gé% é] ahl(jél?ﬂ'eejf ourt
o P ALl 3 ol 90 8 583 PO ane

connecting the first node to a fixed potential; holding the

second swiltch and the fifth switch in a conductive state,

holding the first swlitch in a non-conductive state, then
holding the second switch and the fifth switch in a non-
conductive state; holding the foufth switch in a conductive
state, inputting data to be propagated through the data
line to the fourth node, then holding the fourth switch in
a non-conductive state; And holding the third switch in a
non-conductive state and electrically separate the first
node from the fixed potential.

According to a foufth aspect of the invention, there

1s provided 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 1is .
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~second ‘termi-nal and controlling a current flowing
through the current supply line in accordance W th
the potential of ~a control term nal connected to the
second node; a first 10 swilbch connected to the thBe4P0722
node; a second switch connected between the second
node and the third node; a third switch connected
between the first node and a fixed potential; a
fourth switch connected between the data |ine and the
supplied; nBtpst angeqond f t thind: cand ofeneth modeen fiestsand
fourth node and a predeterm ned potential; the first
seevndchefehenohlpdtﬂmUhalsheacmixeincannmiwam¢meel¢m¢me
drive transistor, the first node, and the
comhected- b@tweenethaeﬂirbelm@ﬂeommecthmissnanﬂimnﬂe; a
between the first reference potential and second
cotipl Blignc&paci taital eléhent 2Comid Hbek dhe thieem Nthé Hédehd
circuit conprising steps of holding the first switch
no@@Uah@Uth8 S9hi€h hdde; N@NArLvd dtEiny s BéRt Lotifithg | &
that state, holding the third switch in a conductive

cutéhe ﬁ?piﬁnﬂfﬁéi bétwdén fthst 0868 téAntndl X&d the
pot ent i ol ding the second switch and the 25 fifth

seé&h&C@efﬁiﬁafoﬂﬂécébﬂ€i§ifiﬁg Qqﬁﬁfﬂgnihfléwiﬁﬁ #Hrough

S04P0Or722 swtch 1n a conductive state for

th8' G4F %&ﬁf‘ gﬁﬂpi?gﬂr gnge 14 N§8:0P43M.89 Vii'en 3@1‘?@2&9'01?%&&1 of

and t in a non-conductive st

2 ShELDD LOER1SMSt osNbbEa | 00 AeROULEIIN GSREL o 21rat

€ propaga hr ou

ool H3phUe AL R Rl chrged i L

hir
coﬁnecged between the second node and the third node; a

third switch connected between the first node and a fixed

potential; a fourth switch connected between the data line
and the fourth node; and a f£fifth switch connted between the
fourth node and.a predetermined potential; the first
switch, the third node, 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, the
method of driving a pixel circuit comprising steps of
holding the first switch and fourth switch in a non-
conductive state and, in that state, holding the third
switch in a conductive state and connecting the first node
to a fixed potential:; holding the second switch aﬁd the

fifth switch in a conductive state, holding the first



10.

15

20

25

_smntch is held in a non- conductlve state and _ .
'electrlcally separating the first node to the flxed
potential. According to a fifth aspect of the present .
invention, 10. there is pAbvided a method of dri vPHFO722
a pixel circuit having an electro-optic elenent with

a | um nance changing according to a flow ng current,

a data line through which a data signal in accordance
with |lum nance information is supplied; first,

swidglodd a manduciyes dlate fokes Predetenmined qezdnd.

reference potentials; a pixel capacitance el enent

- therpy hedding ttétwqqﬂe switah ande thed Hifth sxgkemdde a

a coupling capacitance el enent connected between the
norsepgtiictdote state hdrolslimndg thed Eourtdy ispd tobarddi & or
~ formng a current supply line between the first
corndratiive shatd hdmtddogndater tionde guopagdatres [thapugh
current flowing through the current supply line in
the e dniare id thd Eqnitdntricie ,0fthem t@lidiolg tikerifalirth
connected to the second node; a first swtch
swio el ed rch dthddutiveaitites RO MbISAHE the third
connected between the second node and the third node;

switddp i dWd & R RibtRid\ehtd @rld Ieite dtatiRc 067

~a fixed 18 S04P0Or22 potentia!; a fourth switch
serdHEGIE d e tMaa tvadald tHd 1.0 gdeedtalith node;

and a fifth switch connted between the fourth node

and K RelL Y %e%ime@gg%t (e hlel PlreBWnltCinvidhition,

thlr he current su I'i ne of "t he

1:hé]#:eanent Je‘ﬁégéﬁéo%lr% e(gfdoef Serie 'K%eﬁe\é&é]?h&#l rs

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
supplied; first, second, third, and fourth nodes; first and

second reference potentials; a pixel capacitance element

~connected between the first node and the second node; a

coupling capacitance element connected between the second
node and the fourth node; a drive transistor forming a
current supply line between the first terminal and the

second terminal and controlling a current flowing through

. the current'supply line 1n accordance with the potential of

a control terminal connected to the second node; a first
swltch connected to the third node; a second switch
connected between the second npde and the third node; a

third swiltch connected between the first node and a fixed
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. ‘reference potential and second reference potential;

the nethod of driving a pixel circuit conprising
steps of holding the first switch In a conductive :
“state, holding the 10 fourth switch is held in a S04P0722
non- conductive state, and, In that state, holding the
second switch and the fifth swtch 1In a conductive
state; holding the first switch in a non- conductive
state, while holding the third switch In a conductive

 potenfildlind EOWREN -t GIRRRCtesibetyesn thed dafs line

potential; holding the second swtch and the fifth
ands tilec [F ounthy negle:c ndu gt ALty At ako icomad edh beftpgemn the
switch in a conductive state, Inputting data to be
Foyuntdp ayuitee dndh o pedetiermiaed [Hotentd allie theufilrstode,
then holding the fourth switch in a non-conductive
swidtcat e thendhigiddineglet ,hdhie ragirr@hts wupply 3 imec odfidddre ve
state, while holding the third switch in a
drinen-tendicitiore thet e€landt aloeld,r iaxal Ithe sdpartato-eptdai d
first node to said fixed potential. According to the
el Hedinyy SnmEttdD i ssiles detvden tthee fdfrsithe
- ‘emtting period of the electro-optic 25 elenent, the
refldrdeiices Wothtia1hQldl deddifd %ﬁﬂ@é%&%&@&ﬁ the

(conductive state) and the second to fifth switches

me ¢l d¥eldhividd % Hiafxelil A8 dIAN-CRPUGING stedfslos The

drive transistor I's designed to operate in the

hoftfll.tr}q ahid #16Q40 rhwim G rf BorndietfiviVidiated Hfiding the
el ec t he

ro- 5 optic elenent takes the val ue shown by t
fo&¥¥ﬂ“§ﬁ¥¥5ﬂ'f§1ﬁbld in a non-conductive state, and, in

that sfate, holding the second switch and the f£lfth switch
in a conductive state; holding the first switch in a non-
conductive state, while holding the third switch in a

conductive state and connecting the first node to a fixed

potential; holding the second switch and the fifth switch

in a non-conductive state; holding the fourth switch in a
conductive state, 1nputting data to be propagated through
the data line to the fourth node, then holding the fourth

switch in a non-conductive state; and holding the first

- switch in a conductive state, while holding the third

switch 1n a non-conductive state and electrically
separating sald first node to said fixed potential.

| According to the present invention, for example at
the time of the emitting period of the electro-optilc

element, the first switch is held at the on state
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jThe flrst smntch Is heId in the on: state ‘the second
switch, fourth switch, and fifth switch are held |n
the off 'state, and the third switch is turned on.
At this time, current flows®through the third sw t594P0722
and the source potential of the drive transistor falls
to for exanple the ground potential G\D. Therefore,
the voltage applied to the el eotro-optic el enent
becones 0V, and the electro-optic el ement does not
(conductivgntats )| mohithe, Second, &o (5t SRS R
turns on, the voltage held at the pixel capacitance
heldl direrthe Offi State Haonymondpsitiyge sdRtede drive
transi stor, does not change, so the current Ids flows
by {the ﬂaﬂ,tre_ &ransd sftioxrs L ssdiesdigned lfor gpeydse dni khe
transistor, first node, and third swtch. 20 Next, in
s a thdwsa treah -rerg dian N Fhee rawockhepit (s dlosting dut ithe «lemdinto-
the third switch is held in the on state, the fourth
optdd tellenlenthalakdsn tiHee vafifues ishioan hiye thec abbvenicguation
.and fifth switch are turned on, and the first switch
1.is turned off. 25 At this tine, the gate and drain of
the drive 20 S04POr22 transi stor are connected through

t he T6RC @& stWisk@tohS A st h@1dddiny ¢hlel 3RS isthate ,ORBkakeBond
in the saturated region. Further, the gate of the

swftrdﬁ/e £ Siiedias ddif fiietdl SARRM A Gheldd AFERhe ote

and ‘coupli ng capacitance el ement connected to it in

-sté’@éa'érgi B A PP oL ztxf&eo\égd gradual Iy is
redu 'ﬁong Mﬁt time. Furt after the el apse of

a At this time, current flows through the third switch,
and the source potential of the drive transistor falls to
for example the ground potential GND. Therefore, the
voltage applied to the'electro-optic element becomes 0V,
and the electro-optic element does not emit light.

In this case, even if the third switch turns on, the
foltage held at the pixel capacitance element, that 1s, the
Qate voltage of the drive traﬁsistor, does not change, so
the current.Ids flows by the route of the first switch,
third_node, drive transistor, first node, and third switch.

Next, in the.non-emitting period of the electro-optic

eiement, the third switch 1s held in the on state, the

fourth switch is held in the off state, the second switch

-and fifth switch are turned on, and the first switch is

turned off.

At this time, the gate and drain of the drive
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predeterm-ned time, -the gate-source voltage Vgs of -the -
drive transistor becormes the threshold voltage Vth of
the drive transistor. 10 At this time, the couplin '
capaci tance elenent is ch&Pged with (Vofs-Vth) anel4P0722
the pixel capacitance element is charged with Vth
when the predeternined potential is Vofs. Next, the
third is held in the on state, the fourth 15 switch
is held in the off state, the second and fifth
trapgising are qqniretesd ftheongh Havg iseqondyiswktel, so the
turned on.- Due to this, the drain voltage of the
drije Viransisionr oretatensln tihe fdatnratd® reglon. Further,
potential, for exanple, the power source voltage. 20
thd\gate tdie the rdiciarel frassisivon dhes tdre pigtel igapdmwitance
state, the second and fifth switches are held in the
elenént simd egouwpidind ecdpaoitanye telenent woratkored Due £t in
this, the input voltage Vin propagated through the
pa¥iiBel ) N$o i the gukie idralighrd Teadowdd gwadwdl 1ywhigd e
the 25 voltage change anount AV of the fourth node is

redifedd s ond Fwih S0 2Battiteat£F €¥¥r tite Hidffse of a

transistor. At this tinme, the gate voltage Vg of the

préidtErmif e st i) e Ayatdd o pice/tdb1 ¥iid vddeE the

coupling anobunt AV is determ ned by the capacity C

dr%%e Eﬂ%ﬂi‘ﬁ:of MG hed Che Sechd SHEBITH 'véf&ﬁw tye Ghe

coupl i ng capacitance el enment, and t parasitic

arfoPkdNs Sl the drive

"~ At this time, the coupling capacitance element is

charged with (Vofs-Vth) and the pixel capacltance element

is charged with Vth when the predetermined potential is
Vofs.

Next, the third 1s held in the on state, the fourth
switch is held in the off state, the second and fifth
switches are turned off, and the first switch is turned on.

Due to this, the drain voltage of the drive transistor

"becomes the first reference potential, for example, the

power source voltage.

Next, the.third and first switches are held in the on

state, the second and f£ifth switches are held in the off

state, and the fourth switch is turned on.
Due to this, the input voltage Vin propagated through
the data line i1s input through the fourth switch, while the

voltage change amount AV of the fourth node 1s coupled with
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transistor. Therefore, if naklng CI and C2

- sufficiently |larger than C3, the anount of coupllng
"to the gate is determined 10 by only the capacity C
of the pixel capacitance eBknent and the capacity 0#P0722
of the coupling capacitance elenment. The drive
transistor is designed to operate in the saturated
region, so a current Ids in accordance with the
anmount of voltage coupled with the gate of the drive

thel gateqgofi dher dniygs toamsdstore witing ends, the first

swtch is held in the on state, the second and fifth
swi Ath&bisr #imel.d the gage UbﬂtQH&t§9 pife theuArAvewi t ch
is turned off, and the third switch is turned off. 20
transitdtionr dasa walare iof MV ,t kibdd.es dihec [saupldagofamounite AV
gate-source voltage of the drive transistor is
is clEtstmrined by tihe drapasithyatdi stfo rthreu pelxe 1c araptasyittance
current Ids to the electro-optic elenent. Due to this,
eldrnipotty iclpadityh &2 fof Yhe edmpldno esipadifttanidee
vol tage Vx at which the 25 current Ids runs to the

el Qi tite YmAtiAhIRA 2 CDYVI0k% drive
el ectro-optic elenent enits light, Here, in this

trddiGtidr.as well, the electro-optic elenment ends up

changing in current voltage (I-V) characteristic when

t he gyl RQ Pald GAKIGEOMS FndNeS su£llbaktaye 1atlyer

poténtial of the first node al so changes. However,

théw%ﬂat&é Ui CH:E a&ﬁlp\ﬁﬁlgc’ftJ hﬁléj rdaVI‘.ee 1s determined

by only the capacity Cl1 of the pixel capacitance element
and the capacity C2 of the coupling capacitance element.

The drive transistor is designed to operate in the
saturated region, so a current Ids in accordance with the
amount of voltage coupled with the gate of the drive
transistor flows.

After the writing ends, the fifst switch i1s ﬁeld in
the on state, the second and f£ifth switches are held in the

off state, the fourth switch 1s turned off, and the third

switch 1s turned off.

In this case, even if the thixrd switch turns off, the
gate-source voltage of the drive transistor i1s constant, so
the drive transistor runs a constant current Ids to the
electro-optic element. Due to this, the potential of the
first node is boosted to the voltage Vx at which the

current Ids runs to the electro-optic element, and the
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“transistor is held at a‘constant value, so the current
flowing to the el ectro-optic el ement does not change.
Accordingly, even if the I-V characteristic of the
electro 10 optic el enent déeriorates, the const an¥04P0722
current Ids continues to flow and the | uninance of
the electro-optic elenent does not change. BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG | is a bl ock diagram
of the configuration of a_ 15 general organic EL

elQﬁ@ﬁﬂTﬂpﬁkﬁnéiﬁmqqﬁae@Fﬁ%;%iQH?CU|t dlagran1of an
exanple of the <configuration of a X circuit of
FI GHere,Fi@ thiiss cdnpuddh as mﬂé.cwgl@gélﬁcaﬁ@wpmc
el apse of the current-voltage (I-V) characteristic of
elemerndr gnds W clzhalow clan dux@ent woltade BtV agr am
of a pixel circuit in which p-channel TFTs of the
chaxraaitedi sifid-Iher? tthee enelot tloeyl pedoyl ol dveroweds THokgger.
FIG 5 is a graph showi ng the operating point of a 25
Thelfd fierd ; afltse Sicterconsl i dfitiack i Modnchlso Mhalayee
in 23 S04P0722 the initial state. FIG 6 is a graph

 Howdiiait i ey g Do Ttadd Vgs diff thd rdansiest or

constituted by a TFT and an EL device after change
tral HNPedE L HaRFat % Ridnstal® valid CWd Hiadamdait a

pi xel circuit connecting a source of a drive
£10B05 164 Fné Wl dit+d b PYo 8 ement does not change.
Accordingly, even if the I-V characteristic of the electro-
optic element deteriorates, the constént current Ids
continues to flow and the luminance of the electro-optic
elemént does not change.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a circuit dlagram of an example of the
configuration of a pixel circuit of FIG. 1.

