DI SPLAY APPARATUS, DRI VI NG METHODS AND ELECTRONI C | NSTRUMENTS BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention
relates to an active-matrix di splay apparatus enpl oying pixel circuits each
including a light omtting device and relates to a. driving nethod provi ded
for the display apparatus. In addition, the present invention also relates
to electronic instrunents each including the active-matrix display
apparatus as the display unit thereof.

DISPLAY APPARATUS, DRIVING METHODS

AND HLECTRONIC INSTRUMENTS

BACKGEROUND OF THE TNVENTION
1, Field of the Invention

The present invention relates to an active-matrix
display apparabtus employing pixel circuits each including
a lLight emitting device and relates Lo a driving method
provided for the display apparatus. In addition, the

present invention algo relates To electronic instruaments

display unit thereocl.
2. Description of the Related Art

In recent vears, planar display apparatus of a
self-light-emission type are devaloped intensivaely as
wall as extensively as display apparatus each emp loying
organic BEL (Blectro Luminance) devices which each serve
as a light emitting device. The organic BL light emitting
device is a device taking advantage of a phenomenon in
which light is emitted when an electric field iw applied
to an organic thin Film employed in the device. Since the
organic BL light emitting device can be driven to operate
by applying a veltage nol higher than 10 VvV, the organic

EL light enitting device consunes little power. In



2. Description of the Related Art In recent years, planar display
apparatus of a self-light-em ssion type are devel oped intensively as well
as extensively as display apparatus each enpl oying organic EL (Electro

Lum nance) devi ces which each serve as a light emtting device. The organic
EL light emtting device is a device taking advantage of a phenonenon in
which light is emtted when an electric field is applied to an organic thin
filmenployed in the device. Since the organic EL |ight emtting device can
be driven to operate by applying a voltage not higher than 10 V, the

organi ¢ EL &Cidghtiogm etligg d8¢i esdeshsufbslivht| empbeny davicaddition,
since the organic EL light emtting device is a device of a self-light

em ssi on t yseicapabl & 6flénmiltiithhgehightobytipsetfipakbthecti aplayiappar at us
enpl oying the organic EL |ight emtting devices does not require an

illum natidngimsnber 1tERUE, the disphay apparatus employimg the organic EL
light emtting devices can be nade light and thin with ease. On top of

that, sincerghei€ anilcgEL Emghtien tiévngedesibee hst ary@iyréast devi ce
having a response tine of about several m croseconds, the display apparatus
enpl oyi ng ttheueaiganienEbekhbght eradd, ntheevi ges dogsdicic generate a

resi dual i nmage. Pl anar di spl ay apparatus, which each enpl oy pixe
circuits eaeblbRehyding apgeR@anEs Elght gbhiep by i a8vdevi ceaaneeserve as a
di spl ay apparatus of the selflight-em ssion type, include anong others an
active-, nmMakukX)dy8p adappanalusyeaREeYi nth Ratelo it t S i8aeh dhavi ng
thin-f'imtransistors integrated therein to serve as an active device. In
recent yeapggasyehiact !i&ﬁtn@ﬁqﬁ.t%ﬂﬁ@sa@é@i’c@p}?éfé?#érfr;@abd@vc%@- &d
intensively as well as éextensively. Active-matrix planar display apparatus

O poncs Pt AR AT SRS RS Sy LB L Tt e
display apparatus employing the organic EL light emitting
devices deoes not generate a residual image.

Planar display apparatus, which each employ pixel
circuits each including an organic EL light emitting
device and serve as a display apparatus of the sell-
light-emission type, include among others an active-
matirix display apparatus employing pixel circuilts each
having thin-film transistors integrated therein to serve
as an active device. In recent vears, such active-matrix
display apparatus are developed intensively as well as
extensively., Active-matrix planar display apparatus of
the self-light-emission type are described in documents
as follows: Japanese Patent Laid-open Nos. 2003-2558%6,
2003-271095, 2004-133240, 2004-029791, 2004-093682, 2006-

2501322, and 2007-310311,



2003- 271095, 2004-133240, 2004-029791, 2004-093682, 2006- 251322, and
2007- 310311, FIG 29 is a nodel circuit. diagramshow ng a typica
exanple of the existi g display apparatus el the a ct.i.ve..?--m

"type. rho display apparatus is configured tC) include a pixel array
se,tion 1 and driving se Lions surrounding the pixel array section 1. The
driving sections are a. horizontal selector 3 also refex.red to hereafter
as a signal selector and. a wite scanner 4. The pixel array section 1
resenbl Ang a matri x of pixel circuits 2 has signal. lines SL each laid as
one of the col unpszof 26 hes MBt fbicandiseat v | inesrib eachi haid as one of the
rows of the matrix. Each of the pixel circuits 2 is |located at an

i ntersecti.on; Qf,on§19§1§h%;5|gnaL #ilsnes o Skiapd sgnepehrhhassedt thiznes W5, In
order to nake the f owi ng expl anation easy to understand, the diagram of

FIG 29 s quvgnln QQQ 9 3%' Chf,Guhf . 121@%/ Qﬁﬁllﬂtﬁrse@td@;ﬂr iquh@derte
scanner 4 as a S | ister. The VWl te scanner 4 oper ates i n accordance

with a. cIocK] 1gpgj ”ggqelqugjrq, &teﬂppl,agq&%e‘(Thqtmwlte scanner
4 al so recei ves start b I'ses s uppl iec by an external” source

sequentlall Rec t he clock Si.an I nd such stapt,pul ses sp, the
wite scanﬁéﬂfﬁu“gé %99” SRt ol e dha?%tgéahentlaﬁpy on tﬂg scan |ines W.

The hori contel, selecior 3 easerts @ yidea 5 @l on A signal, 1 e SLw th

hercalter as a signal selector and a write scanner 4. The
pixel array section 1 resembling a matrix of plxel
circuits 2 has signal lines SL each laid as one ol Uhe
columnns of Lhe matrix and scan lines WS each laid as one
of the rows of the matrix. Bach of the pixel circults 2
is located at an intersection of one of the signal lines
5L, and one of the scan lines WS. In order to make the
Following explanation easy to understand, the diagram of
FIG, 29 shows only one pixel clrouit 2 at one
intersection, The write scanner 4 has a shift reglster.
The write scanner 4 operates in accordance wilh a clock
signal ok received from an external source. The write
scanner 4 also receives start pulses sp supplied by an
extarnal source sequentially. Receiving the clock signal
ok and such start pulses sp, the write scanner 4 asserlts
control signals sequentially on the scan lines W3. The
horizental selector 3 assgerts a video signal on the

signal line 3L with a timing adjusted to the row-after-



row sequential scan operation carried out by the wite scanner 4.
The pixel circuit 2 enploys a signal sanpling transistor Ti, a device
driving transistor T2, a signal holding capacitor O and a light emtting
device EL. The device driving transistor T2 is a transistor of the
1?-channel type. A specific one of the two current term nals of the device
driving transistor T2 serves as the source el ectrode of the device driving
transi stor T2. The specific current term nal serving as the source
el ectrode is connected to a power-supply line. The other one of the two
current termngksuehithe devicerdriving transkdt ontTRysehwesraset he drain
el ectrode of the device driving transistor T2. The other current term nal
servi ng assthandraidn el ectrode is connected to the anode el ectrode of the
light emtting device EL. The gate el ectrode of the device driving
transistor T2 is TDsedpasclheiconitol eterivode ofidie devicendriving
transistor T2. The gate el ectrode of the device driving transistor T2 is
connect ed t@ahBessognall,| bnaeSkcehagughnthershgnakosanpl i agst faasi stor Ti.
A control signal asserted on the scan line W5 puts the signal sanpling
transi st or nbildiiAgactphaedoencst ake. aThegat gpak v sangl hegitEapsi stigfe Ti put
in a turned-on state sanples a video signal asserted by the

device driving transistor T2 is a transistor of the P-

channel type. A specific cone of the two current terminals

of the device driving transistor TZ serves as the source

glectrode of the device driving lLransistor T2, The

gpecific current terminal serving as the source elechrode

15 connected to a power-supply line. The other one of the

two current terminals of the device driving transistor T2

serves as the draln electrode of the device driving

transistor TZ. The other current terminal serving as the

drain electrode il connected to the anode electrode of

the light emitfing device EL. The gate eleatrode of the

device driving transistor T2 iz used as the control

electroede of the device driving Lransistor T2. The gate

slectrode of the device driving transistor T2 1s

connected to the signal line SL through the signal

sampling transistor Tl. A control signal asserted on the

gcan Lline W5 puts the signal sampling transistor Tl in a

turned-on state. The signal zampling transistor Tl put in

a turned-on state samples a video signal asserted by the



hori zontal selector 3 on the signal line SL and stores the video signal in
the signal holding capacitor C. The video signal stored in the signal
hol di ng capacitor cmis applied to the gate el ectrode of the device driving
transi stor 12 as a gate-source voltage Vgs which drives the device dxiving
transistor 12 to output a drain ..Sourcecurrent Ids to the light emtting
device EL. Thus, the light emtting device EL emts |ight having a

| um nance according to the video signal. The gate-source voltage Vgs
represents an electric potential appearing on the gate el ectrode of the

devi ce dringiNghfi-ansisstetrb2 as -an rekeetining 1potent isal shakkngran el ectric
potential appearing on the source electrode of the device driving

tran5|storl&2Vq%(? r?h% 8NGe. . theetherband, ckhecdiak-nesourcescurrent
Ids is a current Iomnng betmeen the drain and source el ectrodes of the
oVl o8 O A LANEhSLRb IE 1o phe ;éTﬁﬁ.’Sﬁvﬂﬁﬁaﬁ%M teaneistar T2
vol tage Vg the drain-source . A 1S e%pre§§eq by, Eq. (1) given
as folloms]’]ﬁ'”b/f)q EBAGE G0 é? el B I

I'n the above equati on,

reference notat.i p. enotes the nDblllt f. _the mﬁe Mriqving.transi stor
12 wher ead” r%%érgﬁﬁe ot*at ifoff W déiiorés X”ﬂ FUp‘Vq Sf ‘{he channel of

the device driving transistor T2 to outpub a drain-source

currenk Tds to the light emitting device EL., Thus, Lhe
Light emitting device EL emits Light having a luminance
according to Lhe video signal. The gate-source voltage
Vgs represents an electric potential appearing on the
gate electrode of the device driving transistor TZ as an
@lectric potential taking an electric potential appearing
on the source electrode of the device driving transistor
T2 as a reference. On the other hand, the drain-source
currvent Ids is a current Flowing between the drain and
source electrodes of the device driving transistor T2,

The device driving transistor T2 operates in a
saturated region. The relalion between the gate-source
voltage Vgs and the drain-source current Ids 1s gxprassed
by kg, (1) given as follows:

L:!\r:(]/")ﬂ(W/f)('ru(Vrg\—Vth) I

Tn the above equatiocn, reference notation 1 denotes
the mobility of the device driving transistor TZ whereas

reference notation W denclbes fhe width of the channel of

e



t he device driving transistor

of the channel of the device driving transistor 12 whereas reference
not ati on Cox denotes the gate insulation film capacitance per unit area of
the device driving transistor 12. Reference notation Vth denotes the
threshol d voltage of the device driving transistor T2. As is obvious from

the characteristic expressed by Eq. (1), when the device driving transistor
12 is operating in a saturated region, the device driving transistor
functions as a constant current source supplying a drain-source current
accordi ng tbetHevatedsoutne Vohragetvysito tAwfdigme emitatiing devi ce EL.

FIG 30 is a diagram show ng graphs each representing a relation between a

vol t age appkhedetothheliinghh ef thenghdeveteoElLlandday ded vinigy ouy r ent

12

12. Reference notation L denotes the length

| ds

flowi ng through the light emtting device EL. That is to say, FIG 30 i8 a.
di agr am showrngigraphsZeschreepr eséat enge anwoht age- Cox cileremns the
characteristic of the light emtting device EL. As is obvious fromthe
above descgipti donsulheidni Vihg cuprentafitowbag thioughes hef ldiight emitting

device EL is the drai n-source current
transi st orddicdhervol hagerappl kedrt 02t herd fieghtn c@mitdyng Gdevicee EL i s a

| ds generated by the device driving

vol tage V appearing on the anode el ectrode of the light emtting device EL.

The

after as the driving

expressad by Eg. (1), when the device driving transistor
TZ is operating in & saturated region, the device driving
transistor TZ functicons as a constant-current soUrce
supplying a drain-source current Ids according to the
gate-source voltage Vgs to the light emitting device EL.
FIG. 320 iz a diagram showing graphs each
representing & relation between a voltage applied to the
light emitting device BL and a driving current flowing
through the light emitting device EL. That is fto say, FIG,
30 iam a diagram showing graphs each representing a
voltage-to—current characteristic of the light emitting
device EL, As is obvious from the above description, the
driving current flowing through the light emitting device
EL is the drain-source current Ids generated by the
device driving transistor T2. The voltage applied to the
light emitting device EL is a voltage V appearing on the

anode electrode of the light emitting devigce EL. The

hori za@ghatesakhe tEpLensentvalthee Vel tage MedpPeadzitindi g on the
anode el ectrode or. the Light emtting device EL whereas the verti cal..

axi s repre:eahsikher At Al NSQUNCE QWA £dAS W chhdis @lsqkelerred to u



current cited. above. The voltage V appearing on the anode el ectrode DE the
light emtting dwice EL is the vol. tage appearing on the ¢ La el ectrode of
the device driving transistor T2. The voltage-to current characteristic of
the light emtting device EL changes with. the |apse of tinme as indicated
by a change fromthe solid ...line curve to the dashed-line curve. To be
nore specific, as tinme | apses, the voltage-to-current characteristic of the
light emtting device EL tends to be shifted. to the right. Thus, even. if
the driving current Ids is held at a constant magnitude, the anode

... el ectrode jvoltage a¥: Ok the sdhaisn tvel age aV): hapgeswintshohhehkapse of
time. To be nore specific, even if the driving current Ids is held at a

constant nmagH.t Ude.tReAnRede he gliegtr edevelitageViter rthendrabn vol tage V)
i ncreases. Fortunately, however, the device driving transistor T2 enpl oyed

in the pixel. cirguit, 2 showm JnLhe di agramefin Bl 29 dusreperatikng in a

saturated T€gion to generate a drain source current |ds dependent on the

gate SOUT €8, V.9 %9%&¥Q§fﬂﬁﬁﬁﬁﬁiﬁﬁgaﬁgmﬁﬂwﬁﬂaQﬂﬁﬁﬁkﬁcﬂﬁ@ﬂ&gV0|tage V. Thus,

| t,
the | uni nahde” of

current oilbed above. The voltage V appearing on the anode
clectrode of the light emitting device EL ls the voltage
appearing on the drain electrode of the device driving
rransistor T2. The voltage-to-current characteristic of
the light emitting device BL changes with the lapse of
time as indicated by a change from the solid-line curve
to the dashed-line curve. To be more specific, as time
lapses, the voltage-toe-current characteristic of the

Light emitting device EL tends Lo be shifted to Lhe right.
Thus, even if the driving current lds ig held at a
constant magnitude, the anode-elacltrode voltage V {or the
drain voltage V) changes wilth the lapse of time. To be
more specific, even if the driving current Ids iz held at
a constant magnitude, the ancde-electrode voltage V {or
the drain voltags V) increases. Fortunately, however, the
device driving transistor T2 employed in the pixel

circuit 2 shown in the diagram of FIG. 2% is operating in
a saturated region to generalte a drain-source current Tds
dependent on the gate-source voltage Vgs without regard

o changes in drain voltage V. Thus, the luminance of



| i ght generated by the light emtting device EL can be sustained at a fixed
val ue i ndependently of the changes of the voltage-to-current characteristic
of the light emtting device EL with the | apse of tine. FIG 31 is
anot her nodel circuit diagram show ng a typical exanple of the existing
di spl ay apparatus of the active-matrix type. The pixel circuit 2 shown in
the diagramof FIG 31 is different fromthe pixel circuit 2 shown in the
diagramof FIG 29 in that, in the case of the pixel circuit 2 shown in the
diagramof FIG 31, the device driving transistor T2 is a transistor of the
N-channel typBti Hepracésof bd. theanspBEoprattine Pevhannel €§pebas is the
case with the pixel circuit shown in the diagramof FIG 29. By enpl oying
transi st or §U6f-=f AedNaghanheketiypelas botarenadest gnabl skinpl ¢ingriae s ansi st or
1:1 and the device driving transistor 12, the process of manufacturing the
pi xel circait LRebecdheyeetsi-enrrontachyroaater nshmanyctases. 1 BOMVARY OF THE
| NVENTI ON The device driving transistor T2 enployed in each of the
pi xel circaiist2nghdemiira EhewiifhagthnslepsEl &5. t28=and 31 operates in a
saturated region, controlling the nagnitude of the drain-source current |ds
supplied to the #Hight3ikenid timgldevingeldl dio Seryelas;@ndEhdwigiccur rent .
Howev i, the threshold vollage Vt:.l of the thin-film

typical example of the existing display apparatus of the

active-matrix type. The pixel circuit 2 shown in the
diagram of FIG. 31 is different from the pixel circuit 2
shown in the diagram of FIG., 292 in that, in the case of
the pixel circult 2 shown in the diagram of FIG. 31, the
device driving transister T2 is a transistor of the N-
channel type in place of a transistor of the P-channel
type as is the case with the pixel <ircuit shown in the
diagram of FIG, 29. By employing transistors of the N-—
channel Lype as both the signal sampling transistor T1
and the device driving transistor T2, the process of
manufacturing Lhe pixel circult 2 begomes easier to carry

out in many cases.

SUMMARY OF THE INVENTION

The device driving transistor T2 employed in each
of the pixel circults 2 shown in the diagramzs of FIGS. 29
and 31 operates in a saturated region, controlling bhe

magnitude of the drain-source current Ids supplied to the



t insistor serving as the device driving ran ai t o.r 12 var i e Ef 'cm
LKi t ortransistor. As is obvious fromEqg. (1) expressing the c.
racteristic of the device driving tran a | ,tor T2, if the threshold

vol tage Vth of the device driving transistor T2 va:r:ie.s fromtrani 1 )r
to transistor, the drain-source current |Ids gencrated by the device driving
transistor T2 also varies fromtransistor to transistor. Thus, the
uniformty of the display screen is lost. For this reason, in the past,
there has been proposed a configuration enploying pixel circuits 2 each

i ncl udi ng la i letriitm itk devdkd- V6l tage ccorpansat on VibacENSH 26
conpensating the drain-source current Ids generated by the device driving
t ransi st oricl2venpl ayed L ctshe tpi xell tekec ity 21 dhevaniiat-ilons of the

t hreshold voltage Vth of the device driving trahsistor 12 fromtransistor
t o transi st:oms iBasiccakhy,ireach ofict hevpixekircivicuy ts:2sskhown P8 t he
diagranms of FIGS. 29 and 31 base configuration enploying two transistors
(i.e., the:siignalsrsameli:ng itn-ansicst @k alls iandrt.headevi:cebdi bve nfrdmansi st or
T2), a capacitor (that is, the signal holding capacitor Cl) and a |ight
emtting devi e )(thahrdsSidhe dd gt emcttding idevifce el He viit:at he

t hreshol d-vol tage conpensation function is to be built in such a

rel ativel y,Siiple (oM 194 AL 110N ag d@sChirbed 1oV & lithiges vR@cessary to
assert an electric potential on each of the signal lines SL and an electric
potential .qn each of L& PEMer-sunRly,,l hnes, .S Jn SCAN (eReralkihns each
carried out wWith atimng adjusted to one of the rowafter-row sequenti al

scan opergtlons carried qyl. by Lhe wite %ﬁﬁQ%ﬁﬂ:ﬁxﬂﬁqﬁﬁﬁm%Q%@ hjynes WB. As
a result, the sequence ‘of  operations becones conpli cat’ed. In a

conventional pjxel circuit 2.discl.osed i.n, Japanese :Patent. laid-Cpen No.
2007-3103?“?L6#fﬁf*téré”ﬁf% éggﬁbj“iggrﬁﬁbLg”%iSg%Jérgﬁaﬁwknto t he pi xel

circuit 2, a sequence of conpl ex operations. are carr] out i.n_order to
conpensatéJfHB”gﬁéﬂnﬁ§bdﬁ6%n@uﬁfﬁnt ﬂ§¥°ge§5?aﬁgd?ﬁ§hﬁﬁ¥ §gv}gé dri vi ng
transistor T2 for variations oj_the‘phnngoLq yoltage VEQ of _the device
driving t FErH Yo EReTS e tHe séflienle of “&(ER cMpERSaFP8h” oper ati ons
is conplicated, however, it is quite within the bounds of _stiHiIity t hat
any of thelegitheiisatioeh! seistihs &8 [dartidd SutS Inéerrec 1% “Thus, the
drain-source current |ds generated by the device driving transistor T2

cannot be Hegesisdr i4 yacdhpersatddy 4 built-in threshold-voltage
compensation funclion for compensating the drain-source

current Ids generated by the device driving transistor T2
employed in the pixel circuit 2 for varilations of the
threshold voltage Vth of the device driving transzistor T2
from transistor to transistor. Basically, each of the
pixel circuits 2 shown in the diagrams of FIGS, 29 and 31
has a configuration employing two transistors (i.e., the
signal sampling transistor Tl and the device driving
transistor TZ), a capacitor {that ig, the signal holding
capacitor C1) and a light emitting device (that is, the

light emitting devige EL). If the threshcold-voltage



for variations of the threshold voltage Vth of the device driving
transistor T2 in sone cases. If the threshold- voltage conpensation
function becones instable due to the sequence of conpl ex conpensation
operations, the uniformty of the display screen is negatively affected,
rai sing a problemwhich. needs to be 5.0.Died.. Addr essing the
probl ens descri bed. above, inventors of the enbodi nents of the present
i nvention have innovated a display apparatus that is capable of carrying
out a. threshold-volta £.¢c0 ensation process With a high degree .of

86F L PP iP5 b

= oot g - 4 s | - RN o
Cel i abi I 1 t§04RA" A4 ChPBRT EGr b8 of SsTADPF i Dy bh &Ueryehikei® crrotity The
inventors of the enbodi ments of Eh&agresgg% i.nvention have also innovated a
driving mefhBBLEoFPRELEVERF 4G  apPar &t T8’ PFH. 2BP¥Rr to THptenEiitdithe di spl ay
apparatus and the driving met hod, the follow ng neans is provided.
The di spl aj®apparatus"aBeBFHFAG POCERC Bibodi NBAER oL t e pte8¥ht i nventi on
enpl oys a pixel. array section and driving sections. The pixel array
section reséiBEi A andeifi RLOFtpiRePCEePLRt sOMaBAGH gRal L% nedv¥ach | aid as
one of the colums of the matrix and scan lines each |aid as one of the
rows of theumnlyi xinasaldi inohced Pherphkers cireli ¢ edselvasitiFach of
the pixel circuits is located at an intersection of one of the signal Iines
and one of at hemscanaflinesed| hoaddirt @Hnthe heopt xetearray seetdonial so
i ncl udes power-supply lines parallel to the

scan operations carried out by the write scanner 4 on the

secan lines W5. As a result, the sequence of operations

becomes complicated.

In a gonventiconal pixel circuit 2 disclosed in

Japanese Patent Laid-Open No. 2007-310211, prior to a

process of storing a videc signal into the pixel circuit

2, a seguence of complex operations are carried out in

ordeyr Lo compensalte Lhe drain-zourge current Ids

generated by the device driving transistor TZ for

variations of the threshold voltage Vil of the device

driving transistor TZ. Singe the sequence cf such

compensation operaltions is complicated, however, it 1s

guite within the bounds of possikbility that any of the

conpensation operations are carried out ingorrectly. Thus,

the drain-source current Ids generated by the device

driving transistor T2 cannct be necessarily compensated

for variations of the thresheld voltage Vth of the device

driving transistor T2 in some cases. I the thresheld-

10



scan |ines. The driving sections are a signal selector, a wite
scanner and a drive scanner. The signal selector is a section configured to
assert a driving signal having an electric potential representing a
gradation Cu: a reference elect..ic potential determ ned in advance on the
signal lines each laid as a columm of the pixel matrix. The wite scanner
is a section configured to assert a control signal on the scan |lines each
laid as a. row of the pixel matrix. The drive scanner is a section
configured to assert a power-supply voltage changing froma high electric

potential fo @ OW RIS G RPteMd aloralidceiiatelivh :0mike (Revel the
.. suppl yli nes. Each of the pixel circuits includes a signa

sampl i ng %ﬁﬁﬂ%ﬁ%&p&ﬂfQﬁﬂﬁMhﬁ@cgﬁﬁ%hﬂgﬂﬁﬁﬁﬁ$ﬁ§ﬁ9ﬂﬂxﬁu§igﬂﬁJ hol di ng )
capacitor and a. light emtting &EVICE. A specific one of current termnals

of the Siqnﬁ“hﬁﬁﬂmhjQI@iﬁﬂ@Qﬁhﬁﬂ%ﬁfhﬁnﬁﬁﬂpﬁﬁingﬁﬁxﬁﬂﬁypﬁdﬂﬂﬁﬂﬁiﬂnal l'i nes

whereas the gate el'ectrode of the signal sanpling transistor is used as the

control t%ﬂﬂ%ﬁﬁh_QIA%QEXQ£§Q3+M§?WRhLﬂQ1&J%ﬂ§%§ﬁ9ﬂu@nd i's connected to one

of the scan 11 nes. specific one of current termnals of the device

?;;xg?gtg{aazgfgggdﬁﬁégggggﬁg%gg{?%@éﬁg?h%gEE?ggdogb%og,d?%b%ﬁtQEEVing
of the smbodimants of the present invention have
innovated a display apparatus that ils capable of carrying
out a threshold-voltage compensation process with a high
degree of reliability and a high degree of stability on
avery pixel circuilk. The invenltors of the embodiments of
the present invention have also innoyat@d a driving
melthod for the display apparatus. In orvder Lo implement
the display apparatus and the driving method, the
Following means 1ls provided,

The display apparatus according Lo an embodiment of
the present invention employs a pixel array section and
driving sections. The pixel array section resembling a
matrix of pixel cirouits has signal lines each laid as
ona of the columns of the matrix and scan lines each laid
as one of the rows of the matrix in addition te the pixel
circnits themselves. RBach of the pigel circuits is
located at an intersection of one of the signal lines and
one of the scan lines. Tn addition, the pixel array

section alse includes power-supply lines paraliel Lo the

11



the device driving transistor is used as the control.. termnal of the
device driving transistor. The drain el ectrode of the device driving
transistor is connected to one of the power -supply |ines whereas the gate
term nal of the device driving transistor is connected Sc) the other
current termnal of the signal sanpling transistor. The other one of the
current termnals of the device driving transistor serves as the source

el ectrode of the device driving transistor. The source el ectrode of the
device driving transistor is connected to the light emtting device. The
signal hol dicrg ¢apaei-tor is wired between the gate and source el ectrodes of
the device driving transistor. First of all, if an operation to put
t he signal sanplihge tdaitsisy oredini @i s taraed-ogrstlatee nctmaki rg wise cof the
control signal is carried out after the hi.gh electric potential has been
asserted oackhespowar a. 8uppkyktasnand SHwe Fiefrerlencel «elignt rilisc gpot enti a
has been asserted on the signal line, a light extinction process is
perforned. s#heibhghtnExtpeti 00 preeessSail Sravphocesgnid swied 4he |ight
emtting device froma. light em ssion state to a no -light em ssion state.
Thereafterg1tbhersi-gpakepanmphi pgpteansiLshgrai grpedtionactugned-of f state

and, then, the power ....supplyline is
reference electric potential determined in advance on the
signal lines each laid as a column of the pixel matrix.
The write scanner is a section configured to assert a
control signal on the scan lines each laid as a row of
the pixel matrix. The drive scanner is a section
configured to assert a power-supply voltage changing from
a high electric potential to a low electric potential
alternately on the power-supply lines.

Fach of the pixel circults includes a signal
sampling tranhsistor, a devige driving transistor, a
signal holding capacitor and a light emitting device., A
spacific one of current terminals of the signal sampling
transistor iz connected to one of the signal lines
whereas the gate elechkrode of the signal sampling
transistor is used as the control terminal of the signal
sampling transistor and is connected to one of the scan
lines., A specific one of current terminals of the device
driving transistor serves as the drain electrode of the

device driving transistor whereas the gate electrode of

12



switched fromthe high electric potential to the low electric potential.
Thus, the voltage appearing on the source el ectrode of the device driving
transistor is lowered without. putting back the signal sanpling transistor
in a turned-on state. The process of |owering the voltage appearing on the
source el ectrode of the device driving transistor is referred to as a

t hreshol d- vol t age conpensati on preparatory process. Subsequent | vy,
the power-supply line is switched back fromthe |low electric potential back
to the high electric potential. Then, with the signal |ine sustained at the

reference @L@gﬁg}gtp@ q@thlﬂ]age sqgnal sSaRKL A thanskskek1is put in a
turned-on state by mak |ng use of the control signal, causing the voltage

appeartng .o, {iNg S 6 Lleehiade ol ibhe ey q& dri Vi fge taaRsiStor to rise
gradually n a process of! electrlcall charging the signal hol ding

capaci tor. ITh 1cxﬂh%JV?M<a%?vqppe?ﬂhn FL%@%H th? gqte %Wﬂn?@uhce

el ect r odes 6" the deV|ce dr|V| t¥ansi'st or i's reduced gradually in a
direction toward i old vohta e of the qy|9%(drHYbng transi stor.
The proceéé“ﬁ“réﬂu é“tﬁ@ 6Ité@% Appdafitng 5ét\ieen the “gate and source

el ectrodes of the deV|z %r|V|ng tran5|stor in.a direction toward the

t hr eshol d "Wdltidge: &F- the JEVI'EE §ritvithg t féﬁs 1O 'S rEfefTed™to” as a.

t hr eshol d- voltage conpensatlon prace % 8 desi...r ablei to provide
a conf i gurAifr TTFEWRIVER “ire GﬁWVé“QcéHﬂé%“drV6%%ladTﬁEéHf”g pomer suppl y
lines each laid as one of the rows of“the mat ri x as a p omersuPE Y | ne
group. ThéHmert - ad]acehbepoddr Shppl§ FRAEE to BETUFRY y"Pe drive
scanner as a power-supply i ne group is determ ecad.vance. In thls

conf i gur atdeon,ca il idringe tsearmert cSWATEHES d Spowsr 5 ABPE P FSIU45E common to
adj acent power supply lines pertaining to the sane power-supply line group
from t he hifghlet ettwiice potientriaalt tzo tiveg drow Ehecephecporenti-aPdandrvi ce
versa alternately, and sequentially applies the conmon power-supply voltage
to power - suppldetice drioups; by st fttiong itthe: cphasg cof thd 'poverssuppl y
voltage fromgroup to group. In this way, the comon power .supply voltage
i s supplied:iio: anpawericesupphy Bigbné goodpnat chbecsame phaseérdeét er m ned
for the power-- upply line group and switched. ft omthe high electric
potenti al y-dhe low elpat rdme pohentd al L and odeee oeridee aldwirawat el y.

driving transistor.

First of all, 1f an operation to pul the signal
sampling transistor in a turned-on state by malking vse of
the conbrol signal is carried out after the high electric
potential has been asserted on the power-supply lLine and
the reference eleckric potential has been asserted on Lhe
signal line, a light extinction process is perlormed. The
lighlt extingtion process is a process Lo switch the light
emitting device from a light emission state Lo a no-light
emission astate.

Thereafter, the signal sampling transistor is pul

in a turned-off state and, then, the power-supply lLine is



In an enbodi ment. of the display apparatus, after the light extinction
process has been carried out to switch the light emtting device froma
light em ssion state to a no-light em ssion state, with the power

.suppl yline sustaAned at the high electric potential and the signal line
sustained at the reference electric potential, the signal sanpling
transistor is put in a turned-on state at |east once by naking use of the
control signal supplied to the gate el ectrode of the signal sanpling
transi stor through the scan line in order to again execute at |east another
addi ti onal swighthedxtinot tba piobessectric potdémt balditd omheitows possible to
provi de the enbodinment with a configuration in which the wite scanner
suppl i es astentrok phgrabtitd.eadh:of tike wdanidd nemesedquentdraldhy: for every
hori zontal period and the signal sanpling transistor carries out the |ight
extincti onzpnoecesglandrthe addihional iteghtiextd nctdon processes in
accordance with the control signals received at intervals each having a

length at leasteequalhboroperaf onenrski oneds: hesd zondab) pesi od. On
top of that, it is possible to provide the enbodi mrent with anot her

conflguratfpgngm whi-chnad] agentaseansthnes eaeh yJraicdAas (ane Rfertihg rows of
the matrix are treated as a scan line group and the nunber of adjacent scan

lines to beytreatedqasappagaindi He gﬁ@ug)ouﬁcedeéﬁémf@ﬁiewfa@vcance In this
case, the wite scanner provides each of the scan |line groups sequentially

with a conyrol &l gpal ; EQMIPANL Os AL ACENEe BEARA 1NES;, DL tALALOGL 1 .-

voltage compensation preparatory process.

Subsequently, the power-supply line is switched
back from the low electric potential back to the high
@lectric poltential. Then, with the signal line sustalined
at the reference electric potential, the signal sampling
transistor is put in a turned-on state by making use of
the control signal, causing the voltage appearing on the
source electrode of the device driving transistor to rise
gradually in a process of electrically charging the
signal holding capacitor. Thus, the voltage appearing
hetween the gate and source electrodes of the device
driving transistor is reduced gradually in a direction
toward the thresheold voltage of the device driving
transistor. The process to reduce the voltage appearing
betwean the gate and source electrodes of tLhe device
driving transistor in a direction toward the threshold

voltage of the device driving transistor is referred to
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to the sanme scan |line group by shifting the phase of the control signal
fromgroup to group. Thus, a control sighal. is supplied to adjacent scan

| ines pertaining to the s' Ame scan |ine group at the sane phase determ ned.
for the scan line group in order to carry out the additional |ight
extinction processes with timngs conmon to the adjacent scan |ines
pertaining’ to the 5.an |line gToup, I n anot her enbodi nent of the

di spl ay apparatus, after the execution of the light extinction process to
switch the light emtting device froma light em ssion state to a

noeni ssi on, .state, has, been, Lonpleted Duts fefpr ¢ 5aid st hreshol d-vol t age
conpensat i on preparatory process is carried out, the drive scanner swtches

the power-supply i he LM LR AN eLesLE! & pgwnmlaklmn i1 ddienel ectric
potential . betmeen t'he i'gh and l'ow e ectrlc potenti al s.