FIG. 3 1s a graph of the change along with elapse of
the current-voltage (I-V) characteristic of an organic EL
device.

FIG. 4 1s a circuilt diagram of a pixel circuit in
whlich p-channel TFTs of the circult of FIG. 2 are replaced

by n-channel TFTs.

FIG. 5 1s a graph showing the operating point of a

drilve tramsistor constituted by a TFT and an EL device in
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n-channel TFT to a ground potential. FIG 8 is a btock . -
di agram of the configuration of.- an organic EL display
devi ce enploying a pixel circuit 10 according to a
first enbodinent. FIG 9 i%3a circuit diagram of ab04P0722
specific configuration of a pixel circuit according
to the first enbodinent in the organic EL display
device of FIG 8. FIGS. 10A to 10D are timng charts
for explaining a 15 first method of driving the
theiindfitabistaks- 9. FIG 11A and FIG 11B are views for
expl.aining the operation according to a first nethod
of &TGui by ish@ gaiapdyishoyring theg oppratingapgdatrod a
12B are views for explaining the 20 operation
drigee dmdinglatemn danshil tuhed dofa AHEY iang tane Elcidestliqe of
FIG 9. FIG 13A and FIG 13B are views for explaining
afttdr clmggeatalomguoddidiedgpse.a first nethod of driving
the circuit of FIG 9. 25 FIG 14A and FIG 14B are
Vi eI .07 eeplaniciireg iith @ i2vyrShi 0@7 22 pdxeaiciaeul t
according to a first nethod of driving the circuit of
cofiidetthg A Godidk (o [ @rikaD tafahdidicyy) cdmytitdtiad by an
expl aining a second nethod of driving the pixe

n-GHAEET BT 6 a Yrdudd Potdftand. FI G 16B are views

for explaining by conparison the effects of a first
net ko Ofg did \d M RA Aagram of the configuration of an

organic EL display device employing a pixel circult

~according to a first embodiment.

FIG. 9 1s a circult diagram of a specific
configuration of a pixel circult according to the first
embodiment in the organic EL1display device of FiG. 8.

FIGS. 10A to 10D are timing charts for explaining a
first method of driving the circult of FIG. 9.

FIG. 11A and FIG. 11B are views for explaining the

operation according to a first method of driving the

- circult of FIG. 9.

FIG. 12 and FIG. 12B are views for explaining the
operation according to a first method of driving the
clrcuit of FIG. 9.

FIG. 13A and FIG. 13B are views for explaining the
operation according to a first method of driving the
circult of FIG. 9.

FIG. 14A and FIG. 14B are views for explaining the




10

15

20

25

second nethod of driving the pixel circuit of FIG 9.

FIG 17A to FIG 17D are timng charts for expl aining

a third nethod of driving the pixel circuit of FIG 9.

10 FIG 18A And FIG 18B ak# views for explai ni ng $H4&£0722

operation according to a third nmethod of driving the

circuit of FIG 9. FIG 19A and FIG 19B are views for

expl aining the operation according to a third nethod

of driving the 15 circuit of FIG 9. FIG 20A and FI G
opexaligne agaordimsg QSqﬂzﬁ#ﬁﬁﬁ;mﬁﬁ904nﬂﬁwﬁqiﬁ¥Qﬁxﬁﬂﬁm ng

to a third nmethod of driving the circuit of FIG 9.
clmpgdt oA FLf M-G. 21B are views for explaining the

.2.0 operation according to a third method of driving

t he FIG.r 45 tof FIGG 16D Are timAngo chiagts)Foraesplaining

timng charts for explaining a fourth nethod of
a skoondignetilodiofe|ddiving tthef fFlx@l Rirduid 93 BXG.a 9.

bl ock -diagram of the configuration of an 25 organic EL

di spiIsy. dea ande@MIGQY L6 are vdlews Fow iexpldalndiBgr/ by
according to a second enbodinent. FIG 24 is a circuit

conb DA SUR afhed IR Of GO iy aidtdivdfof qdixelng and a
circuit according to the second enbodinent in the

sedSiiférida U6 /A ARy i1 P1-i1Goidduix FHIEFIESA O

25D are timng charts for explaining a .method of -

dri iyg uha do ¢4id. A70FldPe 44ming charts for explaining
a third method of driving.the pixel circult of FIG. 9.

FIG. 18A and FIG. 18B are views for explaining the
operation according to a third method of driving the
circuit of FIG. 9.

FIG. 19A and FIG. 19B are views for explaining the
operation according to a third method of driving the
circult of FIG. 9.

FIG. ZOA and FIG. 20B are views for explaining the
operation according to a third method of driving the
circult of FIG. 9.

FIG. 21A and FIG. 21B are views fox explﬁining the
operation according to a third method of driving_the
circqit of FIG. 9.

FIG. 22A to FIG. 22D are timing charts for explalning
a fourth method of driving the pikel circuit of FIG. 9.

FIG. 23 1is a block dliagram of the configuration of an

organic EL display device employing a pixel circuilt
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_FIG26A and FIG 26B are views for expl ai hi ng the
operation according to a nmethod of driving the ci rcwt _
of FIG 24. 10 FIG 27A and FIG 27B are views fo

expl ai ning the operation &cording to a nethod ofSO4P0722

driving the circuit of FIG 24. FIG 28 is a view for
expl aining the operation according to a nethod of
driving the circuit of FIG 24. 15 FIG 29 Is block
di agram of the configuration of an organic EL display
C'd’éiﬁ%é’él ditplfiaRpnd smbadidendiri t  according to a third
enbodinment. FIG 30 is a circuit diagramof a specific
confﬂ@uraﬂléﬁ @ cdneuld| ddagaam ofc8oFBPRETHS t he
third 20 enbodinent in the organic EL di splay device:
confiigur@tizgm dff @GS.pixed il thrascadnding diearthe fsaoond
explaining a nethod of driving the circuit of FIG
emiB@infen® 130 tiee Wmgrnit Ry alhaplayhelectinfe gufi ATLGN A3 .
an organic EL display device enploying a pixel
Ci r POiGS .22 5C dar dishg are Zimdmgt kehamtedifweniexpl@ining a
S04P0722 FIG 33 is a circuit diagramof a specific

- metd iqRIr@divihgftie Miduit relliRIGCc@rding to the

fourth enbodinment in the organic EL display device of
FI Gp1ds. 2/6aGan#t F1% .bI26BK adied §H#WsO I oirl @ xpA Al ndbhiga tthen

of an .5 organic EL display device enploying a pixel
opétd Gl adSHUMP XS b dmdtHdd StKivRIY the circuit of
FIG. 24.

FIG. 27A and FIG. 27B are views for explaining the
operation according to a method of driving the circuit of
FIG. 24.

FIG. 28 is a view for explaining the operation
according to a method of driving the circuit of FIG. 24.

FIG. 29 is block diagram of the configuration of an
organic EL display device eﬁploying a pixel circuit
according to a third embodiment.

FIG.IBO 1s a circult diagram of a specilfic
configuration of a pixel clrcult according to the third
embodiment in the organic EL display device of FIG. 29.

FIGS. 31A to 31C are timing charts for explaining a
method of driving the coircuit of FIG. 30.

FI1G. 32 is.block diagram of the configuration of an

organic EL display device employing a pixel circult

according to a fourth embodiment.
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FIG 35 is acircuit diagramof a specific -

configuration of a pixel circuit according to the

fifth enbodinment in the organic EL di splay device of

FIG 34. 10 FIG 36 is bl o&k diagramof the - S04P0722

configuration of an organic EL display device '

enpl oying a pixel circuit according to a sixth

enbodiment. FIG 37 is a circuit diagramof a specific

configuration of a pixel circuit according to the

si xF#G.183eHsod mdaculiy ﬂﬂégﬁaganfcaEgp@pgﬁFlgy devi ce

of FIG 36. BEST MODE FOR WORKI NG THE | NVENTI ON :
corgalawratprosf erff el peltedld ictaretusl tofacaearddmas it they diauirh

will be described with reference to the acconpanyi ng
embydamengs . 1 Cehefi orgarBnh &l idrspidafyl @evlldes of FlIgck 32.

di agram of the configuration of an organic EL display

deviFaG.emd dys hd opdkx @lagramuiolfs thac condilggradibine of an

first enmbodinment. FIG 9 is a circuit diagramof the
orddiicd e Sy v iRid Gplfovany &€ lpisielc Wilrcaniaor di ng

to the first 27 S04P0Or722 enbodi nent in the organic EL
acsis@Ry @8 eeLein Rdodimenthi s di spl ay device 100

has, as shown In FIG 8 and FIG 9, a pixel array

por @@l 592 1hay R Rivtd dlagind ©f GP¥pek1¥dL arranged

Inan mx n matrix, a horizontal 5 selector (HSEL)

codSiu s A oL Bt Secorat rane gygen

embodiment in the organic EL display device of FIG. 34.

FIG. 36 1s block diagram of the configuration of an
organic EL display device employing a pixel circuit
according to a sixth embodiment.

FIG. 37 1s a clircult diagram of a specific
configuration of a pixel circuilt according to the sixth
embodiment in the organic EL display device of FIG. 36.

BEST MODE FOR WOﬁKING THE INVENTION

Below, preferred embodiments of the present invention
will be described wilith reference to the accompanying
drawlings.

<First Embodiment)

FIG. 8 1s a block diagram of the'configuration of an
organic EL dilsplay device employing pixel circuits
according to the first embodiment.

FIG. 9 is a cixrcuit diagram of the concrete

configuration of a pixel circuit according to the flrst
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106, an-auto zero circuit (AZRD) 107, data'lines.-
"DTL101 to = DTL10n -sel ected by the horizontal selector
103 and supplied wth a data signal In accordance -
with the luninance 10 infolfation, scanning |ines S04P0722
W5L101 to WSL10m sel ectively driven by the wite
scanner 104, drive lines DSL101 to DSL10m selectively
driven by the first drive scanner 105, drive lines
DSL111 to DSL11m sel ectively driven by the second
embpdirenk st dihe gecgamke &k diRnlnY i drslog o Fi@. 18.
AZL10m sel ectively driven by the auto zero circuit 107
Not hisatdigpllay tdevisiexdl0ihasui tas Ehbwr dmFIhgdd and
Inan mx n matrix in the pixel array portion 102,
FIF @, &2 piwvk arraggprelomel @2 rhatingipdstelictxcusts
are arranged in a2 (=m x 3 (=n) matrix for the
(PXLEP|101 catranmged irnear®(n dk animgtrix tacigrizontdl 9,
the concrete configuration of one pixel circuit is
seBéOYor  (ASHEL Y'L03 ) catvwtof s¢dienelt afwseN) The, pa xElirst
“circuit 101 according to the first enbodi nent has, as

dr£9€VEcarnét GDSCNE) o5 adnededid ddilvd Oscadndf T(HdéN2)
capacitors Cl11 and Cl122, a light emtting el enent 28

100ABY 2t d Lle A8 081 fbu b CALRD) CLEL, CASPEMINEI BRI to
first node NDl111l, second node ND112, third node

M 3se POGLE® Wi el BorN¥dfal Fekidtor i ToF! £ha lied
DTEﬂllgﬁeindlagtéé a datarline,a 5 VBle%rindicatess%PP ©

wifhd 2@{%'1}. . daP@i&O&c@@Pa ag.% é‘a—%{ﬂdi:ﬁé‘t Puf{h¥fcd | NS,

I cates an au
information, scanning lines WSL101 to WSL10m selectively

)

et

‘driven by the write scanner 104, drive lines DSL10l to

'DSLlom selectively driven by the flrst drive scanner 105,
drive lines DSL11l1l to DSL1lm selectively driven by the
second drive scanner 106, and auto zero lines AZL101 to
AZL10m selectlvely drivén by the auto zero c¢lrculdt 107
Note that while the pixel circults 101 are arranged

in an m x n matrix in the pixel array portion 102, FIG. 8

shows an example wherein the pixel circuits are arranged in '

a2 (= m).x.3 (= n) matrix for;the simplification of the
drawing.
Further, in FIG. 9, the concrete configuratlion of one
pixel circult is shown for simplification of the drawing.
The pixel dircuit 101 according to the first

embodiment has, as shown in FIG. 9, an n-channel TFT 111 to

"TFT 116, capaclitors C111 and Cl122, a light emitting element
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| i ne.. Anong t hese conponents; the TFT 111 configures
the field effect transistor according to the present-
invention 10 (drive transistor), the TFT 112
configures the first switdh, the TFT 113 confi guri¥4P0722
the second switch, the TFT 114 configures the third
switch, the TFT 115 configures the fourth switch, the
TFT 116 configures the fifth switch, the capacitor
Cl111 configures the pixel capacitance elenent . 15
117 &ashed iofg ao omgangd ce Fnte Liemeatt (GREDAnd 2 K#drsdpasdeor
Cl112 configures the coupling capacitance el enent
ND1ddcosgicegd modehdDdd@sertthingy eodeo ND1RF,t land, folurth node
supply line (power source potential) of the power
ND1ddur ce vol tage Vcc corresponds to the first 20
reference potential, while the ground potential G\D
cor Fazpbheds tie FiIe.socobp¥Liefiededieapesecat daka Linkhe
pi xel circuit 101, the TFT 112 as the first switch
wsHlva tihdidatede aNSbhhninie 1ink,1 DE1A91 tdDsta 1l
transistor, the first node ND111, and the |ight
in@Bdtd iR alieEy)t dnd FRL1DYL7 13d e Gnt Gt $RJrices
between the 29 S04POr722 first reference potential (in
1idde present enbodi nent, the power source potential
'VCC) and the second reference potential (in the

pre%ﬁ?ﬁgZ?P%@%”@Bhpﬁh ater o¢Rd RereRbhabonFNBhres the

Specl , a cathode of the [ight emtting el ement

fiegl.r% #YEf _e%t‘: %%gi%q: T oat'ét}%elq#iw q:oo g:z%n Hﬁ?f g}ﬂD’in%nt ion

e I's connecte I r'st n , a source
(aivd Nallehi gy | SHEOHF 1D 'Gordeiddd e el 1M 1
a draln o e TF
switch, the TFT 113 configures the second switch, the TFT
114 configures the third switch, the TFT 115 configures the
fourth switch, the TFT 116 configures the f£ifth switch, the

capacitor Cl1l1l configures the pixel capacitance element

according to the present invention, and the capacitor Cl12

' configures the coupling capacitance element according to

the present invention.
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 the pixel circuilt 101, the TFT 112 as the first
swlitch, the third node ND113, the TFT 111 as the drive
transistor, the first node ND1lll, and the 1light emitting

element (OLED) 117 are connected in series between the
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111 is connected to the third node ND113, ‘and. a source’
and a drain of the TFT 112 are connected between the
third node 10 ND113 and pomer source potential VCC
Further, a gate of the TFT2911 is connected to t heS04P0722
second node ND112, while a gate of the TFT 112 is
connected to the drive line DSL111. A source and a
drain of the TFT 113 are connected 15 between the
second node ND112 and third node ND113, while a gate

fi?ﬁtt?ﬁﬁq¢ﬁ“9ﬂ£P9E9Qﬁ#ﬁkc@%&i?QPtREP%&HE)%NﬁQﬂ#W?Rﬁ the
AZL101. A drain of the TFT 114 is connected to the

POYeF sHOYRRR Pabemiipl VGG)} and|ighe reprond XekeRenrRi t or
Cl11, a source 20 is connected to a fixed potentia

potentiak Glresthe pmeerhireenbodiment outhe mxeund pot@uhial
and a gate of the TFT 114 is connected to the drive

GND ) neSiiSti 0dal By tdergthodes audriche | Bightodanift ine element
capacitor Cl11 is connected to the second node ND112.

1125 dheodnected| Bt tlnelegondund epattarsici 4 DrGNIl 1 2an sarddle 1s
S04P0722 connected to the second node ND112, while the

. cormEEONEd B cEli¢ OFlErs s KeadO ENDEDL | Ga tdwuifeeiréh toslerFT 111

ND114. A source and a drain of the TFT 115 as the

is f@sidct&ar £6 oo er oo ecd @Sl NPLIDE &ladPain nee Oie Odpr
and fourth 5 node ND114. Further, a gate of the TFT

11ﬂ1§s'&ﬁ%@€é&eﬁotﬁxetfﬁi§&m@mﬁii‘§ WHld Od - sdurce and

source and a drain of the TFT 116 are connected to
a drain of the TFT 112 are connected between the third node
ND113 and power source potential VCC.

-Further, a gate of the TFT 111 islconnected to the
second node ND1l1l2, while a gate of the TFT 112 is connected
to the drive line DSL1l1.

A source and a draln of the TFT 113 are connected
between the second node ND112 and third node ND11l3, while a
gate of the TFT 113 is connected to the auto zero line
AZLlOl. |

A_drain of the TFT 114 is connected to the first node
111 and a first electrode of the capacitor Clll, a source
ls connected to a fixed potential (in the present
embodiment, the ground potential GND), and a gate of the
TFT 114 is connected to the drive line DSL 101l. Fuxrther, a
second electrode of the capacitor Cl1ll is cﬁnnected to the
second node ND112,

The first electrode of the capacitor Cl12 is
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‘t-he fourth node ND114 and a predetern1ned potentla
Vofs." Further, a gate of the TFT 116 |Is connected to
the auto 10 zero line AZL101l. In this way, the pixe
cicuit 101 according to thé0 present embodi nent i sS04P0722
configured wwth the capacitor Cl11 as a pixe
capacitor connected between the gate and source of
the TFT ill as the drive transistor, with a source 15
potential of the TFT 111 connected to a fixed
conpnachfd dio the cirfrnt aoder NDU Zs wiHdl & \fihe Harpnd
transistor during a non-emtting period, and with the
eleptirodsdls eennectied Heo thEr fourtdo muds P IEHA t he
threshol d value Vth corrected. Next, the operation of
t he Mals@rgrasoindy @ atxadm Wil [the? TFAYe 1d5plagi vde fFosurding
on the operation of a pixel circuit wth reference to
swiidIS. ard) Acamnddiizdnico RIKES. daltpA Jande DIB. k0 #5dSS ovinizh
and 14B. Note that FIL.G 10A shows a scanni ng signal
nods [NI11apFuekthd o, tdaydte Wf rithe CRINMIE ds neondEdiEdd to
of the pixel 25 array, FIG 10B shows a drive signa
théldddn@npd | Bthd awdbeo Bl S04PO722 first row drive line
DSL101 of the pixel array, FIG 10C shows a drive

si gnalgditdcd AiPld etbdi We thid AP QW 6dldrée cdnnd®ted to
DSL111 of the pixel array, and FIG 10D shows an auto

the FSuStRbad 211 £Pd & ;{fhdé&fﬂxﬁéa MGVt it Ca Noxs.
l[ine 5 AZL101 of the pixel array. Further, in FIG

ruﬂ%f‘)&'%“o %fﬁ'fﬁsg}o%ﬁ é‘a&,t auto

emiting peri od Tne Is t

“zero line AZL101.

In this way, fhe pixel cicult 101 according to the
present embodiment is configured with the capacitor Cl1ll as
a pixel capacitor connected between the gate and source of
the TFT lli as the drive transistor, with a source
potential of the TFT 111 connected to a fixed potential
through the TFT 114 as the switching transistor during a
non-emitting period, and with the gate and source of the
TFT 111 connected and the thresholdrvalue Vth corrected.

Next, the operation of thé above configuration will
be explained focusing on the operétion'of-a pixel circuit
with reference to FIGS. 10A to 10D and FIGS. 11A and 11B to
FIGS. 14A and 14B.

Note that FIG. 10A shows a scanning signal ws[1]
applied to the first row scanning line WSL10l of the pixel

array, FIG. 10B shows a drive signal ds[1l] applied to the
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non-em.tting period, Tvc.is the threshold vatue -Vth .~
cancel period, and the period shown by Twls the
~wite period. 10 First, at the tine of the ordinar
emtting state of the EL Blght emtting el ement 1%@&“722
as shown in FIGS. 10A to 10D, the scanning signa
ws[1l] to the scanning line WEL101 is set to the | ow
| evel by the wite scanner 104, and the drive signa
ds[1] to the drive line DSL101 Is set to the 15 | ow
fixsdy gfowpdrinee diinge RfaHherof gthe ke taroask o BiGnal0C

az[1l] to-the auto zero line AZL101 |Is set to the | ow

shows/ a3 dpive reilgnrab daldl dprlied Moy thendEiret orowalrive

signal ds[2] to the drive line DSL111 Is selectively
lirgetD3lol 1 heofhi e Bl dgrashe ard \RIG.CakHershi®dgs @0 swto:

a result, in each pixel circuit 101, as shown in FIG
zexid Asigreel T&A 1l 2appl tesd ded el ef farststrdve gwion daectto \islne

state) and the TFT 113 to TFT 116 are held in the off
AZBIG eof (Yo -whwellicdxrwey st ate) . The drive transi stor

111 is designed to operate in 25 the saturated

regiribtheie, Gl Fag. 1 flowrm len,hahd pdkid@ RHE6Ah by

light emtting elenment 117 takes the val ue shown by

Te 118 tROWRL ipdiriloa Nepe peridie sHUnEMy 94K 1s the
period Tne of the EL Ilght emtting elenment 117., as

noéﬂém{‘tt:[hé: | 551 d@A B 1P, tild e SORETH Rea Bl PR V@irl&el

to the scanning "ne WBL101 is held at the |ow | evel

peﬂ’o& hea il | fige ?ﬁﬁ K n ¢ AL ZH(0 w:ﬁi@é‘aﬁef‘ﬂ&

to the auto z Hori's hel d at
First, at the time of the ordinary emitting state of

the EL light emitting element 117, as shown in FIGS. 10A tp

iOD, the scanning signal ws[l1l] to the scanning'line WSL101
is set to the low level by the write scanner 104, and the
drive signal ds[l1l] to the drive line DSL10l 1s set to the
low level by the drive scanner 105, the auto zero signal
azfl] to the auto zero line AZL101l is set to the low level
by the auto zero circuit 107, and the drive signal ds[2] to
the drive line DSL11l is selectively set to the high level
by the drive scanner 106.

As a result, in each pixel circuit 101, as shown in
FIG.IIIA, the TFT 112 is held in the on state (conductive
state) and the TPFT 113 to TFT 116 are held in the off state
{non-conductive state).

The drive transistor 111 1s deslgned to operate in

the saturated region. The current Ids flowing to the EL
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l.ow | e'veI by the auto 76ro Ci rcwt 107 “the drive.
signal ds[2] to the drive line DSL111 is held at the
- high level by 10 the drive scanner 106 and, In that
state, the drive signal dSB1] to the drive |ine S04P0722
DSLIO1 is selectively set to the high level by the
drive scanner 105. As a result, in each pixel circuit
101, as shown In FIG 11B, the TFT 112 Is held In the
on state, the TFT 113, 15 TFT 115,  and TET 116 are
lighd; emitidng Ghemantt d17% fpkem ther valne showh hsg the
At this tinme, current flows through the TFT 114, and
abqvfe esmﬁibie)rpoltentu al Vs of the TFT 111 falls to the
ground potential GND. Therefore, the voltage applied
to mtELmﬁheghm@mitﬁﬁiglgelmﬁmd I'np lodc dines By 1ight
and the EL light emtting elenment 117 does not emt
emititgittg ekendnts Ihbe avehowd IS 1OA the idlon, thee
vol tage held at the capacitor Cl11, that is, the gate
scamiimpgesidndharsAl Hd , thwescaoiimddiges WSLIGle is held
current 25 Ids, as shown in FIG 11B, flows by the

at rens o 1dvee Il iy Eh&S0MYE 2sddithesrt M04, nade MN¥ld Fero
TFT 111, first node ND111l, and TFT 114. Next, in the

sidhdt amu] Ngo P %E@ez@fotmémﬂnm mméldng; the
el ement 117, as shown in FIGS. 10A to 10D, the 5

Low CEEVE D Do | €18 atfd et éfEceLoMINg ﬁﬂé‘&lﬁ@é—%—i%rﬁal
held at the low level by the wite scanner 104

asf] Yo ¢ a&r[wé[iiné L1 i1 ¥ endi A PIHd high hEd¥k1 by
at™ t |gh evel

the drive scanner 106 and, in that state, the drive signal

ds[l] to the drive line DSL10l1 1s selectively set to the

high level by the drive scanner 105.

As a result, in each pilxel circuilt 101, as shown in
FIG. 11B, the TFT 112 is held in the on state, the TFT 113,
TFT 115, and TFT 116 are held in the off state, and the TFT
114 is tuﬁned on.

At this time, current flows through the TFT 114, and
the source potenfial Vs of the TFT 111 falls to the ground
potential GND. Therefore, the voltage applied to the EL
light emitting element 117 becomes 0V, and the EL light
emitting element 117 does not emit 1light.

In this case, even if the TFT 114 turns on, the

voltage held at the capacitor Cl11l, that is, the gate

voltage of the TFT 111, does not change, so the current

Ids, as shown in FIG. 11B, flows by the route of the TFT
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-the drive scanner 105 and, in ‘that state, the auto -

~zero signal az[1l] to the auto zero line AZL10l is set
to the 10 high level by the auto zero circuit 107,

. then, as shown in FIG 1083 the drive signal ds[lﬁ04{1°8722
t he drlve line DSL111 is set to the low |level by the
drive scanner 106. As a result, in each pixel circuit
101, as shown in FIG 12A, the TFT 114 is held in the
on state and the TFT 15 115 is held in the off state,

112 h&ird pefe AP HESE TFT ddd . fidmadd nodle M lilhe apdy TFT
112 is turned off. At this tinme, the gate and drain of

1l4.he TFT 111 are connected through the TFT 113, so the

TFT 111 operates in the saturated region. Further,

t he Ngatte din tthe Teh-enlthdng? pertiedc FpecptfotbeCELi ldght

Cl12 connected to it in parallel, so the gate-drain
emicH ivgp e Négeendtf  1tiie, HST shiblin dan FHIGSH i10A FoG1l0IPB the

gradually is reduced. along with time. Further, after
scdriglig} aigma wis[redst ahe rtriningyg e ESIA-HoUWCheld

vol tage Vgs of the TFT 111 becones the threshold

| at MHd agfy Kével by ftHd @urlite Eohnndd JG4R0the Aritvd Signal

time, the capacitor Cl12 is charged Wi th (Vof s-Vt h)

ds B0 € HARAIVO 1 inlel bars (hal:0ak1d Ht He NI 16421 by
shown in FIGS. 10A to 10D, the scanning signal ws[1]

thé Qiffe SAHH 109 Bl MY ixat e, Wi ldWo Zero

- ‘level by the wite scanner 104, the drive signal ds[I]
| ]F ei
si%rﬁai%l ve scaﬂr##:r ﬁ é%#wé lg'ﬂeseﬂ% gdr?'al tyd;g[b‘]l to t

hiéﬂlig%éilga the auto zero circult 107, then, as shown in

FIG. 10C, the drive signal ds[2] to the drive line DSL11ll

is set to the low level by the drive scanner 106.

As a result, in each pixel circuit 101, as shown in

FIG. 12A, the TFT 114 is held in the on state and the TFT

115 is held in the off state, the TFT 113 and TFT 116 are

turned on, and the TFT 112 1s turned off.

| At this time, the gate and drain of the TFT 111 are
connected through the TFT 113, so the TFT 111 operates in
the saturated region. Further, the gate of the TFT 111 has
the capacitors Clll and Cl12 connected to it in parallel,.
so the gate-drain voltage Vgd of the TFT 111, as shown in
FIG. 12B, gradually is reduced along with time. Further,
after the elapse of a predetermined time, the gate-source
voltage Vgs of the TFT 111 becomes the threshold voltage

Vth of the TFT 111.
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DSL111 i's—set- to the |l ow level by the drive scanner

106 ~and, in that state, the auto zero signal az[l] to

the auto 10 zero line AZL101 is set to the | ow | evel

by the auto zero circuit 367, then, as shown in F3@P0722

10C, the drive signal ds[2] to the drive |ine DSL111

is set to the high level by the drive scanner 106. As

a result, in each pixel circuit 101, as shown in 15

FI.G 13A, the TFT 114 is held in the on state and the

TFTAt thiss tlaed ithe gapgcltoraCdl2 ie vhprged sHdbTFT

116 are turned off, and the TFT 112 is turned on. Due
(Vafss tWHily), anse the &@Wtﬂﬂg&ldﬂ thse crrrged widdoith+ he

power source voltage VCC. 20 Next, as shown in FIGS.

10ANextl0Bs ishewdr iimeFQ:'G@nallOAds;B:I poDg tthe chcanaingne

DSL101 Is held at the high level by the drive scanner
sigha wdid driosetlss groanmds? [1Line tWSL1drl des HeInk OSithlel low

is held at the high level by the drive scanner 106,
levidle Wytthe et Guainma] 1104,0 e drfive Z2280dhdl S5 to

AZL101 is held at the low |l evel by the auto zero

theidfivd BineSHHEII0R i hela Gt ithd Nalgistiadviel Hie the
scanning signal ws[l] to the scanning |ine WSL101 Is

arSE déadder g, laeladwd hPLgidl @s I_S’Hawrtﬂé)”drﬂ?e %.ine

result, in each pi xel circuit 101, as shown In

psEBE 1% HF o Mhe Nt heovkhlT byl 2 CabiRld g&ﬁﬂ@r %s
state and the TFT 113 and TFT 116 are held in the off

ancf,t a:ﬂ?’tlﬂp éﬂkece,FTtl'ﬂelEhdt% tigxr@qszl.clfhal az[l] to the auto
zero line AZL101 is set to the low level by the auto zero
circuit 107, then, as shown in FIG. 10C, the drive signal
ds[2] to the drive line DSL11ll1l is set to the high level by
the drive scanner 106.

As a result, in each pixel circuit 101, as shown in
FIG. 132, the TFT 114 is held in the on state and the TFT

115 is held in the off state, the TFT 113 and TFT 116 are

" turned off, and the TFT 112 1s turned on. Due to thils, the

drain voltage of the TFT 111 becomes the power source
voltage VCC.
Next, as shown 1n FIGS. 10A to 10D, the drive signal

ds[l] to the drive line DSL10l is held at the high level by

the drive scanner 105, the drive signal ds[2] to the drive

~line DSLlll.is held at the high lewvel by the drive scanner

106, the auto zero slignal azIl] to the auto zero line

A%L101 is held at the low level by the auto zero cilrcuilt
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Due to.this, the I'nput voltage Viin propagated through
the data line DTL101 Is Input through the TFT 115,
while 10 the vol tage change_ AV of the node ND114 is
coupled with the gate of Bhe TFT 111. At this tinml4P0722
the gate voltage Vg of the TFT 111 Is a value of Vth,
while the coupling amount AV is deternined as in the
foll owi ng equation 2 by the capacity O of the 15
capacjtor Cl11l, the capacity C2 of the capacitor Cl12,
1070 @nGhdph IBad ift@tepddta Foepnng rlopef pelll to the
Av=(C2/ (A +C2+C3) 1*(Vin-Vofs) ... (2) Therefore, If
scappding Idne P10 L ds ixateda yheaalfah lavel by thee write

anmount of coupling to the gate Is determ ned 20 by

scanner th4 .capacity Cl of the capacitor C Il and the

capacity C2 of the capacitor Cl12. The TFT 111 is
desiAgnad resud{¥or dmne eiacht pdxedt gdacwdt dddi.oas sboan in
shown in FIG 13B and FIG 14A, a current Ids 1In
FIGcd@Rlartke WRTh Iil# ambiite dFR dizagere: digdldednnitibe tdre
25 gate of the TFT Il flows. 36 SO4P0722 After the
statd taml e CTFBS sheaad iITFTFI136 Hbe theld Gn tHDoftfhe
drive signal ds[2] to the drive |ine DSL111 is held

 statie f hmditgle |TREI1L1Y iheubred ccanner 106, the auto

zero signal az[1l] to the auto zero line AZL101l is held

at pueh@d @MilsSVahedUnpit F1TagR Fi6 Ffli@pbgLQ:Ed hough

in that state, the scanning signal ws[1] to the

the CPHVH Noirdd NPrr - W drpuieteHvddie #wvdmlvali sy wilae
wite scanner 104,

the voltage change AV of the node ND1ll4 is coupled with the

gate of the TFT 1ll1.