B o it [ RASRLEL L0 BHOM08 LS N TP IR AL Rach

conflguratlon i'n” Which ri've 'scanne uentlal tches each of the

power - sup i.ne groups fron1the h el e trlc potentjal 't m ddl e
electric gdgéLtlal shlfFltf”%hcnphégeﬂﬁﬁ a smntéhpﬁﬂﬁslggﬁﬁh rom group
to group. In this case t he d ive anqner S quentla I ches ach of

adj acont” polsr I Sipi P ReSPREr pLi ARG ER  Revehat baer ' ressERnl y

he driven by the drive scanner ag a power-supply line
group is determined in advance. In this configuration,
the drive scanner switches a power-supply voltage common
to ad-ijacent power-supply lines psrtaining to the same
powar-supply line group from the high electric potential
to the low elegtric potential and vice versa alternately,
and sequentially applies the common power-supply voltage
to power-supply line groups by shifting the phase of the
power-supply voltage Crom group toe group. In this way,
the commoen power-supply voltage is supplisd to a power-
supply line group al the same phase determined for the
power-supply line group and switched from the high
electric potential to the low electric potential and vice
versa alternately.

In an embodiment of the display apparatus, after
the light extinction process has been carried oul to
switech the light emitting device from a light emission
state to a no-light emission state, with Lhe power-supply

line sustained at the high electric potential and Lhe

15



line group fromthe high electric potential to the mddle electric
potential at the sane phase of a switching signal. On top of that,
it is possible to provide the other enbodi nent with anot her configuration
in which, with the power-supply line sustained at the mddle electric
potential and the signal |ine sustained at the reference electric
potential, the signal sanpling transistor is put in a turned-on state by
maki ng use of the control signal supplied to the gate el ectrode of the
signal sanpling transistor through the scan |ine. Moreover, it is
possi bl e t eipravi denkhesweithemeentzadi nentref dterecd urlderr sonfatguriatdon in
whi ch adj acent power-supply lines each laid as one of the rows of the
matri x arecheeatedaassampawer trauppkybinésgpoupiand tbhenadndser of

adj acent. power-supply lines to be treated as a power ....supplyline group

i s determ pedtiznaddvange. oheet Bysmeaseg tbe dri veReseannesl psdyhdes each of
the power .supplyline groups sequentially with a, power ....supplyvoltage

conmon to adb@@@eu POVWeF=SURRLY L bReSoRer bai fhags t@nmesmapl@@wer-suppl y
i ne group by shifting the phase of the power ...supplyvoltage from group

to group iR, QrdeLche @Ek%ﬁg&h@hﬁoﬂﬁﬁﬁsEEHbYLh'Bﬁéapeféa&@éﬂﬂ to the sane
power -supply |line group. Thus, a power-supply voltage is supplied to

adj acent pQuer.,$HPE ky1lhQ?SaRQQBékn5381¥QOBQ§ §§8§Lp8%@£nc§P@@|y l'ine grQup
at the sane phase eterm ned for the group so as drive the power-supply

i nes pertgkg ng.to the power -supply |ine group.

In addition, it is possible to provide the
embodiment with a configuration in which the write
scanner supplies a control signal to esach of the scan
lines sequentially for every horizontal period and the
signal sampling transistor carries out the light
extinction process and the additional light extinction
processes in accordance with the contreol signals received
at intervals each having a length at least egual Lo one
aforenentioned horizontal period.

On top of that, it is possible to provide the
ambodiment with ancother configuration in which adjacent
scan lines each laid as one of the rows of the matrix arc
treated as a scan line group and the number of adjacent
scan lines to be treated as a scan line group is
determined in advance. In this case, the write scanner
provides each of the scan line groups sequentially with a

control signal commen fo adjacent scan lines pertaining
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In a. further enbodi ment of the display apparatus, the sighal selector asa
first reference electric potential on the signal lin.e in the |ight
extinction process and asserts a. second reference electric potenti al
different fromthe first reference electric potential on theeignal line in
t he throshol d-vol tage conpensati on process. In addition, it is
possible to provide the further enbodi ment with a. configuration in which
the magnitude of the first reference electric potential ason the signal
line by the signal selector is larger than the magnitude of the second

reference g egtsd i-GrROLENALT ali USSR her sthan ithe tsumpefsanogl eptri c
potential appearing on the cathode el ectrode of the | ight emtting device,

the threshgl, ﬂic%0|haﬂﬁﬂoﬁfwﬂ? LHQQ; %ﬁlhthﬁg deui:¢e andothecthreshol d
vol tage of t evi ce dr|V|ng tranS|stor On top of that, it is

possi bl e t0 prgvide I i odi vent. wi th another .Gonti.guration in
whi ch, aftng% he thre gtng{aggbbo#pensétlonIproiéssIhaslﬁeen carried

out, wth t hLe ,sdlngna)( rHlI r116 HSOUS(} %le 1Lat g V‘Jrlqﬁp phase determined for
the scan line group in order Lo caryy out the additional
Light extinction processes with timings common to bhe
addacent scan lines pertaining Lo the scan line group.

in another ambodiment of the display apparatus,
after bhe execution of the light extinction process Lo
switch the light emitting device [rom a light emission

state Lo a no-light emission state has been completed bul
hefore saild threshold-voltage compensaltion preparatony
progess is carried out, the drive scanner switches Lhe
powar-supply line from the high electric potential to a
middle electric potential bhetween the high and low
electric potentials.

In addition, it is possible Lo provide the other
ambodinent with a configuration in which Lhe drive
scanner sequentially switches each of the power-supply
line groups From the high electric potential Lo the
middle electric potential by shifting the phase of &
switching signal from group te greoup. In this case, Lhe
drive scanner sequentially switches each of adjacent

power-supply lines pertaining to the same power-supply
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signal electric potential and the power-supply |ine sustained at the high
electric potential, the signal sanpling transistor is put in a turned-on
state by maeking use of the control signal Supplied to the gate el ectrode of
the signal sanpling transistor through the scan line in order to performa
signal wite process of storing the video-signal electric potential into

t he signal hol ding capacitor. Moreover, it is possible to provide
the further enbodinment with a further configuration in which the signal

sel ector asserts a first video-signal electric potential representing a
gradati on bhnehersiignatchi neg hndht héesighal peiaampt iay te anst stigkdlies put in
a turned-on state by making use of the control signal supplied to the gate
el ectrode of«theisi gnaknsaapl engtheansinstpnathrotigh shecscany | ine in order
to performa first signal wite process of storing the first video-signa
el ectric petgnkiial into the signal holding capacitor. Subsequently, the
signal selector asserts a second video signal electric potenti al

representing a gradatdpnonihe, signad gdnebland.d he siigralk hsamphing
transistor is put in a turned-on state by maki ng Use of another control

si gnal SUp@hb@QL&@nEh@:gﬁt§n6¥ﬁ6Er99§£Q@u£D@J@hgﬂﬁ|w§ﬁ@WJIWE}HFﬁHEHStOF
through the scan line in order to performa second signal wite process of

storing thg.second,Nideosgheghtig:potenti aheiMt@ithe.signalc hol di ng
capacitor.
potantial and the signal line sustained at the reference
electric potential, ths signal sampling transisteor is put
in a bturned-on state by making use of the contrel signal
supplied to the gate electrode of the zignal sampling
transistor through the scan line,

Moereover, it 1s possible te provide the other
empodiment with a further configuration in which adjacent
power-supply lines each laid as one of the rows of the
matrix are Lreated as a pewer-supply line group and the
number of adjacenl power-supply lines to ke treated as a
power-supply line group is determined in advance. In this
case, the drive scanner provides each of the power-supply
line groups sequentially with a power-supply voltage
commron to adiacent power-supply lines pertalning to the
same power—supply line group by shifting the phase of the
power-supply veoltage from group Lo group in order to
drive the power-supply lines pertaining to the same

power—-supply line group, Thus, a power-—-supply voltage is
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I n accordance witix the enbodi nents of the present invelfti.on, when the

hi gh. electric potential has been asserted on the power-supply line and the
reference el ectric potential has been asserted on the signal line, a |light
extinction process of switching the light emtting device froma. |ight

em ssion state to a no -light em ssion state is perforned.

Thereafter, the signal sanpling transistor is put in a turned-off state
and, then, the power-supply line is switched fromthe high electric
potential to the low electric potential. Thus, the voltage appearing on the

source e'%ﬁﬁﬁﬂq%dfﬁmt@%j%%%hﬁﬁ3&%J@ﬁm%%p&ﬂ§n§ﬁ%%%rﬂe%tﬁQW@%%dtbntbhe
so-called 't Jesho d- vol t‘age conpensati On preparatory process in order to

Se? 9 VOl%ﬁgﬁz ‘RﬁﬁnkﬂﬁuH%IWﬁﬁm;EHEAL@%% %@%5%%&&ﬁp%h%%tﬁ%@%%m@%ehhe deyice
driving transistor wt but putting back the signal "sanpling transistor in a

turned-on state. . . Subsequently, the power ...supglyline is swtched
[Qﬁetﬁ%mﬁ%f%Liﬁf%“%b?ghﬁyéfxbég%‘Fbgﬁﬁe”ﬁﬁﬁhﬂéfééffic potenti al .

back from't
Then, with t ine sustai ned q&ﬂ%ﬁ@wygﬁgﬁence el ectric potential,

t he signaﬁ“@gﬁﬁfV%@ "6 &RST BT SUBE A% (A& on state so that the

vol tage appearing on the gate e|lectrode of the device driving transistor is
abruptly raised ?8 Phi”?ég%feﬁwb“ F@bpﬁi8{p%F%naﬂQP?dgaﬂgVﬁbgfﬁé’voItage

appearing on the source electrode of the device driving transistor to rise
gradual | y 4§ &prEces$ 6 téTe AT v dHArG AG HHE gl NS ng
capacitor. Thus, the voltage appearing between the gate and source
el ect r odegfettia ldévi ddledridiii g t'hdYisiist 8% & YR¥idfuded 'dradydl Iy in a
direction toward the threshold voltage of the device driving transistor in
the so- caltrad:asir eshibladagslttage scotpengatisswprocdgs:tric potential

different from the first reference electric potential on

Lhe signal line in the threshold-voltage compensation

Procass.,

Tn addition, it is possible to provide the [urther

embodiment with a configuration in which the magnitude of

the first reference clectric potential asserted on the

signal line by the signal selector is larger than the

magnitude of the second reference electric potential but

smaller than the sum of an eleclric potential appearing

on the cathode electrode of the light emitting deviace,

the threshold voltage of the light emitfing device and

the threshold voltage of the device driving transistor.

On top of that, it is possible to provide the
further embodinent with another configuration in which,

after the threshold-voltage gompensation process has been

carried cut, with the signal line sustained at a video-
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As descri bed above, by carrying out the |light extinction process, the

t hreshol d- vol t age conpensati on preparatory process and the

t hreshol d- vol t age conpensati on process sequentially one process after

anot her, incorrect operations can be avoided so that it is possible to
carry out a threshol d-voltage conpensation process of the device driving
transistor with a high degree of reliability and a high degree of stability
in every pixel circuit. In particular, in the threshol d-voltage
conpensati on preparatory process, the voltage appearing on the source

el ectrode ofghhe dbwireldripwviag: iaansidtiore imovaowsreg W tthiow putting back
the signal sanpling transistor in a turned-on state . Thus, incorrect

oper at i onss@ah: beeavet ded: sloi¢iatl ¢ttt e posisiil ien 1,0 toar roflol a.

t hreshol d- vol t age conpensati on process of the device driving transistor
with a higha@deniee ofastidod |idyoih Bves yuipinel-@i rouite HBRIER IDESCRI PTI ON

OF THE DRAW NGS
use of the control signal supplied toe Lhe gate electrode
of the signal sampling transister through the scan line
in order to perform a signal write process of storing the
video-~signal electric potential into the signal holding
capacitoar.

Moreover, it is possible to provide the further
embodiment with a further configuration in which the
signal selector asserts a firslt video-signal electric
potential representing a gradation on the signal line,
and the signal sampling transister is put in a turned-on
state by making use of the contrel signal supplied te the
gate electrode of the signal sampling transistor through
the scan line in order to perform a first signal write
process of storing the first video-signal electric
potential ilnto the signal holding capacitor. Subsequently,
the signal selecter asserts a second video-signal
electric potential representing a gradation on the signal
line, and the signal sampling transistor is put in a
turned-on state by making use of another control signal
supplied to the gate electrode of the signal sampling

transistor through the z2can line in crder to perform a

20



FIG 1 is a block. diagram showing the entire configuration of a display
apparatus according to a first enbodi nent of the present invention;

FIG 2 is a circuit diagramshow ng the concrete configuration of a pixel
circuit enployed, in the display apparatus according to the first

enbodi nent ; FIG 3 is atimng diagramshowing a timng chart of
each signal relevant to a driving nethod for driving the pixel circuit

enpl oyed in the display apparatus according to the first enbodi nent;

FIGS. 421 to 4F are nodel circuit diagrans to be referred to in explanation
of oper at izeR$reALLIGRd 10Ut 1 BY: bhRecRisXel reizkeuiihgempkoyedohn vhaadi-spl ay
apparatus according to the first enbodinent in periods (1) to (6),

respecti vel;y,, ,showa i i ithe ot-l-micng 1di;agtamef skhGai3holdaing FIG 4Gis a
di agram show ng a curve indicating how a vol tage appearing on the anode of
a |ight e%ﬁ%%hﬂ%mr.

Tn accordance with the sobodiments of the present

invention, when Lhe high electric potential has heean

assertaed on the power-supply line and the reference

a light extingtion process of switching the light
smitbing device from a light emission state to a no-light
emigsion state i1s performed.

Thereafter, the signal sampling transistor is pul
in a turned-off state and, then, the power-supply line is
switched from the high electric petential to the low
electric potential. Thus, the voltage appearing on the
apurce electrode of the device driving transistor 1s
towered in the so-called threshold-vollage compensation
preparatory process in order to sel a voltage appearing
between the gate and source electrodes of the device
driving transisteor without putting back the signal
sampling transistor in a turned-on stabe.

Subsequently, the power-supply line is switched
back from the low electric potenbial back to the high
electric potential. Then, with the signal line sustained

at. the reference electric potential, the signal sampling
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device included in the pixel circuit enployed in the display apparatus
according to the first enbodinent rises with the |apse of tine during the
period (6); FIGS. 4H and 41 are nodel circuit diagrans to be
referred to in explanation of operations carried out by the pixel circuit
enpl oyed in the display apparatus according to the first enbodinment in
periods (8) and (9), respectively, shown. in the timng diagramof FIG 3;
FIG 4J is a diagramdepicting two graphs showi ng how the source electric
potential appearing on the source el ectrode of a device driving transistor
rises withtrhesfiapse of puweifior drffiedent Yatessoftitdle Wobility of the
devi ce driving transistor; FIG 4g, is a nodel circuit diagramto
be referredetoagn axptanatiom of hoperati ohscbartsd edt ore Bl tie pi xel
circuit enployed in the display apparatus according to the first enbodi nent
in a periodr{tijygshounsiattheisiabmgrdlagramsel b Ghd;reference FIG 5 is a
timng diagram showing a timng chart of each signal generated in
oper ati onsatartied putebyithe pixelngiticai toknploygd 4 and ypi dale ref er ence
di spl ay appar at us; FIGS. 611/4 to 6G are nodel circuit diagrans to
be referredotipctnzbxptanati o0 ofic Opevatd oNsicanditetoitsthyr to rise

gradually in a process of electrically charging the

signal holding capacitor. Thus, the voltage appearing

petwaen the gate and source electrodes of the device

driving translistor is reduced gradually in a direction

toward the threshold voltage of the device driving

Lransistor in the so-called threshold-voltage

compengsation process.

As degcribed above, by carrying out the light

extinction process, the threshold-veoltage compensation

preparatory process and the threshold-voltage

compensation process sequentially one process aftern

another, incorrect operations can be aveided so that it

is posgible to carry out a thresheld-voltage compensation

process of the device driving transistor with a high

degree of reliability and a high degree of stability in

every pixel circuit. In particular, in the threshold-

voltage compensabion preparatory process, the voltage

appearing on the source electrode of the device driving

transistor is lowered without putting back the signal

22



the pixel circuit enployed in the typical reference display apparatus in
periods (1) to (7), respectively, shown in the timng diagramet FIG 5;
FTC.; 7 is a waveformdiagramto be referred. to in explanation of problens
rai sed by the typical reference display apparatus; FIG 8 is a

bl ock di agram showi ng the entire configuration of a display apparatus
according to a. second enbodi nent of the present invention; FIG 9
is atimng diagramshowing a. timng chart of each signal relevant to a
driving nethod for driving the pixel circuit enployed in the display

apparat us Fi@:ﬁrﬁgr:igic;p G f>t1h3 e cond, enRodi®ent jstate, Thitk ,G- iAok 8eartimng
di agram showing a timng chart of each signal relevant to a driving nethod.

for dri V! Qﬂ)e%ﬂ;ﬁ: 19! 'f(..aelci: cﬁl rIQUIt{VUqrng(pyeﬂ l'hDHt h@ di.s F?J{ﬁ.yv ifRRARAL US, rgeceor dAng
to the first embodiment in a state wth no problem
out a threshold-voltage conpensation process of the
device driving Lransistor with a high degree of stability

in every pixel circull.

BRIEBE DESCRIPTION OF THE DRAWINGS

FIG. 1 is a klock disgram showing the entire
configurakbion of a display apparatus according toe a Cirst
embodiment of the present invention;

FIG. 2 is a oircuit diagram showing the concrele
configuration of a pixel circult employed in the display
apparatus according to the first embodiment;

FIG. 3 is a timing diagram showing a timing chart
of each signal relevant to a driving maebhod Lor driving
the pixel circuit emploved in the display apparatus
according to the first embodiment:;

FIGS, 4 Lo 4F are model circuit diagrams to be
referred to in explanation of operaltions carried out by
the pixel circuit emploved in the display apparalus
according to the first embediment in periods (1) to (&),
respectively, shown in the timing diagram of FIG. 3;

FIG. 4G is a diagram showing a curve indicating how

a voltage appearing on the anode of a light emitting
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FIG 11 is a timng diagramshowing a timng chart of each signal relevant
to a driving nethod for driving the pixel circuit enployed in the display
apparatus according to the first enbodinent in a state with a problem FIG
12 is a timng diagramshowing a timng chart of each signal relevant to a
driving nethod for driving the pixel circuit enployed in a display
apparatus according to a third enbodi nent of the present invention;
FIG 13 is a timng diagramshowing timng charts for one stage as timng
charts of signals each relevant to the driving nmethod for driving the pixel
circuit enpkeyed iincihéedi $pl apcappaeat asragtor dinpgovedt e ting rd
enbodi nent ; FIG 14 is a timng diagram showng a timng chart of
each signaligelavaapptoaaudr bvizngdmethod foe dirvt ngmbhelipexelrcideui t
enpl oyed in a display apparatus according to a fourth enbodi nent of the
present 1 nyenkl @R lapse of time during the period (6);
FIG5, 4H and 4% are model circeuit diagrams to be
referred to in explanation of eperations carried out by
the pixel circuil employed in the display apparatus
according to the first embodiment in periods (8) and (8},
respectively, shown in the timing diagram of FIG. 3;
FIG. 47 is a diagram depicting two graphs showing
how the source electric poltential appearing on the source
electrode of a device driving transistor rises with the
lapse of time for different values of the mobility of the
device driving Ctransistor;
FIG. 4K i3 a model circuit diagram to be referred
to in explanation of operations carried out by the pixel
circuit employed in the display apparatus according to
the first embodiment in a periad (11) shown in the timing
diagram of FIG. 3;
FIG. D is a timing diagram showing a timing chart
of each signal generated in operations carried out by Lhe
pixel circuit employed in a typical reference display
apparatus;

FIGS. 6A to 6G are model circuit diagrams to be

referred to in explanation of operations carried out by
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FIG 15A is a timng diagramshowing a timng chart of each signal relevant
to a driving nmethod for driving the pixel circuit enployed. in the display
apparatus according to the first enbodinment in a state with a problem

FIG 1513 is a timng diagramshowing a timng chart of each signal
relevant to a driving nmethod provided for driving the pixel circuit

enpl oyed in a display apparatus according to a fifth enbodi nent of the
present invention as a driving nethod for solving the probl em expl ai ned by
referring to the timng diagran1of FI G 15A FIG 16 is a timng

di agram show ng;@»at'm@gl.qhaamﬁ 10fy 8aGR $hgnal, @Lﬁvamﬁ.wnapdrl ving net hod
for driving t he pi xel circuit enﬁ l oyed in th g dlsp ay apparatus accordi ng

to the flf h]ﬁngpq%%nn ﬂl] HL P FL.G. %z$'§ 2 '”H@g QJ%QQQWgShOW‘“g a

timng chart PETATT "t 6 4 dfi Vi’ g method for dfiving. the
pi xel circyit enp 1 pl ay ap arat.us caccording to a sixth
enbodlnenthT YTt He' ggﬁseﬁf”l“ F g Akt F'G 18 is a timng di agram
showi ng a timng ?hart of each S glpethod for

driving the pixel €rrduit @nﬁrayhgnw R T NS (A R L i

sevent h enmbodi nent. of the present . o
axplanation of problems raised by the typiloal refercence

display apparatus;

FIG. 8 is a block diagram showing the entire
configuration of a display apparaltus acconding to a
second enbodiment of the present invention;

FIG. 9 is a timing diagram showing a timing chart
of each signal relevant to a driving method fTor driving
the pixel circuil employed in the dizplay apparatus
acoording to the second ambodiment;

FLG. 10 is a timing diagram showing a timing chart
off each signal relevant to a driving method for driving
Lhe pixel clreuil empleoved in the display apparatus
according to the first embodinment in a state with neo
problem;

FrG. 11 is a timing diagram showing a timing chart
of ecach signal relevanh to a driving method [or driving
the pixel circuit employed in the display apparatus
according to the first embodiment in a state with a
problem;

FIG., 12 is a timing diagram showing a timing chart
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| nvention; FIG 19 is another tim ng diagram showi ng a timng
chart of each signal relevant to a driving nethod. for driving the pixel
circuit enployed in the display apparatus according to the seventh
enbodi nent ; FIG 20 is a timng diagramshowing a timng chart of
each signal. relevant to a driving nmethod for driving the pixel circuit
enpl oyed in a display apparatus according to an ei ghth enbodi nent of the
present invention; FIG 21 is a. timng diagram show ng timng
charts for one stage as timng charts of signals each relevant to the
driving nethodatpr sdghyingetibeaptxeb €ideivinemayed o tdei displ ay
appar atus according to the eighth enbodi nent;

the pixel circuit employed in a display apparatus

according to a third embodiment of the present invention;

FIG, 13 iz a timing diagram showing timing charts

for one stage as timing charts of signals each relevant

to the driving method for driving the pixel circult

employed in the display apparatus according to the third

embodiment ;

FIG. 14 is a timing diagram showing a timing chart

of each signal relevant to a driving method for driving

the pixel circuit employed in a display apparatus

according to a fourth embodiment of the present
invention;

FIG, 15A is a timing diagram showing & ULiming chart
of each signal relevant to a driving method for driving
the pixel circuit employed in the display apparatus
according to the first embodiment in a state with a
problem;

FIG. 16B is a timing diagram showing a timing chart
of wach signal relevant to a driving method provided for
driving the pixel circuit emploved in a display apparatus
according to a fifth embodiment of the present jnvention

as a driving method for solving the problem explained by

referring to the timing diagram of FIG. 15A;
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FIG 22 is a cross-sectional diagramshowi ng a typical configuration of the
thin-filmpixel circuit enployed in the display apparatus provided by an
enbodi ment of the present invention; FIG 23 is a diagramshow ng a
top view of a nodul ar configuration of the display apparatus provided by an
enbodi nent of the present invention; FIG 24 is a diagramshow ng a
squi nt view of the external appearance of a TV set serving as an electronic
i nstrunment enploying a flat display panel provided by an enbodi ment of the
present invention; PIG 25 is a diagramsliow .ng a squint view of
t he external appgatanté of a digital dcapera skepving astanteld eotddic
Anstrunme Lenploying a flat display panel provided by an enbodi nent of the
present i mvert:HcoN;ignal relkBvGnt26a s drdivagrgamzshow digradsduiint vi ew of
t he external appearance of a notebook personal conmputer serving as an
el ect roni @ penstiranenti reaphoyipg cav ekl at: dhephbiayppagelipprovicded by an
enbodi nent of the present invention; FIG 27 is a diagram show ng the
ext er nal according Lo the fifth embodiment;
FIG. L7 ods a biming diagram showing a timing chart
of esach signal relevant o a driving method for driving
the pixel circult emploved in a display apparatus
according to a sixth embodiment of the present invention;
FIG. 18 is a timing diagram showing a timing chart
of each signal relevant Lo a driving method for driving
Lhe pizel glircuit employed in a display apparatus
acoording to a seventh emboedimant of Che present
invention;
FIG. 19 is angther timing diagram showing a Liming
chart of sach signal relevant to a driving method for
driving the pixel circult employed in the display
apparatus according Lo the seventh embodiment;
FIG, 20 is a timing diagram showing a timing chart
of each signal relevant to a driving methoed for driving
the pizel clrouit employved in a display apparatus
aocording Lo an eighth embodiment of the present
invention;

FIG. 21 i3 a timing diagram showing timing charts

for one stage as biming charts of signals each relevant
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appearance of a. portable term nal such as a. cellular phone serving as an
el ectronic instrument enploying a flat display panel provided by an

enbodi ment. of the present invention; FIG 28 is a diagram show ng
a squint view of the external appearance of a video canera serving as an
electronic instrument enploying a flat display panel provided by an

enbodi nent of the present invention; WG 29 is a nodel circuit

di agram showi ng a typical exanpl e of the conventional display apparatus of
the active-matrix ty FIG 30 is a diagramshow ng graphs each
representi A é“?eﬂéﬁ?éﬁgb@FhB@ﬁ éoboﬂféﬁé“%pbm eﬁ Lot Gt em tting
device EL and_a current flow n through the light emtting device EL as
graphs to B@&pleyefreéd FﬁeiﬁlﬁégévlﬁPPéhabF S afiC @t HEHriobl B aHgth

FIG 31 is another nodel circuit diagramshow ng a. typical exanple of the
exi sting daspbdymapparatus of the active-matrix type.

FIG. 22 ils a cross-secticonal diagram showing &
typlical configuration of the thin-film pixel circuit
employed in the display apparatus provided by an
embodiment of the present invention;

FIG. 23 is a diagram showing a top view of a
modular configuration of the display apparatus provided
by an enbodiment of the present invention;

FIG, 24 iz a diagram showing a squint view of the
external appearance of a TV sel serving as an electronic
instrument employing a f£lat display panel provided by an
embodiment of the present invention;

FYG. 20 1s a diagram showing a squint view of the
axternal appearance of a digital camera serving as an
electronic instrunent employing a flat display panel
provided by an embodiment of the present invention;

FIG, 26 i3 a diagram zhowing a sqguint view of the
external appearance of a notebook personal computer
serving as an electronic instrument employing a fiat
diasplay panel provided by an embodiment of the present
invention;

FIg. 27 is a diagram showing Lhe external
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred

enbodi nents of the present invention are described in detail by referring
to diagranms as follows. FIG 1 is a block. diagramshowing the entire
configuration of a display apparatus according to a first enbodi ment of the
present invention. As shown in the block diagramof FIG 1, the display
apparatus enploys a pixel array section 1 and driving sections 3, 4 and 5
used for driving the pixel array section 1. The pixel array section 1
resenbling a matrix of pixel circuits 2 has signal lines SI, each laid as

one of th%:%%h%%ﬂ%mohft@epgﬁkﬁhﬁma@@r%QQQllEﬂ@ﬁ W6 gaeghihakdyas one of the
rows of the matrix and power-supply lines DS parallel to the scan |ines WE

in.additi%ﬂm%% %Q%vﬁ%qehmch&p%h%ﬁ%%m&@%”ﬁ%h%?ﬁmﬁﬁﬂc@m:ﬁ@&m%gphxel circuits
2 is locat’ed at “an intersection of oné of the signal lines SI, and one of

the scan %H%%S Y. . The driVin%w%?%%hoﬂy4mhsﬁ%bﬁgmhﬁgk S¢anner al so referred

AT gy gane ] 13 , ¢
to as a wite sca ner:‘/ f}'OI’ Call'l’yl ng out "a r ow ter-row sequenti al scan

operation on the pixel circuits 2 in row units by sequentially asserting a
contr ol sﬁ@ﬁﬁﬁ“gnjﬁﬁgn§égﬁ’lines WS. The driving section 5is a

power - supply scapner ?hso,ﬂ,r ef qrred,.toc..ﬁs a drive scanner for .carrying out a
row af t er-row sefjuEnt Fa1 *Ecan“oper at'i SN Hdj bst el it 0"t " Y OW af tér - r ow
sequential scan gperation of the wite scanner 4 on.the pixel circuits 2 in

row uni t s By S EEde AERRIANP Nags &'t iPng T SPoWEM S Gp iy WPt 4de “On t he

power -supply lines DS. The drive scanner 5 switches the power-supply

vol t age fﬁﬁﬁﬁ%ﬁﬁﬂ@ﬁ:ép@ﬁﬁﬁm@nt employing a Llat display panel
provided by an embodiment of the present invention;

FIG. 29 is a model cirvouil diagram showing a
typical example of the conventional display apparatus of
the active-matrix Lype;

FIG. 30 is a diagram showing dgraphs each
representing a relation between a voltage applied to a
light emitting device EL and a current f£lowing through
the light emitting device EL as graphs to be referred Lo
in description of an aging problem; and

FIG. 31 iz another model cirveouit diagram showing a
typical example of the existing display apparatus of the

active-matrix Lype.

DETATLED DESCRIFTLON OF THE PREFERRED EMBODRIMENTS
Prefarred embodiments of the presant invention are
described in detail by referring to diagrams as Lollows.

FIG. 1 is a block diagram showing the entire

29



potential. vcc to a low electric potential Vss and vice versa. The driving
section 3 is a signal selector also referred to as a hori zontal selector
for carrying out. a colum-after-colum sequentiaj scan operation. adjusted
to the rowafter-row sequential scan operations on the pixel circuits 2 in
colum units by sequentially asserting an input signal on the signal |ines
SL. The horizontal. selector 3 switches the signal froman electric
potential Vsig representing a video signal (or a gradation) to a reference
electric potential Vats and vice versa. It is to be noted that the wite
scanner 4 opefatesdaincacedrdadcerwity happal atks sivghald W8 ki@ ecelivied: f rom an
external source. The wite scanner 4 also receives start pul ses W5sp
suppl i ed bgmandexertnak sbarpeesegtientvvaht yon Redei vilmgrt her ¢lheck signal .
Wck and such start pul ses Wbsp, the wite scanner 4 asthe control signal
sequenti al bycoh tihegsaancki pes. W5, Bys=thezsane spkenztiderdrionges scanner 5
operates in accordance with a. clock signal DSck received from an external
source. Theideiversaanpet:dcal soaneceivesngt artr puhses, DSsgauppl i ed by an
external source sequentially. Receiving the clock. signal DSck and such
start pul ses=BSspr thevdnfvenscanReLl 5rswtehesidher povek: pixesuppl yvol tage
to be asserted sequentially on the power-supply lines CS. FIG 2

is a circupkrdi,ageam show pgsthe: epgcseher £onf b gus atd on-of s.:hes pi xel
circuit 2 enployed in the display apparatus shown in the bl ock di agram of

FIG 1. AshghownghRithenekreyibadhagram ol FLG o2, cid&plugls clgcuit 2 has
a configuration including a light emtting device EL of a two-term nal type

al so referrgd %Qtégxaﬂ&ogéaﬁ}’i??me.@ #5902k, SRIPL i g &;@ i+ star i, of the
N-channel type, a device driving transistor T2 also of the N--channel type

and a signgl bgldjng, ¢apag tgéw%...,ga Il%h% aéé;!ﬁstfyapﬁumy@ cal, exanpl e of

the light emtting device EL enpl oye e pixel® circult IS an organic

EL (el eCtrQ‘-@H”ﬁ?ﬁégeﬂgeln'll.lgi?;g_‘%fmatﬁ&”@hge?!.i.;?--.l Ihe.gate plectrode of the

si gnal sanpfihg trans! st or used”as a 'control"terninal whereas the two
current termnals of the signal .sanpling transistor Ti .serve as.the source
ond arai n e ugs-r et HlEe T T A L0RGE Pode JPRAIE SR gnar

sanpling transistor Ti is connected to the scan |ine WS, A specc one of the
fwo. cur rent- FoF AERALER oP £t HESoh gl sAHER Thar LFShsT S e 112G © b oifbct ed t o
the signal line SL whereas the other current term nal of the signal

sanpl i ng t PERBI $EBFSTI 1 s ThiBcted'd o e Yate & éctrade °& S HRE devi ce

driving transistor T2. , ) )
also referred Lo as a write scanner for carrying out a
row-after-row seguential scan operation on the pixel
circults 2 in row units by sequentially asserting a
control signal on the scan lines W5, The driving section
5 1z a power-supply scanner also referred Lo as a drive
scanner for carrying out a row-after-row segquential scan
operation adjusted to the row-after-row sequential scan
operation of the write scanner 4 on the pixel circuits 2
in row units by sequentially asgsserting a power-supply
voltage on the power-supply lines DS. The drive scanner 5

switches the power-supply voltage from a high electric

20



Much i ke the signal sanpling transistor Ti, the gate el ectrode G of the
device driving transistor T2 also serves as a control term nal whereas the
two current termnals of the device driving transistor 12 serve a8 the
scmarce and drain el ectrodes respectively. A specific one of the two (rman
ent termnals of the device driving transistor 12 is connuctd to the |ight
emtting device EL whereas the other current termnal of the device driving
transistor 12 is connected to the power.-supply line DS. To put it nore
concretely, in the enbodinents of the present invention, the device

driving transiston T&d s A nansiskon af: the Neghanrel: typewiFae drain
el ect rode ‘of e deV|ce dr|V|ng transistor 12 is connected to the power

suppl ylj.ne, .DS wher sgHrce,ehegtrode: Sn0f Lhe.devicgidniving
tranS|stoP}$2 I's ?@nnggfggngo tﬂe anode’ E Iect&g de of the Iighf emtting

devi ce EL. Th@ ca ode(ele trod f.the light. tting. deyiceEL is fixed
at a constadf cat” gae‘b1ec§FFc'ﬁ6ﬁth.§1‘vggi erm‘i‘hegléﬂalj hol I 'di ng

CapaCl tor 'é.h] init g}(')rf'f'é é_(g 1{11}16 fi) c'ac lmne ‘ﬁou Sl %lp%qtllr‘lq(?)% zl fll‘t h’%. ql¢V| ce

driving tr & el'éct rode i‘ce dr|V|ng

transi stor In the configurati escribed ab ntrol,  scanner 4
al so referﬂéd7t3“a§ tHelﬁPitécgﬁéﬂnéﬂ 4¢3y es'odf”%?r%hﬁ§¥té?f$§

sequential scan operatlon on the p ﬁ circuits % in row. nyﬁsrﬂy
sequent i al‘l‘y”d‘s‘stert nld) Q:‘dH‘tl} di”'sil i) A 6ﬁ1LtL‘H% 1A aAB5eE 1 1ng a

input signal on Lhe signal lines 35, The horizontal
selector 3 switches the signal from an electric potential
Vaig representing a video signal (or a gradation) to a
reference electric polLential Vofs and vice versa. IU is
to be noted that the write scanner 4 operates in
accordance with a clock signal WSck received from an

sulernal source. The write scanner 4 also receives shart

pulses Wssp supplied by an external source sequent ially.
Receiving the clock signal Wsck and such start pulses