At‘this time, the gate voltage Vg of the TFT 111 is a
value of Vth, while the coupling amount AV 1s determined as
in the followlng equation 2 by the capacity Cl of the
capacitor Cl11l, the capacity C2 of the capacitor Cll2, and
the parasitic dapacity'CB of the TfT 111:

AV={C2/(Cl+C2+C3}}* (Vin-Vofs)... (2)

Therefore, 1f making Cl and C2 sufficliently larger
than C3, the amount of coupling to the gate 1s determined
by only the capacity Cl of the capacitor Clll and the
capaclty C2 of the capacitor Cll2.

The TFT.111 is designed to operate in the saturated
reglon, so as shown in FIG. 13B and FIG. 14A, a current Ids
in accordance with the amount of voltage coupled with the

gate of the TFT 111 flows.
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~then the drive si gnal ds[l] to the drive I|ne DSLlOl _
is set tothe lowlevel by the drive scanner 105. 10
~As a result, in each pixel CIrCUIt 101, as shown .in
FIG 14B, the TFT 112 is héfd in the on state, theSHPP722
113 and TFT 116 are held in the off state, the TFT 115
is turned off, and the TFT 114 is turned off. In this
case, even if the TFT 114 turns off, the 15 _
gat e-source voltage of the TFT 111 is constant, so the
TFTAELEr filies wriddma sndsoudseshopas 1o Flige RIOH jthFIG.
emtting elenent 117. Due to this, the potential of
100 heche rBrive delam 1ds § 2] Hopsthal dxivehdins tRfJel Mx 18
which the current Ids runs to the EL light emtting
heldl aaferthel Bl glantevdle Y thehiridee auannery Haendiie dto
emts light. Here, in this circuit as well, the EL

‘zexd ghitgrend taz gl 0 etlentawtinlzenm dhiaeyiARLI0L is held at

-current-voltage (1-V) characteristic when the
theeMidw | Dgrele rvyy cele cones 2t adlrcuiterafo) eand heln that
potential of the first node ND111l al so 25 changes.

stdidevigie ddenitBi@-SOMLE wol 1 PO Matfe Woddifing N ve
SH4P0722 111 is held at a constant value, so the

WSICLSY &/ dOWAXRE 1dweLdel I lrrRdividi éﬂﬁm?éﬂ 1o/,

does not change. Accordingly, even if the |-V

th&ARCtEFiwd | 'éEI. alhgs bl | idNtne Cvivd rngufé YeHol Uls set

deteri orates, e const ant current Ids 5 continues to

Qv é}ge em tting
to l}ement 1:‘1 di(')es not c Jgj;'?grgée GL'Abg'i\;des was the first
net H\%d aOfre%'dlvtl ,nQLrI rlaeaéi{ )i%.xel cilrcuit 101, as shown in

FIG. 14B, the TFT 112 is held in the on state, the TFT 113

*

and TFT 116 are held in the off state, the TFT 115 1s

turned off, and the TFT 114 is turned ofEf.

In this case, even 1f the TFT 114 turns off, the
gate-source voltage.of the TFT 111 is constant, so the TFT
111 runs a constant current Ids to the EL light emitting
élemenf 117. Due to this, the potential of the first node
ND11ll is boosted to the voltage Vx at which the current Ids

runs to the EL light emitting element 117, and the EL light

~emitting element 117 eﬁits light.

Here, in this cilrcoult as well, the EL light emitting
element ends up changing in current-voltage (I-V)
characteristic when the emitting period becomes longer.

Therefore, the potential of the first node ND11ll also

‘changes. However, the gate-source voltage Vgs of the TFT
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““circuit of FIG ‘9. Next, the second nethod of driving

will be explained with reference to FIG 15A to FIG

15D and 10 FIGS. 16A and 16B. The second net hod of

driving differs fromthe aldve first method of  S04P0722

driving in the timng of turning on the TFT 112 as

the first switch in the non-emtting period Tne. In

t he second nethod of driving, as shown in FIG 15A 15

to FI.G_ 15D, the timng for turning on the TFT_ 112 is
1158 Reldiaera (epnfiRphrvaler. o '%aes.cqmﬂ'erf,lqwing to

turning off the TFT 115 then turning on the TFT 112,
the 'Iﬁglﬂl‘?m’a%t@ﬂ)mlﬁmﬁfﬁ Gl gleepetardrange om t he

linear region to the saturated region. 20 On the other
Acanping}y ; (evemglHrithe el -Fechavacteristiqroff he Bl helght

TFT 115 as with the first nethod of driving, the TFT
enitttiing ceement Nl bhi deteciceatest cthe expnatant stwwwrent nids

FIG 16B. The transistor has a shorter channel |ength
contindée tvatfliat eahd echorlvitamande of netes Eledgiight so

the 25 parasitic capacity C3 is small. 38 S04P0722
encichigli eDeyent U 17 ndoédendi-TeHaidgeon, then turning the

TFT 115 on as with the first method of driving enables

t he THRrRddd Gra i t8AKet lethvd UET didiving Rthdgsierel

smal l er than when turning off the TFT 115, then

citE NG 0T d heo ThVeRt 112hd | &€cdd nd Fieo @ 60 Mk PRLAQ 111

of driving. If it is possible to make the parasitic

be C&B5TA 1 Ne &1 BB d£eiede T 46 NPT, OisA heo i 11¥sp tda

anount of coupling

FIGS. 16A and 16B.

The second method of driving differs from the above
first method of driving in the timing of turning on the TFT
112 as the first switch in the non-emitting period Tne.

In the‘second method of driving, as shown in FIG. 15
to FIG. 15D, the timing for turning on the TFT 112 is set
to after turning off the TFT 115.

However, 1f turning off the TFT 115 then turning on

the TFT 112, the TFT 111, as shown 1in FIG. 16A, operates

from the linear region to the saturated region.

On the other hand, if turning om the TFT 112, then

‘turning on the TFT 115 as with the first method of driving,

the TFT 111 operates in only the saturated region as shown
in FIG. 16B. The transistor has a shorter channel length in
the saturated region than the linear reglon, so the

parasitic capacity C3 1s small.
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fromthe drain to the:-gate of the TFT 111 can be nadé
“smal | er- and the capacity C of the capacitor. Cl1l and
the 10 capacity C2 of the capacitor Cl12 can be nade
sufficiently 1larger than BRe parasitic capacity (304P0722
so the change in the voltage of the fourth node ND114
when turning the TFT 115 on is coupled to the gate of
the TFT 111 in accordance with the magnitudes of the
A and C2. 15 Due to this, the first nmethod of drivin%h
e

can AGEoFSIRIlyo FaTpdngde then IX Tt Hd 25 oBon Fhes fyFndng
driving. Next, a third nethod of driving the pixel

TFLiYuian ¢fs wiith theyifiirsie megiod mf duivinefenaties tthe

FIG 17A to FIG 17D and FIGS. 18A and 18B to FIGS
parasy il ety e athithe (W Thdd loftad ey imafelisnfadder

fromthe above first nmethod of driving in the timng
thagf whemitwrong hef£TEhe TEX dsl&.hetHen dturding lon tHen&FT

non-emtting period The. In the third method of
11rijkegvititherhid Beldichd metthaahofasidivelngluty switch.

The operation will be explained below 25 First, in

t he 1@ dithalisy po@istibiley Hoemakd ahet Pparkls133 cSCEPRAEAZY €3
light emtting elenent 117, as shown in FIGS.. 17A to

small/D, wHdif aEaH g G ihalrras (12 | dHd anfiait)id¥ dduiling
W5L101 is set to the low level by the wite scanner

froWwdhd Erdid e SN tdd ]t 18 1 ad I8 nlddel 01

is set to the low5 1evel by the drive scanner 105,

smad e AUl ZHE g tp41 los tifi:éb{ﬁ;ﬂ&eéﬂ&er@lili ¥nd the

AZL101 1s set to thelow |l eve auto zero

caﬁéfy} tCZ’LQ)7:IE ﬂ'ﬁg éaﬁ?acgﬂa&.e (ﬂllgf%arfj%ez]métﬁz tsn.{'afficiently
larger than thé parasitic capacity C3, so the chaﬁge in the
voltage of the fourth node ND114 when turning the TFT 115
on is coupled to the gate of the TFT 111 in accordance with
the magnltudes of the Cl and C2.

Due to this, the first method of driving can be sald
to be better than the second method of driving.

Next, a third method of driving the pixel circuit of

PIG. 9 will be explained with reference to FIG. 17A to FIG.

17D and FIGS. 18A and 18B to FIGS. 21A and 21B.

| The third.method of driving dlffers £from the above
first method of driving in the timing'of turning on the TFT
112 as the first switch in the non-émitting pericd Tne. In
the third method of driving, the TFT 112 functlions as the
duty swilitch. The operation will be explailned below.

First, in the ordinary emitting period of the EL
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drive line DSL111is sel ectively set to the high level

by the drive scanner 106. 10 As a result, in each
pi xel circuit 101, as shown in FIG 18A the TFT 11
is held in the on state (céﬂductive state) and t 4P0722
TFT 113 to TFT 116 are held in the off state
(non-conductive state). The drive transistor 111 is
designed-to operate in 15 the saturated region. The
urrent Ids flowing to:the EL_ Ilight emtting elenment
L1ght; emENG, SGRE Stim 4y SRR Ao FECRg A diP 270+
Next, in the non-emtting period Tne of the EL I|ight
the feanmp e signal #5711 bt v sepmmigs Line WS . 1s
the 20 scanning signal ws[i] to the scanning |ine
setzgio (khe slave|keved Rwndhewridasqapner MH + Ehe fiigre

104, the auto zero signal az[l1l] to the auto zero line

- siggaligisikl He dha dnive |bine GG dshesedutty Advep low

circuit 107, the drive signal ds[l] to the drive line
lew3gdl It the hibtidreatsadrndm\il 0%y cthehyauto tadwralrsdgnal az[1]
scanner 105 and, in that state, the drive signal 40
to IMEPGIAD dsfi] Iime AZLROVels iswt DS Hie 10w ctevtad thye the
| ow I evel by the drive scanner 106. As a result, in

autenGlefd X@lraiTie uid7 ,1GHnd ahe imivd sidddl dsl] tiwe tHel
112 to TFT 116 are held in the off state, 5 and the

driNd live ipsiianed afdleddiddpy et Mol 418 High ddvel hey
drain voltage of the TFT 111 falls to the source

the/ WFHES sddtthd® 1d8 s, current

Ags a result, in each pixel circuilt 101, as shown in
FIG. 18A, the TFT 112 is held in the on state (conductive
state) and the TFT 113 to TFT 116 are held in the off state
(non-conductive state).

The drive transistor 111 1s designed to operate in
the saturated region. The current Ids flowing to the EL
light emitting element 117 takes the value shown by the
above equation 1.

Next, in the non-emitting period Tne of the EL light
emitting élement 117, as shown in FIGS. 17A to 17D, the
scanning signal'ws[l] to the scanning line WSL101l is held
at the low level by the write scanner 104, the auto zero
signal az[l1l] to the auto zero line AZL101 is held at the
low 1e§el by‘the auto zero circuit 107, the drive signal
ds[1l] to the drive line DSL101 is held at the low level by

the drive scanner 105 and, in that state, the drive signal
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- no | onger fiovvs to the EL Ilght emttlng eI ement 117

and ‘the potential of the first node ND111 falls to-
the 10 threshold voltage Ve of the EL light emtting
element. Further, the EL HPght emitting el enent 15’107‘11’07’22
does not emt Iight -Next, in the non-emtting period
The of the EL |ight enitting el emrent 117, as shown in
FIGS. 17A to 17D, the 15 scanning signal ws[1] to t he
scannin ine WoL1OL is held at the low level by the

as (41 6 Sherivmnd ine DSHhNe 16 el Eaids) day devel by

: drlve l'ine DSL111 is held at the low | evel by the

theyduizes e dP6 + he auto zero signal az[1] to the
auto zero line AZL101 is held at the Iow | evel by the
aut &s2@ xmesyldi.r d teabd’ pixed icdrcigdt 304t e ast sbhogni da
signal ds[1l] to the drive line DSL101 is set to the

FIG diiB evidie DEFT HEl2 dra VBF S ddifnaarel 0 1ld Han thes offfovdtate,
in FIG 17D, the auto zero signal az[1l1l to the auto

andete |MTHE W2 18 twomsl dfF. the high [evel by the auto

zero circuit 107. 25 As a result, in each pixel

Ci r 8y tthle @FT a3 Raivhing $E£504Re7 A2aAlnGvoltaget E the
TFT 112 and TFT 115 are held in the off state, the

Trr FR 1l 1¢h1 Bs (il ek ousyl ddltaldel. Due ayl thik, b
turned on. By the TFT 114 turning on, the potential of

no tits?nqéf St1ows NEIaeDIg] DEARRSISLEY Widhed! &7 Alana
G\D Tevel, and the drain voltage of the TFT 111
thd G ESLE OF O PoLSNHicHe N8N 1 ®48l1s to the
threshold voltage Ve of the EL light emitting element.
Further, the EL light emitting element 117 does not emit
light.
Next, in the nonQemitting period Tne of the EL light

emitting element 117, as shown in FIGS. 17A to 17D, the

.scanning signal ws[l] to the scanning line WSL101 is held

at the low level by the writg scanner 104, the drive signal
ds[2] to the drive line DSL11l1l is held at the low level by
the drive scanner 106, the auto zero signal az[1l] to the
éuto zero line AZﬁlOl is held at the low level by the auto
Zero cifcuit 107, and in that state, the drive signal ds[1]
to the drive line DSL101l is set to the high level by the
drive scanner 105, then, as shown in FIG. 17D, the auto
zero signal az[l] to the auto zero line AZL101 is set to
the high level by the aﬁto zero circuit 107.

As a result, in each pixel circuit 101, as shown in
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Further, ‘by the:TET 113 and TFT 116 turning on, the

change in potential of the fourth ND114 is .coupl ed

with the 10 gate of the TFT 111 through the capacitor

" Cl112 and the vol tage Vgd cHdnges between the gate 2040722

drain of the TFT 111. The anount of coupling is nade

VO. Note that the timing for turning on the TFT 114,

TFT 113, and TFT 116 may be to turn on the TFT 113

and TFT 116, 15 then turn on the TFT 114. That is, it
FIGs HAo thaSTHT 11D anhEE Yhe are el 0 dihe 01L% he

TFT 111, couple the change in potential of the fourth
stafrle B 1TFT ol1helgadturngd athe appy e TER W3 cwmd THR

gate of the TFT 111 to the ground potential G\D
116 ovied . t@N@EXER. as shown in FIGS. 17A to 17D, the

scanning signal ws[1l] to the scanning line WSL101 is

hel Byattheh@TH DI 14 chaining tdre ihe @podeartiea] ¥ thehefirst

drive signal ds[1] to the drive line DSL101 is held
no@é NIELDI gdcdmee! tihy divund rpoitesitbd GNO evé e @#nd Othe

zero signal az[l] to the auto 25 zero line AZL10l is
dréth vl tdde &f Ofhé eper 1Yl thecand® #as QoD Yerdtial

circuit 107 and in that state, the drive signal ds[2]
GND OLedde, drive line DSL111 is set to the high |evel by

t he drlve scanner 106. As a result, in each pixel

- Ci T Gafjaly l%ﬁ W N 5y Rlfag T8, 1ﬂd‘Q:u-EF-|:_l.n]glen TFt-Be
113, and TIfT 16 are held in the on state,

ch&lﬂ# %ngﬁwﬁ&éfe f{hétﬁtg@rtl?%diﬂ? €T o%ﬂfedswith the
eto t e gate-draln vo
gate of the TFT 111 through the capacitor Cl1l2 and the
voltage Vgd changes between the gate and drain of the TFT
111. The amount of coupling i1s made VO.
Note that the timing for turning on the TFT 114, TFT
113, and TFT 116 may be to turn on the TFT 113 and TFT 116,

then turn on the TFT 114. That is, it is also possible to

connect the gate and drain of the TFT 111, couple the

" change in potential of the fourth node ND11l4 to the gate of

the TFT 111, then lower the gate of the TFT 111 to the
.ground potentlal GND level.

Next, as shown in FIGS. 17A to 17D, the scanning
signal ws[l] to the scanning l1ine WSL10l1l is held at the low
level by the write scanner 104; the drive signal ds[l] to
the drive line DSL101l is held at the high level by the
drive scanner 105, the auto zero signal az[l] to the auto

zero line AZL10l1 is held at the high level by the auto zero
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'jthe TFT 111 rises to the pomer source voltage VCC
“Further;, the gate-drain voltage of the TFT 111 rlses
10 to the power source voltage VCC, then, as shown
"FIG -17C, the drive signaf2ds[2] to the drive Iln‘?éMP0722
DSL111 is set to the low |l evel by the drive scanner
106. As a result, in each pixel circuit 101" as shown
in FIG 20A, the TFT 114, TFT 113, and TFT 116 are
held in the . 15 on state, the TFT 115 is held:in the
olrgults 147 and,dn fbap-Ftater ithe daie sdonadk dsll o
el apse of a predetermned tine fromwhen the TFT 112
the tﬂ’ﬁé’%f]finq RSIddile Ao mete twoIthey dhgls eveih @y tibp fdrive
beconmes the threshold voltage Vt h of the TFT 11. 20 At
scanyieF thilfe, the capacitor Cl12 is charged with
(Vof s-Vth) and the capacitor Il is charged with Vth.
Nex®s &@s reiseit.i dnFe@sh pixedo clrpuithdOdcamsi sfpown in
signal ws[l] to the scanning |line WSL101 is held at -
FIG.hd9mw tley AFhyl Iidhe TRT t1d 35.c sande (TFIDA, 16 [eredthedsl in the
signal ds[l] to 25 the drive line DSL101 is held at
on tdimtd gtHee VERT 1T hes 4RISDAROAYLE drffy stetanandlGhe TFT
the drive signal ds[2] to the drive line DSL111 is
112v6els Wirdde WDy alo hiide thd Watssaid@in M tagebE
inthat state, the auto zero signal az[1l] to the auto

the aor [11e e td S tpduerd fbdre vdilady die, auto

zero 5 circuit 107, then the drive signal ds[2] to the
dri y@repes, rlel glat'es- &lin ¥ditadd PF hdvelrPty 11le rises

drive scanner As a result, 1n each pixel circuit
to Hie ﬁﬁhé%“gﬁhféb voltage VCC, then, as shown in FIG.
17C, the drive signal ds[2] to the drive line DSL11l is set
to the low level by the drive scanner 106.

As a result, in each pixel circult 101, as shown in
FIG. 20A, the TFT 114, TFT 113, and TFT 116 are held in the
on state, the TFT 115 is held in the off state, and the TFT
112 is turned off.

After the elapse of a predetermined time from when
the TFT 112 turns off, the gate-source voltage Vgs of the
TFT 111 becomés the threshold voltage Vth of the TFT 11.

At this time, the capacitor C1l2 is charged with
(Vofs-Vih) and the capacitor C;ll is charged with Vth.

Next, as shown in FIGS. 17A to 17D, the scanning
signal ws[l] to the Scanning line WSL101l 1s held at the 1ow.

level by the write scanner 104, the drive signal ds[l] to

the drive line DSL10l1 is held at the high level by the
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.FI'G 20B, the TFT 114 i-s held‘in the on state, ‘the TFT -~
113 and TFT 116 are turned off, and the TFT 112 is
turned from 10 off to on. By this, the drain volta
of the TFT 111 becones the*3 power source vol tage 6%%§WHW
again. Next, as shown in FIGS. 17A to 17D, the drive
signal ds[l] to the drive line DSL101 is held at the
hi gh I evel by 15 the drive scanner 105, the drive
signal ds[2] to the drive line DSL111.is held at .the

arieqRCPBRER B9 Suhdia AFAVEAHABRL 6421, fe Bieo dravg Line

signal %§5$L to the auto zero line AZL101 is held_at

DSIARd Asw ptphhendoxyyisvedr bycitheydriveoscanngr 1Q6.
that state, the scanning signal ws[l] to the 20

andsc dinithgtl states. the puteczere spgnglgpzldJetopfhenauto
wite scanner 104. As a result, in each pixel circuit

zerp01ings AZRARA s seitGto2the flow IEVellbyathe patprrero
112 are held in the on state, the TFT 113 and TFT 116

ciramd thdlod .i rchielne thief dstlyee sighBlads [RHe tOFThe]l Grilye line

- turned on. 44 SO4P0722 Due to this, the input voltage

-nsnmn1 fisopedatted thier ulgh lelve 1d biya thien drilViel @tannerm Lo .

through the TFT 115, while .the voltage change anount
AV ak hheesade,\Dhléach pasphedirvuib Lbe,gakeshbwhhén
TFT 111. 5 At this tinme, the gate voltage Vg of the

prGlFRoBll the aFwvaliue 1¢f ndlla 1whithe bihe statel,i Aieampaniil3

AV is determined as in the above equation 2 by the .
and AMACI1M6 PrelfturtREC IS a9 the TFT 112 is turned from

off to on.
| By this, the drain voltage of the TFT 111 becomes the
power source voltage once again.
Next, as shown in FIGS. 17A to 17D, the drive signal
dsfl] to the drive line DSL10l is held at the high level by
the drive scanner 105, the drive signal ds[2] to the drive

line DSL111 is held at the high level by the drive scanner

106, fhe auto zero signal az[l] to the auto zero line

AZL101 is held at the low level by the auto zero circuit
107, ahd, in thét state, the scanning signal ws[1l] to the
scanning line WSLlOl is set to the high level by the write
scanner 104.

As a result, in each pixél circuit 101, as shown in
FIG. 21A, the TFT 114 and the TFT 112 are held in the on
state, the TFT 113 and TFT 116 are held in the off state,

and the TFT 115 is turned on.
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the HIAtH ARG R0 ész]irtraﬂt RhnAneh:
they e LAY SRARG S AIOURY

S N the capamty C2 of the capamtor C112 and the -
'paraS|t|c capaC|ty C3 of the TFT 111. 10 Therefore, as
expl ai ned above, if making and C2 sufficiently,
| arger than C3, the anpunt 4%:‘ coupling to the gat%O%PQTZZ
determ ned by only the capacity C of the capacitor
All and the capacity C2 of the capacitor Cl12. The

. TFT 111 is designed to operate in the saturated

region, nt | ds i accgr.dance Wlt
L B, e $896m B JpbutoRo eG?FSF"imrPPaﬁe é" fhprough
t he vvrltlng ends, as shown in FIG 11’Ato [3_
ené[‘F v§1 le
[ Y, ive s e
hel d at the high | evel the drive scanner 106 th
AV 1of e mads JHI4 A oemied

Is held at the lowlevel by the auto zero circuit
witlptheyapte of Hhe BRtkll+ he scanning signal ws[1] to
the scanning line WS5L101 is set to the |low | evel by
t he Alr itthd ss ddmesr they gatehaelitaged Viav @ fsitdpeaTFIS U1 tds a
the drive line DSL101 is set 25 to the low |l evel by
valie af i Wigh sodnier 1105 . colpIANP@IRUNs AV rigs determined as
each pixel circuit 101, as shown in FIG 21B, the TFT
in Mk | sbdwd cequatiwn dh bt diles ddpaditly OB ofanthé Fagdditor
are held in the off state, the TFT 115 is turned off,
c1end the ddpadildy ic2 tof ndse addpadltior tCik2 cannd Ehen | f
the TFT 114 turns off, the gate-source voltage of the
paraditild ¢?£@ﬂ§§a¢t§,o§0tﬁélerﬁfﬁlﬂ.11 runs a constant

current to the EL light emtting elenent 117. Due

to therefidia PULUiplaGled Mddid, SLfN G king C1 and €2
sufficiently larger than C3, the amount of coupling to the
gate is determined by only the capacity Cl of the capacitor
Cl1l1l and the capacity C2 of the capacitor Ci1l2. The TFT 111
is designed to operate in the saturated region, so a
current Ids in accordance with the gate~soﬁrce voltage Vgs
of the TFT 111 flows.

After the writing ends, as shown in FIG. 17A to FIG.
17D, the drive signal ds[2] to the drive line DSL11ll is
held at the high level by the drive scanner 106, the auto
zero signal az[1] to the auto zero line AZL10l is held at
the low level by the auto zero circuit 107, and, in that
state, the scanning signal ws[1l] to the scanning line
WSL10l1l is set to the low level by the write scanner 104,

then the drive signal dsil] to the drive line DSL101 is set

to the low level by the drive scanner 105.
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ND111 |s boosted to the voltage Vx at. whi ch t he
current 1ds 10 runs to the EL light enmitting el enent
117, and the EL light enmtting elenment 117 enits
light. Here, in this C|rcu#% as well, the EL I|ghtSGﬂ%ﬂ22
emtting elenment ends up changing in current-voltage
(1-V) characteristic when the emtting period becones
| onger. 15 Therefore, the potential of the first node
‘ND111 al so an weyer urce vol tag
Vos 251 & 38 ?—ﬁ%@%ﬁ 1, oi%eiity 101", 88, #Royh’in
the current fl ow the EL |ight emittin elenent

P1ir 21 fe o R il 15 REISF i oy dbate - e BT 113
characteristic of the EL light 20 em tting el enent 117

andiFS ook Bl doh s tustate A dbe Jh e o
flow and the | um nance of the EL Ilght emtting -

turnednofif 1 Brdidde JiT Hehde trrresh®fEwas the third
- method of driving the pixel «circuit of FIG 9. As
“shovim this GasgpAevenFiE theDTFIS lidwduans offi,s thieso
possible to enploy a.fourth method of 46 S04P0722

gatr4isdunpes etaitage hef tihe MFT drlY denionpstranthe SoFTEhe] XFT
to after turning on the TFT 115. However, as

1llexpies reccabotent idutnent Msortd Hthel EL 1Hight téweitting

turning on the TFT 112, the TFT 111 operates from 5
eldrnt iYIERr Dwegityn thid hetlsatpotairtd ale@H theOfidet node
ot her hand, if turning on the TFT 112, then turning
ND LI 1 Uddstdd 65 thd ivdltadedivael aetviikbIpftil iotidient Tds
the TFT 111 operates in only the saturated regi on. The

runs to the EL light emitting element 117, and the EL light

-emitting element 117 emits light.

Here, in this circult as well, the EL light emitting
element ends up changing in current-voltage (I-V)
characteristic when the emitting period becomes longer.
Therefore, the potential of the first node ND11ll also
changes. However, the gate-source voltage Vgs of the TFT
111 is held at a constant value, so the current flowing to
the EL light emitting element 117 does not change.
Accordingly, even 1f the I-V characteristic of the EL light

emitting element 117 deteriorates, the constant current Ids

‘continues to flow and the luminance of the EL. light

emitting element 117 does not change.
The above was the third method of driving the pilxel

circuit of FIG. 9. As shown in FIG. 22A to FIG. 22D,

‘however, it i1s also possible to employ a fourth method of
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“transistor has a shorter channel length:in the _
saturated 10 region than the |inear region, so the
parasitic capacity C3 is spgall. Accordingly, turnj o)
the TFT 112 on, then turni ﬁ@ the TFT 115 on as w#% 0722
the third nmethod of driving enables the parasitic
capacity C3 of the TFT 111 to be nmade smaller 15 than
when turning off the TFT 115, then turning on the TFT

112 like with the fourth t hod of driving. it d
ariyihg ek tingabP (HR A | SRR, O TR, 312 %o

when turning on _the TFT 112, the anmount of coupling
aften funpping am the (Hel g% of the TFT 111 can be nmde

20 smaller and the capacity O of the capacitor Cl11

and HoweveTap s eypdaiged wdoyepadift urairs oy the Fde

sufficiently |larger than the parasitic capacity C3,
1150 then dmrniang en Hde \RFR agle2 oftheh SHD ik Th arsrates fgrom

when turning the TFT 115 on is coupled to the gate of
the HeligRr hiedgion dox orhirsatugated rediomagni t udes of

the C1 and C2. 47 S04POr22 Due to this, the third

nmet ood tife arthemdaral, Hef daimhing dme thet THT tii2n tHhen

fourth nmethod of driving. As explai ned above,
tuPehof b tie THE 115 sds whtlodiinenthitd ewetlicd b wxiering,

a voltage drive type TFT 5 active matrix organic EL
theli Bk a1 Wspérat e pasi 6y GHd stutai® aeasli diel ViEzes

the gate and source of the TFT IIl as the drive

trdd St SF Has lASKHOHESE Shdlendl 1degtit linl lthd fddtirated
node ND111) Is connected to a fixed potential through

reéi@h than the linear region, so the parasitic capacity C3

is small.
Accordingly, turning the TFT 112 on, then turning the
TFT 115 on as with the third method of driving enables the

parasitic capacity C3 of the TFT 11l to be made smaller

than when turning off the TFT 115, then turning on the TFT

112 like with the fourth method of driving.

i If it is possible to make the parasitic capacity C3
s@all, when turning on the TFT 112, fhe amount of coupling
from the drain to the gate of the TFT 111 can be made
émaller_and the capaclity Cl of the capacitor Clll.and the
capacity C2 of the capacltor Cl12 can be made sufficiently
larger than the parasitic capacity C3, so the change in the
voltage of the fourth node ND114 when turning the TFT 115
on 1s coupled to the gate of the TFT 111 in accordance with

the magnltudes of the Cl and C2.
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TFT 114 (in the present enbodi ment, the GND), the gate
and 10 drain'of the TFT I1l1 are connected through the
TFT 113 to cancel the threshold value Vth, ‘the Q04P0OT22
capacitor Cl11 Is charged™with that threshold valué
Vth, and the input wvoltage Vin is coupled with the

gate of the TFT 111 fromthat threshold value Vth, so
the following effects can be 15 obtained. The

~threshold | f . the TFT.11 h i
:r;ﬁéﬁg%Sr¥§§%?gghgagﬁngcgﬁEéP%ea§ éﬁiygﬁéggﬁ%sg?bfgid
t d h iati | _ t .of th i I d
to hesbefiter Ehasnthen TNEED MEtRese Oqudrro3P920 Furt her

it |s possible _to reduce the _current flomﬁng In a
pi xBF e¥PlAdngdnabAveri AGepEAiBg 69 ket FigSthe
timngs of the switching transistors and possible to
emboddmend .| dhexrepdific PTOY & yoltager dxivs typer TFT
output with no deterioration In 25 | um nance even with
actd veh mada i omganioy/Eih fisplay shiereoR £apsgibor2£1ld 1s
EL el enent along with el apse becones possible. A
conpemtest fheitweser thier gaitte gnd sovnaeciof: ties TElodd1 as the
"~ becones possible, so It Is possible to use an
drivec taramdl sttargn dihet Gouascen sdidey @fe ltdvee MFTofl1dn (Edrst
light emtting 5 el ement while using current
noda eha-105)t ed ectinetiteddn a Mintede potentialpdigiongh tthe
configure transistors of a pixel circuit by only

TPM-1GRNNE e PeHets enbbdintemith! alicd GNIYE tthe gale and

process in the fabrication of the TFTs. Due to
drain of the TFT 111 are connected through the TFT 113 to
cancel the threshold value Vth, the capacitor Clll is
charged with that threshold wvalue Vth, and the input
voltage Vin is coupled with the gate of the TFT 111 from
that threshold value Vth, so the following effects can be
obtained.