WSsp, the wribe scanner 4 asseris the conbrol signal
segquentially on the scan lines WS. By the same token, the
drive scanner 5 operates in accordance with a clock
signal DSck received from an external source. The drive
scanner 5 also receives start pulses Digp supplied by an
external source sequentially. Recelving the clock signal
nsek and such start pulses DSsp, the drive scanner 5
switchas the power-supply voltage to be asserted

segquentially on the power-supply lines DS.
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scan lines Wo. The wite scanner 4 switches the control signal froma high
electric potential (or the pulse top) to a low electric potential (or the
pul se bottom and vice versa. The power-supply scanner 5 also referred to
as the drive scanner 5 carries out a row after-row sequential scan
operation adjusted to the rowafter ow sequential scan operation of the
write scanner 4 on the pixel circuits 2 in row units by sequentially
asserting a power-supply voltage on the power-supply lines OS. The drive
scanner 5 switches the power-supply voltage froma high electric potenti al
Vcc to a low el ecfi®c potem ialrMBbL anthwige versiang ThHe: gicgraletsel ector 3
also referred to as the horizontal selector 3 carries out a
col umaft eceocdligmmaséquenti ahespanecbopeiation adgusteded oit higha ow af t er-row
sequential isoperations on the pixel circuits 2 in colum units by
sequenti al by sadaer kppgranusnpubwsi gnakhencl bek sfgaalahi aese 8T, .1 The
hori zontal selector 3 switches the signal f oman electric potential Vsig
representipg arowhdes shgnahrCofitadgradaki en)rte. azyefesente=electric
potential Vofs and vice versa. In the configuration described
above., figstcafirabl hagnaopghathaRat@oRULnEhe shgnal 1 saupl dnget£apsi stor Ti
in a turned-on state by making use of the control signal is carried out
after the hi.gh.el get hiecypot,enthakiNGe E'??e been psperted on ihe,
power -supply line DS and the reference electric potential Vats has been
asserted Oh'.ioﬁt%et?!bg.';‘ah LipRaPLshA QHngt_%Qnmégfw-mk'am gxtinction
process of swtching the Iigﬁt eantln device EL froma. light em ssion
stale to a,.no:l.i.ght . em ssigp,,st.ate. . Thereafter. the signal . sampld g
transi stor “teersdpt BT S BvaLe B VEREASE Lo e B IR SERRILER Lo
signal and,,_t.hen. .th ower - supply Line. DS. | w.tched f the high
electric pgtéﬁgﬁgfavgngggP%eglBﬁ/gﬁ%cﬁ?géaﬁﬁt§%$%§PL€%S¢P$%5§$ t he vol tage
Vs appearihg.on_the source electrode S of the device driving. transistor T2
s Toner ed Tt AE D ARER 1 CSfibt (ot A T SHparact 'O ' FULATATar y pr ocess
in order tqasep a, oltage V s,appfqrin?ﬁ?egmggn.thg ﬁgte and source
el ect r odes“6V "Fhie®HelREHFTvi Rg PFaRsl 8t of " T2 4t 4 Maght t W& Yreat er than
the threshgld voltage Vth of the device driving transistor 12 without
putting bactk t<ﬁé@§fgﬁafw%%ﬁﬁ@c?}ahépe%off*mﬂtffhféaﬁmwwaedi W $¥afe after
the power-supply line DS has been switched fromthe high electric potenti al
Vce to the®tBHEEPERt Pfctpdt ehvrar %@Pls%s%ﬁa%ﬁmﬁrtﬁle Powstesubply |ine
DS is switched back fromthe |ow electric potential Vss to the high
el ectric pdt EADLAP L VERTTReH, WARY AREHEDGI GH@l CRTHRNSLESTS 2 hedPfat t he
reference electric potential Vofs, the signal

the signal sampling transistor T1 serve as Lhe souvrce and

drain electrodes respectively. The gate electrode of the
slgnal gsampling transistor T1 is connected Lo the scan
Line WS, A specific one of the twe currenl Lerminals of
the =zignal zampling transistor Tl is connected to the
signal line 5L whereas the other current terminsgl of Lhe
signal sampling transistor T is connected bto the gate
eglectrode G of the device driving transistor TZ,

Much like the signal sampling transiszter T, the

gate electrode G of the device driving transistor T2 also
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sanpling' transistor The put in a turned-on state by making use of the
control signal so that the voltage Vg appearing on the gate el ectrode G of
the device driving transistor T2 is abruptly raised to the reference

el ectric potential Vofs, causing the voltage Vs appearing on the source

el ectrode S of the device driving transistor T2 to rise gradually in a
process of electrically charging the signal holding capacitor d. Thus, the
vol t age Vgs appearing between the gate and source el ectrodes of the device
driving transistor T2 is reduced gradually in a direction toward the

threshol d .valfage Vth of . the devige drivk ngdtr@nél 34,8 cf2rkRct he so-called
t hreshol d- voltage conpensatlon process. I n accordance with a

driving methad prioviged by 0, erbodiuant, of s present Lovention first of

all, after the’ gh electrlc potentla has 'Been asserted on the power

SUpplthne:9%1?erﬁﬁﬁcﬁ?ﬁ?r%ﬂce etEﬁLFIQ E?&?n&bq VQKSﬁQQShP?e”
asserted on 't he S|gnal SI an operat to pe Form a 1|g t extinction

it
process of switchin ght qu tlng devi cglEL froma Ilght em ssi on
T

state to &o°F Iﬂ@hﬂ“@ é% Gttt g”lg‘ca‘”ledrbﬂfv'(“ driVidfer eaf t er,

the signal sanpling tran5|stor Ti |s put f.f state by naklng
use of t héd*EERtirdI®tsitgnal® &vd P SHER, t%élﬁoﬁéﬂ iubﬂ\§?ﬂpﬁedb§ “§ swi t ched

BL whereas the othoer current terminal of the device
driving Lransistor T2 is connected Lo Uhe power-supnly
Line DS. To put it more concretely, in the embodiments of
the present invention, the device driving transistor T2
i a transistor of the N-ghannel type. The drain
electrode of the device driving transistor T2 is
connected te the power-supply line DS whereas the sourcs
glactrodse § of the device driving transistor T2 Qs
connectad o the anodes electrode of the light emitting
device kL. The cathode electrode of the light emibting
device BL 18 fixed at a constant cathods electric
potaential Vealb. The signal holding capacitor C1 ia
connected between the source electrode 5 of the device
driving Lransistor T2 and the gate electrode G of the
device driving transzsistor T2. In the configuration
daescribed above, the control scanner 4 also referred to
as the write scanner 4 carries out a row-afler-row
sequantial scan operation on the pixel circults 2 in row

units by sequentially asserting a control signal on the
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fromthe high electric potential Vco to the low electric potential. Vss.
Thus, the voltage Vs appearing on the source electrode S of. the device
driving transistor T2 is lowered. in the so-called threshol d-vol tage
conpensati on preparatory process in order to set a voltage Vgs appearing
bet he gate and source el ectrodos of the device driving transistor 12 at a
magni t ude greater than the threshold voltage Vth of the device driving
transi stor 12 without putting back the signal sanpling transistor Ti in a

turned ...on state after the power -supply line DS has been swi tched from
t he high ekeatir i¢npet 8ati alhd/ae: t1o: theadrow el ectitichspottént icantved.
Subsequently, the power ....supplyline 08 is switched back fromthe | ow

el ectric petegnkiabr¥astohthr bightrebecpotenpdientdal tMecpulThemomi th the
signal line St sustained at the reference electric potential Vofs, the

signal S agpl kngolr anesker FbrefrRHL i Aracherpetson-stabe) sond hat the
vol tage Vg appearing on the gate electrode G of the device driving

transi storI2ei §eaBEUPttye rahsad 4@t he Jefalance Llectide petenti al Vofs,
causing the voltage Vs appearing on the source el ectrode S of the device

driving trapsigkony13st gcmlﬁgrgr adyalbysi bup prosesscolrebgptrically

charging the signal holding. capacitor C . Thus, the voltage Vgs appearing

bet ween thgequentlal scan operation adjusted to the row-after-row
sequential scan operation of the write scanner 4 on the
pixel circuits 2 in row units by seguentlally asserting a
power-supply voltage on the power-supply lines DS, The
drive scanner 5 switches the power-supply voltage from a
high electric potential Voo to a low electric potential
Vgs and vice versa. The signal selector 3 zlszse referred
to as the horizontal selector 3 carries out a column-
after-column sequential scan operation adjusted to the
row-after-row secuential scan operabions on Lhe pixel
circuits 2 in golumn units bhy sequentially asserting an
inpul signal on the signal lines 5L, The horizontal
selector 2 switches the signal from an electiric petential
Vsig representing a video signal (or a gradation) Lo a
reference electric potential Vofs and vice versa.

In the configuration described above, first of al11,

an operation to put the signal sampling transistor T1 in
a turned-on state by making use of the control signal is

carried ocut after the high electric potential Voo has
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gate and source el ectrodes of the device driving transistor T2 is reduced
gradually in a direction toward the threshold voltage Vth of the device
driving transistor T2 in the so-called threshol d-voltage conpensation
process. As described above, by carrying out the |light extinction process,
t he threshol d-vol tage conpensati on preparatory process and the

t hreshol d- vol t age conpensati on process sequentially one process after

anot her, incorrect operations can be avoided so that it is possible to
carry out a thres id-voltage conpensation process of the device driving

transiston, 2, w.th,.a 0 gh), dggr ee,of - reldab) ity apd a,high degree of
stability in every pixel circuit. In pé%trcular, in the threshol d-vol t age

conpensat i :|t%ﬂ:’:' (QI cQﬁQr :[ 1Qr c.'_yl:'. R0 ﬁﬁﬁ% n tt :ihﬂe.']. \(R‘l, ftaaghed ,V ) r@gr eda!]cqg ek (‘.'.)H"l.h € source
el ectrode S of the device dr|V|ng transistor 1271's | owered w thout putting

baCk the %h%?%hcﬁﬁﬁpHHﬂgaﬁi?qﬁiﬁ%gfm}%x!Ewﬁﬂ&%%?%p]H%@ﬁi%ﬁ%ﬂnEQ%%h
i ncorrect ‘operatiths can be' avoided 'sot Hat it 1§ possiblé to carry out a

threshol d-vol tage conpensation process of Lhe devige dri ving, transistor T2
with a hi gh He&giee o stdbI 19 Y- 1% ety PHet ™ (w2 TN e 3 s
a timng diagram showing a timng chart of each signal relevant to the
driving met'iod d&&cts uEl Htve By 4 etsrriHy 1BV 8 riddiC 'di agram of FI G
2 as a method for driving the pixel circuit 2. The horizontal axis of the
timng chalt® GEpresents tthie apsedt! e "FHE tHrde top % i chaxt s
represent changes ofect.r.',c.: ) o _

turned-off state by making use of the control signal and,

thaen, the power-supply line DI is switched from the high

electric potential Voo toe the low electric potential Ves,

Thus, the veoltage Vs appearing on the source electrode B

of the device driving transistor T2 iz lowered in the zo-

called threshold-veltage compensation preparabory process

in order Lo set a voltage Vgs appearing between the gate

and zource electrodes of the device driving transistor T2

alk a magnitude greater bhan the Chreshold voltage Vih of

the device driving transistor T2 withoul putting bhack the

signral sampling transistor TL in a turned-on state afler

the power-supply line DS has been switched from the high

electric potential Voo te the low electric petential Vss.

Subsequently, the power-supply line DE is switched back

from the low electric potential Vss to the high electric

potential Voo, Then, with the signal line 3L sustained at

the reference electric potential Vofa, the aignal

sampling transistor T iz put in a turned-on state by
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potentials appearing on the scah Iine W5 the power- supply line DS and the
signal. line SL respectively. The changes of the electric potential.
appea.rihg on the scan |ine W5 are changes of the control signal which
switches the signal sanpling transistor Tl whereas the changes of the

el ectric potential appearing on the power-supply Iine OS are changes of the
power -supply voltage fromthe I ow electric potential Vss to the high

el ectric potential Vcc and vice versa. The changes of the electric
potential appearing on the signal line St are changes of the input signal
fromthe vindeodngi gral o€l eber menpoténtiahaVsig tlepr eSentVng ade Wi deo si gna
to the reference electric potential Vofs and vice versa. The two bottom
time chartsppepresgnvnchangestef clhetgatie @l eCtrhe potent iddiMgappearing
on the gate electrode G of the pixel, circuit 2 and changes of the source
el ectric petgpkiato¥srTappeanbagpohyt heisedrce ehects pHee=Sof the pixe
circuit 2 respectively. As described earlier, the difference between the
gate el ect ki gc-pot enbbaknVYgaappeasi Nngae@nihfiergat €o et &6 rodesfpairihe pi xel
circuit 2 and the source electric potential Vs appearing on the source

el ectrode §, efictheupixekicitguiit 2 b8 tebensredoéozasyihg gate-source
vol tage Vgs appearing between the gate and source el ectrodes of the device

driving transhstetai272 o rlseTﬁﬁaagélZﬁnlﬁ|aa§f§c@§5t@§_ti”ing charts
i ncludes periods (1) to (11) during which the pixel circuit 2 carries out a

sequence 0&1@&2&%&5%? E%rgtﬁﬁgrk%! gggpgg.ggct%féim&nc;én!?&ciﬂ.cﬂhtcﬁ.m ssion

period (1), I'xel " crrcui Isin em Ssion state which is a

e o Ok pOnk 9P LEGOTVLDCLLLORE S £ bhL 08 JOUhE S B And e PLX®

circuit 2. "'I'n"the no-ilg ent ssi peri t he piXx circuit 2i8in a

no |ight enissionﬁiE%EEE&@gcgﬁgﬁhg a%gggeo&r?ggﬁﬁaﬂg%@gié{gptTjrpg1the

| i ght enit?PHacéeV|ce of pi'xel "Circul I'n the preparatory

i ods (3) t the pixel cirguit 2 carries out, the threshold-volt
Compensat | BACBFEIAPAPBRgLpY otBst oserFhin bevars At ot braRarat | on for the

t hreshol d-vol t age conpe sahto _process. ex [a%neq39£¢V£o flﬂﬁ_ﬁ%gsequently,
in the t hr EEh6R 9v8Fggag & hpghgé%?oalbgFF%d'f%ﬁ, th h?xeY citeuit 2
carries out . .

go-called threshold-veoltage compensallon process.

In accordance with a driving method provided by an
embodiment ¢f the present invention, first of ail, after
the high electric potential Voo has been asserted on Lhe
power-supply line DS and the reference electric potential
Vofs has bheen asserted on the signal line 5L, an
operation Lo perform a light extinction process of
swilbching the light emitting device EL from a light
emission state Lo a ne-light emission state is carried
out.

Thereafter, the signal sampling transistor Tl is
put in a turped-off state by making use of the control

signal and, then, the power-supply line D5 is switched

36



the actual threshol d-voltage conpensati on process. In the typical tine
diagram there are three threshol d-voltage conpensation periods (6) before
the signal wite period (9) and the wait period (8) between any two
successi ve threshol d-vol t age conpensation periods (6). That is to say,
prior to the signal wite period (9), the threshold voltage. conpensation
process is cart ed out three tines. Then, the execution of the

t hnRshol m -vol t age conpensati on process is ended. In the signal wite
period (9), the electric potential of the video-signal electric potential

Vsig is stargd i bheysional ol diagncanaciter «ff . andop EPBELLLY

conpensatlon process of the signal 'sanpling transistor Ti is also carried
out as “ellnqnﬂgﬂw Rhe pl%ﬁ' ci CUIto?Tc{ %f 2h$$QFYn< &ht %UISSIOH period

(11) by MaKi a tranS|t|on 'ftom't hé“ho §Sion state to the light
em ssion state. odi ment descr.i so far by referrlng to
t he tlnlng‘ﬁﬁééréﬁféf'ﬁﬁGL 3(ﬁa$?2xp “di'hed A ]8059 ﬁ&”fﬁféghoﬁé vol t age
conpensatlon process is carrlﬁq t hr eltlne . eﬁqlflerent

t hr eshol d-W8i&ge 'dofbénsiat 6 b&r B <06 o oA ' ﬁﬁﬁebé@P NEaetBen any two

successi ve threshol d- voltage conpensati on peri ods a wait period (8) is
i nserted walh%r¥vvhblﬁﬁ¥‘The‘f%ﬁ%§ﬁél&“VdFﬂadeVGd éhsgﬁron process
repeatedly a plurality of times in the sane pIurallt of different
t hr eshol d-¥BIFEGe S Sereal iton PEriFods I GPIR et Hite ha y"“‘a ¥l -a§e having a
magni tude equal to the threshold voltage Vth of the device driving
transi st orleTa.cies dgtioried it apted séiogndle Rél di g asdpacict 6 cel-eTHsWever |
i npl enent ati ons of o
the threshold voeltbage Vih of the device driving
transistor T2 without putlbing back the signal sampling
transistor T1 in a turned-on state after the power-supply
line D% has been switched from the high electric
poLbential Veo to the low electric poltential Vss,
Subsaeguently, the power-supply line DS is switched hack
from the low electric potential Vss to the high electric
potential Voo, Then, with the signal line 5L sustained at
the reference electric potential Vofs, the signal
sanpling transistor T1 is put in a turned-on state s0
that the voltage Vg appearing on the gate elecltrode G ol
the devige driving transisteor T2 is abruplly raised to
the reference electric potential Vofs, causing the
volltage Vs appearing on the source electrode & of the
device driving transistor T2 to rise gradually in a

process of electrically charging the signal holding

capacitor C1l. Thus, the voltage Vgs appearing between the

Lo
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the present invention are by no neans limted to this driving nethod- For
exanpl e, the threshol d-voltage conpensati on process can al so be carried out
one tinme in one threshol d-vol tage conpensati on period (6). Then
the pixel circuit 2 enters the period (9) allocated to a signal wite
process and a nobility conpensation process. In the period (9), the

vi deo-signal electric potential V8ig of the input signal is stored in the
signal holding capacitor C in the signal wite process, being added to the
a voltage which has al ready been stored in the signal holding capacitor C
at a magni thde eguakotectheltbreshel d-Fothagee=vibe ofr thienglevi ce driving
transistor T2. At the sane tine, in the nobility conpensation process, a
vol tage 4ViiakrstBecpobil ity £0npeAsat i@na Pl eCessai @i sabt r@actetydrom a

vol tage stored in the signal holding capacitor . In the period (9)

al | ocat ed {Hea1ﬁk@nﬁbL&Wbé§L95@C@§§ andc ge BBV L &L YaepPPensati on process, it
is necessary to sustain the signal line SL at the video-signal electric

potent i al \L/%Qq@n{imtb@nmp%aheoswwdsmmn(glar@@ﬁﬂ#c&eor Tl ina
turned-on state. Then, the pixel circuit 2 enters the light em ssion period

(11) in V‘“!:%RpEEHaHQHt }[:m?HH:L NG Hevi e Bl ds %Jc—t' g, ldaght, idly @ukum nance

det er m ned e”rragni tude of "the vi deo- si gnal el ectric potential Vsig.

The video- 2Lgtay e?&ﬂﬁpp%qn}g%{ew, Gehe BgLushedhby,tig,d hr eshol d

vol tage Wt "dévIce arr Vi 27and t he vol age Av for the

I stor
mobi l ity conpensatjon process Thu the |u ) t,emtted by the
l'i ght enltfgﬁﬁ?nﬂ%bfgg BEPE By hd “%hps”af'?11 ggbgﬁbéﬁégﬁl(ans of the

threshold. voltage Vth of the device drl\ g gilstgg %gmgnd variations
of the nobl’ PF%9QB BPTPRBSABYPBePHPT VT g T Y Y127 1495 Yo be noted

that, in the earl art of the light em |on
after Pher lnLDerLg opnraL?nna can be avoided so

that 1t is possible to garry out a threshold-voltage
compensation process of the device driving transistor T2
witli a high degree of reliability and a high degree of
stability in every pixel circuit. In particular, in the
threshold-voltage compensation preparatory process, the
voltage Ve appearing on the source electrode § of Lhe
device driving transister T2 is lowered without putting
back the signal sampling transistor T1 in a turned-on
sLate, Thus, incorrect operations can be avolded so that
it is possible ho carry out a threshold-voltage
compensation process of the device driving transistor T2
with a high degree of stability in every pixel circult 2.
FIG. 3 is a timing diagram showing a timing chart
of each signal relevant Lo the driving method described

above by referring to the circuit diagram of FIG. 2 as a
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period (11), a bootstrap operation is carried out. In the bootstrap
operation, electric potentials appearing on the gate el ectrode G of the
device driving transistor T2 and the source el ectrode S of the device
driving transistor 12 rise while sustaining the gate-source voltage Vgs
appearing between the gate electrode G of the device driving transistor 12
and the source electrode S of the device driving transistor 12 at a
constant magnit ude. Next, operations carried out by the pixe
circuit 2 shown in the circuit diagramof FTG 2 are explained in detail by
ref erring 9 169% it Hiagrdhs 6t HIES. 9AY9 4K - FirP&t NeF1aPPt2n the |ight
em ssion period (1) during which the Iight emtting. device EL is sustained
in a light®eni S d:ﬁ'l(.‘gtt‘.aktrtém., 11t & cﬁd\ﬂe [ G.t};.g:ﬁmqryi 998 BSIis ¢dt Ldtnet-he hi gh

el ectric potential Vcc and the signal sanmpling transistor Ti is sustained
i n a turnedvoffhigtatteras Showd 4 4 heroissguitt disagramodf cRieGlr4A. Since t he
device driving transistor T2 has been set to operate in a saturated region
at that tiwe;enthienldr aipaar isouroecdrr entanl dsirfd 6Wi,ng-Har gmwehve: devi ce
driving transistor T2 to the light emtting device EL as a driving current
has a magnitpdey detrer Mithedcbyr itehes igat-g- slourc & 1v olitsqage: tMos: lappedhi:ng bet ween
the gate and source el ectrodes of the device driving transistor T2 in

accor dance:iwiide 4 hef tulansd Istcor: icharactiericl iagpeguaticprexpressed. by Eq.

(1).

Line WS are changes of the control signal which switches
the signal sampling transistor Tl whereas the changes of
the electric potential appearing on Lhe power-supply line
DE are changes of the power-supply voltage from fthe low
electric potential Vess to the high electric potential Voo
and vice versa. The changes of the electric potential
appearing on the signal line 8L are changes of the input
signal from Lhe video-signal electric polential Vaig
representing the video signal Lo the reference electric
potential Vofs and vice versa., The Lwo bottom Lime charlts
represent changes of the gate electric potential Vg
appearing on the gate elegtrode G of the pixel cirouit 2
and changes of the source electric potential Vs appearing
on the source electrode 5 of the pixel clreoult 2
respectively. As described earlier, bhe difference
batween the gate electric potential Vg appearing oen the
gate electrode G of the pixel circull 2 and the source

alectric potential Ve appearing on the source electrode §$
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Then, on the border between. the light em ssion period (1) and the Iight
extinction period (2), atransition froma light em ssion state to a
no-1light em ssion state occurs when the signal sanpling transistor Ti is
put in a turned-on state after the electric potential appearing on the
signal line SL has been set at the reference electric potential Vofs. Wen
the signal sanpling transistor Ti is put in a turned-on state after the

el ectric potential appearing on the signal |line SL has been set at the
reference electric potential Vofs, the.reference electric, potential Vofs is
Guppl ed t 5Tt hEegRiBob) BLEEBUD & bF TRECHeNT cob vy Trmai ST T2 as
shown in the circuit diagramof FIG 45. Thus, the gate-source voltage Vgs
appeari ng Bet#égh VHé @Bgﬁaéhﬂgs GFEgeT ef Ret Yolfes™dF THE devi ce driving
transi stor 12 has a magnitude not greater than the threshold voltage Vth of
t he device@éﬁﬁvrﬁé@ﬁrQ%SFEFOQETQFESQBbbiﬁ% R $ 4 B0 of *t he drain-source
current. Ids t.o the light emtting device EL. As a result, the |ight
emitting device Erhedawel:awlahidxis WL the tHaEng M vaIlag&%appl i ed to
the light. emtting device EL has a nayequal to the threshold, voltage

Vt hel of therlicght (@i toingldedicenglvhFausthancekattFiEcpbt ential Vol
appearing on the anode el ectrode of the light emtting device EL has a
magni t ude egualctoocatsaneéNoaticedolVoherjtnhes ef pof deankte nofati on Vecat
denotes a vol tage appearing on the cathode el ectrode of thelliqht emtting
devi ce EL whepeassr.ef Bnenoe hoglat i oni Adhel mhenctdes!the ity ésivéild vol t age of
the light emtting device EL. After certain Linme has | apsed, the
power - suppky rvelitageiks iahangedhtr emithéchi ghaskeehich potantti@le Vece to the
| ow el ectric potential VSS in order to start the preparatory period (3). In
this periods s@rivinggasithe goumcenhel ecynodenS:ointyhecdebvs ciel dvf vi ng
transistor T2 is the current term nal connected to the power-supply |line DS
and a currept E&xﬁeh_o\ﬂi,ﬂ@tﬁ.ﬁom.t hen angslen el ecdiodeaniofs tde gdghtd et i ng
device EL to the power-supply line DS by way of the device driving
transistor 12 &3,8hOWIrtNit 2 is in a no-light emission state which

is a state of emitting no light from the light emitting
device EL of the pixel circuit 2. Then, in the
preparatory periods (3) to (5), the pixel cirouit 2
carries out the threshold-voltage compensation
preparatbory process described before as a preparation for
Lhe threshold-voltage compensation process explained
previously. Subsequently, in the threshold-veltage
compensaltion period (6), the pixel circuit 2 carries out
the actual threshold-voltage compensation process. In the
typical time diagram, there are three threshold-voltage
compensation periods (6) before the signal write period
(#) and the wailt period (8) between any Lwo sucoessive

threshold-veltage compensation periods (6). That is to
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the circuit diagramof FIG 40, Thus, the voltage Vel appearing on the
anode el ectrode of the light emtting device EL decreases with the | apse of
time. Since the signal sanpling transistor Ti has been put in a turned-off
state at that tinme, the voltage Vg appearing on the gate el ectrode G of the
device driving transistor T2 al so decreases in the same way as the voltage
Vel appearing on the anode electrode of the light emtting device EL does.
Thus, the gate-source voltage Vgs shown in the circuit diagramof FIG 40
decreases with the |lapse of time. As shown in the circuit diagramof FIG
40, the gatessaqurice: val trage Mgsals van el eetrriicel petentinal tappeanilng bet ween
the gate electrode O of the device driving transistor 12 and the

power - supphkylildqe dBSpensation frddie dew eardriovd re it nAnRSicStamet2 1S
operating in a saturated region, that is, if arelation (Vgs - Vthd) Vds is
sati sfied, iidre wold age.-Ng iappear ing: amihe (gat &caheclys QQﬁ\];‘J@.l‘)@stll ttihg device
driving transistor 12 attains a sum (vssVthd) in the course of tinme and the
period (4} staritedagshown knet Reqehlcyi-trdi pgramofofl G ,40. In the
relation, reference notation Vthd denotes the threshold of the voltage

appeariHQQQQRMQQR:&nﬁfgﬁh%iehﬁ@%&QﬂQﬂQuyiwhﬂ$mﬂevﬁﬁﬁwﬂﬁhN&4 JﬁﬁﬁﬁﬁiStor 12
and the power-supply line CS. Then,” the driving voltage is changed

fromthe Low electrni g potential Mss .bBack 404 he i gh gl egtric patentia
Voo =5 shoan § 1t Ha Giroul t i gt Smior Ere % ERFRradr Tts STare the
prepar at ory..peri.Qd (5).. Al .tha ine,. a.coupling quantity AV i s supplied.
to the gaﬁﬁﬂgﬁ€68$6%§&%f3ﬂtfﬁglEQVFQE“H?VVgﬁg‘“Qg%%§i§?%LMffgand a vol tage
VX appear%rqgrﬁhgwgpqqe,qjqﬁgfydg pf_;@e HiQQt qutti@ mdevkpg EL. As the
driving vol'tage ‘asserted  “on t1e Pover=sdppl v ife DS i'§%Changed from t he

| ow el ectri, otential yes back to the high electric potential Vcg,

as the Solrcd ol dtriide 28 0f e WEVTTE dridiing ¥ Fansisber 72 (1ihe
current termnal, connected to the anode el ectrode of the light emtting
devi ce ELPY A% He Drieparfatdry Perited (5 e igite S&diede v 6itthGe Vgs
appearing between the gate and source el ectrodes of the device driving
transi st or-CL3- Tfet'é@in &8V it Sadgtidtdde of a drain-source current |ds

fl ow ng fron1the_pomer-sugply line DS to the anode el ectrode of She |ight
emtting device EI byeway e ivpatddvresibefdviaglerakyi seépri2ng| ot he

magni tude of the gate ....source voltage Vgs appearing between the gate and
source el dé¥r ddas-nef dHRerdevicde FdiG vilng ator ansilstiored] 2oy esmalleer than t he
threshold voltage Vth of the device driving transistor T2, however, the

el ectric potenthicald-Vg ldpgeariongeos athengarecelsectimoderricd oul

serving

Lhree times in three different threshold-veltage
compensation periods (6) on a time-division basis.
Beltwean any two successive threshold-voltage compensation
periods (6), a walil period (8) is inserted. By carrving
oull the threshold-volitage compensabion process repeatedly
a plurality of bimes in the same plurality of different
threshold-voltage compensation periods (6) in this way, a
voltage having a magnitude egual to the thresheld voltage
vth of the device driving transistor T2 iz stored in the

signal helding capacitor Cl. However, implementations of
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G of the device driving transistor T2 and the electric potential Vs
appearing on the source el ectrodes of the device driving transistor T2
hardly increase during the preparatory period (5). Then, after the
i nput signal asserted on the signal line ST has been set at the reference
el ectric potential Vofs, the signal sanpling transistor Ti is put in a
turned-on state as shown in the circuit diagramof PIG 413" in order to
start the threshold ..voltage. conpensation period (6). Thus, the reference
electric potential Vofs is supplied to the gate el ectrode g_qfﬁ t he device
driving triamsiRteren? byverlior I = gialesHipl i iy 15hdd Ho 11, A
fraction g of the change of the voltage appearing on the gate electrode G
of the devickvEryviaightd andiost grarplics &5S TEICEEtREVESLFAEE el ectrode S of
the device driving transistor T2. The fraction g is determ ned by the
capaci t ancecwpei het segrat oot di P cabaei vorcddr 1qthe Wapdt§ ttditce 'df a
parasitic capacitor Cgs existing between the gate and source el ectrodes of
t he devi ceomlei viingshobnsvel brad 2o anrn fret caparitaritel©f- a parasitic
capaci tor Cel existing between the anode and cathode el ectrodes of the
light emitting demticme Rlhe Fo:put ditrduitdét ainerehéhealkge ief! t(Re fraction g
is expressed by Eq. (2) given as follows: o

allocated to & signal write process and a mobility

compensation process, In the period (9), the video-signal

electric potential Vsig of the inpub signal is stored in

the signal holding capacitor €l in the signal write

process, being added to the a voltage which has already

been atored in the signal holding capacitor Cl at a

magnitude equal to the thresheld veoltage Vth of the

device driving transistor T2, At the same time, in the

mobility compensation process, a voltage AV for the

mobility compensation process is sublracted from a

voltage stored in the signal holding capaciter Cl. dn the

period (9) allocated to a signal write process and &

mobility compensation process, it is necessary Lo sustain

the signal line 3L at the video-signal electric potential

vsig and, then, put the signal sampling transistor T1 in

a turned-on state. Then, the pixel circuit 2 enters the

light emission peried (11) in which the light emitting

device EL is emitting light at a luminance determined by

the magnitude of the video-signal electric potential Vsig.
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ad-(70 v=,(2) C +Cgs 4.(24 if the gate-source voltage Vgs
appeari ng between the gate and source el ectrodes of the device driving
transi stor T2 during the threshold -voltage conpensation period (6) is
greater than the threshold voltage Vth of the device driving transistor T2,
a current flows fromthe power ..supplyline DS to the device driving
transistor 12 as shown in the circuit diagramof FIG 41E.  Tn other words,
it is necessary to deliberately set the low electric potential Vss and the
reference electric potential Vofs at such values that the gate-source

vol tage Vg8 apneald. nqgn gt ween the %&%lﬁnqlswnae &l aetiades of the device
driving transistor T2 durlng the 1: 7 hreshol d- voltage conpensatlon peri od

(6) IS oregLer, %amme\;fnr%howh vol tage Mihof b idevi ce driving

trahsi stor bed. earller t he eqU|va ent ¢ircuit of the l'i ght.

emtting eV|ce cludes di and : Jpanasi citor whi ch
are connectéd't's" eacﬂ ot &y l%ﬁ 5§ﬂgﬂfelfﬁhﬁcg ?Eehg%fggﬁ? flomﬁng fromthe

power -supply line DS to the devi driying }afs ISt OF es not proceed
to the Ii ght &R 'Y deViEE “EL gg”rmé’“ '”“%“T‘“ o o f@@gat t Vthel) is

elation" Vel
satisfied and . . e
emitted by the Light emitting device BEL iz by no means

affected by variations of the threshold voltage Vih of
the device driving transistor T2 and variations of the
mobility u of the device driving transistor TZ2. It is Lo
be noted that, in the early part of the lLight emiszsion
period (L1), a beoolstrap operation is carried ocut. In tLhe
bootstrap operation, electric potentials appearing on the
gate electrode G of the device driving transistor TZ and
the source electrode 5 of the device driving transistor
T2 rise while sustaining the gate-source volilage Vgs
appearing between the gate electrode & of the device
driving transistor T2 and the source electrode 5 of the
device driving transistor T2 at a constant magnitude.
Next, operations carried cut by the pixel circuit Z
shown in the circuit diagram of FIG. 2 are explained in
detall by referring to circult diagrams of FIGS. 4A to 4K.
First of all, in the light emission period (1) during
which the light emitting devige EL is sustained in a
light emiszsion state, the power-supply line D3 1s set at

the high electric potential Voo and the signal sampling



the magni tude of a |eak, current flowng through the light emtting device
EL is nuch snaller than the magnitude of the current flow ng fromthe

power -supply line DS to the device driving transistor T2. As a result, the
current flowng fromthe power-supply line DS to the device driving
transistor T2 ...used for electrically charging the signal holding
capacitor C and the parasitic capacitor Cel of the equivalent circuit.
Thus, during the threshol d-voltage conpensation period (6), the voltage Vel
applied to the anode el ectrode of the light emtting device EL rises
gradual |y asashawncbyTa durvesiniacdi agrantofnPiGiAGtate as sildwen peri od
serving as the threshol d-voltage conpensation period (6) is ended in order
to start ajwakheperi-edi¢8)iwheant he pignahasanplriang tansisicer Tl is put in
a turned-off state before the input signal asserted on the signal line SL

i s changedqtromthernetesengeTel pekriecpotent tal oMofsréoit he vi deo-signal
electric potential Vsig. Wen the threshol d-vol tage conpensati on period (6)

is ended, the.gatenseureenvaktagg. Vosnappesti Agabet ween 4 he.gate: and source
el ectrodes of the device driving transistor T2 is still greater than the

threshol d voltage,Yhi el hhendeylbee drivingntr anshst Of o 22 WSy nd he
drai n-source current "1ds flows through the dévice driving transistor T2 as

shown in tmﬁqﬁ%r%HHEKQk@gﬁéqug Ehcﬁs4%7&riving currenlk has a

magnitude determined by Lhe gate-source voltage Vgs
appearing between the gate and scurce electrodes of the
device driving transistor T2 in accordance with the
transistor characteristic equation expressed by Bg. (1).
Then, on the border between the light emission
period (1) and the light extinction period (2), a
transition from a light emissicon state to a no-light
emission state occurs when the signal sampling transistor
TL is put in a turned-on state after the electric
poltential appearing on the signal line 5L has been set at
the reference electric potential Vofs., When the signal
sampling transistor T1 is put in a turned-on stats after
the electric potential appearing on the signal line SL
has been set at the reference electric potential Vois,
the reference electric potential Vofs is supplied to the
gate electrode G of the device driving transistor T2 as
shown in the circuit diagram of FIG. 4B, Thus, the gate-

source voltage Vgs appearing between the gate and sourge
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and both the electric potentials appearing on the gate and source

el ectrodes of the device driving transistor 12 rise. Mich. like the

t heshol d-voi t age conpensation period (6), however, a reversed bhias is
applied to the light emtting device EL so that the light emtting device
EL does not emt |ight. The wait period (8) is ended in order to
resunme the suspended threshol d-vol tage conpensati on period (6) when the
signal sanpling transistor Ti is put in a. turned on state after the input
signal asserted. on the signal. |line SL has been changed fromthe

Vi deo- si grdlecelrectysd ¢ fpotenticadi ¥sidg itva. nthe rref:arsence 1€l eatsr hc potenti al
Vof s. The threshol d-vbl tage conpensation period (6) and the wait period (8)
i mredi at ey oriag@icRg reehigaddthe thres holdivelt:age cconmpensat van period (6)
are repeated in this way till. the gate-source voltage Vgs appearing

bet ween t hegal.e jand (5quriGe; el.eclriedes of2,t hegevinee cdei vilpg transi stor T2
is reduced. to the threshold vol tage Vth of the device driving transistor

T2 at the epd of;ithe (J\@%I( T(hiriQ$h]Q| d(‘lVOltLag@wCQerﬁ‘)nSaH onipegr hedite) . At
that time, relations Vel Vofs - Vth(Vcat Vthél) axe satisfied.