The threshold voltage of the TFT 111 as the drive

transistor can be easlily cancelled, so it is possible to

reduce the variétions,in current of the pixels and possible

to obtain uniform image quality.

Further, it 1s possible to reduce the current flowing
in a pixel in the non-emitting period by setting the
timings of the switching transistors and possible to
realize lower power consumption.

Source-follower output with no deterioration in

luminance even with a change in the I-V characteristic of
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o ethle there |s the advantage that a reductlon “of. the

cost 10 of .-TFT boards becones possible. <Second
Enbodi nrent> FIG 23 |Is a blpck diagram of the
configuration of an organic EL display device
enpl oyi ng pixel circuits according to a second
enbodi nent. 15 FIG 24 is a circuit diagram of the
concrete configuration of a pixel circuit according

nbod |

an o, edgnpReAloRg el el B anRe, PRcdR bbeRupdel ™
nmbodi t f th bove f nhod h

i n 'egﬁtnfﬁserfgﬁﬂﬂgt‘a? TBast, 8845 PREDHBR, trantsis%o%s

I've Sl ghna

ds[I] ap to the drive lipes ,DSL101 to

be@ﬂﬁﬁ? ' cfp S@’ati% dF erest elf& haar 1o ﬁ‘e‘*‘ﬁ\?é‘ﬁled
SI nal /ds[l] of the _drive signal Eﬁg due .tg .the

25108 4rive £dements ofugy Fé-d bt emgtitd ngr

the TFT 112. 25 Therefore, in the second _enbodi nent,

elementTRhile; usiag gusrenty 2pofier cethoge. electrodes.
conplenentarily turned on and off. That is, when the
TFTFurZhes,oft LEeDPFFible ko Renflgnre hmepsiatens of a
the TFT 112 is off, the TFT 114 is held on. The

pixsderction tofby o 13 qoreh agmiedd itnamis iwtladrsh @l @osisdibded to
wth reference to FIG 25A to FIG 25D, FIGS. 26A and

uselGfhe -G probemsd 13V BRhenrhbEi©atd®n [Ef dthe (TFRshe Due to
ordinary emtting period of the EL |ight emtting

thial eretirel is e ddwntayge-lthat 264Aedncdi3on of the cost

S04P0722

of TFT boards becomes possible.

{Second Embodiment)

FIG. 23 is a block diagram of the configuration of an
organic EL display device employing pixel circults
according to a second embodiment.

FIG. 24 1s a circuit diagram of the concrete
configuration of a pixel circuilt according to the second
embodliment in the organic EL display device of FIG. 23.

The difference of the second embodiment from the

above first embodiment 1is that a single drive scanner is

‘used, the drive signal ds[1}] applied to the drive lines

DSL101 to DSL1O0m is supplied'to the gate of the TFT 114,

and the inverted signal /ds[l1l] of the drive signal ds[l]

" due to the inverters 108-1 to 108-m 1ls supplied to the gate

of the TFT 112.

Therefore, in the second embodiment, the TFT 112 and
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"~ 'the scanning signal-- ws[1] to the scanning |line WSL101
s 10 set torthe-Lom/IeveI'by the wite scanner 104,
‘the drive signal ds[1] toy4he drive line DSLlOl'%§4PUHm
set to the low Ilevel byt e drive scanner 105,
the auto zero signal az[1l] to the auto zero line
AZL101 is set to the low level by the auto zero
circuit 107. 15 As a result, in each pixel circuit

1 S Tahy2 h t he
e, s, 3Fe ORI enra st  turhe bt gk CTHRe 12t

. Whe?:h%hgr |II‘g@"l'| I11t2h§_s.0fofn %&A%t %‘FT( 9% &9.”%%' Y.&fSt whq_)le 5151&11

i'vé transi stor S deS| gned to op erat

d | | h
oo g St RS Y B eVl e S

Bér&gﬁ ?ﬁggéiwﬂ EL%EFéﬁF"\’%Ehw prﬂéggﬁﬁﬁeﬁ?ﬁ bes
Fl 25A to 25D 5
migtipd §ithe Sechnnry P sk U, S 2o

at the low level by the wite scanner 104, the drive
ands 26| FI<‘F§[|]27tﬂoaﬂ¢e2dﬁ-véqu fdS481 I's held at the

low |l evel by the drive scanner 105, and the auto_zero
si gFdirskz[ ip the oxdinary m&tﬂpﬂepﬂzéféloffs ther Elyo
the high level by the 5 auto zero circuit 107. As a -
11ghds emtittiime ediensnte| 115 .r @8 tshoom 13s FGHn 352 1o @50,
26B, the TFT 112 is held in the on state, the TFT 114

thearsbabmingl sigrahaets] § In tichdhef fscamming dide WSLAON k3
and

set to the low level by the write scanner 104, the drive
signal ds[l].to the drive line DSL10l1l is set to the low
level by the drive scanner 105, and the auto zero signal
az[l] to the auto zero line AZL101 is set to the low level
by the auto zero circuit 107.

As a result, in each pixel circuit 101, as shown in

"FIG. 26A, the TFT 112 1s held in the on state (conductive

‘state), the TFT 113 to TFT 116 are held in the pff.state

(non-conductive state).

The drive transistor 111 is designed to operate in
the saturated region. The current Ids flowing to the EL
light emitting element 117 takes the value shown by the
above equation 1.

Next, in the non- emitting period Tne of the EL light
emltting element 117, as shown in FIGS. 25A to 25D, the

scanning signal ws[l] to the scanning line WSL10l1l is held
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TFT 116. are. turned .on. 10 By the TFT 113 turnlng on

"the drain and gate of the TFT Ill are connected and

the voltage rises to the pggwer source voltage. sp4P0722
Further, by the TFT 116 turning.on, the change.in
potential of the fourth node ND114 is coupled wth

the gate of the TFT Il through the capacitor Cl12 and
15 the-gate-drain vol tage Vgd-of the TFT 111 changes.

at Nﬁétloﬁsléhﬁwnbbntﬁheﬁri%éAsbanﬁég 1bhe ¢RanBige signal

signal ws[l] to"the scanning |ine WsL101 i s hel d at
as[&fjethowhe G¥aveL¥ 18 DL 0§ 3620820 ;@4thtahgoauaevégr By

gnal az[11l to the auto zero line AZL101 is held at

the ﬁrﬁ | gl bhaye! 1%% 2thh%héuhﬁtée%8r8'E&gh3%19Z[§ﬁdto

hat “"state, the’'drive e drive

the 83%ﬁ§§%%8%f%&5§iﬁnﬁglt?% gbqhtol%ﬁglh &htagvg&'¥glthe

resul i'n each pixel~circurt

own .in _Fl the TFT 114 TFT 113, and TFT
a“tflée§Pe°ﬁ§F3iFh§PH§ 25 on state, and the TET112 and

TFT_115 a | d th ff t at 4P0722 t
e BBy o b, Suked;cifhis FBATOAE aRlFal s
otential of TFT 111) falls to.th d
PTG BGRoy S (I (12 Wonoegdh ahetiec ot Gitakse V58 SPT Ad4
TFT 5 111 becones the threshold voltage Vth of the TFT
and| FFTaflils anendedidydde the 955 s¥aternidndy thend FIat 13,and

time, the capacitor Cl12 is charged with (Vofs-Vth)
TFTarld 6 learec dpamiedonG ii is charged with Wth.

By the TFT 113 turning on, the drain and gate of the
TFT 111 are connected and the voltage rises to the power
source voltage. Further, by the TFT 116 turning on, the
change in potential of the fourth node ND114 is coupled
with the gate of the TFT 111 through the capacitor Cl1l12 and
the gate-draln voltage Vgd of the TFT 111 changes.

Next, as shown in FIGS. 25A to 25D, the scanning

signal ws[l] to the scanning line WSL101l is held at the low

level by the write scanner 104, the auto zero signal az[1]

to the auto zerxro line AZL101l is held at the high level by
the auto zero circuit 107 and, in that state, the drive
signal ds[1] to the drive line DSL101l is sef to the high
level by the drife scanner 105.

As a result, in each pixel circuilt 101, as shown in
FIG. 27A, the TFT 114, TFT 113, and TFT 116 are held in the

on state, and the TFT11l2 and TFT 115 are held in the off
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“'Next., ~as shown in FIGS: 25A to 25D, the scanning 10 -
~signal ws[.1] to the scanning line WBL101 is hel d at

the low level by the wite scanner 104, the drive.

signal ds[1] to the drive8line DSL101 Is held at BfE0722

hi gh I evel by the drive scanner 105, and, in that

state, the auto zero signal az[l] to the auto zero

line AZL101 is set to the low level 15 by the auto

zero circuit 107, then the scanning signal ws[l] to

sta¥e- scanning line WSL101 is set to the high level by

the wite scanner 104. As a result, in each pixe
ci r dne twithis sthewpdtentdal @f7Bhe HELlrElT mode ND111
held in the on state, the TFT 112 20 is held in the

(soffcetpotenthel T¢H THB Whi) THFalld 6tarehe wrewndfpotemtial
the TFT 115 is turned on. Due to this, the input

GNP Oléwgk. \Furthepagtihedgdte esglircé eotibage | Ve & LtHOITFT
through the TFT 115 is input, and the voltage change

11 RMbeiidmes the t titraskiiel dBiditage COtp| F tive 2681 hEL Dasfter
of the TFT 111. 52 SO4PO722 At this tinme, the drain

th&€NE1&psé Nes T& Ipdddetsrmihodt tige. SO the amount of
coupling AV to the TFT 111 is determ ned by only the

- capagy tohid pimé,hecmm% Sl tde 1d11 20 difarqe Ghivh C2
of the capacitor Cl12. .5 After the witing ends, as

(VSE‘?V‘Y‘tﬁP & thecdPablfor @bPL ibecRitbGed PR GERL
azl 1 I

to the auto zero line AZL101l is held at the |ow
- leveye iy, the Milvh 268 Frfds CY B 13:9725@,”%& ddiing
state, the scanning signal ws[1] to the
signal ws[1] to the scanning line WSL10l1l is held at the low
level by the write scanner 104, the drive signal ds[1l] to

the drive line DSL101l is held at the high level by the

" drive scanner 105, and, in that state, the auto zero signal

az[l1] to the auto zero line AZL10l 1s set to the low level
by the auto zero oircuit 107, then the scanning signal
ws[l] to the scanning line WSL10l 1s set to the high level
by the write scanner 104.

As a result, in each pixel circult 101, as shown In
FIG. 27B, the TFT 114 is held in the on state, the TFT 112
is held in the off sfate, the TFT 113 and TFT 116 are
turned off, and the TFT 115 is turned on.

Due to this, the input voltage Vin propagated through
the data line DTL 101 through the TFT 115 1is input, and the
voltage change amount AV of the node ﬁD114 is coupled to

the gate of the TFT 111.
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~scanning line W5L101 is set to the:low level by the
wite 10 scanner 104, then the drive signal ds[1] to

the drive line DSLIOl is set to the low level by the
drive scanner 105. As a ré8ult, in each pixel cire#i0722
101, as shown in FIG 28, the TFT 113 and the TFT 116
are held in the off state, the TFT 115 and TFT 114

are turned off, and the TFT 15 112 is turned on. Due

to this, the drain voltage of the TFT IIl rises to

t he Adoidriss didmes e sralin endhiof dhee TFAVAd L s he
TFT 114 turns off, the gate-source voltage of the TFT
floabing, cimsthmtameunt vf woupbing AV rimsthe RFB 1Rk 1s
current Ids to the EL light emtting elenment 117. Due
detearmined bhheomply cthe ataprAcite ¢1 rof thowlecapNRiiition £111
boosted to the voltage Vx at which the current Ids
and Utise teapaelty ¢2 gt the t¢apacktemeCtldl?7, and the EL
~light emtting elenent 117 emts light. 25 Here, in
t hi Aftidr e agcitAlndg dnds Elad igiidwrenid HFI6y 25A to FIG.
SUP0722 . el enent ends up changing in current-voltage

25If) -de 2Es A4 RS | SLawahA[ 1 het@ntlid | gt Perdms] hagONes |
| onger. Therefore, the potential of the first node

Az 14 21 901 4 ChRNEES - 140 VEMPEL B SRl futS BEES o DbdRDe
Vgs of 'the TFT 5 111 is held at a constant val ue, so

10'F hea&&r FENERAOWMEDd O thdCsGandidd s £5041 Wi emern;ne
does not change. " Accordingly, even if the

oAU FLR s e 497 g ek Ve
scanner 104, then the drive signal ds[1] to the drive line
DSL10l1 is set to the low level by the drive scanner 105.

As a result, in each pixel circuit 101, as shown in
FIG. 28, the TFT 113 and the TFT 116 are held in the off
state, the TFT 115 and TFT 114 are turned off, and the TFT
112 is turned on.

Dug to this,_the drain voltage of the TFT 111 rises
to the power source voltage.

| In this case, even 1f the TFT 114 turns off, the

gate-source voltage of the TFT 111 is constant, so the TFT
111 runs a constaﬁt current Ids to the EL light emitting
element 117. Due to this, the potential of the first node
ND111l is boosted to the voltage Vx at which the current Ids
runs to the EL light emltting element 117, and the EL 1ight

emitting element 117 emits light.

- Here, in this circult as well, the EL light emitting
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continues to flow and the [uninance of the EL Iight

.10 emtting elenment 117 does not change. According to

t he second enbodi nent, the threshold voltage of the

TFT 111 as the drive transP8tor can be easily - S04P0722
cancelled, so it is possible to reduce the variations
in current of the pixels and possible to obtain 15
~uniformimage quality. Further, it is possible to

reduce the current flowing in a pixel in the

- elemgnteAndS WP ghanging e quorenteoltagendd-oh) t he

swtching transistors and possible to realize | owner
chagaatenicHsmptieon the emditdand panhad haaqnes dargern

deterioration in |um nance even with a change in the
Therefaxer dilteerpodtenticl ofnh the |[figat awide N 1d alaa

along wth el apse becones possible. A source-foll ower

charigexm tHofevehaihee | gdtenrmiwtar sroldadee My ohHods AIRT

so it is possible to use an n-channel 54 S04P0722

111 rindiesidrattsa aoistanie v, ofo aheRlodrxiit eflidwiny to

el ement whil e using current anode-cat hode el ectrodes.

thd El eIght tendStHIA6P i dllehndrit QAY IqWd rordifiige s of a

pi xel circuit by only n-channel transistors and

| Acdlﬁ&ﬂ.rk&l_?(':,t Qvén Us® #Hie BbicHicissridtidiod alid aat inynt

of the Ts. Due to this, a reduction of the cost of

enittidP E S P RSt latesSTHiHd SHAUTE Yurrent 1ds

continues to flow and the luminance of the EL light
emitting element 117 does not change.

According to the second embodiment,.the threshold
voltage of the TFT 111 as the drive transistor can be
easlly cancelled, so it i1s possible to reduce the
variations in current of the pixels and possible to obtain
uniform image quality.

Further, it 1s possible to reduce the current flowing
in a pixel in the non-emlitting period by setting the
timings of the switching transistors and possible to
realize lower power consumption.

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 hecomes
possible. |

A source-follower circult of n-channel transistors

becomes possible, so 1t is possible to use an n-channel
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. FIG 29 Is a bl ock di'agram of the configuration of an -
~10 organic EL display device enploying pixel circuits
~-according to a third enbodinent. FIG 30 Is a circgi&)
di agram of the concrete. c8 figuration of a pixel 04P0722
circuit according to the third enbodinent in-the
organi ¢ EL di splay device of FIG 20. 15 The
di fference of the display device 100B according to
the third enbodi nent fromthe display device 100A

EraptF NP A el e o EHh R Ahtth i Ot TR of
the p-channel TFT 112B instead of the n-channel TFT
e;%%ﬁn?rﬂ?##Q'“%HESd%“¥FﬁP¥i#%ﬂd%mﬁﬁﬁth?1%4&9&%9&95-
circuit. 20 In this case, the TFT 112B and TFT 114
need Wilihee 1t dfpIrafsibde (tp confdaugie drpnsistors of a
shown in FIG 31A to FIG 31C it Is sufficient to
pixgh|gixenit ihe enly o -chaprel deransistorse and \Rossikle to
DSL101 to DSL10m of each row. 25 Therefore, like in
use hche ex-0%t pindees srein | thacfabticatildb D4R ZF TeePus to
provide an inverter. The rest of the configuration is
this 1 a aredwctibay eof sktvs neb erboi] | TR thoadndo rskemmdés t he
third enbodi nent, in addition to the 5 effects of the
poselshel. enbodi nent, there is the advantage that it is
possible to sinplify the circuit configuration.
<Fouquri rariEmboEnienty G 32 is a block diagram of the

configuration of an organic EL display device

enpl@yd N Pixela HYiddk tlagram of the configuration of an
o:ganic EL display device employing pixel clrcults
according to a third embodiment.

FIG. 30 is a clircuit diagram of the concrete
configuration of a pixel circult according to the third
embodiment in the organic EL display device of FIG. 20.

The difference of the display device 100B according
to the third embodiment from the display device 100A
according to the second embodimént 1ies in the use of the
p-channel TFT 112B instead of the n-channel TFT for the TFT
112 as the flrst switch in the bi#el clrouit.

In this casé, the TFT 112B and TFT 114 need only be
complementarily turned on and off, so as shown in FIG. 31A
to FIG. 31C, it is sufficient to apply only the drive
signal ds[l1] to one drive line DSL10l1 to DSL10m of each

I'owW.

Therefore, like in the second embodiment, there 1s no
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10 according to a fourth enbodinent. FIG 33 is a
circuit diagramof the congrete configuration of

. pixel circuit according t he fourth errbodlrrentsp‘il\PO'722
the organic EL display device of FIG 32. The
difference of the fourth enbodi ment fromthe 15 first
enbodi nent is the use of a p-channel TFT 111C i nstead

f ,an_n-ch FT for the TFT 111 as the drive
nee? EHSP§?8}83|ﬁnt PESELEE: the anode of the Iight

‘ in 117 |s connected to t omer source
o 0rEhe | et CoF "the ‘GgntLgtonton “Co bkl af 60
first node ND111, a source of the TFT 111C |s
secepdnenbedimgntpe first node ND111, a drain of the TET
111C i s connected to the third node ND113, the drain
of ApeoNEing 1vo; the ohinbed combedinent hjin addktign 180 the

and the source of the TFT 112 is connected to the
effgesanaf2thposeneond| emppdingnt hetherpelgFrhe 1adyantage

connect ed between 56 S04P0722 the first node ND111 and
thathatpdseposgiibie pot ehmpilfyCthe GhecuEStcoﬁfLQeration-

connections are simlar to those of the first

enb<Eeoneth . Efbedbpentti on is also simlar. Therefore,

a detailed explanation will be omtted here, 5

ACCPIGL n32t bsthcblovkt dliagbati 6Enthe efdeEigutatidmrof an
to the effects of the first enbodi nrent can be

orgahiiai ERddispkait BekibadempnoyihyHiRd1i 612chi o8k
di agram of the configuration of an organic EL display

accgediiig €B8PhOo¥bigthl dAboa@imeHtts 10 according to a
prheMdemm.

FIG. 33 1is a circuit diagram of the concrete
configuration of a pixel circult according to the fourth
embodiment in the orgamnic EL display device of FIG. 32.

The difference of the fourth embodiment from the
first embodiment 1s the use of a p-channel TFT 111C instead
of an n-channel TFT for the TFT 111 as the drive
transistor.

In thils case, the anode of the light emitting element
117 is connected to the power source potential VCC, the
cathode is connected to the first node ND111l, a source of
the TFT 111C is connected to the first node ND1l1ll, a drain
of the TFT 11l1C i1s connected to the third node NDI113, the
drain of the TFT 112 1is connected to the third node ND113,

and the source of the TFT 112 1s connected to the ground

potential GND. Further, the TFT 114 is connected between
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FIG 35 is a circuit diagramof the concrete
configuration of a pixel rcuit according to the

fifth enbodinent in the &iganlc EL di spl ay devi c&08F0722
FIG 34. The difference of the fifth enbodi nment from

t he above 15 fourth enbodinent is that a single drive
-scanner is used, the drive signal ds[1l] applied to

t drive._li LI 1 o DSL10mis su ied, t '
te 8xSh; 1oag HB317r508;5he, pever nouredbBrRELA PG,
of the drive sign % % due to the inverters 109-1
to 109- K¢St %ﬁpgh?eﬂoP F%°ﬁ%1%r%fs$T%QQ?T'° Bhogq 4oL
The rest of the configuration is the sane as in the
thef §irek embediment - FﬁetHEQFFFFﬂneﬁﬁoﬂlﬁEnFiﬁélﬂEP
effects simlar to the effects of the first
Thegafogrnent desinidedoprrinbation wilkt hepawdltpdnhsrsy
S04P0722 FIG 36 is a block diagram of the
conAtcgordingntof the fonybhi embodbnent qyefife¢te similar
enpl oyi ng pixel circuits according to a sixth
to thbodiffects BIEGthe/ fiizsk embodimedktagannbef obkegined.
concrete 5 configuration of a pixel circuit according
t o ¢RefshxEihbodiedtent in the organic EL displ ay
device of FIG 36. The difference of the display
devrie.18@Eiacaobllbb® Afagiam 6f xthe egbnfiigenationnvf an
the display device 100D according to the fifth

.orgﬁﬁhedtﬁeﬂﬁsghﬁ? devibe empiofihgephxeilOctipeanes TFT

112D !nstea _ t he n-channe! TFT for ;he TFT 112 as
accb&ﬁihbr%b aWiei e nbmbodiienki. xel circuit.

FIG. 35 1is a clrcult dliagram of the concrete
configuration of a pixel circuit according to the fifth
embodiment in the organic EL display device of FIG. 34.

The dlfference of the fifth embodiment from the above
fourth embodiment 1s that a single drive scanner is used,
the drive signal ds[1l] applied to the drive lines DSL10l1l to
DSL1i0m is supplied to the gate of the TFT 112, and the
inverted signal /ds[1] of the drive signal ds{1] due to the
inverters 109-1 to 109-m is supplied to the gate of the TFT
114.

The rest of the configuration is the same as in the
fourth embodiment.

In the fifth embodiment as well, effects similar_to
the effects of the first embodiment can be obtained.

<Sixth Embodiment)>
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In this case, the TFT 112E and TFT 114 need only be
conpl enentarily turned on d off, soit is SUffi§biﬂﬁ22
to apply only the drive signal ds(l] to one driv

line DSL101 15 to DSL10m of each row. Therefore, I|ike
in the fifth enbodinment, there is no need to provide

an inverter The rest of the configuration is simlar

to heﬁ? fthéﬁgbggoﬁf?%r qég%%gfig?%gg%gﬁ %F an
°r9335§.BEE938P§ 5FP§°%h§m§?PxﬂtaggﬁﬁF? BAEERSES Ao

expl ai ned above according to the present |nvent|on
accPﬁgiPHrEQhﬁi&i§$PtEBB°G# RE-drive transistor 25
constituted by the TFT 111 can be easily cancelled, so
it B8G SO@iCﬁEZaI§1E6§§Fbﬁeaﬂﬁaﬂeﬂﬁcgh?h%°98F?5?|ons in
current of the pixels and possible to obtain uniform
configyzragden of arplrrdr clreuly peserpilegdt §or dhgcs1kkb
current flowwng In a pixel In the non-emtting period
embpdigenti 1g the SrgamilegELoflispdaywdeviicegots EAG-sB6rs
and possible to realize | ower power consunption.
Soutbe- fibEEemenceudbfuthei dhspdayecdeviceal POR ancording
| um nance even with a change in the |-V characteristic
to the aixfh lemipoiliementt Frgme thee dil spllayg dentikcec 180De
beconmes 10 possible. A source-follower circuit of
accordiag dlo tthanFifth embbdimeat pdesi Ahetheoulse iof the p-

possi bl e to use an n-channe
channel TFT 112D instead of the n-channel TFT for the TFT
112 as the first switch by in the pixel circuit.
| In this case, the TFT 112E and TFT 114 need only be
complementarily turned on and off, so it is sufficient to
apply only the drive signal ds[1] to one drive line DSL10l
to DSL10m of each row.

Therefore, like in the fifth embodliment, there is no
need to provide an inverter. |

The rest of the configuration is similar to above
fifth embodiment.

According to the sixth embodiment, in addition to the
effects of the first embodiment, there 1ls the advantage
that it is possible to simplify the circuit configuration.

As explaihed above, according to the present

invention, the threshold voltage of the drive transistor

constltuted by the TFT 111 can be easily cancelled, so it
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transistor as a drive elenment of an EL light enitting

el ement while using curre anode- cat hode electros

15 Further, it is possiblgi%o configure transisto §ﬁgp22
a pixel circuit by only n-channel transistors and
possible to wuse the a-Si process In the fabrication

of the TFTs. Due to this, a reduction of the cost of

TET ds b i ble...20 | NDUSTRI AL
1s ROPELBAR P TooRIEs, igc RBLoHAoRE AR SRFEANE, OF; Eheay
devi d t hod drivi i xel ci ' f th
pixpiEcBRE PRYSAPEONES SOLALD. FOLFORD: LBAOR SRR no
deterioration In lum nance even wth a chaqge in_the

curFRREDE®! t hpel T Resstile ste crefues the | gprrent (tiowing

el enent along with el apse becones possible 59 S04P0722

- in anaiaeéoaflc‘égponpememi riegi pepiod. BHasAEFiRgakRest Or S

beconmes possible, so it is possible to use an
timingRanfethet puhtrbing hransdstorschprdenessiban ke
~ element while using current anode-cat hode el ectrodes,
reaflheecllowert pewenvennsumptdan.be applied even to a
| ar ge-si zed and high definition active matrix type
di sptayrcdof Gl 2odipud/Brith po pleedrioratdon fin
driving an el ectro-optic element wth a |um nance
lumthangengveacaitdhng thaagkl dni fhe TuUWr ehbracteplissingof
5 a data line through which a data signal in
an 26COHGARCemdttingUuBlBABAE WlbagTRiitAnelapseppeceotes
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 emltting
element while using current anode-cathode electrodes.

Further, it is possible to configure transistors of a
pixel circuit by only n-channel tramnsistors and possible to
use the a-81 process in the fabrication of the TFTs. Due to
this, a reduction of the cost of TFT boards becomes
possible.

INDUSTRIAL APPLICABILITY

According to the pixel circult, display device, and

method of driving a pixel circuit of the present invention,

source-Follower output with no deterioration in luminance

even with a change in the current-voltage characteristic of

a light emitting element along with elapse becomes possible



first, second, third, and fourth nodes; first and
second reference potentlals a pi xel capacitance

el enent connected bet ween 510 said first node andsgﬂﬁgzz
second node; a coupling capacitance el enent connected
bet ween sai d second node and said fourth node; a drive

transistor formng a current supply I|ine between the
first term.n and the secon ter
and g SPBFPPREOLLE AR eRATPREG: A PrFDR '@ﬂeéa?’aaﬁﬁiﬁsﬂfs

supply line_in accordance with_the potenti al %
becEBﬁFrBPSFéPﬁFnaF° 1tohEcRPEalPLe P Juse B nghRnngL
first switch connected to said third node; a second
traggilesArcafnaciEdveeeherantap§ sBcBhdelenentoHeilfjusing
said third node; a third swtch connected between said
currentt anpdeeccasbodes plegtredes: | sherafpsar theshpyeption
connected between said data |ine and said fourth
cannbdeappidedsexehi tohasdargh-siandednehdgbndsgilgition
fourth node 61 S04PO722 and a predeterm ned potential;
actigedmaitrik $wpecdlsgdag.third node, said current
supply line of the drive transistor, said first node,
and said electro-optic el enment being connected in 5
series between said first reference potential and
second reference potential. 2. A pixel circuit as set
forth in claim1,
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wherein said drive transistor is a field effect
transistor wth a source connected to said firStsgﬁﬂﬁzz
and a drain 10 connected t0 said third node. 3. A
pi xel circuit as set forth in claim1, wherein when
said electro-optic elenent is driven, as a first
stage, said first switch is held in a conductive
state, said fourth smﬁt%ﬂ.Hﬁg?eld in a non- 15
conductive state, and, | B state, said third
switch is held at a conductive state and sai.d first
nodk: i s bl FITqH Y §95 SFiydmsh ath e tegt ne- OBty
stage, said second switch and said fifth switch are
elemen with sohuudpppeeschppolag; gopprdding oo g fLpwieg
~held in a non-conductive state, then said second

- cursentchcamBrigilBgti fth switch are held in a

non-conductive state; as a third stage, said fourth
switch i sahidthikine Yureigh iwhich & dagnrslgnnleln
propagat ed through said data 25 line is input to said
accbodabhbenwdéh flhminsaced fofprimathpnchscsupplPetp? s
hel d in a non-conductive state; and as a fourth stage,
sai d thirft.sst | checondel thimi, cambrEaoniduatiadess st at e.
4. A pixel circuit as set forth in claim3, 5 wherein
at sai d tfirshk sin@decsecond féefatersye tpdtastiwls at a
conductive state, then said fourth switch is held at a

conducti vg Si2éE. cBpadibaned €ldment Gonmaitddriditween
claim1, .
sald first node and said second node;
a coupling capacitance element connected
between said second node and said fourth node;
a drive transistor forming a current supply
line between the first terminal and the second terminal and

controlling a current flowing through saild current supply

line in accordance with the potential of a control terminal

- connected to said second node;

a first switch connected to sald third node;
a second swiltch connected between saild secpnd_
node and said third node:
| a third switch connected between said first
node and a fixed potential;
a fourth switch connected between said data
line and said fourth node; and

a fifth switch connted between sald fourth node
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wherei n when said el ectro-optic elenent is driven, 10
as a first stage, said first swtch and fourth sw.t
~are held in a non- conduct % state and, in that %%{&%22
state, said third switch is held in a conductive state
and said first node is connected to a fixed
potential; as a second stage, said second switch and
dsaid éS fifth mﬁt%h %re held in a conductive state,
and g; prefdptermiped ROLenfipk:i n 5 conductive state for a
pr edet er m ned eriod, then sajid second switch and
said fiftFRERidEFSh it g $HG iRt i8Rt at e;
as a third stage, said fourth switch is held in_ 20 a
curggRly ELPPLYsLdpe ofathet drdweptsprgaetary hFadghTiasy
data line is input to said fourth node, then said
nodpeuppd Saldceler§rrePgtis glewangohedrdi penpegted dnd
as a fourth stage, said third switch is held in a
serjes- between veldt flost2Feferangexpptentdalt and second
forth in claim5, 63 S04P0O722 wherein at said third
refetragee pateéntindt. switch is held at a conductive
state, then said fourth switch.is held at a
congucti v@ pixdP. c¥rcdipi a¢lset rfowth abn selaimrih in
claim1, 5.wherein when said electro-optic elenent is

. wheSeiiveBaids axifer thranisdgeorsdisd af Fiellds eififelati $rianlsdsitbr

a conductive_state, said fourth switch is helq in a
witROR- soREC donestalde toakdid Firlat nsdat andsal drag@aond

swtch and said fifth switch are held in a conductive -
conﬁb@&%ﬂ to sald third node.
3. A pixel circuit as set forth in claim 1,
wherein when said electro-optic element is driven,
as a first stage, sald first switch is held in
a conductive state, said fourth switch is heid in a non-

conductive state, and, in that state, said third switch is

held at a conductive state and sald first node 1is connected

.to a fixed potential;

as a second stage, sald second Switch and said
fifth switch are held in a conductive state, said first.
swlitch 1s held in a non-conductive state, then said second
switch and saild fifth switch are held in a non-conductive
state;

as a third stage, said fourth switch is held in
a conductive state; data to be propagated through said data

line is input to sald fourth node, then saild fourth switch
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10 as a second stage, said first switch is held in a

non- conductive state, while said third switch is Eﬁhﬁb722

in a conductive state an aid first node is

connected to a fixed potential; as a third stage,

said second switch and said 15 fifth switch are held

in a non-conductive state; as a fourth stage, said
th.switch i onduchive state, data to

ne is input to said

fourth node, then said fourth itch.is held jn . a
hon- condiR® | ¥ efTH ekt Stage peald hind sulteh 15 epd in
first switch is held in a conductive state, while

a neRrgopAnrcYl¥R; EEATPs held in a non-conductive state.