The | ast thresnolq MOIH@QEIBQ”P?Uﬁ@tLH £ PERLOLe{ 8).1 §1 8L 80:£0ded by
putting. the signal sanpling transistor Ti 1h a turned-off state. Then,
af ter the@hﬂﬁyﬁjifﬁnalAt that. Lime, a voltage applisd to the light
anitting device BEL hasz a magnitude egqual to the threshold
voeltage Vihel of the light emitting device EL. Thus, an
glectric polential Vel appearing on the anode slectrode
of the light emitting device EL haz a magnitude equal Lo
a sum (Veat + Vihel) where reference notation Veat
denotes a volltage appearing on bhe cathode electrode of
the light emitting device EL whereas reference noltation
Vihel denotes the threshold voltage of the Light emititing
device EL.
Alfter certain Uime has lapsed, the power-supply
voltage 1a changed from the high electric potential Voo
Lo Lhe low electric potential Vas in order to start bhe
preparatory period (3). In this period, serving as Lhe
gource electrode 3 of the device driving transistor T2 is
the current terminal connected to the power-supply Line
DS and a current iz flowing from the anode electrode of
the lighlt emiltting device EL Lo the power-supply line D3

by way of the device driving transistor T2 as shown in
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asserted on the signal |line SL has been changed fromthe reference electric
potential Vofs to the video-signal electric potential Vsig, the signal
sanpling transistor Tl again put in a turned-on state in order to start the
wite period (9) in which the pixel circuit 2 is set in a state shown in
the diagramof FIG 41. As described before, the video-signal electric
potential Vsig is a voltage representing a gradation. Since the signal
sanpling transistor Tl has been put in a turned-on state, the video-signal
electric potential Vsig is supplied to the gate el ectrode G of the do vice
driving trahsi §tBEUTY %yaahymoPLtEEGsuahal g&Wplﬁﬁb Wﬁﬁﬁégét FlTi and a
current flows fromthe power-supply line OS to the device dr|V|ng

transi st or afReasithecdr Bh@- é@ﬁ@@ePzﬂ$¥%®@LI@% UGk nker e dli@dti%n Vs s
(Vcat 4. Vthel) is satisfied, however, the drain ....sourcecurrent Ids is
used for eﬁe@tCLCE]|§F€h%&§¥ﬁgw%hé %b@nbﬁph%lﬁinbﬂwhpa@ﬂﬁéﬁ eheand t he
parasitic capacitor Cel existing between the anode and cat hode el ectrodes
of the lightuenmittengldeyi ceaikiptovi Hbdh@ha}vmﬂhewfhgm tadeugfedr | eak
current flow ng through the light emtting device EL is nuch smaller than

t he magni t udé efathezcuthent tihew higefvohtisde Powerrsupply 4t fd:<DS to t he
device driving transistor T2. When the signal wite period (9) is started,
the threshgkde evelbtagesconpensati gavprecessy oifigttwenakeidoe: did A e

transi stor T2 has been conpleted. Thus, the drain sourcecurrent Rig flow ng
t hrough thecdevheesdihving baABSkHSY 0hs TRhe ebslt hes mobi | apyepriofy tdre devi ce
driving transistor T2. To put it nore concretely, the larger the val ue of
the nob: Ft yhet heokar g€kt heqamgni t ydel ofiht hendf @i ng Seuv ce: qur riends | ds and,

t hus, the higher the speed at which the source electric potential Vs

appearing QHuLheLﬁ@U SéoekﬁﬁPFQdﬁoiiQ ethes devbee df i vidg:{Fansi stor T2
ri ses. Conversel Y, ﬁe smal | er the vaﬂue of the nobility, the smaller the

magni tude of . P%mdéﬁ'PléouﬁéedGHFE§Q£~|Q§tﬁanQthyﬁﬁetﬁﬁ dower the speed at
whi ch t he sou ce electric potential Vs appearing on the source electrode S

of the devigg,driyi0g.tEaps.ston12-Lhogs ascshawn R AGealuRIL 40 15 a

dlagranldeplctln tWwo curves show Ag how the source el ectric potential Vs

appear i ng, o Lhe sgytoe; eLRcL gm ga ofevi e oLyl gy transistor 12 rises

with the la fof d| eren ues o ity of the device

driving tr ﬂSlstgéeI%8g§ éga’he v dgglgaedppp5Aét%r$§ yeflected in the

gat e-sourc voft i Ng fween t ate source el ectrodes of
t he device drivi transistor T decreases to a level which is

conpl et el y #Ffidé énB@H?Tofuyﬁ}VaiFBﬁ "Fh mobflity.

Tf the device driving transistor TZ is operating in
a saturated region, that is, if a relation (Vgs - Vihd) %
Vds is satisfied, the voltbage Vg appearing on the gate
alectrode G of the device driving transistor T2 attains a
sum {Vas + Vthd) in the course of btime and the period (4)
iz ztarted as shown in the circuit diagram of FIG. 4D. In
the relabion, reference notatbion Vihd denotes Lhe
thresheld of the voltage appearing between the gate
electrode G of the device driving transistor T2 and Lhe

power-supply line D5.
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The signal wite period (9) is ended when the signal sanpling transistor Ti
is put in a turned-off state. In the light em ssion period (11), a
drain-source current Ids 1 is flowng tothe light emtting device EL as a
driving current for driving the light emtting device EL to emit light in
a. light emssion state shown in the circuit diagramof FIG 4K Since the
gat e-source vol tage Vgs appearing between the gate and source el ectrodes of
the device driving transistor T2 is sustained at a constant magnitude, the
| um nance of the light emtted by the light emtting device EL is al so
fixed. Je 1.0 an.agi.ng.phenorenon ogCcurLi.ng, 0 t he.l | apse of
time, the 1-V chagflﬁ%f e?pé‘t gglgfﬂghggﬁgﬁ? g'r'ri ?'Ellilﬁgggexfég Eﬁ(e?rg oyed in
the pixel cirguit, 2 changes.undesirably. Thus, the electric potential
appearing (‘éltl"'('a"}‘p]d'i At” l"?"@h’d@h \{Jn 1(:% 'H‘ie("']'(':iq"r%/&'iht{‘ gﬁ'léﬁlr éﬁﬁ("é'fl"""lflc"G 4K al so
changes. Since the source-gate voltage Vgs appearing between the gate and
Sour ce_ el ST TGHEE o Thé eI TR drl vl Tranelstdrors & stiefai nkd, at a
constant nmegnitude, hovwever, the drain-source current I|d flo jng to the
light emit' Y ‘devitée BEE dri% iUy &ty £6r -‘d‘r‘--{v(i~3‘r?g tﬁé ‘Pght emitting
device EL al so stays at, a fixed magnitude as well, As a result, even if the
|-V char dct'®i st <ol e Ueght! leniftt iy “aer! T I AP1I%yEd & n t he pi xel
circuit 2 changes, the drain-source current Ids is sustained at a fixed
nmagni t ude Sl Hatia e Furkilvants iofe 19gtindeminaed Byt He B6he enitting
device EL renmi ns unchanged t oo. FIG 5 is a timng diagram show ng
a. tim ng \wharagcofVegehaiignalh génerdtet o copieratd ors dar rilgdiout by t he
pixel. circuit 2 shown in the circuit diagramof FIG 2. However., the
timng di agriamistiowliang dehéilti mipg tokarirs viisanerelyga tygpichkdreference to
be conpared with a timng diagramfor a sequence of operations carried out
by the pixgle gaveui-ts\ @iy dcicor dahcies wilt:mdehle fpraesdnte ilnmwertlicat.rikn or der
to make the follow ng description easy to understand, the tim ng ddagram of
FI G 5 nakes:aseif e lsane irefierence;natlatdions: g ttdre: itd Imvag: ,di agr am of
FIG 3. The horizontal axis of the timng diagramof FIG 5 represents
periods (ldertwiy )aLantespantdiag: te:it:ransid icans:iof «@perat icons/icar ri ed out
by the pixel circuit 2. The period (1) 18 a |ight em ssion period, the
period (2)cy A ddghtrextd nafd onReii0de @6 Ofcdiitaperd ads «x3) and (4) is
a preparatory period, each of the periods (5) is a threshol d-voltage
conpensat i QM Rerd Qi QRGN Af ilie PefH 0dsi(Ba)nd 18 Wad tmper iradenkhe peri od.
(6) is a signal wite period whereas the period (7) is

preparatory period (%), the gate-szource vollbage Vgs

appearing between the gate and souros electroedes of the

device driving transistor P2 determines the magnitude of

line D5 to the anode electrode of bhe light emitting
device EL by way of the device driving transistor TZ. If
the magnitude of the gate-source voltage Vgs appearing
betwaen the gate and source electrodes of the device
driving transistor T2 is smaller bthan the threshold
voltage Vvth of the device driving transistor TZ, however,

the electric potential Vg appearing on the galte electrode
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anot her |ight em ssion period. Next, the operations carried out
during the periods (1) to (7) showmn in the timng diagramof FIG 5 are
expl ained briefly by referring to circuit diagrams of FIGS. 6A to 60. First
of all, during the light em ssion period (1), the power-supply voltage
.sustained at the high electric potential Vcc whereas the signal
sanpling transistor Ti is sustained in a turned-off state as shown in the
circuit diagramof FIG 6A, Since the device driving t ransistor T2 has
been set to operate in a saturated region at that tinme, the drain-source
current |ds £kownhagadvonetdeidenscerdns véng: tTansictiore T dm:tie |i ght
emtting device EL as a driving current has a nagnitude determ ned by the

gate -sourgec¥altagevygsopppeant ngnbetweenthe gate antk sbusiteted ect rodes
of the device driving transistor T2 in accordance with the transistor

characteri gki;¢-eq4at |, R exPERSSCEobY T Edhafd)y increase Aldransitiicon fromthe
| i ght em ssion period (i) to the light extinction period (2) |eading ahead

of the pregaggggﬁyopgrbgg 1 &3) (5. made when the power-supply voltage
. changed fromthe electric potential Vcc to the low electric

potential Vss as shown 44 A Qh@l?%amme, iy el-eGhric ROt eml aligMss is set
at a magni tude smal 1 er than the sur of the threshold voltage Vthel of the

light emt 65 th g ggegndpthq} hpop§f§}§§;g|@1§gk§g@|§gLéﬁg¢q@ppearlng

on the cat fode of 't t emtting device EL.” That is to say,

it a relapLon VEg, < {y¥L0¢! .é!g,%ilha sathsfied, +he light gmifting

turned-on state as shown in the gircuit diagram of FIG.
4F in order to starlt the threshold-voltage compensation
period (6). Thus, the reference eleclric potential Vofs
is supplied te the gate electrode G of the device driving
transistor T2 by way of the signal sampling transistor T1.
A fracticon g of the change of the veltage appearing on
the gate electrode G of the device driving transistor T2
is applied to the source electrode § of the device
driving transisteor T2. The fraction g is determined by
the capacitance of the signal holding capacitor €1, the
capacitance of a parasitic capacitor Cgs existing between
the gate and source electrodes of the device driving
transistor T2 and the capacitance of a parasitic
capacitor Cel existing between the anode and cathode
electrodes of the light emitting device EL. To put it in
detail, the value of the fraction ¢ is expressed by Eqg.

(2) given as follows:
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device EL ceases to emt light. In the Light extinction period (2), serving
as the source elecr:ode S of the device driving. transistor T2 is the
current term nal connected to the power-supply Iine CS and a current is
flowng fromthe anode el ectrode of the light emtting device EL to the
power ..supplyline DS by way of the device driving transistor T2 as shown
inthe circuit diagramof FIG 613 to electrically discharge an electri cal
charge accumul ated in the signal helding capacitor C toward the | ow
electric potential Vs s. Then, as the input signal asserted on the
signal line SL is changed fromthe video-signal electric potential Vsig to
t he reference eIgg;LLémgéﬁgngial Vofs, a transition. fromthe |ight
extinction period (2)-+tQstihe/prépaxatory period (3) is nmade. Subsequently,
as the signal sanpling transistor Tl is put in a turned-on state, a
transition fromthe preparatory period (3) to the preparatory period. (4)
is made. In the ﬂ(ahg?tgﬁh@fP8ﬁ+?ﬁevﬁgéﬁﬂgaY%fydﬁﬁgfbglf3¥8{%hgﬁe
preparatory period t he refergnce eleqiric potenti%%.Vats is supplied

4), rence el ectric potential .vats
to the gé%f]é‘"‘-a &%t r""‘g’é&e FEUGE 4 e SdeVivCE TrVirRG EFASCs P 1 2Y Thus, the

source el ectric potential Vs appearing on the source el ectrode S of the
devi ce dr Vit tr'disi'st GRIT Gakd et Hé gahe e eet i Sp SEERETEM “v§  appear i ng
on the gate electrode G of the device driving transistor T2 are
initialize® gl tfhe igateesgercd il ttdfe Wg§ apdeariond 456t Weén “Fhe gate and
source el ectrodes of the device driving transistor 12 is initialized at a
di f f er enceé ieVoiey oavsy)iviThe teddiitiidas Tof tthéWwéreiedde s é¢tfi ¢ potenti al
Vofs and the low electric potential Vss have been set 80 that the
di f f er ence:H{eVafgrar VAR livs Igmeatlgr tchamet e viliee shidivd nvolteage vterof t he
device driving transistor T2, 11"s the device driving transistor T2 is
initializet dhathdvey ias tdne eliatdon Wgsaigsavt kel ¢'1$at i4T.i ed thber
t hreshol d- vol t age conpensati on preparatory process i s conpl eted.

words, it is necessary to deliberately sel the low

electric potential Vas and the reference elechric

potential Vofs at such values that the gate-source

voltage Vgs appearing between the gate and source

glectrodes of the device driving transistor T2 during the

threshold-voltage compensaltion perioed (6) il greater Lhan

the threshold veltage Vih of the device driving

transistor T2. As described earlier, Lhe equivalent

circuit of the light emitting device EL includes a diode

and the parasitic capagitor Cel which are connected to

cach other in parallel. Thus, the current [lowing from

the power-supply line DS to the device driving Lransistor

T2 does not proceed Lo the light emibting device EL as

long as a relation Vel & (Veat + Vthel) is satisfied and

the magnitude of a leak gurrent f£lowing through the light
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The threshol d-vol tage conpensation period ( ) is started. when the
power - supply voltage asserted on the power-supply line DS is changed from
the low electric potential VSS back to the high electric potential Vcc as
shown in FIG 60, In the threshol d-voltage conpensation state, the high

el ectric potential Vcc set as the power-supply voltage causes the

drai n-source current Ids to flow through the device driving transistor T2
as shown in the circuit diagramof PIG 6D. The equivalent circuit. of.
the light emtting device EL includes a diode Tel and a parasitic capacitor
Cel which anetconpeatedctonpach atbersialparatheh @se shoymi iudid het circuit
di agram of ETC. 6D. Thus, the current. flowng fromthe power -supply |ine

DS to the dg¥igerdehvi ngokiansisbercid goes:notppr pceatk tms the dlight
emtting device EL as long as the anode electric potential ye]. (that is,

the sourcegel,ectriic:pohgnttah:Vsedrsati sfies adeliati emaVehtreat. 1. Vthel)
and the magnitude of a [eak current. flowi ng through. the light emtting

device EL ks, WEH sPBh! efctPanethe.ppopi tude B thegurdaptod | owing from
the power-supply”line DS to the device driving transistor T2. Since the

light emtging; Hgvtgﬁn%ﬂ;érpﬁl L8 @%Je&ﬂrflsp =10 Slat e, mﬁ:@w ent

flowing fromthe power -supply Iine DS to the device driving transistor 12

s mostly psed.for.el poiigal lynehar ging, the, signal, hol ding capaci tor Q

and the parasi capaci tor- e equivalent circuit. Thus,

duri h h | d-vol tior ri.od. h l. lel
uring e AgssPoLdcxel Lpae, comenaatLon period (Shnihe qoligoe el

applied t 0“thé“anode & emtting device

the SO”rC.e---l'E%[»l“ g -“—?ﬁ.@“{tLa'-;c_al%’%ef"%fe]arﬂ b Q{‘cxﬁhf'soufr?.e £l gotgode Sof the
devi ce dr|5fﬁ§ PafsT8EBPIT2Y TP ERE 4yt RUUBFT Y Wi tH t he'T apse B time. In
this enbOdngngbpli@d to the anode electrode of the lighit emitting
device EL rises gradually as shown by a curve in a
dilagram of FILG. 4G.

The period serving as the threshold-veltage
compensation period (6) is ended in order to starlt a wailt
period (8) when the signal sampling transisteor TL is put
in a turned-off state before the input signal asserted on
the signal line SL is changed from the reference electric
potential vofs to the video-signal electric potential
Vsig. When the threshold-voltage compensation period {6}
iz ended, the gate-source voltage Vgs appearing between
Lhe gate and source electrodes of the device driving
transistor TZ is still greater than the threshold veltage
Vth of the device driving transistor TZ. Thus, the drain-
aource current Ids flows through the device driving

transisteor T2 as shown in the ¢ircuit diagram of FIG. 4H,

50



however, before the source electric potential Vs appearing on the source

el ectrode S of the device driving transistor T2 attains a difference (Vofs
- Vth), the first threshol d-voltage conpensation period (5) is term nated
in order to make a transition fromthe threshol d-voltage conpensati on
period (5) to a first wait period (5a) by putting the signal sanpling
transistor Ti in a turned-off state. FIG SE is a circuit diagram show ng
the state of the pixel circuit 2 during the wait period (5a). In the first
wait period (5a), the magnitude of the gate-source voltage Vgs appeari ng
bet ween the gate. and so re el ectrodes r ansistor T2
is still §Féa ﬁ@ﬁl gﬁ tﬁé fhresﬁ8fanvoftdg8)th$Y# g B§€|§e¥ér|V|ng
transi stor T2 so that the dualn ﬁ ﬂhqeicurrenH l.ds ke RS flornng fromthe
power - supp§t [FiNé “Bs tdét! éP‘fHe” 5 ‘ égfflc(poté |aI‘Vbc 0 thé S|gnal
hol di ng capacitor C as in the circuit diagram of F G SE. TP

during t hé ‘€kresHord- vbttabé‘ COMpRASAL T oRC P T Od  (BY M he Sour'ee’ Bl ect ri ¢
potential Vs appearing on the source el ectrode 'S of the devi ce driving
transi st orl6T2 FiogEyegradudPMyrwicth R Papsersfioti ne. “8Fn é”fﬁe si gna
sanpling transistor Ti has been put in a turned- off state however, the
gate el ectrodé iGofIrHecddVi 66 Vi iget randits o 112 1Ps 4l CBn Pk

hi gh-i npedance state also referred. to as a floating state. Tlnas, the
gat e el ectivies pottemtiidl NVghdppearing on the gate el ectrode G of the device
driving. transistor T2 also rises gradually with the |apse of tine in a
manner of being Fheewhotkedrwith(Ehelsotundedelpetriier pot ehtfake VBhi@gppeari ng
on the source electrodes of the device driving transistor T2. That is to
say, bot h stihecgateel ellectuiod dpotdntsical VMgrappedriiong pem1tke (§at @heliect rode G
of the device driving transistor 12 and the source electric potential Vs
appeari ng (o thersourcaraliect nede S sofort He devipee dmi wi ngrthedrsiist or T2
rise gradually with the |apse of tine in a bootstrap operation based on the
coupling efif.get dmdrherd ristwaist operd edi::ba)ed The treversed bildse s stil

5L has been changed from the video-signal electric
potential Vsig to the reference electric potential Vofs.
The threshold-voltage compansatlion per Lok {(6) and the
wait period {(8) immediately lagging behind the threshold-
voltage compensatbion period (8) are repeated in bhis way
till the gate-source voltage Vgs appearing betwaeen the
gate and source slectrodes of the device driving
transistor T2 is reduced to the threshold voltage Vih of
the devige driving hransistor T2 at the end of the last
threshold-voltage compensatlon period (6). At that time,
relalbions Vel = Vofs - Vih % (Veat + Vihel) are satisfied.
The last threshold-veltage compensation period (6)
is also ended by pubbing the signal sampling transistor
71 in a turned-off state. Then, after the inpul signal
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applied to the light emtting device EL. As a result, the light emtting
device EL does not emt light. The i nput signal asserted on the
signal line SL is changed fromthe reference electric potential Vofs to the
vi deo-signal electric potential Vsig (or fromthe video-signal electric
potential Vsig to the reference electric potential Vofs) at intervals of
1171 as shown in the timng diagramof if5. During the first wait period
(5a), the input signal asserted on the signal line SL is changed fromthe
vi deo-signal electric potential Vsig to the reference electric potenti al

Vofs. Then;ad-hersignal treampli-pg hhapskst @hsTheks PHhnbBAdartuknNegl onstate
in order to make a transition fromthe first wait period (5a) to a second

threshol d- yolft.39¢ ;comnensati-oncpentod1(ohekncwhiah 3isec0ndynal
t hreshol d-vol t age conpensati on process is carried out in a way simlar to

the f1rst, Uieshaldruoliage comensai.on Bhaecssnpetlar teghinatbe first

t hr eshol d- vol t age conpensation pério Subsequent 'y, the second

threstiol d- ¥ql Lags opmensat an Berlad (hiLs, boblaueds by, a.second walt

period (5a). e threshol d-vol fage conpensation period (5) and the wait

period (5a), I mye E%H%hy(b%ggh”%PQ%gigﬂeipﬁééﬁ{§§F§L9£V9'Rﬁgﬁ?ﬁﬁﬂgeﬁsati0”

period (5) are repeated a'pluralit I's way ti gate
source vol tage Vgs appeari etween the.gate,and source electrodes of the
%%getgiﬁ t$% 5 9@. ﬂ?. 5 L&

devi ce dri Vi <i'st or %ag5gﬁtﬁglry’re Gced T o The threshol d vol t age

Vt h of the device iving transistor .12 at the end.o he last t lire
sho|d-vbit&&'058ngﬁ$aﬁﬁgﬁﬁﬁéﬁﬁ88l(%}Fcb&thBPL?Pgé?Hr FAPi bRs* Vs - Vel =

Vat sVt h ‘ _ : . .
voltage representing a gradation. S&ince the signal
sampling transistor Tl has been put in a turned-on state,
the video-signal elecltric potential Vsig 1z supplied to
the gate electrode G of the device driving transistor T2
by way of the signal sampling transistor Tl and a current
flows from the power-supply line DS to the device driving
transistor T2 as the drain-source current Ids. 3Since the
relatlion Vs £ (Vgat + Vthel) is satisfied, however, the
drain-source current Tds ls used for slegtrically
charging the signal holding capacitor Cl and Lhe
parasitic capacitor Cel existing between the anode and
cathode electrodes of the light emitting device EL
provided that the magnitude of a leak current Llowing
through the light emitting device EL is much smaller than
the magnitude of the current Clowing from the power-
supply line DS to the device driving transistor TZ. When

the signal write period (9) is started, the threshold-
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(Vcat + Vthel) are satisfied. In the last wait period (5a)

i mredi ately | aggi ng behind the | ast threshol d-voltage conpensati on period
(5), the input signal asserted on signal line SL is changed fromthe
reference electric potential Vofs to the video-signal electric potential
Vsig. Then, the signal sampling transistor Ills put in a turned on state
in order to make a transition fromthe last wait period (5a) to the period
(6) allocated to a signal wite process and a nobility conpensati on process
as shown in PIG 6E As described earlier, the video-signal electric
potenti al Vé lgujcvsc e 1::!: tlrulnc )E)%E %l’lt,l Al Qfm AMQlitage repngsenting a
gradati on. 'Since e sig tranS|stor T1 has beén put in a

t ur ned-on state, the W\ e gna I ctrlc ot.en Vsig i upplied to
the gate elédtidde™ 6# Y%e dé |éémﬁ$|$|ng trghsfstl %J’LQ w£§ of the

signal sanplin jstar Tl. Sin ¥ ol.tage asserted

on the poﬁéP'sng Hé’ G & %u%?i\ﬁiﬂ ak ﬁe ﬁ?d & t FiE p6tent i al
Vcc, the drain- source urrent lds is ro he power-supply
line DS td 4 Hé& 'déitde td¥i Vitky tﬂéhs]s¥09112ftﬁﬁﬁévéy V ]é current flow ng
fromthe power -supply line CS to the device driving tran5|stor 12 does
not proceéd AWt i'ght éRi Pt ngt dévF e Eﬁés“fbﬁé'aslb F&F 48T oh¥el (Veat
Vthel) is satisfied. In the relation, reference no Vel denotes a voltage
appl i ed t vaNE drfodéelsdtiddde of hehd HidgHt TEf MAKY [6\i €& EPE ref erence
notation Vcat denotes a cathode voltage applied to the cathode el ectrode of
the |ight deriirt-isgrdeyicee B ladd o éfeh endeisnotidtd dn- Vel NgeivEES t he

t hreshol d voltage of the |ight .
at which the source electric potential Vs appearing on

oF
su
1n

Lhe source electrode $ of the device driving transistor
T2 rises. Conversely, the spaller the value of Lhe
mebility, the smaller the magnitude of the drain-source
current Ids and, thus, the lower the speoad at which the
source electric potential Vs appearing on the source
electrode $ of the devige driving transistor T2 rises as
shown in FIG. 4J. FIG. 4J is a diagram depicting two
curves showing how the source electric potential Vs
appearing on the source electbrode 8§ of a device driving
transistor T2 rises with the lapse of time for different
values of the mobility of the device driving Lransistor
T2. Since the value of the mobility is reflected in the
gate-source volbage Vgs appearing beltwesn the gate and
gsource electrodes of the device driving transistor TZ,
Vgs decreases te a level which is completsly independent

of variations in mobility.



emtting device EL. Since the light emtting device EL is put in a
turned-of f state because the relation Vel (Vcat + Vthel) is satisfied, the
current flowng fromthe power-supply Iine DS to the device driving
transistor T2 is nostly used for electrically charging the signal hol ding
capacitor C and the parasitic capacitor Cel of the equivalent circuit.
Thus, during the period (6) allocated to a signal wite process and a
nobility conpensati on process, the voltage Vol applied to the anode

el ectrode of the light emtting device EL (that is, the source electric
potential Vs appesid NgiDil he: sourme: electioode: Smafed héretevihee drivi ng
transistor T2) rises gradually with the | apse of tinme. Wen the period (6)

is startedgihheit Breghohd- vekhagecepnpensatben P ogessmeddtder devi ce
driving transistor T2 has been conpleted. Thus, the drain...source current

I ds flow ngthREoughy, the. devdice i vd g tansicstar T2 A efdaet-sculteenobi lity
p of the device driving trahsistor T2. To put it nore concretely, the

| arger the.yalug.ofqthe; pobh LitYgProt fge| arger Lher pRgRi dade-ofrit he
drai n-source current lds and, thuas, the higher the speed at which the

source el egLr iacdp%glﬂgit gILIr%_%n@p?Sﬁr!invPﬂ_ the. sousice ehectinde S of the

(¢
device driving trans rises wth the | apse”of tinme or the |arger the

mobi lity CQW?P@""?LOPDQHQQE' tLqu%‘y 1]@09\/?{&}@1[ Yamission state shown
in the circuit diagram of FIG. 4K. Since the gate-sourcs
veltage Vgs appearing between the gate and sourge
glectrodes of the device driving transistor T2 is
sustained at a constant magnitude, the luminance of the
light emitted by the light emitting device EL is also
fixed.

Due to an aging phenomenon occurring over the long
lapse of time, the I-V characteristic of the light
enitting device EL employed in the pixel clroult 2
changes undesirably. Thus, the electric potential
appearing at a peint B shown in the cilrcouit diagram of
FIG. 4K also changes. Since the source-gate voltage Vgs
appearing between the gate and source electrodes of the
device driving transistor T2 is sustained at a constant
magnitude, however, the drain-source current Ids flowing
to the light emitting device EL a driving current for
driving the light emitting device EL also stays at a

fixed magnitude as well., As a result, even if the I-V
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the smaller the value of the nobility p, the smaller the magnitude of the
drai n-source cnbilt Tds and, thus, the | ower the speed. at which the source
el ectric potential Vs appearing on the source electrode S of the device
driving transistor T2 rises with the | apse of tine or the smaller the
nobility conpensation quantity AV. Since the value of the nmobility is
reflected in the nobility conpensation quantity AV, the gate

.. sourcevol tage Vgs appeari ng between the gate and source el ectrodes of the
device driving transistor T2 decreases during the period. (6) to a |evel
which is Qﬂgﬁ%ﬁﬁﬁkMﬁhﬂﬂﬁQﬁﬂQQﬂiJQEﬂM@%hﬂ%kQR% B@VWQQJhﬁI%mﬂinyﬁd_ The

period (6) ocated to both a. signal wite process and a nobility
PO”pensatHQPtH&Pgﬁﬁml'%J%QQFQ,%P%%a%@%m§'Q%%'d%%WBL%QQm%%a@%k§&RE The put
in a turned-off- state in order ‘t 6 Sustai’n the gate-source voltage Vgs
appearing .between the .gate and squrce el ectrodes of .the device driving
transistoH‘??jét*éhbﬁﬁg?é%fﬁ'ﬁhgﬁf?ﬁ%gwgﬁﬁeﬁgéffé?liﬁ%'éggnal wite period
(6) has been ended, the source electric potential Vs appearing on the
source el ectHlEE &' 2“ -‘-dg\}-i &I g ﬁ-:?“éfn P§Gr “-E'é‘éﬁé‘s “iéfhg till the
relation Vel > (VcatVthel) is satisfied, that is, till the magnitude of the
anode vol tiagd A - Hp pBRtiony Gh 9% anode el ectrode of the light enitting
devi ce EL becomes greater than the sum of the cathode voltage Vcat
appearing on the¥d¢athodéSefebt-folE 6f “EHaM PHAYLBH £t FAG-DEVFL® EL and t he
threshold voltage Vthel of the light emtting device EL. As the relation
vel > (Vcatf eagtheldarnsl seriosfited] Thererght Cevi $5ier 95 rivéd PE 7y s
actually started. In the light em ssion period (7), a drain-source current
lds' is flrowialg ctiorahig: |4 giftovemiit ithg deviced LBk igs rard ity iFig -cdrrent  for
driving the light emtting device EL to emit light in a |light em ssion
st at e showhvavdrthe tdier guintirdi agrrameof sFlo@1r@GENSI noeitiie (datd s d6urce
vol t age Vgs appeari ng between the gate and source el ectrodes of the device
driving tmansiist ar thiicslsustiaimed: @t ca leonstrantreragnitttude tasiagresult of a
boot strap operation based on the coupling effect of the signal hol ding
capaci tor Qlagridre daumananeeicafcd e |dghtatemind eduby dchendti gt @i tting
device EL

pixel circuit 2 in accordance with the present invention.

In order to make the following description easy Lo
understand, the timing diagram of FIG. 5 makes use of Che
sameé reference notations as the timing diagram of FILIG. 3.
The horizontal axis of the timing diagram of FPIG. 5
represents periods (1) to (7) corresponding Lo
transitions of opsrations carried oubt by the pixel
circuit 2. The periocd (1) is a light emission period, the
period (2) iz a light extinction period, each of Uhe
periods (3) and (4) is a preparatory period, each of the
periods (%) is a threshold-voltage compensation period,
each of the pericds (5a) is a wait period, the period (6)

i3 a signal write period whereas the period (7) is



al so fixed. Thus, even if the current -voltage characteristic of the |ight
emtting device EL deteriorates due to an agi ng phenonenon, the nagnitude
of the drain-source current Ids' flowing to the light emtting device EL as
a driving current for driving the light emtting device EL to emit light in
a light emssion state i5 always sustained at a constant value so that the
| um nance of the light emtted by the light emtting device EL by no neans
changes. Next, by referring to a waveform di agram of FI G
, the follow ng description explains problens raised by the

another light emisgion period.

Next, the operations carried cut during the periods

(1) te {7 shown in the timing diagram of FIG., & are

explained briefly by referring toe circuit diagrams of

FIGS. 6A to &6G. First of all, during the light emission

period (1), the power-supply voltage is sustained at the

high electric potential Voo whereas Lhe signal sampling

transistor T1 is sustained in a turned-off state as shown

in the gircuit diagram of FIG. 6A., Since the device

driving lLransistor T2 has been sel Lo operate in a

zaturated region at that time, the drain-source current

Ida flowing from the device driving transistor TZ to the

light emitting device EL as a driving current has a

magnitude determined by the gate-source veltage Vgs

appearing between the gabe and source electrodes of the

device driving transistor T2 in accordance with the

tranzistor charactervistic egquation expressed by BEg. (1),

A transition From the light emission period (1) to

the light extinction period (2) leading ahead of the

preparatory pericd (3) is made when the power-supply

voltage is changed from the high electric potential Voo

to the low slectric potential Vss as shown in FIG. 6B,

The low electric potential Vss is set at & magnitude

smaller than the sum of the threshold voltage Vthel of

36



first threshol d-voltage conpensation process carried out in the typical
nferc, nce deqgeri hed above. The period allocated to the first

t hreshol d- vol t age conpensati on process is prescribed to be started by
putting the power - supply line DS in. a. turned ....onstate (that. is, by
changi ng the power -supply voltage asserted on the power-supply line DS
fromthe low electric potential Vss to the high electric potential Vcc) and
to be ended by putting the signal sanpling transistor Ti in a turned-off
state also as shown in the timng diagramof FIG 7. As the size of the

pi xel arr ay,sacthan heqonpaargen; and L he. ! eseluti.on el the di spl ay

screen becones hi gher, l ength o# t he one hori zont al perlod (12) becones

short. Since the thr shold vol t.ago n _peri. S.EVen ghorter than
t he one hérriéﬂta per “”?ﬁ?ﬁ'lg'(ﬁ HPE §%ﬁ %ﬁ( gl(queoshze)(?ori%the pi xe

array sectro 1 an resol uytion, o the di spl ay. screen, . effects of
transi ent ph@HonﬁH ldé ??ﬁﬂg onqthe]bb&er stippf §¥ llnz DS ande%e scan |ine
W5 becone relatl blg er That say,
power - suppliy? volxgéélapp &g o Tﬁe gd 2 "l¥UpHIy¥ﬁne“EégdH”the si de
close to the drive scanner 5 is drfferent fronrthe mavefornrof t he
pover - supSIEY WS tiagé EaFssarion Gt tHeowef . FResipBlyl FREFBS b3t he si de
far fromthe drive scanner 5 whereas the mavefornrof t he control signal
appear i ng {1 itk &an 991Ye NG %6 T e ST HE S IFoSE I E e Wi - @scanner 4 are
different fromthe waveform of the control signal appearing on the scan
line W8 oﬁkﬂheGSNﬁe\ﬂaKJﬂﬂehiﬂhéiMW|Wb1Scéﬁﬁeﬁlwlré§uﬂﬁ¥ﬁg‘iﬁ-dlfferent
t hreshol d-vol t age conpensation periods as shown in the waveform di agram of
FIG 7.1n aheewdvel dromidicagramofs dHidy 7, inghéSsicdel ¢ o8 et e wite
scanner 4 or the drive scanner 5 is referred to as a control line input
si de wher gds»wtings siiden fiare faromiat e amrtintceles cdnridre 4 ighit ecidiiive scanner 5
is referred to as a control line input opposite side.

device BL to the power-supply line D5 by way of the

device driving transistor T2 as shown in Lhe cirouil
diagram of FIG. 6B to electrically discharge an
electrical charge accumulated in the signal heolding
capacitor Cl toward Lhe low electric potential Vas

Thern, as the input signal asserbed on the signal
line 3L is changed from the video-szignal electnlic
potential Vsig to the reference electric potential Vofs,
a Lyansition from the light extinction period (Z) to the
preparatory pericd (3) is made. Subsequently, as the
signal sampling transistor T1 is put in a turnad-on state,
a transition from the preparatory period (3) toe the
preparatory period (4) i1z made. In the transition from
the preparvabory period (3) to the preparatory period (4),

Lhe reference electric potential Vols ls supplied to Lhe
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In general, i.f :t threshol d-voltage conpensati on period becones shorter,

t he gate-source voltage Vgs appearing between the gate and source

el ectrodes of the device driving transistor T2 becones inevitably |arger at
the end of the threshol d-voltage conpensation period so that the nagnitude
of the drain-source current Ids flow ng through the device driving
transistor T2 during a wait period i mediately | agging behind the

t hreshol d- vol t age conpensati on period al so becones inevitably |arger as
well. As a result, when the next threshol d- vol t age conpensation period
is startedgaby ehanginget iectnput sSéghat drom tdhe-nadeostsigridd. el ectric
potential Vsig to the reference electric potential Vofs, the gate-source
vol t age Vgsnappeahingohetwneensthei gaper andi sOW € exghect rrafdes ofhd he devi ce
driving transistor T2 has become Li ndesirably smaller than the threshold
vol tage VthoQfctheldeviegedri ¥inghtraesiséofir F2indhusandiheor T2

t hr eshol d- vol t age conpensati on process cannot be carried out normally

during thezpextnthgeshobd=uplt age.conpeasaly onPesd Dey 8 tihat @bnormalities
such as unevenness and shadi ngs are generated on the display screen.

In order tg)splvgqkhe eqrophen@@@l@e@rape@l@@wlednghcetr& i piovi ded a driving
nmet hod whereby, before a threshol d-voltage conpensati on process is ended,

the el ectrhg 1 POLentigl ghgt PRel pBLL- shopal assesdedson dhesigoal line SL
i s changed romt he reference efectric potential Vofs Lo an internedi ate

erectric PRLEALLAlcnd DheoWOLENLS 8 LELALLYELY QON Gl QElyd potent | al

even | ower an'the reference electric potenti in order to prevent

t he drain- Quree curren ds f on1f ugh h driving
tranS|stora%?V6 “an%m§¥?]pe?| ¢ rﬁPQJthg %hd%égéuve threshol d- vol t age

conpensatleoogerLogga By ﬂgoptlon of . Lhi s driving nethod,,however, the

magnltudes
potential Vofs and Lhe low glectric potential Vsa have
been set o that the difference (Vafs - Vas) is greater
than Lhe threshold veoltage Vth of the devige driving
transistor TZ2. Az the device driving transistor T2 is
initialized, that is, as a relation Vgs » Vth is
satislied, the threshold-voltage compensallon preparatory
process ls completed,

The thraeshold-veltage compensation period (5) is
sbarted when the power-supply voltage asserted on the
power-supply line DS iz changed from the low electric
potential Ves back to the high electric potential Voo as
shown in FIG. 6P, In the threshold-voltage compensation
state, the high electric potential Vcc set as Lhe power-
supply voltage causes Lhe drailp-source current Ids Co

flow through the device driving transistor T2 as shown in
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peak of the input signal asserted on the signal line SL is determ ned by a
white signal and the internethate electric potential Vini so that the

hori zontal selector 3 nust be designed as a scanner good enough for

wi t hst andi ng hi gh voltages. As a result, the manufacturing cost increases
so that the driving method is difficult to inplenment if cost reduction is
to be taken into consideration. The driving nmethod provided by the
enbodi ment of the present invention as explained earlier by refer to the
timng diagramof FIG 3 solves the problens raised by the typical

r ef er ence.:len cdgtoridanbeawiarh ctthe Idr.i wilhg Wethoeduprevidedobycthe efbodi nent
as explained earlier, each threshol d-voltage conpensation period is started
by putti ng.Itchel isjignadmiganiplyg ng:wirangilstior: ITiddsn sa ctiucime d«<0n astlate and ended
by putting the signal sanmpling transistor Ti in a turned-off state. It is

t hus possidire:dia iavaiagh:a:isidudtd o ik whicC hdrive cftiakis t of eshal:tovol t age
conpensation period allocated to the first threshol d-voltage conpensati on
process begopres:short duesHand hen efif-ectis -ofi «f ransi-em «phenonema .occurring
on the power-supply Iine DS and the scan |line W5 connected to the signal
sanmpl i ng UﬂﬁﬂﬁiﬁﬂﬁrdﬁrﬁﬁﬂjSﬂkﬂ@iﬁﬁ%@dmth$@ﬁwkaﬂH?pM flerenge descri bed
above by referring to the waveformdiagramof FIG 7, That is to say, the
t hreshol d volitiagecoMRensatd iQfy PLOGESS: 1CAN e LAl hed Qul.c.nermally. As a
result, it is possible to prevent abnormalities .,.nth as unevenness and

shadi ngs ﬁﬂﬂﬁhﬁﬁ@ﬂgﬁﬂﬁHQHQ&FQMRﬂxRP%ugh&PHﬁMuf%ﬁ@%@m@%@wx@ﬁ”ce, to provide

a high image quality.
alectric potential Vel (that is, the source electric
potential Vsz) satisfies a relation Vel %2 (Veat + Vthael)
and the magnitude of a leak current £lowing through Lhe
light emitting device BL iz much smaller than the
magnitude of the current Llowing Lrom the power-supply
line D5 to the device driving transistor T2, Since bhe
light emitting device EIL iz put in a turned-off state,
the current Flowing from the power-supply line DS Lo Lhe
device driving ftransgistor T2 iz mostly used for
glectrically charging the signal holding capacitor €1 and
the parasitic capacitor Cel of the egquivalent circudltbt.

Thus, during Uthe threshold-veltage compensation

period (H), the voltags Vel applied to the anode
electrode of the light emitting device EL (that iz, the
source electric potential Vs appearing on the source
electrode 5 of the devige driving transistor T2) rises

gradually with the lapse of bLime. In this embodiment,
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In addition, in accordance with the enbodi nent of the present invent: ion,
the peak of the input signal asserted on the signal line SL is determ ned
by a white signal and the reference eloctric potential Vofs so that the
hori zontal selector 3 does not have to be designed as at scanner good
enough for I Nhigh voltages. As aresult, the manufacturing cost can be kept
| ow so that the driving nethod is not difficult to inplenent even if cost
reduction is to be taken into consideration. On top of that, in the
accordance with the enbodinent. of the present inventjfnwﬁthe |'i ght
extincti on'preEBEs Pefeapr FBE BEYTGY ﬁﬁg%?hbctﬁ%t%?bh% Sanpl i ng transi stor
Tl in a. turned-on state after setting the power-suppl yolh? e asserted on
the power 2PPe&upPRYORi RBSOSCHE CEnB A HROTRI Bt i £ o‘?%Y‘Ft“?eal ‘%o hd
setting the input signal asserted on the signal [ine SL at the reference
el ectric porenciakovols. afhasdnst Redpfpbanef SUctai ni Yy the - Hower - supply
vol tage asserted on the power ....supply line DS at the low electric
potential VésststhoesHepéndehtasn cheErghght!en BSTHAC peti ot® and, as a
result, the period of applying a reversed bias to the light emtting device
EL beconestshoinetsdAcoordilngl $¢ rhesnanbeansilt jenet veedtpdi nt defects such
as vani shing points can be reduced. EIG 8 is an entire block
di agr am shawrprghalsesohdagabodingentaliphepeniddg () diept ayiapparatius
according to the present invention. In order to make the foll ow ng
descri pti opeeasy toaunder phandngi nheheibhetksdinpyiam ofaft Gt@; Ebnponents
identical with their respective counterparts enployed in the first
enbodi ment ;ghewasi-pebherbl eekrdi agram ofz A G a koiareridenot-ed oy t he sane
ref erence notations and reference nunerals as the

showing the state of the pixel circuit 2 during the walt

period (5a). In the first wait period (5a), the magnitude
of the gate-source voltage Vgs appearing bhetween the gate
and source electrodes of the device driving transistor T2
iz still greater than the threshold voltage Vth of the
device driving Lransistor T2 so that the drain-source
current Tds keeps Fflowing from the power-supply line D2
set at the high electric potential Vec to the signal
helding capacitor €L as shown in the circuit diagram of
FIG., 6E. Thus, during the threshold-voltage compensation
period (4), the scurce electric peotential Vs appearing on
the source electrode 3 of the device driving transistor
T2 rises gradually with the lapse of time. B5ince the
signal sampling transistor Tl has bheen put in a turned-
off state, however, the gate electroede G of the devige

driving transistor T2 is put in a high-lmpedance state
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counterparts. The second enbodAnment is different fromthe first enbodi nent
in that the drive scanner 5 enployed in the second enbodi nent has a
configuration different fromthat of the first. enbodinent. In the case of
t he second enbodi nent shown in the block diagramof FIG 8, a plurality of
adj acent power-supply lines DS, the nunber of which is determned in
advance, are tied to each other to forma group of power-supply lines. The
drive scanner 5 switches a power-supply voltage comopn to adj acent

power -supply lines pertaining to the same power-supply lino group fromthe
hi gh el ectaliz» potfentical tNcat ; therdiowcelsectird.c pbtient ak ¥YSSzand vice
versa alternately, and sogucintially applies the comon power -supply
vol t age t o:jpowerisupplan tiizne \gr oyRs: Ly rshidt ing: the cphase tebakhe
power - supply voltage fromgroup to group. In this way, the commobn power

-supply vald age: icksuppldrad ey a RONer-Supply &1L 9:eup (dldihe 1same phase
determ ned for the group and SMAtChed fromthe high electric potential Vcc

to the | owalieatdd G pokentd alinVss And nHiGR VeSS .mfhmmth%@%@ of the
second enbodi ment shown in the bl ock diagram of FIG™ 8, two adjacent power

. suppl ylines: S s dd ed 4.8 an—C hQther 40 f.OorimR m% Qf rRewer - suppl 'y
Ilnes The drive scanner 5 switch es a pomer ....supplyVC) ltage comon to

??Jo ?ncteﬂte p:?}é\ﬂf( SUPRIM L es; par tajnifg, Lo m%_va_%qp ROVES % SYPRLY |ine group

That is to say, both fthe gate eleclric potential Vg
appearing on the gate electrode G of the device driving
transistor TZ and the source elegtric potential Vs
appearing on the source electrode 5 of the device driving
trangistor TZ rise gradually with the lapse of time in a
bootstrap operation based on the coupling effect in the
first walt perilced (5a). The reversed bilas 13 still
applicd to the light emitting device EL. As a resull, the
Light. emititing device EL does not emit light.

The input signal as=zerted on the signal Line 3L is
changed Lrom The relerence electric potantial Vofs to the
video-signal electric potential Vsig (or from the video-
signal electric potential Vsig to the reference electric
potential Vols) at intervals of 1H as shown in the timing
diagram of FIG. 5. During the firast walt periced (5a), the
input signal asserted on the signal line 5L is changed
Lrom Lhe video-signal electric potential Vsig to the

reference electric potential Vofs., Then, the signal
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electric potential Vcc to the low electric potential Vss and vice versa
alternately, and sequentially applies the comobn power-supply voltage to
power -supply line groups by shifting the phase of the power
....supplyvoltage fromgroup to group. In this wethe common power-supply
voltage is supplied to a power-supply line group at the same phase

determ ned for the group and switched fromthe high electric potential Vcc
to the low electric potential yes and vice versa alternately. However, the
nunmber of adjacent power-supply lines DS to be tied to each .other to form
a group of =pomet g upbhys |5 hes Tg HOLEYE i el TS0, P igdiferdl , timings to
drive a plurality of power supply lines DS (or_a plurality of stages)

pert ai ni ngotder hbo saaes power adiipbhl 97 | FHe givupt drd iidd 8ol to t he
power - supply |ines DS. Basically, the drive scanner 5 is configured
to enpl oy abshift regbsted wndesld bltvblldes @I CONMBL RS 1% one of
stages of the shift register. The shift register operates in accordance
with a clock)signahiB&sck secensdedhfeone b extlerdml cuuifeeTHe shift

regi ster also receives start pulses DSsp supplied by an external source
sequenti al pyocReeeiyi ngrt bedstatrt ipuk sesy DSep; Lathet sHilfe Fietfifst er generates
a control signal for switching the power-supply voltage. The output buffer
provi ded ferrasgbagevoeithhe sbinbeneeyisherroutputz:ett herpohels SUpply vol t age
switched fromthe high electric potential Vcc to the |ow electric potenti al
Vss and vi gerver sartendne-ponesasupphyshtanesoDSetod heb present enbodi nent,
timngs to drive a plurality of power-supply lines DS (or a plurality of

st ages) peghggehggnggygh@hgag@cQQMBEhﬁ@@@bMdi&@&t@ﬁénmbm@@hHﬁﬂknmonnnn to

t he power-supply lines DS so as to nmake the output buffer provided for a

stage of the, shiftshegbstel160aHORyt 8 LHEoROWRATSUPPE Yod | NEs) DSThe
threshold-voltage compensation period (%) and the wail
pericd (5a) immediately lagging behind the threshold-
voltage compensation peried (5} are repeated a plurality
of times in this way till the gate-source voltage Vgs
appearing between the gate and source electrodes of the
device driving transistox T2 is eventually reduced to the
threshold voltage vih of the device driving transistor T2
at bhe end of the last thresheold-voltage compensanion
period (5). At that time, relations Vs = Vel = Vofs - vih
% (Veat + Vihel) are satisfied.

Tn the last wait period (5a) ilmmediately lagging

behind the last threshold-voltage compensation period (5),
the input signal asserted on signal line 8L iz changed
from the reference electric potential Veofs to the video-

signal electric potential Vsig. Then, the signal sampling
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pertaining to the sane power-supply |line group which corresponds to the
stage. Thus, the nunber of output butcan be i _educed. Since each of the

out put be outputs a. power -supply voltage to a plurality of power-supply
lines DS pertaining to the sane power-supply |ine group, however, the

out put buffer is required to have a capability of supplying a | arge current
to the power - supply lines US. In consequence, the size of the output
buffer increases. However, the nunmber of such output. buffers can be
reduced so as to decrease the circuit size of the driving sections

surrounding the pixel.array section 1. As a. result, the manyfacturing cost
T ans Laror T s AT ] o burriet-c BT T DT e TG
can be re&%'%ﬂlaﬂd”aiﬁldh %Tgldjkahtégg¥esﬁptedllﬁ.lpnctﬁé case of the

typi cal inEIenentation according. to the second enbo@i nt §Qowﬂ_in t he
Coadadee e s L o L rone lhe Tl astt wacl OO 108 i) Te-Dhe

bl ock di agFdi 6f PIE 'S8 &4 ﬁ%,'dﬁé Sﬁvéuf“buf¥eq%|§ shared by two
adj acent qu@r-supply,HLngﬁngsrpe[thnLq tqﬂtgp_ﬁgngmgowqh-%upply l'i ne
group. Thir€Xitke Huntser c6F-e41 10t putdbuf Ferd S § R %t Re“nlinber " of out put
buffers enplquq_in_the‘ftpgp_enbgdjnpnp,iLj.tenjadhqqen%:po er - suppl y
lines areMAWd t'y eABW GRS Ho FERAFE S Simsm O8nt ol i mihgs ©H the same
power ....supplyline group, the nunber of all output buffers enployed in
t he secondiaibodiaterit:iddifihe lHed YOW & ¢ 16HE it LCIF 1P 61 ' he nunber of
out put buffers enployed in o ) _ .

Vsig is Lhe elegtric potential of a voltage representing

a gradation. Since the signal sampling transistor T1 has

been puk in a turnad-on state, the video-signal electric

potential Vsilg is supplied to the gate electrode G of the

device driving transistor T2 by way of the signal

sampling transistor T1. Since the power-supply voltage

asserted on the power—-supply line DS is sustained abt the

high electric potential Veco, the drain-source current lds

ig still flowing from the power-supply line DS to Lhe

device driving transistor TZ. However, the current

flowing from bhe power-supply line DS to the device

driving transistor T2 does not proceed Lo the light

emitting device EL as long as a relation Vel % (Veat +

vihel) is satisfied. In the relation, reference notabion

Vel denotes a voltage applied to the ancde elecltrode of

the light emitting device BL, reference notation Vcat

denotes a cathode voltage applied to the cathode

electrode of the light emitting device EL and reference

notalion Vthel denotes Lhe threshold voltage of the light
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the first. enbodi nent. FIG 9 is a timng diagram show ng
explanatory timng charts referred to in description of operations carried
out by the second enbodi nent .shown in the block diagramof FIG 8. It is
to be noted that, the timng charts of the timng diagramare timng charts
for a driving nethod applied to a configuration in which three adjacent
power-supply lines are tied. to each other to forma power-supply line
group. The top timng chart shown in the timng diagramof FIG 9
is the timng chart of the input signal (or the driving signal) asserted on

the signal ekiinei®l asvacsi gnal changidige fYomd henMidegr signale eliectyric
potential Vsig to the reference electric potential Vofs and vice versa

Wi thin onegherijzont al;rseancper bedrk! Accingesesond.1iM Hg ¢hare fromthe top
is the ti m ng chart of the power-supply voltage asserted on the

power - suppliycLing BBrag)a; volg@@@r@bangmg Erembhes hhgh, gl ecidicipotenti al
vcc to the low electric poten ial Vss and vice versa. This second tim ng

chart fro tq C QNpLO0 L h S i rtadning to a
power - supn}wgfneggkoﬁ H n {JheL%agggo Qyﬁép Jlil{r)nmr]lén%lg%?%%sof&ﬂ% 9, the

second ti g, chanl, (LOM ENE LORCLS:EQINPNCH .S E§e, ROVl 5 3upPI Y |1 nes DS

associ at ed

holding capacitor Cl and the parasitic capacitor Cel of
the equivalent circuit. Thus, during the period (6)
allocated to a signal write process and & mobility
compensation process, the voltage Vel applied to the
anode electrode of the light emitting device EL (that is,
the source electric potential Vs appearing on the source
glectrode 5 of the device driving transistor TZ) rises
gradually with the lapse of time. When the period (&) is
started, the threshold-voltage compensation process of
the device driving transistoer T2 has Peen completed. Thus,
the drain-source current lds flowing through the device
driving transistor T reflects the mobility p of the
device driving tranasisvoer TZ. To put it more concretely,
the larger the value of the mobility p, the larger Lhe
magnitude of the drain-source current Ids and, thus, the
higher the speed at which the scurce electric potential
Vs appearing on the source electrode § of the device
driving transistor T2 rises with the lapse of time or the

larger the mokility compensation guantity AV. Conversely,
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provided at the first to third stages on the first to third matrix rows
respectively. The three timng charts beneath the second timng chart from
the top are the timng ch.arts of control signals (or control pulses)
appearing on the scan lines W5 provided at the first to third stages. By
the sanme token, the three bottomtimng charts are the timng charts of
control signals (or control pul ses) appearing on scan |lines W5 provided at
the fourth to sixth stages. Each of the control pulses also starts a.

t hreshol d- vol t age conpensati on process as shown in the tining di agram of .
FIG 3. Th% CQQ$hq|quh§e%ﬂq % %Sgnobﬁgblq q §I|Lﬂ§ 3HQW§ 119 begi n
with, the nput S|gnal (or the riving si naI) dserted on the signal |ine
S changes fro gnal electric pot.e tlal sig.to th reference
electric "‘Y%ntla V%fg?anéhvﬂéb’”gﬁsa anéFHateﬁ’ ”1% g#Pédueﬁ&y
correspondi n erlod shomn int op tim char As shown
by the se éW%‘tlﬁVng ﬁﬁﬁkt P%Hf o AR I bg ﬁ éupbf@‘goltggg ‘conmon to
the three power-sup I|nes DS aSSOCIated wn%ﬂ scan Ilnes VE QrOV|ded at
the first “E&FYHi+Y é’&hdé% ch’éﬁgé‘s‘f'r‘éﬁq‘t"ﬁé hi StV “Fot&nti P vee to
the low electric potential Vss and is then restored fromthe |ow electric
potenti al VWS HHEHKT d 4 Re Hisgh el dt & 9potenti A Mcer Weh St'Re LPhput
signal on the signal line SL set at the reference electric potential Vats
and the pdwkr MUpPPliy: W oIEEGE “or 1t e Powsrilsupl-y Fineepshéer2at®t e hi gh
electric potential Vcc, first of all, the first control pulse is asserted
on the scanmd imyd MG I owvi ded & telde i de grage ity erdeenEatégiry out a

|l i ght extinction process of making a transition froma no-1light em ssion
state to apifrghttyerivgsitdre staatee siomitcize i lkelgeciViuouispr2 agdnwect ed to t he
scan line W5, Then, the second to fourth control pulses are asserted
consecut i veltyweam tihe: sgar ldme MBxioe eridert deatcanicl ate theifirst to third

t hreshol d- vol t age conpensati on processes respectively so that the first to
t hird t hr esholidry ol:tz-age conpearns atdor o essesicane cc arniied it sequential ly
in throe successive threshol d-voltage conpensation periods. ]Jfinally, the
fifth conta Qleveul sg g asserdned r@mtyhexﬁmmicimﬂ WE v raraderortzo igarry out
the signal wite process of storing the video ...signal electric potenti al

Vsig in thesigna) hol ding capacitor C

The period (6) allecated to both a signal write
process and a mobllity compensation process 1s ended when
the asignal sampling transistor T1 is pub in a turned-off
state in order to sustaln the gate-source voltage Vs
appearing between the gate and source electrodes of the
device driving translistor T2 at a constant magnitude,
Fven after the signal write period (6) has bheen ended,
the source electric peotential Vs appearing on Lhe source
electrode 5 of a device driving transistor T2 keeps
rising till the relation Vel = (Veat + Vihel) is
satisfied, that is, 0ill the magnitude of the anode

voltage Vel appearing on the anocde electrode of the light
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enpl oyed in the pixel circuit 2 and the nobility conpensation process.

By the sane token, the first to fifth control pulses are also asserted
sequentially on the scan |ine W5 provided at the second stage by shifting

t he phases of the pulses fromthe phases for the first stage by 1H in

order to carry out the light. extinction process, the first to third

t hreshol d- vol t age conpensation pfl)coss the signal wite process and the
nobility conpensation process in the sanme way as the first stage. LUcew ::,
the first to fifth control pulses are al so asserted sequentially on the
scan |ine WgiptoMikdedvatet be bhipdestqoeabyr shifitinige then phiases: of the

pul ses fromthe phases for the second stage by 1H in order to carry out the

light extipgthoR=Processe VheLfhpStat ond ik d-tbr eshobdl vold@geonpensati on
processes, the signal wite process and the nobility conpensati on process

inaway sii|Lge §osthesfil £881aNdesLEONEL SER9CShe thresholNem) @sd he
sequence of such. operations proceeds to the fourth to sixth stages, the

drive scangef,.p Ghapges, | hf: PONEE . i nq SUPP| Y¥ OkL 20 LOMIOR @ tlhe three

perlines DS assocliated wth scan [ines W5
Vel » (Veoalb + Vthel) is satisfied, the light emission
period (7) is actually started. In the light emission
period (7), a drain-source current Ids’ is flowing to the
light emitting device EL as a driving current for driving
the light emitting devige EL to emit light in a light
amission state shown in the cilrouit diagram of FIG. 6G.
Since the gate-source voltage Vgs appearing betweepn the
gate and source electrodes of the device driving
transistor T2 is sustained at a censtant magnitude as a
rasult of a bootstrap operaltion based on the coupling
effect of the signal heolding capacitor CL, the luminance
of the light emitted by the light emitting device EL is
alwso fiwed., Thus, even 1f the current-voltages
characteristic of the light emitting device EL
deteriorates due to an aging phenomencn, the magnitude of
the drain-source current Ids’ flowing to the light
emitting device EL as a driving current for driving the
light emitting device EL Lo emit light in a light
emission state is always sustained at a constant value so

that the luminance of the light emitted by the light
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provided at the fourth to sixth stages fromthe high. electric potential
Vcc to the low electric potential VSS and then restores the power

.suppl yvoltage fromthe low electric potential Vss back to the high
electric potential Vcc. The drive scanner 5 changes the power-supply
voltage in a way simlar to the first to third stages at a. phase shifted
fromthat used in the first to third stages. In addition, the five control
pul ses are asserted sequentially on each of the scan line W5 provided at
the fourth to sixth stages in the sanme way as the first to third stages.
As i s obvimus:ifimamdde above desar inptdron,citzlgyesecond enbodi nent control s
the electric potential of pomer supply voltage mﬁth a tining connnn to

driving nethod, t he nunber of outputs generated by the drive scanner 5 can
be reduced1ulnnshem@a§§ Ofs dhgdivpl Galp 10ring Re-dretdied expl-ai med ralove by
referring to the timng diagramof PIG 9, the nunber of outputs generated

by the driyg-gcanner, ﬁnQﬁthq Jeducethdro: anest e dsl ar TRUS ofrhe cost

can be | owered is to be noted that, in the case of the second
enbOdlnentmtlhﬁ Hﬁ{ QanQRMﬁ%thh?<&e$MQrQLtOnnRL th@hgow@FtudsupplyVOltage
fromthe- Iom1e|ect ic potential Vss back to the high electric potential Vcc

and the starf,of dhe dinst threshold:yoltage conpensation Rrogess varies

anong the T1Tst, Secon thlr st ages. descri bed above, if the
ol SWSE’;WSGCESLQS”& it ffr' s L MU *”&2 f’agﬁr"*r {1 o ¢
potential Vcc to the eIe rlc ent aI snall that i.s,. i1 f the
gat e- sourceqﬁoﬁtabe“Vdc- Hbeaﬂﬂﬁ@’ efﬁben e él‘“' By ‘changifg

the power-supply voltage asserted on the power-supply
line DS from the low electric polLential Vass to the high
electric poetential Veo) and to be ended by pulting the
signal sampling transistor TL in a turned-off state also
as shown in the timing diagram of FIG. 7. As the size of
Lhe pixel array secbicn 1 becomes larger and the
resclution of the display screen becomes higher, the
langth of the one horizontal pericd (1H) becomes shori,
Since the threshold-voltage compensabion period is even
shorter Lhan the one horizontal period (1H), in the caze
of a large size of the pixel array section 1L and a high
resolution of the diasplay screen, the effects of
transient phenomena occurring on the power-supply linse DS
and the scan line WS become relatively bigger. That is to
zay, the waveform of the power-supply voltage appearing

on the power-supply line DS on the side cleose to the
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and source el ectrodes of the device driving transinmtor T2 followng a
change of the power. ...supply voltage fromthe high electric potential Vcc
to the low electric potential yes is small, the source eloctric potenti al
Vs appearing’ on the source electrode S of the device driving transistor T2
and the gate electric potential Vg appearing on the gate electrode 0 of the
device driving transistor 12 do not rise nuch so that the threshol d-vol tage
conpensati on process can be carried out normally at each of the stages.
Next, a third enbodi ment inplenmenting a display apparatus according to the
present i ntéavEoACPENEXpPaitAediiTRECERI f BOBRNBBEI ekt v provited to serve
as an inproved version of the first and second enbodAnents. In order to
make the foePFewWHErBeECYPpERER 8BBGAF dNUndlr SPandYHef B the- t'Hi rd

enbodi ment is explained, the description begins with explanation of
portions i A€l sdetihenside firstramndihsedonds eabddn@en? sWasr Pt thlghs whi ch
need to be inproved. FIG 10 is a timng diagramshow ng tim ng charts of

si gnal s gemernatfedmi nfahhiedeahtopér atgngl stareavinghenfiistsenbodiient.. The
| i ght extinction process carried out by the pixel circuit 2 to change the
state of the prxeheckddai t1l2str om ahki ghileeni:gssnen 4tate 4ol demortight

em ssion state is discussed by referring to the timng charts shown in the
ti mng di agtam eheFlh&veiOrmAsishoencbntthe tignay dpagraimygtde thght
extinction process is carried out by putting the signal sanpling transistor
T1 in a tugned- oanst atecaf tar setiki Pgrt heopovke writsupphyvat t4ge asserted
on the power-supply line DS at the high electric potential Vcc and setting
the input si.gpakiagsentedrearthe shgnsholiingobtage thepéeierence el ectric
potential Vofs. Wen the signal sanpling transistor Ti is put in a
turned-on s$tatieqsthe gphenekacthkCwROLentiakiYgrappearing. opn, the gate

el ectrode of the device driving transistor T2 changes froma |ight

em ssion el.ect Li.G.pRtenkLial LR Lherfafenencgsebegtrkgopoteatial Vofs. Some
of the change of the gate électric potential Vg appearing on the gate

el ectrode G0 ol REARKLCR AL VhAOALE 3BSEEkRhel 25 PLOPAGAL PRed 0 d e paxasi ti c
capaci tor " by way o

a control line input side whereas the side far from Lhe
write scanhner 4 or the drive scanner 5 is referred to as
a control line input opposite side.

In general, if a threshold-voliage compensalion
period becomes shorter, the gate-source voltage Vgs
appearing between the gate and source electrodes of the
device driving transistor T2 bhecomes inevitably larger at
the end of the threshold-veltage compensation period so
that the magnitude of the drain-source current Ids
flowing through the device driving transistor TZ during a
walt period immediately lagging behind the threshold-
voltage compensation pericd also becomes inevitably

larger as well. RAs a result, when the next threshold-
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t he signal holding capacitor C and the parasitic gate-source capacitor
Cgs. If the voltage ye .1 appearing on the anode el ectrode of the Iight
emtting device EL becones to an electric potential not |ower than the sum
of the cathode voltage Vcat appearing on the cathode el ectrode of the |ight
emtting device EL and the threshold voltage Vthel of the light emtting
device EL as a result of the propagation of the change, that is, if a
relation Vel |I' (Vcat + Vthel) is satisfied as a result of the propagation
of the change, the anode voltage Vel decreases due to a self electrical
di schar gi Q9 \Rr.OCESS,. o vmt & oopy v ks a;ti.m.Ag.di agram: show,Ag tim ng
charts ofgggﬁﬁﬁélzéagﬁgfgﬁégniHggﬁ%gcﬁﬁafLéﬁg}gtp gagfgggﬁgfw@ﬂe first
enbodi ment.. The signal .sanpling transistor. T .opust..he.put . in.a. turned-off
state befdf%”%héﬁulﬁgtL%V@néhhagéggfedﬁgﬁdﬁhélgﬁg%éﬁ P?E%”%ﬁjﬁs changed
fromthe reference.electric potential ‘Vofs to the video-signal electric
botont i al “Guiy Ay TEP TRESFEHES oribari S ROEPREL T goter arC PHeCH he pori od
of the self eyectriqaL_dquhqr%Lng,pno,ems“ts L,Qg‘p%qagsg ghewquacitance
of the parf&diiticc VCdpadit SHECOFFERRE PRGHE “8mtHT #§ “dei'Ce "N 1S large. At
that tine, even if the signal sanpling . transistor Ti L@ ut i n a turned-off
state, thé&laRdde Ve Lage "YEPVapFedriig gn W REARGGE lrectPodE“8F*t he 1i ght
emtting device EL continues to decrease provided that the voltage Vel is
not | ower Wi i1 lsumrgf le tEdthode ey aptiade VACAR I8ppEdr Phg“ER t he
cathode el ectrode of the light emtting device EL and the threshold voltage
WVt hel of tleeildeghir ieningt itwg ndévites B1Z- t Ravsi sthef thrpebatfone Vel9%cat +
Vthel) is satisfied. Then, after the |apse of certain tine, the voltage Vel
appear i ng comtive sanode relogctaodanofe it e [Caghtl eelmottli mgrdevilde EL att ai ns
(Vcat Vthel). Wien the signal sanpling transistor Tl is put in

during the next threshold-veltags compensation period so

Lhat abnormalitiecs such as unevenness and shadings are
generated on the display screen.

in order Lo sclve the problens described above,
there is provided a driving method whereby, hefore a
threshold-volitage compensation process is anded, the
aleatric potential of the input signal asserted on Lhe
signal line SL is changed [rom the reference electric
potential Vofs to an intermediate electric potential Vini,
which ig a relatively low electric potential even lowar
than the reference electric potential Vefs, in crder to
prevent the drain-source current Ids from {lowing through
the device driving transistor T2 during a wail period
between two succassive threshold-voltage compensation
periodsa.

By adoption of this driving methed, however, the
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a turned-off state, the gate electrode of the devide driving transistor T2
is electrically disconnected fromthe signal line SL and put in a

hi gh-i npedance state also referred to as a floating state. Thus, the gate
el ectric potential Vg appearing on the gate el ectrode G of the device
driving transistor T2 also falls gradually with the lapse of tine in a
manner of being interlocked with the anode vol tage Vel appearing on the
anode el ectrode of the light emtting device EL. Next, a period

al l ocated to a threshol d-voltage conpensati on preparatory process is

di scussed. pkakt b€ phxelinpurcBitn2lsHbipeeted to the dirdvinglivet o accordi ng
to the timng diagram shown in WG 11, the period allocated to a

t hreshol d- val age rgQARENS@t LONLRL.EPAK 8L QN YaRd OE®S Si hSe Shad 1 £¢= when t he
power ..supplyvoltage asserted on the power ..supplyline DS is changed from

t he h|9h ekeetii¢ -ppheatiak1Vognt o EhEhhgmiﬁéeﬁéflﬁo@@ﬁgnEUELL@§§ after the
signal sanpling transistor Ti has been put in a turned-off state. In the

threshol d n,syoltages qgmaenﬁ%tLaoacHﬁf%peregeaye@&@gese@xa current is flow ng
fromthe anode el ectrode of the l[ight emtting device EL to the

pover - suppl,y ch08B%ngl A LHe LiEeshol d-yold age. panpensation preparat or y

process, the g tri ¢ potentral Vg appearing ‘on the gate electrode G

of the devlnclﬁugd]; E?gn t£80§' %h% Py f%'ﬁng{ afj}'v'@'éé’] xticz dden apse of

tinme in Mann eln rnrert "Wt Rt he” anode Vo Vol .. " appeari ng

on the anode gleetrade of the Light emLiing. deL8, EL, 25, deger | bed above.
1.1(let re erence notation’ he~vol age appearing. on the anode

el ectrode gf t he, Lght em. t tlng deV|ce EL after certain tinme has | apsed
since the SEAFP &P EhE°PRMEERD HOQOItage conpensati on preparatory process.
The anode vol t age va I S, determ electrlc ot ential Vg which
appears on the gala® et'etf W)ﬁeméqﬁfdt emﬁ'éﬂlhgﬁewd A AT ﬁ%@néft 6 T2 ri ght
before the power ....supplyvoltage assert{ed on the power - sup line DS is
changed frof tHELHFBh eI BELF IR pot eREPAF I VRE %%F%%kﬁl%ﬁv%ﬂ%kr %6 Jpotentia
Vs s, To be nore specific, the larger the gate electric potential Vg which
appears ontfhélgafeleNEcEiade® of f he- devielver | VingP TR St or T2 ri ght
before the pomer-supply vol tage asserted on the power-supply line USis
changed fré&mithe Byghhel egpirel pbEbatrfare Ved it ¢ adfe dagweelddty it¢:epot ent i al

Vss, the smaller the anode voltage Va.
driving methed provided by the embodiment &s explained

carlier, each thresheold-voltage compensation period is
atarted by putting the signal sampling transistor T1L in a
turned-on state and ended by pulling the signal zampling
trangizstor T1 in a turned-off =state. It is thus possible
to aveid a situation in which the first threshold-voltage
compensation period allocated ko the first threshold-
voltage compensation process becomes short due to the
effects of transient phenomena ocourring on the powar-
supply line D5 and the scan iine W5 connected bo bLhe
gignal sampling transistor T1 as is the case with the

typical reference described above by referring to the
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or the larger the absolute value of the anode voltage Va.), In the
t hreshol d- vol t age conpensati on preparatory process, since the signa
sanpling transistor Ti is put In a turned-off state, the anode voltage Vol
appearing on the anode electrode of the light emtting device EL decreases
in manner of being interlocked with the gate electric potential Vg
appearing on the gate electrode G of the device driving transistor T2 with
the | apse of tine as described above provided that the voltage Vel is not

| ower than the sum of the cathode voltage Vcat appearing on t he cat hode

el ectrode of 1 i.ght. em ttd pgdevi ce. and e.lhreshol d vol tage Vthe

of the Iléﬁ?“é2§f¢lﬁtuﬁeV|ce ég( tﬁgt fgkl ? aP¢e g |o§ QEI(Vbat Vthel) is
satisfied. At th f thewihrﬁsh e.c ensat .| Lepar.atory
process, the' aﬁ“’ age (émqglhﬁlé§¥?26f§91009qﬁgﬁ§soI?hégl R?lﬁth

t hr eshol d- voltﬁq coHpensatlo preparatory process, the ﬁﬁte source vol tage

Vgs appear it betweefrit He' géFé[anﬂ sotir k8”8l ée rodeg ¥” He device driving
transi stor T2 has becone al ready smal | er thaq th 1 ol d vol.tage Vth of
the devi cé* WG trEnsi o T?”“A(é“é”re‘sdllf ’f“ 'é“]fe &y \t{)ﬁéf‘”t he

t hreshol d-vol t age conpensatlon process cannot be carrled out qprnall In a

drivi ng mStREE Byt 1A & I8 GG RN pl'EBIFEm HonE oW

potential Vss is .
high image gquality.

&l ctric

Tn addition, in accordance with the embodiment of
the present invention, bhe peak of the inpubt signal
asserted on the zignal Line 3L is determined by a while
signal and the reference electric potential Vols so that
the horizontal selector 3 does not have to be designed as
a scanner good enough for withstanding high veoltages. As
a result, bhe manufacturing cost can be kept low se that
the driving method is not difficult to implement aven if
cost reduction is Lo be taken into consideration,

On top of thatl, in the accordance with the
emibodiment of the present invention, the light extinction
process is carried oul by putting the signal sampling
transistor TL in a turned-on state after setiting the
powar-supply voltage asserted on the power-supply line D3
at the high electric potential Vee and setting the inpul
signal asserted on the signal line 8L at the reference
electrice potential Vofs. Thug, the period of sustaining

the power-supply veoltage asserted on the power-supply
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reduced in order to | ower the anode voltage va, that is,
i ncrease the absol ute value of the anode voltage Va. Wth

in order to
this driving

nmet hod, however, the anplitude of the driving voltage is undesirably
increased so that the drive scanner 5 nust be designed as a. scanner good

enough. for w thstandi ng high voltagesnlll, this driving
difficult to irnplcent because of a. problem caused by a
FIG 12 is a timng diagram showi ng timng charts for the

nethoci is
hi gh cost.: .,
thirci enbodi nent

offering a solution to the problemraised by the first enbodi nent as
expl ai ned abewenbyazretaering toctheiti phogndiagram ofs & 11. Ae shown in

the timng diagramof FIG 12, in the third enbodi nent, t

he | i ght

extinctiongppee&ssti sncanki edyaut chepeabedbyr dopl @) iy ofrddwmes, That is
to say, after the first light extinction process is carried out to change

the state ghet Bgrhbghbfem:)]_btl}(FﬂgngV}:@@GELuerInlé’- téghte emgsi on state to a

no-light em ssion state east a. second control pul se

IS asserted on

the scan |Uﬂ‘?LV‘$mb“d9W?E~ £ pHL.hbe %hgf%xsamdmwg@nmﬁ&:or Ti in a

turned-on state whil he power-supply vol tage assert

on t he power

'Squlynumb@r of generated point defects such as vanishing

points can be reduced.

FIG. 8 is an entire block diagram showing a second

embodiment implementing a display apparatus according to

the prosent inventbion., In crder to make the fol

lowing

description easy to understand, in the block diagram of

FIG. 8, components identical with Lheir respective

counterparts emnployved in the first embodiment shown in

the block diagram of FIG. 1 are dencted by the same

raference notations and reference numerals as the

counterparts. The second embodiment. is different from the

firzt embodiment in that the drive scanner b employed in

the second embodiment has a configuration differ

that of the first embodiment. In the case ol the

embodiment shown in the block diagram of FIG. &,

ent. from

Heoond

&l

plurality of adjacent power-supply lines DS, the number

of which is determined in advange, are tied to each other

to form a group of power-supply lines. The drive scanner

5 switches a power~supply voltage common to adjacent

power-supply lines pertalining to the same power-
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line DS is being sustained at the high electric potential Vcc and after the
i nput signal asserted on the signal line SL has been changed. fromthe

vi deo-signal electric potential Vsig to the reference electric potenti al
Vofs. The second control pulse triggers an additional |ight extinction
process. In the typical control nethod inplenmented by the third enbodi nent
as showfl in the timng diagramof FIG 12, three control pulses are
applied to the gate el ectrode of the signal sanpling transistor Ti
successively in arowto carry out three light extinction processes

reSpeCt'VQHynweﬁ ﬁtquu%ti]%ﬁ1$ 1Q@$@t9ﬂtth@nth'ﬂ rewpedi-gent,; the |ight
extinction process is carried out r epeat edl y three times. The first |ight

extlnct| on By Q888813 TG el WADE JoX! LNCk] 0 BLOGeSS hasl: q%lly for

changi ng the state of 11 ght enlttlng evi ce fronta em ssi on

state to a n'lo s nlem ISIZ{ Qgéﬁtla{tfe Eac <>m(atr3r }:%w%?CQgJ )af[}dvttbhll tg{J ' ght
extincti on pPr ocesses i's an it onal pr ocess "carri e In or

stabilize the threshol d-volta npensat i, on proce§¥xﬁﬁlbe %errled out

later on. ©" ”“W"Iﬁﬂﬁexbasé“ H% tﬁ rd]enbddthen Re Wit & "Scanner 4

sequentially applies the consecutive control pulses ? e scan line W5 at
|ntervalsleﬁﬁﬁ”bﬁﬂﬂe§b6ﬁﬂlﬁﬁ“thémhéVFQ%hﬂé &t Fod 1R “T'h*atlddr dance with
t he control pul ses applied to the gate el ectrode.of the SI nal sanpling
(ransi st o TH ARG GRUKTS BIRPIN, e e T IR e It ok BFdcess and the
additional. light extinction processes are carried out. Thus, in the case
of the thisPranbddinfertotea t ribe 5t s AT GR TgreCeds Takde he

additional light extinction processes are also carried out at intervals of
1H. Howeverroup and switched from the high electric potential Voo

to the low electric potential Vss and vice versa
alternately. Tn the case of the second embodiment shown
in the block diagram of FIG. 8, two adjacent power-supply
lines RS are tied to sach other Lo fomm a group of power-
supply lines. The drive scanner 5 switches a power-supply
voltage common to adjacent power-supply lines pertaining
to the same power-supply line group Lrom the high
electric potential Voo to the low electric potential Vss
and vice versa alternately, and sequentially applies the
commoen power-supply voltage to power-supply line groups
by shifting the phase of the power-supply voltage from
group Lo group. In this way, the common power-supply
voltage iz supplied to a power-supply line group at Lhe
same phase determined for the group and switched from the
high electric potential Voo to the low electric potential

Vas and vice versa alternately. However, the number of
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Imp | enentations of the driving nmethod according to the third enbodi nent of
the present invention are by no neans |imted to the control nethod having
an interval of For exanple, the true light extinction process and the
additional 1.1.(41-q: extinction processes cah also be carried out at
intervals of several Us in the sane way as the second enbodi nent .,
also in case of the third enbodi nent, every three adjacent power-supply
lines are collectively tied to each other to forma group. The drive
scanner 5 switches a power-supply voltage common to three adjacent

power - suppkM k888 pewtalpiupgliolihes saperpowertseppty ddate gricup fromthe
hi gh electric potential Vcc to the low electric potential Vss and vice

versa alterpatgk, aagdosgquentibakl-y=sapplyesiihe conmen poverssuppl y vol tage
to power-supply line groups by shifting the phase of the power-supply

vol tage fromgroup do,&rpuUp. ¢ 40 il s- ey i ddhes gomvon ipgwerr- gpphy vol t age
is supplied to a power-supply line group at the sane phase deternined

forthe group,ang §%&gh9§ fBP”htB@L1PhQDL§|§Pt{+§qe’§’@$ q&xﬂ@d dinhd he | ow
electric potentla and vice versa alternatel 13 is a. timng

di agram sh9§1 ng.hk ?%?2?%2- gf 11 he Lpingd é’?‘P@OﬂMTEBQ%mrﬁbA he, safe way as

the timng diagram xcept that. a timng chart only of a

power-supply lines DS,

Basically, the drive scanner & is configured to
employ a shift register and output buffers each connected
to one of stages of the shift register. The shift
register operates in accordance with a clock signal Dick
received from an external source. The shift reglster also
receives start pulses D3sp supplied by an external source
sequentially. Receiving the start pulses DSsp, the shift
register generates a control signal for switching the
power-supply voltage. The cutput bulfer provided for a
stage of the shift register outputs the power-supply
voltage switched from the high electric potential Veo to
the low electric potential Vas and vice versa to the
power-supply lines DS. In the present embodiment, timings
to drive a plurality of power-supply lines D5 (or a
plurality of stages) pertaining to the same power-supply
line group are made common toe the power-supply lines DS
so as to make the output buffer provided for a stage of

the shift register common to the power-supply lines D5
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scan line W5 provided at one stage is shown and timng charts of the gate
electric potential Vg appearing on the gate el ectrode G of the device
driving transistor T2 and the source electric potential Vs appearing on the
source electrode S of the device driving transistor T2 are al so given. The
timng charts of the gate electric potential Vg and the source electric
potential Vs are also shown on a common tinme axis along with the timng
charts of the input signal asserted on the signal line SL, the power-supply
vol tage asserted on the power-supply line DS and the control signal

asserted ggﬂﬂnﬁjﬁgﬁpﬁkjm%ﬁMéaggzuﬁgﬁﬁmkﬁgFQ§elﬁm% %Qbh%whﬂgcﬂescription

easy to understand tisto oted t the source electric potential Vs

appearingcgnﬂ%ﬂgxggsg_gb%h%g&ﬁ%%%-s QﬁuﬁbetﬂthﬁﬁbtfiMﬁnguﬁﬁ?@SiStOf T2 is
no ot her than the anode voltage Vel appearing on the anode el ectrode of the

light emitting device EL. . . Even if the sigpal sanpling.transistor Ti
is put inﬁﬁﬂgg?ﬁdeBTﬂ”éﬂéf%“ﬁf%er”ﬂHé“e&%&Et?gnggg ?Hgﬂgprg'”f?ght

extinction process, the anode -VO'.I..ﬂq..e. Vel \apipe_@ri,nq .00 the anode el ectrode
of the |i ghtUFeHi% 65 MG EeViIStE B FoHiTed %t 6 decréadei A mBinelr of bei ng
i nterlocked with the gate electilc porential Vo appearind qn the gate
el ect r ode “BIBF- Y% He Tdvilte R Vi iAG 1 ansitSfor 8 W TR pdd6f . time
provided that the voltage Vel is not |ower than the sum of the cathode
vol t age VEHIOWEppadiutg ion tife CHIRGAE E1E¢t ridde 6 RE 150 hE VEniPt t i ng
device EL and the threshold voltage Vthel of the light emtting device EL.
In this steebidiitty tdfe Smpulty gigial - BWwe KeUdighalld i("Aé¢ RC¥§dai n set in the
reference electric potential Vofs, the signal Istransistor Tl is put in a
turned-on supply lines DS, Tn consequence, the size of the outpul

buffer ingreases. However, the number of such outpul

buffers can be reduced so as to decrease the clroult size

of the driving sections surrounding the pixel array

section ). As a result, the manufacturing cost can be

raeduced and & high yield can be resulted in. In the case

of the typical implementation according to the second

embodiment shown in the block diagram of FIG. 8 for

example, one oubpul buffer is shared by two adjacent

power-supply Lines D5 pertaining to the same power-supply

line group. Thus, the number of all output buffers is

half the number of outpul buffers employed in the first

emhodiment. IF ten adjacent power—-supply lines are tied

Lo each cother to share common control timings in the same

power-supply line group, the number of all output buffers

employved in the second embodiment c¢an be reduced Lo one-

tenth (1/10) of the number of output buffers employed in
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state so that the reference electric potential Vofs is supplied to the gate
el ectrode G of the device driving transistor T2 by way of the signal
sanpling transistor At that time, a fixed fraction of the change of the
gate electric potential Vg appearing on the gate electrode G of the device
driving transistor 12 propagates to the anode el ectrode of the |ight
emtting device EL. Much like the first light extinction process,
in the second |ight extinction process, the period of sustaining the signal
sanpling transistor Ti in the turned-on state is the period of supplying
the referenge elieectrizgppateahi.al Vofs to the gate el ectrode G of the device
driving transistor 12 by way of the signal sanpling transistor Ti in a
second light extimetion Pk ogessuidhei anpen v daige; \elplappeaning on the
anode el ectrode of the light emtting device EL decreases gradually with

the |apse @f tiihpecadertorarsekbiekect i gakerdhbechar 8k ngorocesss After the
| apse of certain time, when the signal sanpling transistor Ti is again put

ina turHGGJQfELateh% byhea@nqéeoxalLaggdyﬁgn@peﬁ@&hngnonuih@u@ﬂ@de
el ectrode of-the light emtting device EL attains an electric potenti al

| ower tha”d@ﬂg?'ﬁCBE'91€°t§”t'fk which M@§né&%ﬁhﬂ?ﬂ by e sanede vol tage
h was

Vel when t nal  sanmpling transi stor In a turned-off state

during the R'g%a gt e Ennﬁ%d DaBLOGeS3e Tyhﬁﬂ§ Barthecyol fage Vel

appeari ng 6n°thé anode e ectr ng device EL nore

et S L AT

cat hode el nl?tln Vi ce and 't hréshol d vol t age
Vt hel of th Light emtting c e arryjng_out t e light extinction
process rebgéﬁégﬁ§ BOHFﬁFéﬁJF ? pLﬁe§1 ﬁéF% 0de” Vo HELVQT appearing on
t he anode glectrode of the lig emtting device EL decreases gradual l'y
with the | 4pS& 6f PPIRE aHHPéVeﬁﬂUéIPyOHFtains t he sum of the cat hode

vol tage Vcat and the threshold voltage VLhel . That is to sgy, fina %Iy, an
equatl on Vel = (V&é*f\ii%l“)“?‘s“%ah%lrtr et]hown in the timing d:agram 9

FIG. ¢ iz the timing chart of the inpubt signal (or the
driving signal) asserted on the signal line SL as a
signal changing from the video-signal electric potential
Vslg to the reference electric petential Veofls and vice
versa within one horizontal scan period 1H. The sacond
timing chart from the top is the timing chart of the
power-supply voeltage asserted on the power-supply line DS
as a veltage changing from the high electric polential
Voo Lo the low electric potential Vss and vige versa.
This second timing chart from the top is common to Lhree
power-supply lines DS pertalning to a power-supply line
group. In the case of the timing diagram of FIG. 3, the
second timing chart from the top is common to three

power-supply lines DS asscciated with scan lines WS
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Thus, when the power-supply voltage asserted on the power-supply line DS is
changed fromthe high electric potential Vcc to the |ow electric potenti al
Vss in order to start the threshol d-voltage conpensation preparatory proc,
th( ;)atepotential Vg appea_ing on the gate el ectrode G of the devicc
driving transistor T2 can be set at the reference lectlilL potential Vofs
wher eas the anode voltage V- appearinC on the anode el :trade of the |ight
emtting dovice EL in the threshol d-voltage conpensatio 11 preparatory
process can be reduced, that the absolute value of the anode voltage Va can

be 'ncrea?ﬁ%vrdod at; ﬁ NGE the %”Q%Qrﬁ0|§%%@ Vonl Rukhethreshol d .. vol tage
conpensat i on preparatory process can be reduced, the t hreshol d- voItage

conmpensat i.on B 96659 ,Ca0,Re . CaLLL8] At nopAel L¥rebt ] 81 4hus, possibl e to
give a uniforminage qualrty . vVing néi‘tther unevenness noi |nage cords. In

addi tion, srnc th threaﬂ%rq Xp]&age gonpen %a§%9”185°%?§5 1B "1l be carried
out nornal f’”“ not necessary-%o “over "t'h ow eFectri ¢ potentral Vss,

Thus, the a I|tu Q rrvr vol t- g p anr aseg so that the
drive scafrdt'® b% nof h&Ve 'y 6)be”d%%ﬁgn d’as”& Ean gr“géod enough for
mntnstandrnrh L gh voltages q addi tion, nce a pralrty of .adj acent
power " suﬁp1§‘T‘ﬁe%“BS ‘B Hridattdd cﬁﬁﬂe%fvﬁeff as élgrédb Gt Power - suppl y
|l i nes DS b¥ maki ng use of a signal common to the power supply. |ljnes OGS, the
nanufactuﬁrﬁ@‘%der“pan b@yréBGCédm“ Loken, the three bhotlofm |m1nq

charts are the timing charts of control signals {or
conbroel pulses) appearing on scan lines W3 provided at
the Fourtbh to sixth ztages. Bach of the control pulsaes
also starts a threshold-veltage compensation process as
shown in the timing diagram of FIG, 3. The control pulses
are described in detall as follows. To begin with, the
input =ignal (or the driving signal) asserted on Lhe
signal line SL changes from the video-signal electric
potential Vsig to the reference electric potential Vols
and vice versa alternately ab a fregquency corresponding
Lo a period of 1M as shown in the top timing chart. As
shown by the second timing chart from the top, bLhe powen-
supply voltage common to the three power-supply lines Db
associated with scan lines WS provided at the first Lo
third stages changes from the high electrlce potential Voo
to the low electric potential Vss and is then restored
from the low elegtric potential Veas back to the high

electric potential Voo, With the input signal on the
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FIG 14 is a timng diagramshow ng timng charts for a fourth enbodi nent

i npl ementing a display apparatus provided by the present invention. In
order to make the follow ng description easy to understand, in the timng
diagramof FIG 14, elenents identical with their respective counterparts
shown in the timng diagramof FTG 12 as the timng diagramfor the third
enbodi nent are denoted by the sane reference notations and reference
nunerals as the counterparts. In the case of the fourth enbodi nent, as
shown in the timng diagramof FIG 14, a predeterm ned nunber of adjacent
scan |inessWnatelinredstoseacht otherrtdefonor a:bhroup.ofpscan idlnes. The
write scanner 4 applies a control signal comon to adjacent scan |ines
pertai ni ngvbost hedsane seadrlsaep gy oupl bygseguetrhal pywshi Hitpmigy t he phase
fromgroup to group. In the case of the fourth enbodi nent inplenenting the

driving methad pscetdi B tRethighng) diagfanefclt Gl Id;c t heidypical nunber
of adjacent scamlines Ws to be treated as a group is three. Miuch |like the

third embodi ment et herWwei tenseanngll e epl gyedrian the draurddr.enbiodi ment
al so applies three control pulses on the scan Line W5 provided at every
stage in opdep LoiGeAr ¥rOthethieer | LghG-exhi AebE PN Progesses. 4 espectivel y.
light extinction process of making a transition from a
no-tight emission state to a light emission stalte in the
pixel circuit 2 connected toe the scan Line WS, Then, the
gecond to fourth control pulses are asserted
consecutively on the scan line WS in order to initiate
the first to third threshold-voltage compensation
processes respectively so that the first to third
threshold-voltage compensation processes are carried out
sequentially in three successive threshold-voltage
compensation periods. Finally, the fifth control pulse is
asserted on the scan line WS in order to carry out the
signal write process of storing the video-zignal electric
potential Vsig in the signal holding capacitor Cl
employed in the pixel cirgult 2 and the mobility
compensation process.
By the same token, the first toe L£ifth control
pulses are also asserted sequentially on the scan line WS
provided at the second stage by shifting the phases of

the pulses from the phases for the first stage by 1H in
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However, the fourth enbodi nent inplenmenting the driving nmethod according
to the timng diagramof FIG 1,1 differ it. fromthe third
era.xylinment in that, in the case pf. the fourth enbodi nent, the second nd
third Iight extinction proce el the scan IirlE3 W5 at the first to third
stages are car i.ed out with timngs comon to the three stages.

Next, a. fifth enbodi nent inplenenting a display apparatus provided by the
present invention is explaAned. The fifth enbodinment is also obtained to
serve as an inproved version of the first enbodinent. In order to nmake the

f0||0m‘ngcg$§qr“9;kgﬂj %Nut91gﬂqqg§éa”¢.n QﬁQZQ E?%ct'fthl@gbOdlnent i's

expl ained, by referring to a timn i agram of A, the description

begi ns “‘tn‘ﬁA'?ﬂa?4H n%ﬁﬁ? lr@Qﬁﬂl ﬂﬁ imﬁmﬁgdgthﬁntﬂ%nchSLf

the signal write process and the mobility compensation
process in the same way as the First stage. Likewise, the
Firat to Fifth control pulses ave also asserbed
sequentially on the scan Line WS provided at the thind
stage by shifting the phases of the pulses {rom the
phases for the szecond stage by 1H in order to carry out
Lhe light extination process, the Lirst to thivd
threshold-voltage compensation processes, the signal
write progess and the mebility conpensation process in a
way similar to the Lirst and second stages.

Then, as the seguence of such operations proceeds
te the Fourth o sixth stages, the drive scanner O
changas the power-supply volltage common to the three
power-supply lines DS associated with scan lines WS
provided at the fourth Lo sixth stages from the high
glactric potential Voo to the low electric potential Vss
and bhen restores Lhe power-supply veltage from ULhe low
eleghric potential Vss back toe the high electric
potential Voo, The drive scanner 5 changes Lhe power-
supply voltage in a way similar to the first to third
stages at a phase shifted from thalt used in the first to

third stages. In addition, the five control pulses are
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enibod inc mt as a portion which need to be inprovedlt is to be noted
that, in order to make the follow ng description sinple the

t hreshol d- vol t age conpensati on process is carried out only once. The
foll owi ng description also includes a discussion of a. preparatory period.
allocated. to a threshold .voltage conpensati on preparatory process The
preparatory period is discussed also by referring to the timng di agram of
FIG 15A. In the pixel circuit 2 according to the fifth enbodi nent, the
preparatory period allocated to a threshold ..voltage conpensation

pr epar at or yspeocesssegushaihedywhenshbe pdHvene supph yl ot tge i s changed
fromthe high electric potential Vcc to the |ow electric potential V88 with
the signal ngamphiAgatransi sbarcli cal £eaty pubgés bntuideshof fust ate. In the
preparatory period, a current is flowing fromthe anode el ectrode of the
light emtt{hRgrdeviceqEbntodt beagewer-supply line DS. As described earlier,
in the preparatory period, a parasitic capacitor OQp existing between the
gate el ectrode G of the,evice drdyidg thansd stycridrans,t hecpower - supply
line OS is effective. In the preparatory period, serving as the source

el ectrode S.0h,hhe,deM: ﬁﬁngrchﬂgoﬁEaﬂﬁbs.&Péu_TQlL Spdhency ent terni nal
connected to the power-supply line DS. When the device driving transistor

T2 s operabiag.Liogialunaled £e0hon SluifiScstale 8 shpmel:is cl eated

on the soufce sid hat the capacitance the parasitic capacitor Op

| nr eases. en Lhe.devh ee-drLyLpg.Lhanst shoLe T2el %. operggl a@g,pl

saturat ed Peglon it's current ternlna omer Iy I|ne si de

serving as i.n electr e of _the_device transistor, T2, on the

ot her hand‘”Fﬁe ﬁﬁﬁnépg n’w‘gofxi(:rblt-1 eﬁ“mbe%hag n%%pa( %gn&gc%f he
owggﬁ§ugglylvoltage

t 1t
gzggfiehcoﬁ?Fagrbg%engﬁﬁbfy 2| PR BB red”ﬁaﬁgedj¥ron1the hi'gh. 6l ectric

typical driving methoed explained above by referring Lo
the timing diagram of FIG. 9, the number of oulpuls
generated by the drive scanner 5 can be reduced to one-
third (1/3). Thus, the cost can be lowered.

Tt iz to be noted that, in the case of the second
embodiment, Lhe period bhetween the restoration of the
power-supply voltage from the low electric potential Vas
hack to the high electric potential Voo and the start of
the first threshold-voltage compensation process varlies
among the first, second and third stages. As described
above, L1f tLhe drain-source current Ids flowing through
the device driving transistor T2 following a change of
the power-supply voltage from the high electric potential
Vee Lo the low electric potential Vsg is small, that is,

if the gate-source velhbage Vgs appearing beltween the gate
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potential vcc to the low electric potential. Vss, the operating region of
the device driving transistor T2 is changed by a transition froma
turned-of f region taking the anode el ectrode of the light emtting. device
Ea, as the current source to a saturated region taking the power-supply
line DS as the current source by way of a. t.urnc:ciaff region taking the
power-supply line DS as the current source. A coupling effect on the | oad
side is introduced to the gate el ectrode G of the device driving transistor
T2 through the parasitic capacitor Cp. If the coupling effect is |arge, the
anode vol tHge Valrapp it oo st vé  dhedecal €6t Fode Lo %-F‘-i‘é“ Ei-gRETeRrt ti ng
device EL inevitably increases, that is, the absolute of the anode voltage
Va unavoi dabllywdecr easés nigr e thkr gsholrd-viglt' ¥g& od bagendatmoihpr epar at ory
process. This is because the anode voltage Va. is determ ned by the gate

el ectric patgntilalctVg oanvpiccknthias &ppearedhen lohe edatérekepttodéiGlof the
device driving transistor T2 right before the power ....supplyvoltage
asserted om: he: powdr ,. theSuppliyld ne cbD$riis: charged =fir ¥m t:pechizghgel ectric
potential Vcc to the low electric potential Vss and, if the coupling effect
appl i ed t @t hecgakrelect kede «Qe0f; tire rdevidee idfd Mirmng itk@ansi stor T2
i.large, the gate electric potential Vg which has appeared on the gate

el ectrode (G 0f;sithedevi ceid diaVviong o arsitstier ph2 ohicght. vef ore the power
-supply vol tage asserted on the power supplyline DS 9 changed fromthe high
el ectric Qﬁkﬁﬂhﬁﬁﬁ;\@ptﬂﬁs%@%é‘@ﬂéﬂﬁﬂ&ﬂé@?Qﬂieﬂkiﬁhvﬁ%%,dﬂ@%iﬁqswa”

magni t ude. “1If the anode voltage Va at the end of the

threshol d-val [.ag& CONPERRALIAN NLEPFFALOLY, REQGEsS:d $ruadesiipabl y too high,
t he gate-source voltage Vgs appearing between the gate and source

el ectrodes, of,. the i.ce driving transistor, T2 in.the threshql.d-voltage
conpensat?gﬂiﬁ¥£éégﬁﬁ%gkﬁﬁﬁéxhﬁgég'y“hﬁﬁfﬁé%’ghgﬁﬂﬁﬁgc%%rggﬁgﬁgIébltage Vt h
of the device driving,transistor 12. As a result, it is feared that the

at” Gaclh 1 .
t hr eshol d-voltage conpensatr%n process cannot be carried out normally. In a

g L1000, 251 B bE By T RAERLER L Lt et i
apparatbus according teo the present invention ils explained.
The third embodiment is provided to serve as an improved
vaersion of the first and second embodimentz. In order bo
make the following description easy to understand, befonre
the third embodiment is explained, the description beging
with explanation of portions included in the first and
second embodiments as portions which need to be ilnproved.
FIG. 10 is a timing diagram showing Liming charts of
signals generated in an ideal operating state of the

first embodiment. The light extinction process carried

put. by the pixel circuit 2 teo change the stale of the

pizel circuit 2 from a light emission state to a no-light
emission state is discussed by referring Lo the timing

g1



the anode voltage Va, that is, in order to increase the absoi hte val ue of
the anode voltage Va. Wth this driving nethod, however, the anplitude of
the driving voltage is undesirably increased so that the drive scanner 5
must be designed as a scanner good enough for w thstandi ng high voltages.
Thus, this driving nethod is difficult to inplenment because of a problem
caused by a high cost. E1IG 15Bis a timng diagramshow ng tim ng
charts of the fifth enbodiment. The fifth enbodi nent offers a solution to
the problemraised by the first enbodiment as described abgve, As shown in
the tining® ﬁé&?aﬁ?m¥ﬁ %ﬁeQb&f%ﬁméﬁﬂogfn%feﬁ %ﬁtggéthgglig'ﬁ'%&@@nction
process has been conpl eted and before. the thresho| d-voltage conpensation

D epar at o 3 ot Jte LoPL B Ina  6ar Aled Bt L4STh BYELArkEP ot 87t he T hr eehol d
-vol tage conpensation process.is atthe driye scanner 5 chapges the power
supply vOPFEGAcasSEFt Y BREEABIpOUEr SSGBPLy>TTHE: T FFOM LR hi Gh ol ect i
potential Vcc to a internmediate electric potential Vini between the high

el ectric pétedt FAFNGECOEnEtERE FoW2EI BEEELRY pbP&NEPERT VBE P he drive
scanner 5 switches a power-supply vol tage appearing on the power-supply
line OS coifBiat6 adpaseft po 'hesaﬁwy-ﬂlﬁ@gypé%-f“ai RP ng™ t ©7% Het Fanme

power -supply line group fromthe hiih electric potential. Vcc to the

i nt er medi ageeglsder petpotéati ERCVRnl, Sahdlsggplat LaPrYy appPies the common
power - supply voltage to power-supply line groups by shifting the phase of

t he power - sapplyedobtagbef sogriglolpntoShratpthe nrehesenay, @ thel power - suppl y
vol t age appearing on the comon power-supply line OSis supplied to a

power - suppbytkineadgr gupsat Wien same phasel detrgrini med: faors ttergridup sand
switched fromthe high. electric potential Vcc to the internediate el ectric
potential Yunt .inla thentifth enbodi neht, vattecltherpowertential Vg

appearing on the gate electrode G of the device driving
trangistor T2 changes from a light emiszsion electric
potential to the reference electric polLential Veofzs. Sone
of the change of the gate electric potential Vg appearing
on the gate electrode ¢ of the device driving transistor
T2 propagates Lo the parasitic capacitor Cel by way of
the signal holding capacitor CL and the parasitic gate-
source capacitor Cgs. If the voltage Vel appearing on the
anode electrode of the light emitlting device EL bacomes
to an electric potential not lower than the sum of the
cathode veltage Veoat appearing on the cathode electrode
of the light emitting device EL and the threshold veoltage
Vthel of the light emitting device EL as a result of the
propagation of the change, that is, if a relation Vel 2

(Veat + Vihel) is satisfied as a result of the
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supply line OS has been set at the internmediate electric potential Vini,
the signal sanpling transistor Tl is put in a turned-on state by a control
signal in a state of sustaining the signal line SL at the reference

el ectric potential Vofs. Next, operations carried out by the fifth

enbodi nent are explained in detail by referring to a timng di agram shown
in FIG 16. FIG 16 is a timng diagramreferred to in description of
operations focused on pixel circuits 2 provided on one of the rows of the
matrix in the fifth embodiment. For sinplified description, the

threshol d-40l1a08 1COMPANSAL ORALACESDJ SeRE! Led. oul vanl y once,

In the fi iment, after t light enlttlng devi ce EL has been put in

a no-light, em ssion stat, R ttl he sj;gnal NP trapsi,stor Ti in a
t ur ned- on %fatél’theﬁK (1‘1upgly Og ?age |smghé%%edhwgg8 fhe |nterned|ate

el ectric potential V'nl The g.transistor. Ti is put in
a turned-on statgl“galﬁ Wth & Pﬂﬁ%n&ga éW ¥ 8w§|dnalm i L%L As been set

at the reference electylc o}Fnt al_ Vof descri Qedl]?o 3 n
i nt er medi &te BIEEHT PG ENTal Vit Vé‘%ﬂ é?édt} ¢ botentlal etween the
high electric potentlal Vbc gnd t he I?M/ele trlc otent § A{ter t he
signal |i r{ei gt fiEEE}}Cjci rmend The signa ; 1n1]3 g LIAans: J L)? (INSE:

be pul in a turned-off state before the input signal
aszerted on the signal line 5L is changed [rom the
reference electric peotential Vols to the video-signal
electric potential Vsig after the lapse of certain time.
In general, the time period of the self electrical
discharging process ls long because Lhe capacitance of
the parasitic capacitor Cel of the light emilting device

FEl, dis large. At that time, even if the signal sampling

transistor TL is put in a turned-off state, the ancde
voltage Vel appearing on the anode electrode of the light

emiltting device BL continues to decrease provided that
the voltage Vel is not lower Lhan the sum of the cathode
voltage Veat appearing on the cathode electrode of the
light emitting device EL and the threshold voeltage Vthel
of the light emitting device LL, that is, if a relation
Vel & (Veal + Vithel) is satisfied. Then, after the lapse
of cerbain time, the veoltage Vel appearing on the anode
electrode of the light emitting device EIL attains (Veat +

Vihel). When the signal sampling transistor T1L iz put in
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been set at the reference electric potential Vofs for the first Line after
t he power-supply voltage has been changed to the irnternediate electric
potential Vin:, the ,.;ignbl sanplincj transistor Ills put in a turned-on
state again as described above in order to set volta.g.es at which the
device dxiving transistor T2 is not operating in a saturated. region. That
is to say, the reference electrib potential Vofs and the internedi ate

el ectric potential Vini satisfies a relation (VofsVini) Vthdm n where
reference notation Vt hdm n denotes the m ni num val ue of a threshold voltage
bet ween the gatecelectredet&, oththgadevitecdr e ngft tlansistorie T2 and t he
specific current termnal of the device driving transistor 12.

Eirst of akhwvihg thankightrexti netepscprocessy dhecgatecet@ctrdrc potentia
Vg of the device dxiving transistor T2 is lowered to the reference electric

potential Vabs whakeasihbBessoungepatechr hChpghenhpadaVse oftihe device
driving transistor 12 is lowered to the sum (VcatVthel). At the end of the

light extingklhen.preeess, ot ReostgRal seamplinthod ransd sfofe Bhdeaguwt in a
turned -off state in order to electrically disconnect the

potential Vg appearing on the gate electrode G of the

device driving transistor T2 also falls gradually with

the lapse of time in a manner of being interlocked with

the anode voltage Vel appesaring on the anode electrode of

the light emitting device EL,

Nexl, a period allocated Lo a threshold-voltage
compansation preparatory process is discussed. In Lhe
pixel circuit 2 subijected to the driving method according
to the timing diagram shown in FIG. 11, the period
allocated Lo a thresheold-voltage compensation preparatory
process 1s started when the power-supply velbtage assearted
on the power-supply line DI is changed from the high
electric potential Voo to the low electrio potential Vas
after the signal sampling transistor T1 has been put in a
turned-off state. In the threshold-veoltage compensation
preparatory process, a current is flowing from the anode
electrode of the light emitting device EL to the power-
supply line D&. In the threshold-voltage compensation
preparaltory process, the gate electric potential Vg

appearing on the gate electrode G of the device driving
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gate electrode G of the device driving transistor 12 fromthe signal |ine
SL and put the gate electrode Gin a floating state. Then, the
power - supply voltage asserted on the power-supply line DS is changed from
the high electric potential Vcc to the intermediate electric potenti al
Vini. If the internediate electric potential Vini is a voltage having the
magni t ude descri bed earlier, the device driving transistor T2 is put in a
tui,ned-off state allowi ng alnost no current to flow through the device
driving transistor T2. In addition, the change of the power-supply voltage

asserted on the power-supply |ine DS.propagates to the gate electrode G of
t he devicéLGVTVTﬁé”tﬁghiﬁgﬁdrgffﬁﬁﬁﬁ%gywéﬁgaagépégff5rO%pagwgtﬁg devi ce

driving transistor T2.. The voltage change AV propagating fromthe

power - suppPy ENE DEHE % He Gt ‘Eet’r i §"6Xpr éssed“i'n ‘terms of Cp

and CO by Bq. (3) oiven below Inthe equation, reference notation 0O
denot es t HEPEGHBIe @ 't ApKciFtANEe “F 6 e g hife "EFe dtP0de *E of "He devi ce
driving transistor 12. Specifically, the combinped capacitance CO
.. I epr eseREd Iy litthe s idgridl” IRSIdivhG VEapabitBr €FT Fhe“parasitic gate-source
capacitor Cgs and the parasitic capacitor Cel of the |light enmtting device
EL. AV =Cpgd 1om\iht )de_rwa_cb_'t: o -t:31<-:~.) v@, LRICOSTRGE LA 4 &l's é.)],l,c-a t::lh]é)(.l@‘.at e elect 'b
potential Vg of . o .

electrode of the Light emitting device EL after certain

time has lapsed since bhe start of the threshold-voltage

compaensation preparatory process. The anode voltage Va is

determinad by Lhe gate electric potential Vg which

appears on the gate electrode G of the device driving

transisbtor T2 vight before the power-supply voltage

asserted on the power-supply line DS is changed fLrom Lhe

high electric potential Voo to the low electric potential

Vs, To bae more specific, the larger the gate electric

potential Vg which appears on the gate slectrode G of Lhe

device driving transistor T2 right before the power-

supply voltage asserted on the power-supply line DI is

changed from the high electric potential Vee to the low

electric potential Vas, the smaller the anode volbage Va

(or the larger the absolute value of the anode voltage

va) .

In the threshold-voltage compensation preparaltory

process, since the signal sampling transistor TL is put

in a turned-off state, the anode voltage Vel appearing on
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the device driving transistor T2 decreases by the voltage change AV due to
the coupling effect provided by the signal holding capacitor C. Then
after the input signal. asserted on the signal |line St has been changed to
the reference electtic potential Vats upon the | apse of certain tine, the
signal sampling transistor Tl is put in a turned -en state again in order
to supply the reference electric potential Vets to the gate el ectrode G of
the device driving transistor T2. Wen the reference electric potenti al
Vofs is supplied. to the gate electrode G of the device driving transistor

T2, the sogree gheEt £0AEL SoQE the levi £ondrdi Mgidd ansisdorerl2 is set at
(VthelVbat) I n addition, the power-supply vol tage has been changed to the

'nternEdla&@c?¥ggég|anﬂgﬁﬂéka&[”ﬁ@ln@ILML£¥&o< ﬂ?\ﬂﬁh@TQkaﬁﬁcdr|V|ng
transistor T2 is in a turned-off state, allomnng al nost no current to flow

t hrough thglgs%gsg xhgga& Lﬁgséﬁéglﬁ{ﬁ%a@ndﬁ§&r 1bed LaLququdTh@ the

anode vol t age en, after the | apse of

certain tigp, bedgs?;gg SPPPLYovOLL Age. asserd egh on fle poer ssupply |ine

CSis changed romt ernedi ate ric potentla n| to the | ow

electric potgntial v nfk&rg&fw are M ded &h@h %é‘%%r Yol tage ;

conpensat i 6f' prepara of y“pr ocess: he power=supp y Vol t age

asserted oq@}h?ogc

Yelhan the sum of the cathode voltage Vgat
appearing on the cathode electrode of the light emitting
device EL and the thresheld voltage Vthel of the light
emitting device BL, that is, if a relation Vel & (Vcat +
Vehael) is satisfied. At the end of the threshold-voltage
compensation preparatory process, the ancode vollage Va i
undesirably too high so that, in the threshold-veltage
compensation preparatory process, the gate-source voltage
Vgs appearing between the gate and source electrodes of
the device driving transistor T2 has becomne already
smaller than the threshold voltage Vih of the devige
driving bransisbor T2. As a result, it is feared that the
threshold-voltage compensation process cannot he carried
out nermally. In a driving method serving as a solution
to this problem, the low electric petential Vss is
reduced in order to lower the ancde voltage Va, that is,
in order to increase the absolute value of the anode
voltage Va. With this driving method, however, the

amplitude of the driving veoltage is undesirably increased
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supply line DS causes a coupling quantity 1W to be supplied to the gate
el ectrode G of the device driving transistor T2. The coupling quantity 1W
is expressed by Egq. (4) given as follows: A V2 = Cp(vin/ Vss)(4) (.7p + CO
Let us think of the fifth enbodinent. In the case of the first enbodi nment,
t he power -supply voltage asserted on the power supplyline DS is changed
fromthe high electric potential Vcc to the |low electric potential Vss in
order to start the threshol d-voltage conpensati on preparatory process. The
change of the power-supply voltage asserted on the power ....supplyline DS
causes a. oupldamg lguantivsy sAVQrteor Be rsuppliicedictso. il gat @ elceotsode G of
the device driving transistor T2. The coupling quantity AVO is expressed by
Egq. (5) giwveni helcawh |t heiigaserafitchen ifgif ti lemdgedi .menhpsonthhe ot her
hand,

driving method is difficult to implement because of a

problem causad by a high aost,

FLG. 12 is a btiming diagram showing timing charlsa

For the third embodinent offering a solution Lo tUhe

problem raised by the firat emnbodiment as explained above

by referring to the timing diagram of LG, L1, As shown

in Lhe timing diagram of FIG. 12, in the third embodiment,

the light extinction process is carried out repeatedly a

plurality of times, That is to say, after the Lirst light

exbinchion process is carried oul Lo change the state of

the light emitting device EL from a lighlb emission state

to a no-light emissicn state, at least a second contbrol

pulse iz asserted on the scan line WS in order to put the

signal sampling Lransistor TL in a turned-on stabe while

the power-suppkly voltage asserted on Lhe power-supply

line DS is belng sustalned at the high electric potential

Voo and after the input signal asserted on the signal

potential Vsig to the reference electric potential Vofs.
The second control pulse triggers an addiltional light
extinction process. In the typical control method

implemented by the third embodiment as shown in Lhe
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the coupling quantity AV2 is expressed by Eq. (4) given above. That is to
say, since the coupling quantity 8V2 applied to the gate el ectrode G of the
device driving transistor T2 in the fifth enbodi nent can be smaller than
the coupling quantity AVO applied to the gate electrode G of the device
driving transistor T2 in the first enbodi nent, the anode voltage Va of the
light emtting device EL during the threshol d-voltage conpensation
prpxatory process according to the fifth enbodi ment can be nmade smaller
than that in the ffrst enbodinent. That is to say, the absolute val ue of

the anode Vélt&geVasra™ Ré Filfth- @anBiﬁ%nfDPEIQ#eﬁF%r“%HQW”that in the

first enbodinment. Cp O/CC """( 5
appilod to the gate electrode of the signal sampling

transistor Tl successively in a row Lo carry out three
light extinction processes respectively. As a resulft, in
the case of the third embodiment, the light extinction
process is carried ocut repeatedly three times. The first
light extincticn process is the true light extinction
process basically for changing the state of the light
emitting device EL from a light emission state Lo a no-
light emission state. FEach of the second and third light
extinction processes is an additional process carried out
in order to stabhilize Lhe threshold-voltage compensation
process to be carried oul later on.

I'n the case of the third embodiment, the write
scanner 4 sequentially applies the consecutive conbrol
pulses on the scan line WS alt intervals each
corresponding Lo a hevizental periced 1H. In accordance
with the control pulses applied to the gate electrode of
the signal sampling transistor T1 at intervals of 1H, the
true light extinction process and the additional light
extinction processes are carried out. Thus, in the case
of the third embodiment, the true light extinction
process and the additiconal light extinction processes are

also carried out at intervals of 1H. However,
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co Since the anode voltage Va during the threshol d-voltage
conpensati on preparatory process according to the fifth enbodi nent can be
made smaller than that in the first enbodi nent, the threshol d-voltage
conpensati on process can be carried out normally. It is thus possible to
give a uniformimage quality having neither unevenness nor image cords. In
addition, since the threshol d-voltage conpensati on process can be carried
out normally, it is not necessary to lower the |ow electric potential Vss.
Thils, the drive scanner 5 does not have to be designed as a scanner good
enough for, wi.t hstandi.ng high. voltages. On.top of that, since.a plurality
of adjaceﬁfwﬁﬁﬁﬁﬁﬁfﬁﬁéﬁﬁppg ITfes™ D l&#egﬁkéaﬁea“ESPé@%ibg|§“§s a group of
power - supply |ines DS by making use of a signal .common to the power-supply
P hes D8 Hia It ng foOE Ean 58 diqeRa: on mee b9 hagRaNET JaUPPLY
intermediate electric potential Vini is set at a nagnhtu e which satisfies
the af or enenititéied o &t FOW F(Vdf & DI VENG: Adind i 60 44 Péaé@n descri bed
as follows. Wen the signal sanpling transistor Ti is put in a turned-on
ﬁmeinMWWWW%%M&M%WH@%%@%%WWWbﬁ%%%ﬁ%&@%oHmgme
el ectrode G of the device driving transistor T2, if a voltage appearing
bet ween t Welchdtionalledtiribde oG tdmd Hve pHREESSESPI Pie D8 §4¢Fd&tler than
the threshold voltage between the gate el ectrode G of the device driving
transi st orl2 ddnd e vigdwe r-ls ey elli g -DS t he vol t age appearing on the
anode el ectrode decreases, attaining the voltage asserted on the
power - suppl y | i nénD8haf temat Reyl apséhof sgeptdi anbpdeneThenalén the course
of the threshol d-vol tage conpensati on preparatory process, when the

power - supplasavali age: assert edian inke tpowsrrsupiny: o iadg abSnits polwanged to t he
hi gh electric potential Vcc, a bootstrap operation raises both the gate

el ectric pofygnty alinvg and the iseurice:lel edtad ¢ cpatent icahaVs tW thvrtche
gate-source voltage Vgs sustained at a magnitude to a certain degree. As a
result, the 4hngshohd=valktagecanpersat kanrprheeesspeannotuppigarried out
normal ly. It is thus necessary to set the power-supply voltage at an

el ectric ppiendaledhain Bevenis the decedlbdMAgply lines

pertaining te the same power-supply line group {rom the
high electric potential Voo to the low electric potential
Vss and vice versa alternately, and sequentially applies
the common power-supply voltage to power-supply line
groups by shifting the phase of the power-supply voltage
from group to group. In this way, the common power-supply
voltage is supplied to a power-supply lLine group at the
same phase determined for the group and switched from the
high electric potential te the low electric potential and
vice versa alternately.

FIG. 13 is a timing diagram showing timing charts
of the third embodiment in the same way as the timing

diagram of FIG, 12 except that a timing chart only of a
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lii.: ansistor T2 fromoperating in a satai xated region. In the
case of the fifth enbodi nent,is not necessary to lower the low electric
potential. Vss in order to carry out the threshol d-voltage conpensati on
process normally. Thus, the drive scanner 5 does net have to be designed as
a scanner good enough. for w thstanding high voltages. In addition, since a
plurality of adjacent power ..supplylines DS are treated collectively as a.
group of power-supply lines DS by naking use of a signal common to the
power -supply lines DS, the manufacturing cost can be reduced. FI G

17 is a tigkpg diagram shewingdt kel BgeCharks o0& asbud hagwborhient
i npl ementing a display apparatus provided by the present invention. In

order to makgrthe fok|,eWRE.deS6E:PLEOPEARY LD WHASESEANThg i dh thes tini ng
diagramof FIG 17, elenents identical with their respective counterparts

shown in the.Ligh agdhagr amef  nEl Goy15B Ii?!iv&h& {ffﬁlﬁhl@mgdll"%d are

denot ed by "the sane reference notations and reference nunerals as the

count er paxt.g., Tt}%m M: g di- agrgmmga];%si va 720k a1 hey shxt v enbodinent is

identical wth 't tinmng diagra

eglectrode 5 of the device driving transistor TZ are also
given. The timing charts of the gate electric potential
Vg and the source elegiric potential Vs are also shown on
a common time axis along with the timing charts of the
input signal asserted on the signal line 3L, the power-
supply voltage asserted on the power-supply line DS and
the control signal asserted on the scan line W5 in order
to make the following description easy to understand. It
s to be noted that the scurce electric polbential Vs
appearing on the source elecirede 5 of the device driving
transistor TZ is no other than the ancde voltage Vel
appearing on the anode electrede of the light emitting
device EL,

Even if the signal sampling transistor T1 is put in
a turned-off state after the execution of Cthe Cirst light
extinction process, bLhe anode voltage Vel appearing on
the anode electrode of the light emitting device EL
conbinues to decrease in manner of being interlocked with
the gate electric potential Vg appesaring on the gate

elegtrode G of the device driving transistor T2 with the
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FIG 151:3 forthe fifth enbodi nent except that, in the case of the timng
diagramof FIG 17, with the power' supply line DS already set at the
internediate electric potential Vini, the signal sanpling transistor Ti of
each scan line Ws laid on the sane matrix row as one of the power-supply
lines OS pertaining to the sane group is turned on with the sane timng as
each other scan line Wo. Also in the case of the sixth enbodi nent, the
power - supply voltage is changed fromthe high electric potential Vcc to
the ow electric potential Vss in order to start t he threshol d-vol t age

compensat Gl ! SRENANR! Y RASRSS-cyThe GanAR Alod e paterp supgly vol | age

causes a co I ng quantlty to be supplled e gate electro G of the

devi ce dri.ving transist . ore e V of he |ight
\4 rg }EL dtm NoxN T h'eftocL V(j.'“ zq ﬁ%i( 1@’9%( %1 tt

emtting devrce res a e corfpensati on preparatory

process acc to\the |xth ment_ c ll'er than that in
t he flrst'“ﬁﬂ ?nenf(tTﬁa gt g sgyfj ‘”“ggdfﬁ gPQHfdgqét‘the gnode

vol t age va hn t he [Ifth enb dlnent reater than t.hat fﬁ the first
enbodi ment" " FFHGE H@’ﬁaﬁhtgﬂﬁhrtﬁﬁ 3 gt o ”bé“té&dd%b“vd‘additron in
the case of the sixth enbodi nent, mnth t he power sup Iy CB already set
at the i nt'ét matliatrd - dlf%ectti'® Fdrentiralt VPﬁP“”tﬁ%léﬂbnat‘%@ |ﬂﬁg transi stor
Ti of eacquscan Ilne W5 laid on the same matrix row as one of the
power - suppily 49%ds T8 per tiditniliig XV He Wi grogp et ial Vols,

the signal sampling tranzistor T1 is pul in a turned-on

stabe so that the reference electric potential Vofs is

supplied to the gate electrode G of the device driving

Lranslator TZ by way of the signal sampling transistor TIL.

At that time, a fixed Fraction of the change off the gate

electric potential Vg appearing on the gabe electrode G

of the device driving transistor T2 propagates Lo the

anode electrode of the light emitting device BL,

Much Like the filrst light extinction process, in

the second light extinction process, bhe period of

sustaining the signal sampling transistor T1 in the

curned-on state is the period of supplying the referaence

e@lectric potential Vofs to the gate electrode G of the

device driving transistor T2 by way of the signal

sampling transistor T1 in a second light extinction

process. The ancde vollLage Vel appearing on the anode

electrode of the light emitting device EL decreases

gradually with the lapse of time due to a self electrical
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turned on with the sane timng as each other scan line W5, as described
above. Thus, the period of sustaining the power-supply voltage asserted
oi ;i the paws supplylino DS at the internediate electric potential vini can
be nmade shorter. As a. result, the li.ght em ssion period can be nade

| onger . Next, a seventh enbodi nent inplenenting a. display
apparatus provided by the present invention is explained. The seventh
enbodi ment is also obtained to serve as an inproved version of the first
enbodi nment , To begin with, the threshol d-voltage conpensation
preparat ory: prREe§sngaprheds out ARt drheHd rsipenadiceemt: iins tieni, si ted. The
threshold ..vol tage conpensati on preparatory process is started when the

pOWer - SUpplNeNOk £age: i gachangedi fi& om 4he: bigh el eps rigapotent il acc to the
| ow el ectric potentlaﬂ Vss after the sighal sanpling transistor 'El has

been put ip,a,tyrged- Qfﬁiétaﬁﬁc R4 $o CASEa @bfﬂﬂﬁﬁﬂurﬁﬂéwwhfﬂﬁﬁnthe
anode el ectrode of the ht emtting device EL to the power ....supplyline

5. Fere, 1&‘6%¥ e&%@ﬂf@a@%@tm@ mﬂ@n&%m Ny vel s age @pRaard ng; on the
anode el ectrode of the 1 ght emtting device in the threshold
'VOltagﬁncgfgggfﬁa'ﬁgtentlal lower than an electric potential
which was attained by the ancde voltage Vel when the
signal sampling transistor Tl was put in a turned-off
state during the first light extinction process. This
time, the veltage Vel appearing on the anode electrode of
the light emitting device BL more closely approaches the
sum of the cathode voltage Voat appearing on the cathode
electrode of the light emitting device EL and the
threshold voltage Vthel of the light emitting device EL.
By carrying out the lighlt extinction process repeatedly a
plurality of times, the anode voltage Vel appearing on
the anode electrode of the light emitting device El
decreases gradually with the lapse of time and eventually
attaina the sum of the cathods voltage Vgat and Lhe
thresheld voltage Vthel . That is to say, finally, an
egquation Vel = (Vcat + Vthel) is satisfied.
Thus, when the power-supply voltage asserted on the
power-supply line DS is changed from the high electric
potential Voo to the low electric potential Vas in order

to start the thresheld-veoltage compensation preparatory
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preparatory process. The anode voltage Va is determ ned. by the gate

el ectric potential Vg which appears on the gate el ectrode G of the device
driving. transistor T2 right before the power-supply voltage is changed
fromthe high electric potential Vcc to the low electric potential Vss. If
the resulting voltage Va is small, that is, if the absolute value of the
resulting anode voltage Va is large, the low electric potential Vss can be
i ncreased by a difference corresponding to the decrease in anode voltage
Va. Thus, the anplitude of the power-supply voltage asserted on the

power - supplnynddsre Edccam e cdecnedseghotAsta alediy typpiche imgnuhactur i ng cost
can be reduced. In accordance with a conceivable driving nethod, in
order to reduce: ltdie mnode: ol ttage Va,idd diswdenceirvabliette imicrease the
reference electric potential Vofs. As described above, the anode voltage Va

i's determipeddy dihe gate ehesls ¢ 1pekentd orVairwhiich appeaks-en the gate
el ectrode G of the device driving transistor 12 right before the power

-supply valifage dcs: changed kuomthe high 8 egld i:6 -pat enti-ak oMec 0 the | ow
el ectric potential Vss. hus, the anode voltage Va can be reduced by

i ncreasi ng.fhe irefieranas ¢l ectsiic..patenti alMVofs...hf, 1the nefgrence el ectric
potential Vofs i's |ncreased homever the anode vol tage Vel appearlng on

the anode cf(‘Jnﬁ)QIJQQE% of LQ m; dg_-%f:: “3'1t< ing, dey] %‘? Elo@l80 1 AL (@ageﬁ as wel |

in the signal” wite pr Thud, 5in the signal write process,

Lhe abzolute value of the anode voltage Va can boe
increased.

Since the anode voltage Va in the threshold-voltage
compensalion preparatory process can be reduced, the
threshold-vollbage compenzation process can be carried out
normally, It is thus possible to give a uniform image
cquality having neither unevenness nor image cords. In
addition, since the threshold-voltage compensation
process can be carried out normally, Lt is not necessary
Lo lewer the low electric potential vss., Thus, the
amplitude of the driving voltage is not increased so that
the drive scanner 5 doss nok have o be dasigned as a
scanner good encugh for withstanding high voltages. In
addition, since a plurality of adjacent power-supply
lines D3 are treated collectively as a group of power-
supply lines DS by making use of a signal common to the
power-supply lines DS, the manufacturing cost can be

reduced.



anode voltage ye | may undesirably exceed the threshold voltage Vthol of
the light emttimg device EL. If the anode voltage Vel appearing on the
anode el ectrode of the light emtting device EL undesirably exceeds the

t hreshold voltage Vthel of the light emtting device EL in the signal wite
process, a driving current flows to the light emtting device EL during the
signal wite process, raising a problemthat the nobility conpensation
process cannot be carried out nornally at the same tine as the signal wite
process. FIG 18 is a timng diagram show ng timng %haﬁrﬁtﬁs of a
sevent h enbodi mertLG mplerentd g 8 S8y S Fatids pridvindedBy “Che present
i nvention. The seventh enbodi nent has a feature in which the horizontal

sel ector 3fasserfsunthi espogehenenter Bewet 1Y pdt €hid WY e '6i- ‘the si gnal
line SL allocated to |ight extinction processes. On the other hand, the
hori zont al pselrededrb@ tbseprssansetond efer ende widsst fricc "géLehbEal Vof s
different fromthe first. reference electric potential Vers on the signal
line SL. Tooplbwitygiacdetapljoctheatyrist vedereheedel Brtihc Porential Vers
asserted by the horizontal selector 3 on the signal line St is higher than
t he seconddiefiesence Blectiic pbteatial jddMatscal nwadditlion, the first
reference electric potential Vers is not greatez t han the sum (Vcat +

Vt hel Vt h) whepecteter epnrtaepattonsvoat denobest thenyoliagsrappeari ng on
the cathode el ectrode of the light emtting device EL, reference notation
Vt hel denoteg.the Lhregholamyabtagegoimt herl tght tiehid témgndtenirce EL wher eas
reference notation Vth denotes the threshold voltage of the device driving

transistor 31424enoted by the same reference notations and reference
numerals as the counterparts. In the case of the fourth
embodiment, as shown in the Liming diagram of FIG. 14, a
predetermnined number of adjacent scan lines W5 are tied
to each other to form a group of scan lines. The write
scanner 4 applies a contrel signal common to adjacent
scan lines pertaining to the same scan line group by
sequentially shifting the phase from group to group, In
the case of the fourth embodiment implementing the
driving method according to the timing diagram of FIG. 14,
the typical number of adjacent scan lines W3 to be
treated az a group is three., Much like the third
eribodiment, the write scanner 4 employed in Lhe fourth
embodiment also applies three control pulses on the scan
line W5 provided at every stage in crder Lo carry oul
three light extinction processes respectively.

However, the fourth embodiment implementing the
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Thus, the seventh enbodi nent has a feature in which the horizontal selector
3 sets the electric potential appearing on the signal. line SL at the
second reference electric potential Vofs serving as a reference voltage for
t he threshol d-vol tage conpensati on process in the sane way as the first
enbodi nent, the video-signal electric potential Vsig representing a
gradation in the sane way as the first enbodi nent or the additional first
reference electric potential Vera serving as a voltage for the |ight
extinction process In addition, in accordance with the driving nethod

shown I n t nlg tq{cﬁ‘grlgm&fclllzl G‘t olg’lw I’E..LIJ..L]{ dld%{l? rcl)qe ‘ql ‘ECtlrfll c

potenti al ers he second Teferen ce eI ectric potent Vats and the

vi deo- S|gnal ctrl otentlal serted o the signal line SL in
FI el HC[ R T 1, )l i ( m :E:(f} me lll N rf]l 1Y %

a sequence they ar'e enune#ated i'n th|s sen i of der to sequentlally

changes the electrl otentlal afgearlng on the slgnal li.ne If t he

p =1 )

peri od betkeh thd Bnd BF The TREDLHAId: Vol Tage" csweﬁéat.ﬁ '#écess and
the 8U: 3:Li of the si na!wwwhte progess and the ggblllti conpensatlon
process) i%'t'd et CaRER IHHY TdiEi deFation! RIS dequdncdoft R fir st
reference electric potential Vera, the second reference electric potenti al
Vof s and ﬂheldiﬂéb §1Qﬁa1‘é#eébh‘d‘ﬁbﬂehtﬂﬁﬂlvsﬂd”ﬂs7dééWWEBﬁé‘“Fbmever
the seventh enbodinent is by no neans limted to this sequence. In
addi tion, 'utved-lHs*% Vol4%ge for the |ight extinction process, the first
reference el ectric potentlal Vets nust be smaller than the sum (Vcat Vthel
Vt h) where refer &res,not dtileh vobpddegotedphemgolfage2appsatilig on the
cat hode el ectrode of the light emtting device EL, reference notation.
Vt hel denctrgthtdie: 4 hnesholad! Vol ttdge rofeddig: [ightnldnint tisngxdeviicedgL wher eas
reference notation Vth denoted the threshold voltage of the device driving
transi st orTHR2. £ ifhat dmgodcbinsayt, itshenlrsel athitonindet o serve as an

improved version of the first enbodiment. Tn order to

make the following description easy to understand, hefore

the fifth embodiment is explained, by referring to a

timing diagram of FIG. 15A, the description begins with

brief explanation of portions included in the first

embodiment. as 2 portion which need to be lnproved., TL is

o bhe noted that, in order to make the following

description simple, the threshold-voltage compensation

process ls carried out only once. The following

description also includes a discusszsion of a preparatory

rericd alleocated to a threshold-veoltage compensalion

preparatory process., The preparatory period is discussed

also by referring to the timing diagram of FIG. 15A. In

the pixel cirguit 2 according to the fifth embodiment,

the preparatory period allocated to a threshold-voltage
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(VcatVthel i Vth) nust be satisfied. In addition, in the seventh

enbodi nent, the first reference electric potential Vers nust be higher than
the second reference electric potential Vofs. Thus, as a whole, the
relations Vofs < Vers S (Vcat -4- VthelVth) nust be satisfied. FIG 19 is
a. timng diagramreferred to in detailed description of operations
carried out by the seventh enbodi nent. The operations explained in detai

by referring to timng charts shown. in the timng diagramof' FT G 19 are
operations focused on pixel circuits 2 provided on one of the rows of the
matrix in thepsevant hnepbeghreobry Theoté sk ngs di agras ofhdt Ghd9 shows
timng charts representing changes of the electric potentials of the input

signal appgaikRgs0ppthevsignak kiknenShgel hexr paVere Shpph ye vottage appearing
on the power supply line DS, the control. signal. appearing on. the scan

line WS, thecgate el eetrie patentiakiyg: appegstagr: onL thes gaten efigst rode G
of the device driving transistor T2 and the source electric potential Vs

appearing Qnhhg %gﬁﬁﬁﬁneleeaﬁg@§t§roﬁlter@§a§0§u9riwi@gt@f@@wu§ﬁpr_T2. As

described earlier, the control signal appearing on the scan line Ws is

supplied tg.the gate elecirade ofthesiangl Samlidng GLransictioy Ti -
from the anode electrode of the light emitting device EL
to the power-supply line D5. As described earlier, in the
preparatory period, a parasitic capacitor Cp existing
between the gate electrode G of the deviece driving
transistor T2 and the power-supply line D5 is effective.
Tn the preparatory period, serving as the source
electrode § of the device driving transistor TZ 1s the
currept terminal connected to the power-supply line DS.
When the device driving transistor T2 ls operating in a
saburated region of this astate, a channel is created on
the source side =zo that the capacitance of the parasitic
capacitor Cp increases., When the device driving
transistor T2 is operating in a saturated region with its
current Lerminal on the power-suply line side serving as
the drain electrode of the device driving transistor TZ,
on the other hand, the channel is not created so that the
capacitance of the parasitic capacitor Cp is small.

When the power-supply voltage asserted on the

power-supply line DS is changed from the high electric
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First of ail, the light extinction process is started when the signal
sanpling transistor Tl is put in a turned-on state, allowing the first
reference electric potential Vers to be supplied to the gate el ectrode G of
t he device driving transistor T2. As described earlier, the first reference
electric potential Vers is |ower than the sum of the cathode vol tage Vcat
and the threshold voltage Vthel of the |light emtting device EL and the
threshol d voltage Vth of the device driving transistor T2. Thus, the first
reference (.lentric potential Vers is supplied to the the device driving.
transi st ofppctZrand iputs: the rdeviles dievitnd ot panshstian V2=, ntast ur ned- of f
state which does not allow a driving current to flow The |Iight extinction
process i spended whentihe sirgnak: sempling tnvang stanhsTisthbe put ikn a
turned-of f state. After the | apse of certain tine, in a

t hr eshol d-¥Qlf.2QF RONIPASALI OGN -PF eRIRALOKY:PLACESS, 1hE oPOVBK-SUPPlY
vol tage is changed fromthe high electric potential Vcc to the I'ow electric

potential \Ygs. u§kﬁ£@ Rh@xu%|ation anﬁq%lVQE§1H3n%a§N§ik@diIthe anode
vol tage Va of the |gh emtt |ng deV|ce EL during the threshol d-voltage

compensat o, RLSRALAL o1, BL0GESS, besmaLlen Lheh LnaL gt hecl i1 ot

enbodi ment  as descri be earller fh he absolute val ue of the

anOde.VO|§ag§1 qhg?ﬁ I&elﬁtLNFHYNJ% ngﬂTheQMr% %hﬁeoqp 2€ of

certain 1'me Wer'- supply VO Itage (S chan 'ow el ectric
potential . VSS bac ‘ e ¢ potent | V c Subsequ tIy, after
the | apse "Of &6t fﬁlhjfﬁﬁﬁn dﬁ?ﬂ %thETéNQT' ngéf sdé%a#he qSa';mthe second

reference el ectr o potentigl Vofs, the.siapal, sarpl ing, [gei Syor1s put in

introduced to the gate electrode G of the device driving
transistor T2 through the parasitic capacitor Cp, If the
coupling effect is large, the ancde voltage Va appearing
on the anode electrode of the lighlt emitting device EL
inevitably increaszes, that is, the absolute of the anode
veltage Va unavoldably decreases in the threshold-voltage
compensatlion preparatory process. This Ls because the
anode voltage Va is determinad by the gate electric
potential Vg which has appeared on the gale electrode G
of the device driving transistor T2 righlt before the
powar-supply veltage asserted on the power-supply line DS
is changed from the high electric petential Veo to the
low e@lectric potential Vss and, 1f the coupling effect
applied to the gate electrode G of the device driving
transistor T2 is large, the gate electric potential Vg

which has appeared on the gate elecltrode G of the device
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supply the second reference electric potential Vofs to the gate el ectrode G
of the device driving transistor T2. If the gate- source voltage Vgs
appeari ng between the gate and source el ectrodes of the device driving
transistor T2 is increased to a value not smaller than the threshol d.
voltage Vth of the device driving transistor T2 when the signal sanpling
transistor Ti is put in a turned-on state, the threshol d-vol tage
conpensati on process can be carried out nornmally thereafter. Thus, the
signal wite process and the nob'|'ty conpensation process can al so be
carried outr5%ingl Frafreeptehel Eonphlet i bnlofe thee axetit 1 DIFPEY t he
t hreshol d-vol t age conpensation process. Finally, the light emtting. device
EL i 8 drivenltagemstsetfghitointiherdight e bsibmstH el 3 otloWiey t he
signal wite process and the nobility conpensation process. . Let us
thi nk of theoseveathienbetienentc potéheizhsécofte hdiselantdrenbodt nent, the
first reference electric potential Vers higher than the second reference
el ectric ppbeshtakl\Vioks, i sassedsaslh haghiteXtinction electric potential.
As a result, the anode voltage Va appearing on the anode el ectrode of the
light emtting dewi cehElartudld ng Teyd hreesholtthe okt age tbenpensat i on
preparatory process can be nmade smaller than that of the first enbodi nent
as descri bedrearhigrvoThalei SohPes8¥tion preparatory process is

undesirably too high, the gate-source veltage Vgs

appearing between the gate and source elecltrodes of the

device driving transistor T2 in the threshold-veoltage

compensation process becomes already smaller than tChe

threshold voltage Vth ¢f the device driving transistor Ta2.

As a result, it is feared that the threshold-voltage

compensation process cannot be carried out normally. In a

driving method serving as a solution te this problem, the

low electric potential Ves is reduced in order to lower

the anode voltage Va, that is, in order to increase the

absolute value of Lhe anode voltage Va. With this driving

method, however, the amplitude of the driving voltage is

undesirably increased so that the drive scanner I must be

designed as a scanner good encugh for withstanding high

voltages., Thus, this driving method is difficult to

implement because of a problem caused by a high cost.

FI1GE. 18R is a timing diagram showing timing charts

of the fifth embodiment. The f£ifth embodiment offers a
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t he absol ute value of the anode voltage Va can be nade rel atively |arge.

Si nce the anode voltage Va during the threshol d-voltage conpensation
preparatory process can he nade relatively simail, the threshol d-voltage
conpensati on process can be carried. out normally, Tt is thus possible to
give a uniformimage gpality having neither unevenness nor image cords. In
addition, since the threshol d-voltage conpensati on process can be carried
out normally, it is not necessary to lower the |ow electric potential Vss.
Thus, the drive scanner 5 does not have to be designed as a scanner good

enoth for (Sﬁﬁ hSt and N, %Olgf, 29‘?51(1(1% t ?R[ Off ik hﬁt rm% LAS K8 pl Hr a:c ity of

adj acent ¥ 28 bﬁf)tlfng & treated col | éctive y as ahgroup 0
to the power

pomer-supply Li.nes ki ng use of

-supply | FHEEB @‘HA§ fesuﬁ gth%“nhhu?%ctﬁt?'”ng g’ﬁh be'reduced.

ritG 20 is ,a timng diag r am showi n L|n1n charts of an_ei ghth enbodi nent

i npl ement ifid & aw%btﬁy“a%paﬂétué b?bvﬂd@d e bﬁ@geﬁt”* WEnPF6n. The

ei ght h enbodi nent is provided for the purp ose of inproving the signal wite
process 0PSO e Vitdeo sl ghal et e Ngotleltital “Usig in the signal
hol di ng capacitor C. As shown in the ttm ng diagram, the signal wite
process i §OSWaXtEd el ERerSighal PEaREIFinG Ot PENSPSEROTPUES 35uf in a

t ur ned- on state by naklng use of a controI slgnal connected to the gate

vol t age asserted on the pomer supply I|ne DS has been changed frontthe | ow
el ectric potentialiaVStSired héhki g islcectringepotentizaliovcd hand t he i nput
signal asserted on the signal line SL has been set at-the video-signal

el ectric potwent-izalppNsi galpernac amplketticon cof e pewecutiipplof ltihe DI

t hreshol d- vol t age conpensati on process. At the same tine as the signa
wite progess, tHie e ldiy-earpeasatitdmlpnecess ks lalksanedririted out as
wel |l to conpensate the drain-source current Ids flow ng through the device
driving transistior &2 dan variiati oRs wefsrt heiamebigh ) -af:rtike device driving
transistor T2 fromtransistor to transistor. The ei ghth enbodi nent

has a featyyre iy avhivch: they hokd 20nt al) selec! o3 renplioyed i nThi s
enbodi ment asserts a first video-signal electric potential Vofs2 al so

representifg g o @Qﬁ%uﬂn'aﬁﬂ1@1§BCQP9xMhQEQq§#ﬂ@ﬁknﬂhe&ﬁfk@qﬁ@hﬁnhlal Vsig
serving as a second gradatlon electric potential sequentially and

alternately, qn, 4 gﬁw@l gn«tg ; d'wq 19 19y 2dgidd:ond otdth%csecqmttef erence

el ectric potenti of s the first reference el’ectric potential Vers.

ahe f 'ngsga&g% oAl SLASHELG PULUIAL MY $8)3- MR PA b the signal

group from the high electric potential Voo o the
intermediate electric potential Vini, and seguentially
applies the common power-supply voltage o power-supply
line groups by shifting the phase of Lhe power-supply
voltage from group teo group. In Lhis way, the power-
supply voltage appearing on the common power-supply line
DS ds supplised to a power-supply line greup at the same
phase determined for the group and switched from the high
electric potential Voo Lo bLhe intermediate electirig

potential Vini, In the fifth embodiment, after the power-
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order to store the first video-signal. electric potential Vofs2 in the
signal. holding capacitor G in the so-called first signal wite process by
way of the signal sanpling. transistor Ti which is turned on by a control
signal appearing on the scan |line W5 connected to the gate el ectrode of the
signal sanmpling transistor Ti. Then, the second video-signal electric
potential Vsig is supplied. to the signal holding capacitor d in order to
store the second video-signal. electric potential Vsig in the signal
hol di ng capacitor G in the so-called second signal wite process by way of

the signal ;5appli NNkl aRShatkokedh WAL Chri enkul Redh-@id by anothef - cont rol
si gnal appearing on the scan |ine W5, The nobility conpensation

process aC@BEQEEQaﬁpvﬁﬁgJe%HEtQi?ﬁ?@dﬁﬂﬁglih- exph&i peg- i 7 det ghlr by
referring to a. timng diagramof FIG 21. The timng diagramof FIG 21

shows tirmi0g Gharts.af A Xeb.Gl pGULT So2¢ P01 ODeGIRI T X £ Ol gorrepponding to

one stage cited. ore. The tinm ng diagram o G 21 also shows timng

charts of the.ganenel epLricongtent ha o0, appRar g onhe. gate, sl ect rode G

of the devi'¢e drivi ransrstor e source electric potential Vs
appeari ng onrghgquugcgqelectrode S of the device driving transistor T2 on
a comon tFme“dxi'€ al's8hid with the tining charts of the input signal
asserted on the signal line SL, the power-supply voltage asserted on the
power ... supplyl i'“g’“% %}ﬁ%ll'?fhjed”?:‘bﬁﬁlglll%ci g%%l " s<dtt eLquLgLrlnl the scan |ine WS
in order to make the follow ng description easy to_understand, The input
signal assEFPEA-BANENACS] GHELTIPRE SF CBhRbL PherSTerring o 4

timing diagram shown in FIG. 16. FIG. 16 is a timing
diagram referred to in description of operations focused
on pixel circuits 2 provided on one of the rows of the
matrix in the fifth embodiment. For simplified
description, the thresheold-voltage compensation process
ia carried out only once.

In the fifth embodiment, after the light emitting
device B, has been put in a no-light emission state by
putting the signal sampling transistor T1 in a turned-on
state, the power-supply veltage Ls changed § to the
intermediate electric potential Vini. Then, the signal
sampling transister Tl is put in a turnad-on state again
with a timing after the signal line 5L has heen set at
the reference electric potential Vofs. As described above,
the intermediate electric potential Vini is an electric
potential between the high electric potential Vecc and the

low electric petential Vsz. After the signal line 5L has
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new first video-signal electric potential Vofs2, the first reference
electric potential Vers, the second reference electric potential Vofs or

t he second video-signal electric potential Vsig. As described above, the
new first video-signal electric potential Vofs2 also varies in accordance
wi th the gradation. Essentially, in order to normally carry out the
nobi l ity conpensation process on all gradations, it is necessary to supply
t he i nput signal

t he signal

gr adati ons.

having a timng chart created by an external conponent to

sanpling transistor fl in the signal wite process. However,
such a , chem® i:%1CO8t lhe L rRhdeL:t @150l ve it Rics <prabliem: fsnrbherease of t he
eighth, the nobility conpensatlon process is carried out at two stages in

order to nqr.oml |y carsa. Quq}ph%umgplIhﬁMHgoqpﬁng%qun preeess on al

Thus,

t he elghth does not adopt a configuration for supplying

the 1nput 3.9% n@a h%\“ 0 8 g, char b icigatied oy ah iext enngl, _epaponent to

t he S|gnm

accor dance, watq
1.4

carried out

e

i ng {7 ansi st or Tl i'n the S|gnal wite process

hﬁpﬁ',%}gun, odinent., hefore g signal . wiitle Riagess i

again as described above in order to selb voltages at

which the device driving transistor T2 iz not operaling

in a saturated region. Thal is to say, the reference

electric potential Vols and the inlermediate electrlc

poLtential Vini satisfies a relation (Vofs - Vini) <

vthdmin where reference notation Veohdmin denobes the

minimum value of a thresheold voltage between the gale

electrode G of the device driving transistor T2 and the

specific

transi

current terminal of the device driving

ator T2Z.

First of all, in the light extinction process, Lhe

gate electric potenlbial Vg of the device driving

Fransistor T2 is lowered Lo the reference alectric

potentia

of the

{(Voat

1 Vofa whereas the source electric potenbial Vs

device driving transistor T2 is lowered Lo the sum

- Yithel). AL Lhe end of the light extinction

process, the signal sampling transistor Tl is put in a

turned-cff state in order to electrically disconnect the

gate electrode G of the device driving transistor T2 from

the

signal line 5L and put the gate electrode G in a
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signal electric potential Vors2 reflecting a. desired gradation is supplied
in advance to the gate electrode G of the device driving transistor T2 in a
nobility conpensation process. In this case, it is necessary to determ ne
the magni tude of the first video-signal electric potential Vofs2 and the
timng to supply the first video-signal electric potential Vofs2 in advance
so that the nobility conpensation process is perfornmed conpletely at the
sanme tinme as the actual signal wite process instead of conpletely carrying
out only the nobility conpensation process. In this way, the nobility

conpensat i 8hopEbbEsstrsccar Tl oute atonaib BiRyes ial terdder 456 ralicow t he
mobl lity conpensation process to be normally carried out on all gradations.
I n additionn the ramafactwpilnglicost Déahsbehfugether rpiovieied:iah FIG 22

is a cross-sectional diagramshowi ng a typical configuration of the
thin-filmpirekbréirpubtenRienphoyedoi hhe hendesptayaappatatiusiprovi ded by the
present invention. That is to say, FIG 22 is a diagram show ng a MXel

C. . TCSS septientOklavphxel T ricus ti:2emeatied orelartimsulaticon isulbst rate. As
shown in the cross-sectional diagram the pixel circuit 2 includes a
transi storvseact ienahavingga pkutali tyeohadnansistoescrimed hearlier,
cross-sectional diagram however, the transistor section is shown as only
one TFT (Thhe Bkl m-3rapsi,ehqr}radbespbxetzciscpit 2n ad souhasi-a£mpaci tor
section including the signal holding capacitor C and a light emtting

section ingtHdkng1theihbohtmeRtt hbngudevheer Ele1 By earsyimo.out a TFT
process, the transistor section including a plurality transistors and the

capaci tor sgGtienqginchudi pg.hbesebgnab, holding;Gapaci kol Ghadle ¢freated on
the substrate. Then, thé light emtting section including the light

emitting dehopoflyL8uEHeated QUBE LhEeLE2RSLL ke SEGHL ONy g f he capac t or

section to forma lamhated stac esive layer is then foorned on the

L 0o oo (B SEVEESGaRBSENETLY, ook pnaperant oRpesLig aibsteate s
driving tranzister T2 by way of a capacitoer Cp of the
device driving transistor TZ., The voltage changs AV
preopagating from the power-supply line DS Lo the gats
alectrode G ls expressed in terms of Cp and CO by Bg. (3)
given below. In the aguation, reference notation C0
denctes the combined capacitance For Lhe gatbe electrode G
of bhe device driving transistor TZ. Specifically, the
combined capacitance CO is represented by the signal
halding capaciter €1, the parasitic gate-source capacitor
Cgs and the parasitic capacitor Cel of the light emitting

device EL.

Apfm-__gii—_(Vbe—wﬁni) w3}
Cp+CO

That is to say, the gate electric potential Vg of
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The di spl ay apparatus provided by the present invention can have the shape
of a flat display nodule |ike one shown in a diagramof FIG 23. In the
flat display nodule, a pixel array section 1 is created on the insulation
substrate by integrating pixel circuits 2 to forma pixel matrix. As
described earlier, the pixel circuits 2 each have an organic EL |ight
emtting device, the signal holding capacitor C as well as thin-film I:
ransi stors and serve as the pixel axray section 1. Then, the pixel array
section 1 also referred to as a. pixel matrix section is covered by an

adhesi ve | ayer, on whi.ch_a OpPROsSI.Ng st.r.a € ij ypi,gal,l, SS IS
tg)[‘f&’%lt(ﬁedfl]aft”](f Q?arn t}p 17 Ei? cyade Rhypheallby . ghe

attached t i spla necessary t he transparent
opposing s bstrate can be rovrde | or f|IL otection film
and a. IrgEW”§h|@Idﬂn@ ?“Iﬁfto ﬁﬁﬁ" ? hé“ﬁl‘ drspﬁgy nodul e can

be provided with for exanple an PPg |bIe Print, C reu Lo serve as a
connect or “tHFddg R Akl € sﬂénaﬂs‘%r iexclLr Wgﬁed‘t Etmeeh( Hlﬁ)?xe|q§rray
section 1 and a unit external to the dis g . The displ ay
appar at us drevitded by e pr%sEnﬂ‘lpventﬂdn &§§8r| 8495608 h&é t he shape
of a flat display panel which is enploged in a. variet of“JIectronrc
i nst r unentiS SUEHCE dGIAEN SRR @ InoPgér $ERA FOSnPEREr, “a cel | ul ax phone
and a video canera. The displ ay apparatus provi ded by the present invention
as a flat cirgpliay tganel dwn P edpleyed iy tHaélédtFoniic LitndPFunent s used
in a variety of fields to serve as a display section for displaying
i nformat i an tas ram iorage. 0 algd ided.n Thalarnflor matirdn KaS BESRTERFEt to the
main unit of the electronic instrument or generated in the main unit as a
result of cOpenaticons tearnrisad \outs By tihe maite electrode G ol the

device driving transistor TZ. When the reference electric

potential Vofs is supplied te the gate electrode G of the

device driving transistor T2, the source electrode 5 of

the device driving Lransistor T2 is set at (Vthel 4+ Veat).

In addition, the power-supply voltage has been changed to

the intermediate electric potential Vini at that time.

The device driving transistor T2 is in a turned-off state,

allowing almost no current to flow through the device

driving transistor T2 asg described above. Thus, the anode

voltage Vel remains unchanged.

Then, after the lapse of certain time, the powsar-

supply voltage asserted on Lhe power-supply line DS L

changed from the intermediate electric potential vVini to

the low electric potential Vss in order tce start the

threshold-voltage compensabtion preparatory process. The

change of the power-supply voltage asserted on the power-
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unit.. Typical electronic instruments each enpl oying the display apparatus
provi ded by the present invention as a. flat display panel are explained as
fol |l ows. A typical exanple of the electronic instrunment is a TV
set. FIG 24 is a diagram showi ng a squint view of the external appearance
of the TV set to which the present invention is applied. The TV set enpl oys
a video display screen section 11 which typically includes a front panel 12
and a filter glass plate 13. The TV set is constructed by enpl oying the

di spl ay apparatus provided by the present invention in the video display
screen seckuppillline DS cabkbs 25cshpwengquuaht viewsvdfrd he-digital canera
to which the present invention is applied. The upper figure shows a front

side of theughgital reamgeazwher easctheqkovnes s fiigyr g=showsya v side of
the digital canmera. The digital canera includes an |nage pi ckup |l ens, a

flash light -gRLtELRY $ectiBfk 1o u@y di FH&%&G%%?'A%E d%%ﬁ%ﬁ%kUS%dtCh a.
menu swtch and a shutter button 19. The digital canera iI's constructed by

enpl oyi ng the fhgtggbgglgy pgnelyprovi ded by the present invention in the
digital canera as di spl ay section 16.

AV2= ——Eﬂ ------- UWH—VH) {4
Cp+CO

Let us think of the fifth embodiment. In the casze
of the first embodiment, the power-supply voltage
asserted on the power-supply line D3 is changed from the
high electric potential Veo Lo the low electric potential
Vas in order Lo start the threshold-voltage compensation
preparatory process. The change of the power-supply
voltage asserted on the power-supply line DS causes a
coupling guantity AV0O to be supplied to the gate
electrode G of the device driving transistor T2. The
coupling quantity AV0 1sg expressed by Eg. (5) given below.
In the case of the fifth embodiment, on the other hand,
the coupling guantity AVZ is expressed by Eg. (4) given
above, Thalt ls Lo say, since bLhe coupling qguantity AVZ
applied to the gate electrede ¢ of the devige driving
transistor TZ in the fifth embodiment can bhe smaller than
the coupling guantibty AVO applied to the gate slectrode G
of the device driving transistor T2 in the first

embodiment,, the anode voltage Va of the light emitting
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FIG 26 is a diagramshow ng a squint view of the notebook personal
conputer to which the present invention is applied. The not ebook personal
conputer enploys a main unit 20 which. has a keyboard 21 to be operated by
the user for entering characters to the main unit 20 and a display section
22 included in a main -unit cover for displaying an i nage. The not ebook.
personal conputer is constructed by enpl oying the display apparatus
provi ded by the present invention in the personal conputer as the display
section 22, FIG 27 shows a portable termnal to which the present
i nventi on 47 gl e&““?HeJNéFT1f’§uﬂéJ‘%‘%ﬂdf%@ﬁéﬁﬂ%hé%nﬁgfﬁhe front view
of the cellular phone in a St ate of being already opened. The right figure
is a di agrdiiEHOWiHY (& oy viceiw st nche: cc dlteulfart tph omedidiva gt e of bei ng
al ready cl osed. The cellul ar phone enpl oys an upper case 23, a. |ower case
24, a |inkasdttcicomies Wiy dipsans éhhiwge11a‘dﬂSpIayneeEMm@mH26 Thadi spl ay
subsectlon 27, a. picture light 28 and a. canmera 29. The cellul ar phone is
constructéd3ByJeﬁpboyﬂwgEﬂheﬂdﬂsphaMAappeﬁaﬂmsammmwideﬂJhMmihe pnesent
invention in the cellular phone as the display section 26 and/or the
di spl ay sulisdrtfitdn c@ifiodiment. isFlg@Ge:28: rshowms ahwirdee camerd:t:0 which the
present invention is applied. The video canera enploys a nmain body 30, an
i mge pi ckopedcens:r34 for taking an inage, a start/stop switch 35 and a
nmoni tor 36. Provided on the
‘ Cp
AV )L 5
([Jl C()(bﬁc Ves) o (5)

Since the anode voltage Va during the threshold-
voltage compensation preparatory process according to the
Fifth embodiment can be made smaller than that in the
First embodiment, the threshold-voltage compensaltion
process can be carried oul normally. Tt is thus possible
to give a uniform inage quality having neither unevenness
nor image cords. In addition, szince the Lhreshold-voltage
compensation process can be carried out normally, LU is
not necessary Lo lower the low electric potential Vss.
Thus, the drive scanner 5 does not have to be designed as
a scanner good enough for withstanding high volbages. On
top of that, since a plurality of adjacent power-supply
Lines DS are Lreated collectively as a group of power-
supply lines DS by making use of a signal common to the
rower-supply lines DS, the manufacturing cost can be

reduced.
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front face of the video canmera, the image-taking lens 34 oriented in the

forward direction is a lens for taking an inmage of a photographing subject
| ocated in front of the nmain body 30. The video canera is constructed by
enpl oyi ng the di splay apparatus provided by the present invention in the

vi deo canera as the nonitor 36. The present application contains

subject matter related to that disclosed in Japanese Priority Patent

i kpplication JP 2008-144359 filed in the Japan Patent O fice on June 2,

2008, the entire_cont f. whigh LNCOLPOrated~pbynt eference.
I't should he undgfkﬁgo & % fhogé sklllﬁﬁa?ﬁtthe art tha?gva?lous

nodi fi cati ons conblnatlons on al nations may occur
depend|ng\GHWHekﬁgﬁ;%eHU|}éﬁéHp 15%gq%?ﬁ§$ L%ﬁ?gﬁé‘lﬁgofar as they are

w thin the scope of the a ended c g eq t ereof . WHAT IS
CLAI VED | Sfarenenyy gcbrp %, lp- ]ﬁmsé\gb '\1111 e) l{/ltYﬁ%iztgq ftor}

reason described as follows. When the signal sampling
transister T1L is put in & turned-on state in order Lo
supply the reference electric potential Vofs to the gate
electrode G of the device driving transistor T2, if a
voltage appearing between the gate electrode G and the
power-supply line D5 is greater than the thresheld
voltage between the gate eleclrode G of the device
driving transistor T2 and the power- supply line D&, the
voltage appearing on the anode electrode decreases,
attaining the voltage asserted on the power—-supply line
g after the lapse of certain time. Thep, in the coursc
of the threshold-voltage compensation preparatory process,
when the power-supply veltage asserted on the power-
supply line D& Ls changed to the high electric potential
Voo, a boobstrap operation raises both the gate elegtric
potential Vg and the source electric potential Vs with
the gate-source voltage Vgs sustained at a magnitude to a
certain degree. As a resullt, the thresheld-voltage
compensation process canneot be carried out normally. It
is thus necessary to sel the power-supply voltage at an

electric potential that prevents the device driving
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a pixel array section; and driving secri.ons, wherein sai . d pixe
array section resenbling a. matrix cf pixel circuits has signal |ines each
| aid as one of the colums of said matrix and scan |lines each. |aid as one
of the rows of said matrix, power-supply lines parallel to said scan |ines,
each of said pixel circuits is |located at an intersection of one of said
signal lines and one of said scan |ines, said driving sections are
a signal selector, a wite scanner and a drive sca: n2, sa: ua
signal selector is a section configured to assert a. driving signal having
an electrlc ot.ent representing.a ati n areference electric

pot enti al &Qgéﬁﬁlﬁédlg ?gﬁwaJEé]b% $& gd%S|gH§Iu9“hés gag S aid as a col um

of said matri X, . L . . .
Tn the casgse of the Filfth embodiment, Lt L3 not

necessary to lower the low electric pobtential Vas in
orcder to carvy out the threshold-voltage compensation
process normally.  Thus, the drive scanner 5 does nol have
ro he designed as a scanner good enough for withstanding
high voltages, Tn addition, since a plurality of adjacent
power-supply lines DS are treated collectively as a group
of powar-supply lines DS by making use of a signal common
o the powaer-supply Llines DS, the manufacturing cosk can
be reduced.

FIG. 17 is a timing diagram showing timing charts
of a sizxth emboediment implementing a display apparatus
provided by the present invention. In order to make the
following descriplbion easy to understand, in the timing
diagram of FIG. 17, elements ldentical with thelir
respective countarparts shown in the Uiming diagram of
FIG, L89B for the fiffth embodiment are dencted by the same
reference notations and reference numerals as the
counterparts. The timing diagram of FIiG. 17 for the sixth
embodiment is identical with the Liming diagram of
FIG. 158 for the fifth embodiment excepl that, in the
case of the timing diagram of FIG. 17, with the power-

supply line D3 already set at the intermediate elecltric
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said wite scanner is a section configured to assert a control signal on
said scan lines each laid as a row of said matrix, said drive
scanner is a section configured to assert a power-supply voltage changi ng
froma high electric potential to a low electric potential alternately on
sai d power-supply lines each laid as a line parallel to said scan |lines,
each of said pixel circuits includes

potential Vini, the signal sampling transistor Tl of each

scan line WS laid on the same matrix row as one of the

power—-supply lines DS pertaining toe the same group is

turned on with the same timing as each other scan line WS.

Also in the cagse of the zixth embodiment, the power-

supply voltage is changed from the high electric

potantial Veo to the ow electric potential Vss in order

to start the threshold-veltage compensation preparatory

process,  The change of the power-supply voltage causes a

coupling guantity to be supplied Lo Che gate electrodse G

of the device driving transistor TZ. Therefore, the anode

voltage vVa of the light emitting device EL during the

threshold-voltage compensation preparatory process

according to the sixth embodiment can be made smaller

Lhan that in the firvst enbodiment. That is to say, the

absolute value of the anode voltage Va in the fifth

emnbodiment s greater than that in the First embodiment,

Thus, the manufacturing cost can be reduced. In addition,

in the case of the sixth embkodiment, with the power-

supply line DS already set at the intermediate electric

potential Vini, the signal sampling transistor T1 of each

scan line W5 laid on the same maltrix row as one of the

power-supply linss DS pertaining to the same group is

turned on with the same timing as each other =scan line WS,
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a signal sanpling transistor, a device driving transistor, a signal holding
capacitor, and. a light emtting device, a specific one of current
termnals of said signal sanpling transistor is connected to one of said
signal lines whereas the gate el ectrode of said signal sanpling transistor
Is used as the control term nal of said signal sanpling transistor and is
connected to one of said scan le s,

as described ahove. Thus, the period of sustaining the
powar-supply voltage asserted on Lhe power-supply Line DS
all the intermadiate elecbric potential vini can be made
shorter. As a result, the lLight emission period can be
made longer .

Next, a seventh embodiment implementing a display
apparatus provided by the present invention is explained.
The seventh embodiment is also obtained to serve as an
improved version of the first embodiment.

To begin with, the threshold-vollage compensation
preparatory process carried oult by the first embodiment
is revisited. The threshold-voltage compensation
preparatory process 1s started when the power-supply
voltage is changed from the high electvic potential Voo
Lo the low electric potential Vss after the slgnal
sampling transistor 11 has been pul in a turned-off state.
In this case, & curroent Flows from the anode electrode of
the light emitting device EL te the power-supply line DS,
Here, let reference nokation Va denote Lhe voltage
appearing on the ancde electrode of the light emitting
device EL in the threshold-voltage compensation
preparatory process. The anode voltage Va is delermined
by the gale electric potential Vg which appears on the

gate electreode G of the device driving trangistor T2
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a specific one of current termnals of said device driving transistor
serves as the drain electrode of said device driving transistor whereas the
gate el ectrode of said device driving transistor is used as the control
term nal of said device driving transistor, said drain el ectrode of
said device driving transistor is connected to one of said power-supply

| i nes whereas said gate termnal of said device driving transistor is
connected to the other current termi nal of said signal sanpling transistor,
the other one of said current termnals of said device drivjng. transistor
serves as §aPALsBAfeESel 88t PEUBT oF UBEIY Yol ed® dt F vihg ¥ T ansi St drtis
connected to said |ight emtting_device sai d S|gnal hol di ng

capaci tor P&Uili FeEChELReBATEAT d2gaV - ahd %%%rb%w'1€ FLF HddeP ot sk d devi ce

driving transistor, . . .
Vss, If the resulting voltage Va is small, that is, if

the absolute value of the resulting ancde voltage Va is
large, Lhe low electric potential Vss can he increased by
a difference corresponding to the decrease in ancde
voltage Va. Thus, the amplitude of the power-supply
voltage asserted on the power—supply line RS can be
decreased. Az a result, the manufacturing cost can be
reduged.

In accordance with a conceivable driving method, in
order to reduce the anode voltage Va, it is conceivable
to increase the reference electric potential Vofs, As
degcribed above, the anode veltage Va is determined by
the gate electric potential Vg which appears on the gate
electrode G of bhe device driving transistor 72 right
before the power-supply voltage is changed from the high
electric potential Voo to the low electrie potential Vas,
Thus, the ancde voltage Va can be reduced by increasing
the reference electric potential Vols If the reference
electric potential Vofs 1s increased, however, the anode
voltage Vel appearing on the ancde electrode of the light
emitbing devige EL alsec increases as well in the signal

write process. Thus, in the signal write process, the
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first of all, when an operation to put said signal sanpling transistor in a
turned-on state by maki ng use of said control signal is carried out after
said high electric potential has been asserted on said power-supply line
and said reference electric potential has been asserted. on said signal
line, a light extinction process is perforned as a process to switch said
light emtting device froma. |light em ssion state to a no-light em ssion
st at e, thereafter, said signal sanpling transistor is put in a
turned-off state, then, said power -supply line is switched from
sai d hi gh @lett ryeliporentd lalnaso walah o lef ectadae! poteentialstsd.dt hat  a.
vol t age appearing on said source el ectrode of said device driving
t ransi st orva st doweridd: wWidhadute putgling:rbiaaki risaictsiicgnaill, samgl -ng transi stor
in a turned-on state in a threshol d-vol tage conpensati on preparatory
process Whirchie i process Ofpd.owerd ng said areldage appeald Ry emesai d
source el ectrode of said device driving transistor, and

Light emitling device DL undesirably exceeds the

Chreshold voltage vihel of the Lighlt emitting device BEL

in the signal write process, a driving current flows Lo

the light enitting device EL during the signal write

process, raising a problem that the mokility compensalion

process cannol be carried out normally at the same time

as the signal write process.

FIG, 18 i= a timing diagram showing timing charts

of & seventh embodiment implementing a display apparatus

provided by the present invention. The seventh embodiment

haz a feature in which the horizontal seleclbor 3 asserts

a first reference electric potential Versz on the signal

lire 21, allccated to light extinction processes. On the

obher hand, the horizonlbal selector 3 asserts a seconcd

reference electric potenlbial Vofs different from Lhe

first reference electric potential Vers on the signal

line 8L, To pul it in detail, the first reference

electric potential Vers asserted by Lhe horizontal

selector 3 on the signal line 51, is higher than the

second reference electric potential Vofs., In addition,

the first reference electric potential Vers iz not
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subsequently, said power-supply line is switched back fromsaid | ow
electric potential back to said high electric potential and, then, with
said signal |line sustained at said reference electric potential, said
signal sanmpling transistor is put in a turned-on state by maki ng use of
said control signal, causing said voltage appearing on said source

el ectrode of said device driving transistor to rise gradually in a process
of electrically charging said signal holding capacitor and, as a result, a
vol tage appearing between said gate and source electrodes of_ said device
driving tr%ﬁ@@%‘@értil%ﬂr'%EI‘Elc%‘éF“g?‘é%%ll FyVEBE S it O overE THES hr eshol d
vol tage of said device driving transistor in a threshol d-vol tage
conpensat i byt pk beesEcahi aNPEea PROCERLE 19 rERRE Yl PV dth&ge appeari ng
bet ween said. gate and. source el ectrodes of said device driving transistor
in a directithotionatdosapdet hf esihol it t ekt t iereini & t'dr- sai d execution
of said light extinction process to switch said [ight emtting device from
a |ight entssépanstabetabiannéthéyhderpiesiore sthutesthakd beek i fet ed hut
before said threshol d-vol tage conpensation preparatory process is carried
out, said dnikveighanaettswifychesisai Ol polwer«stppt et dmes fromisedd hi gh
electric potential to a mddle electric potential between said high and | ow
el ectric potenikabses the thr@shdhe dbsphay epparatdsyaceotdinigido claiml
wherein said drive scanner drives adjacent power-supply |lines each
| ai d as onerghsthecrows.of said matrix as a power-supply |[ine group;

t he nunber of said adjacent power-supply lines to be driven by said drive
scanner as a pPowefySHM AY: | 4 e gounisi ideler Mawed ifeadwande which

the horizontal selector 3 sets fhe electric potential
appearing on the signal line SL at the second reference
@lectric potential Vofs serving as a reference voltage
for the threshcold-voltage compensation precess in the
same way as the first embodiment, the video-signal
electric potential Vsig representing a gradation in the

same way as the first embodiment or the additional first
reference electric potential Vers serving as a voltage
for the lLight extinction process. In addition, in
accordance with the driving method shown in the timing
diagram of FIG. 18, the first reference electric
potential Vers, the second reference electric potential
Vofs and the video-signal electric potential Vsig are
asserted on the signal line SL in a seguence they are

epumerated in this sentence in order to sequentially

changes the electric potential appearing on the signal
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said drive scanner switches a power-supply voltage common to adj acent

power -supply lines pertaining to the sanme power-supply line group from
said. high electric potential to said |ow electric potential and vice versa
alternately, and sequentially applies said conmon power-supply voltage to
power -supply line groups by shifting the phase of said. power-supply

vol tage fromgroup to group; and sai d common power -supply voltage
is supplied to a power-supply line group at the sanme phase determ ned for
said power ..supplyline group and switched fromsaid high electric

potential ,to Bain ectric tential V) er lternately.
3. The dléﬁWéy”éppaﬁggﬁé j%B}HquelVOablgqﬂl1Rﬁhey L%ail% e fat'ij ter said

l'i ght extlnctlon process has been ca(rle r L0 _SW )qh ﬁ Iq1ght emtting
devi ce frHﬁlé“HFgﬁfm%ﬁW SO sPAPEtrs a4 ht’eﬁiSS|on ‘st'ate, with said
power ..supplyline sustained at sald h| h electrl otenti aI sai d
si gnal I|Wé'éﬁsﬁﬁlﬁéd“at”§31&%feW8}%ﬁdé el-&8FF'C Ed?@npf” gld ’si gnal

sampling Lo be taken into consideration, this sequence of Lhe
first reference electric potentiazl Vers, the second
reference electric potential Vofs and the video-signal
electric pobential Vsig is desirable. However, the
seventh embodiment iz by no means limited Lo Lhis
SECUENCS,

In addition, used as a voltage for the light
extination process, the first reference eleclrilc
potential Vers must be smaller than the sum (Veat + Vthel
+ Vith) where reference notation Veat denotes the voltage
appearing on the cathode elsctrode of the light emitting
device BEL, reference notation Vihel denoted the threshold
voltage of the light emitting device Tl whereas reference
notation Vth denoted the threshold voltage of the device
driving transistor T2. That is to say, the relation Vers
L (Voat + Vehel 4 vih) must be satisfled. Tn addition, In
rhe seventh embodiment, the first reference electric
potential Vers must be higher than the second reference
electric potential Vefs. Thus, as a whole, Lhe relations
Vofs < Vers 2 (Veat + Vihel + Vih) must be satisfied,

FIG. 19 is a timing diagram referred to in detalled
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transistor is put in a turned-on state at |east once by nmaking use of said
control signal supplied to said gate el ectrode of said signal sanpling
transi stor through said scan line in order to again execute at | east

anot her additional |ight extinction process. 4. The displ ay
apparatus according to claim3 wherein: said wite scanner asserts
a control signal on each of said scan |ines sequentially for every

hori zontal period; and said signal sanpling transistor carries out
said light extinction process and said additional |ight extinction

processes hazaeeptdancerwephrsaidnsopispl8i gnalisy recei yetkatninterval s
each having a length at |east equal to one sai.d horizontal period.

S. The di sph8