8. A display device conprising: a plurality of pixe

i r8ui t 5 BB KR PATPE DA RSt EORHR S FRIBEM o a o

l'ine arranged for each colum of said matrix array of
wheppiln| ati sadidt $hind stpgaghsahfichlasyasulitehgigl hpad at a

accordance with | um nance Information is supplied; and

~ conBupitdye shdteecthdnr eaddefiourpbt ewiktghsis bedH o&i d

pi xel circuit further having; an electro-optic
condiuefdrne wthalkea | uni nance changi ng according to a
flowing current, first, second, third, and fourth
nodbs, 10AapixeE|ciegealt taenceseel forth Doneketimdl,
bet ween
wherein when sald electro-optic element is driven,
as a first stage, sald first switch and fourth
switch are held in a non-conductive state and, in that
state, saild third switch is held in a conductive state and
sald first node is connected to a fixed potential:
as a second stage, sald second switch and said
fifth switch are held in a conductive state, saild filrst
switch is held in a conductive state for a predetermined
period, then sald second switch and saild f£ifth switch are
held in a non-conductive state;
as a third stage, sald fourth switch is held in
a conductive state, data to be propagated through sald data
line is input to said fourth node, then sald fourth switch
is held in a non-conductive state; and
-as a fourth stage, sald third switch 1is held in

a non-conductive state.

6. A pixel circuit as set forth in claim 5,
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said first node and said second node; a coupling

capaci tance el enent conne éed bet ween sai d secon%0

node and said fourth node; drive transistor for @5”22
a current supply 15 line betmeen the first term na

and the second term nal and controlling a current
flomﬁng through said current supply Iline in

e fEEREPcHeHY LhriCaBBE npasa 5 PP opudfrn Ao heTa at

cted. to sa thir second, swi_.tc
con sﬁﬁSX?eatsﬁ?metﬂegaﬁafeegsﬁathnaaitahdigapalﬁhPFda
node; a third switch connected between said first
confpgEiRRySLafPred potential; a fourth switch connected
bet ween sai d dat a 25 I|ne and said fourth node; and
65 504P072P1xe] feirayit @5 Hrintkr et diak® & £ ourt h

node and a predeternined potential; said first

'WhGSQFPcHhGQaﬁéiﬂhﬁi@0ﬁ§§e09§épdelemﬁﬂ§n#SsGBbV9nL|ne of

the drive transistor, said first 5 node, and said
electro-opsia ﬁmthngﬁmmm $wiltydr i bs held in
between said first reference potential and second
a cpsfluctive pbateti ahldofoardhspiwdyctieischedd 3$mt af nohh
inclaim8, further including a drive device for
condanpliesestatel yahd, hdhdithgtssitdte,r saiawsechndt seitch
non- conductive state while holding said third switch
andakaddc gndtht swdtehaheei ReddN@A- a conductive state;

as a second stage, said first switch 1s held in

a non-conductive state, while sald third switch i1s held in

a conductive state and sald first node is connected to a
fixed potential;

as a third stage, sald second switch and said
fifth switch are held in a non-conductive state;

as a fourth stage, saild fourth switch is held
in a conductive state, data to be propagated through said
data line is input to said fourth node, then said fourth
switch is held in a non-conductive state; aﬁd

as a f£ifth stage, sald first switch 1s held in
a conductive state, while said third switch is held 1in a
non-conductive state.

8. A display device comprising:
a plurality of pixel circuilts arranged in a

matrix:
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emtting period of said electro-optic elenent. 10. A
method of driving a pixel ¢jrcuit having: an

el ectro-optic el ement mﬁth&g | um nance 15 changir?;84po722
according to a flowing current, a data |line through

whi ch a data signal in accordance with |um nance
information is supplied; first, second, third, and

fourth nodes;, first and second refergence potenti al
o n pixeh GakachEn ATEeSTRR Fob AR LSS AR O Sada
first node and sai.d second node; coupl i

matrix, arrayctePdFett &R EﬁeangbggﬁggﬂgsgggcgeEoﬂata
node and said fourth node; a drive transistor form ng

Sig&aéuFPeﬁFCQEHﬁPVeQ§1¢Pnéuﬁépﬂégﬁ ipEormatiopedsi na
and the second term nal and 66 S04P0Or722 controlling a

suppdidedit @dowi ng t hrough said current supply line in
accordance with the potential of a control ‘term na
connect edfipstanndsseennd nseferenge rpetentiaks:
connected to said third node; 5 a second switch
connect edebehwsahdspiyel ecbndultofferther shaving: rd
node; a third switch connected between said first
node and anfeéXedtpotential eleméntirwhtbwat tminaneet ed
bet ween said data 10 line and said fourth node; and a

chanigiinly awdodiditen e Hiondery sardehndyrth node and a
predet erm ned potenti al ;

first, second, third, and fourth nodes,

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

a coupling capacltance element connected

" between sald second node and said fourth node;

a drive transistor forming a current supply
line between the first terminal and the second terminal and
controlling a current flowing through said currgnt supply
line in accordance with the potential of a control terminal
connected to sald second node;

a first switch connected to said third node;

a second switch connected between sald second
node and said third node;

a third switch connected betwéen sald first
node and a fixed potentlal;

a fourth switch connected between salid data

line apd said'fourth node; and
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said first swtch, said third node, said current

supply line of the drive transistor, said first #g
node, and said el ectro-opt % el enent bei ng connec §ro722
in series between said first reference potential and
second reference potential, .said nethod of driving a
pi xel circuit conprising steps of: 20 holding said

first switc uctive tat hol di ai

fourtn v cEx o arEEH Ganffhad B Sinelt ol £ty pgae

state, holding said third switch at a conductive state
and,a4preArtermigedaPateprtitlaode to a fi xed potenti al ;

25 hol ding said second switch and said fifth 67

S04P0722 %%H Flrst Sebrhict$34d Sthtrd nden mptdid

first swwtch in a non-conductive state, then _hol ding
cursgng supPAY ddnechfakbe daiver trapsigtesn pald first

non- conductive state; .holding said fourth switch in a
nodeondnédt sedds edegtzo-pppdct eAgnantabednge cppppalgdedn

t hrough said data line to said fourth node, then
serfekdbegweend shddr fiirsWi relference pofeptdddcandesecand

and holding said third switch in a non conductive
refeiréheecapdtentdali.cal | y separate said first node from

said 10 fixed potential. 11. A nmethod of driving a-

pi Xel. Cirrudisprayn@evied &kesét ofapthciwlebehh 8ith a

| um nance changing according to a flowi ng current,
further including a drive device for complementarily

holding salid first switch at a non-conductive state while

holding said third switch at a conductivé state in a non-
emitting period of sald electro-optic element.
10. 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 1s supplied;
.first, second, third, and fourth nodes:;
first and second reference poténtials;
a pixel capacitance element 6onnected between
sald first node and said second node;
| a coupling capacitance element connected
between sald second node and sald fourth node:
a drive transistor forming a current supply

1line between the first terminal and the second terminal and
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a data line through which a data signal in 15
accordance with | um nance }gfornat|on is supplied,;
first, second, third, and urth nodes; first an
- second reference potentials; a pixel capacitance
el ement connected between said first node and said
second node; 20 a coupling capacitance el enent

$04P0T22
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line betmeE% the first termnal and the se
ncéoHFFblFPﬁgPQtEBFFQHt°F|BWPHQtFHFoESHminal

said current supply 25 line in accordance with the

conpgctrd; ke §pid &sFPPY BPEPEI nal 68 SO04PO722 connect ed
to said second node; a first switch connected to said
third node:; E1Estcewhich wontecknh ke cepbdt tobtrd spode:
second node and said third node; 5 a third switch
connect eda beeoerd swltich¢ennegirid bekween | satd second
potential; a fourth switch connected between said data

nodei padasaldattiifrdunpldenode; and a fifth switch connted
bet ween said fourth node 10 and a predeterm ned
potenti ala thlddfswitchwomhecsead dhétweennsalbd Shrsit
current supply line of the drive transistor, said

nodki atd anddeedapdteaitdadl;ectro-optic el enent being
connected in series between said first reference

pot enti al aafeuFEROSWitch connected between saild data

line and said fourth node; and

a fifth switch connted between saild fourth node
and a predetermined potential;

sald first switch, salid third node, sald
current supply line of the drive transistor, sald first
node, and sald electro-optlc element beilng connected in
serles between sald first reference potential and second
reference potential,

--said method of driving a pixel circuit

comprising steps of:

helding said first switch in a conductive

state, holding said fourth switch in a non-conductive

‘state, and, in that state, holding said third switch at a

conductive state and connecting said first node to a fixed
potential;

holding sald second swltch and said f£fifth
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15 reference potenfial., said nmethod of driving a

pi xel circuit conprising eps of: holding said fjr ,

switch and fourth switch i%} a non-conductive staﬁg‘ﬂ%722

and, in that state, holding said 20 third switch in a

conductive state and connecting said .first node to a

fixed potential; holding said second switch and said
swtc [

e

predet er m ned perlod t hen_hol ding 25 said secon
a @R CORARGHITE: HERLPr h thRRr BRLANG famhd( s9°98 pé‘fé‘z'ch and
conductive state; holding said fourth switch in a
saidofafithi switehadd, 2 peBrePRGUELiXe 8tBEepr opagat ed
through said data |ine to said fourth node, then
hol di ng skeldingrsaid fewrnth sswiiteh ibh-a ARAAYFHAVE
state; and 10 15 holding said third switch is held in
stagenodnpedidag: dagastat beaproprgatedc fhirpugbpgpidd dgta
said first .node to said fixed potential. 12. A
lineettoosadid dourithgnadei xthen heodidingasiadd: foumth switch
el ectro-optic element with a | um nance changing
in aceaohdicogduetdvil ewiateg:;cankdent, a data |line through
whi ch a data signal In accordance with | um nance
i nfornmat i RE1dsngupaidetihird switch in a non-conductive

state and electrically separate said first node from said
fixed potential.
11. A method of driving a pixel circuilit having:

an electro-optic element with a Iuminance
changing according to a flowing current,

a data line through which a data signal in
accordance with luminance information is supplied:

first, second, third, and fourth nodes;

first and second reference potentials;

a plxel capacitance element connected between
sald first node and saild second node;

a coupling capacitance element connected

- between sald second node and sald fourth node;

a drive transistor forming a current supply
line between the first terminal and the second terminal and
controlling a current flowing through said current supply

line in accordance with the potential of a control terminal.



10

15

20

25

said first node and said second node; a coupling
capaci tance el enent connecied between said secon%
node and said fourth node; %irst, second, third, RﬁPOﬂm
fourth nodes; first and second reference potential s;
a pi xel capacitance el enent connected between 20 25 .
a drive transistor formng a current supply Iline
n,the_ first termn and the second terni nal and

bet I
conSafel| FPng249cAPPRRE PPS%ing t hrough said current
supply line in accordance Wt he potential of a
control t2riATRE S c‘f%‘U“?%P%‘giEOs%%ﬁ%oﬂfJo‘Hg;n%de;
first switch connected to said third node; 70 S04POr72
a second &FeIPL oHrkkeR coprseed Leiesn FRid ngreon
and said third node; a third switch connected between
nodgsppdf adfd thd@d BAEea fixed potential; 5 a fourth
swi tch connected between said data |ine and said
fourth notlethied switeh coppeeted etewrencsakdfLasl
fourth node and a predeterm ned potential; said first
nodeniandha £dxeédt pottgntded: said 10 current supply line "
of the drive transistor, said first node, and said
el ectro- opt fouetknswitoki cgnuectedtketween seal@dsdata
between said first reference potential and second
line and sald fourth node; and

a fifth switch connted between said fourfh node
and a predetermined potential;

sald first switch, saild third node, sa;d
current supply line of the drive transistor, sald first
node, and sald electro-optic element being connected in
series between sald first reference potential and second
reference potential,

sald method of driving a pixel circuilt
cqmpribing steps of:

holding salid first switch and fourth switch in

a non-conductive state and, in that state, holding sald

~third switch in a conductive state and connecting said

first node to a fixed potential:

holding sald second switch and saild fifth
switch in a conductive state, holding said first switch in
a conductilve state for a predetermined period, then holding

sald second switch and said fifth switch in a non-
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reference potential, said nmethod of driving a pixe
circuit 15 conprising stegg of : holding said firs
switch in a conductive e, holding said fourt
switch is held in a non- conductive state, and, in
that state, holding said second swtch and said fifth
switch in a conductive state; 20 holding said first
wi t.ch in_.a_.non-conductive state, while holding said
°°4ﬁﬂqﬁ}WﬁM§ﬁﬁ¥q'n a conductive state and connecting
said first node to a_fixed potential; oIding sai d
second swPPLALIRAGSELAGEPPFER seqffRplpnasconductive
non- conductive state; 25 holding said fourth switch in
statepoddpittting fadm iy Pe PRopagatesh Hhnowghy sadd daja
propagated through said data Iline to said fourth
lingpde sadsh fannhithgods .d them e ldding isald, fpurth switch
non- conductive state; and holding said first switch in
ina mmndm@matmﬂ @nmdol ding said third switch In
a non-conductive state and electrically separating
sai d firshohddegt sasdi tihifdxseipochedsi held in a non-

04P0722

" conductive state and electrically separating sald first

- node to sald fixed potential.

12, A method of driving a pixel cilrcult 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 infqrmation 1ls supplied:

first, second, third, and fourth nodes:

first and second reference potentials;

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

a coupling capacitance element connected
between said seqond node and said fourth node;

a drive transistor forming a current supply
line between the filrst 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 first switch connected to said third node;
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a second switch connected between said second
node and said third node;

a third switch connected between said first
node and a fixed potential;

a fourth switch connected betweén sald data
line and said fourth node; and

a fifth switch connted between said fourth node
and a predetermined potential;

said first switch, said third node, said
current supply line of the drive transistor, said first
node, and sald electro-optic element being connected in
serles between sald first reference potential and second
reference potentlal,

sald method of driving a pixel circuit
comprising steps of:

holding said first switch In a conductive
state, holding sald fourth switch is held in a non-
conductive state, and, in that state, holding said second
swifch and sald fifth switch in é conductive state;

holding saild first switch in a non-conductive
state, while holding said third switch in a conductive
state and connecting sald first.node to a fixed potential;

holding sald second switch and said fifth
switch in a non-conductive state;

holding sald fourth switch 1n a conductive
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state, 1inputting datarto be propagated through sald data
line to sald fourth node, then holding sald fourth switch
in a non-conductive state; and
holding said f£irst switch in a conductive
5 state, while holding said third switch in a non-conductive
state and electrically separating salid first node to said

fixed potential.




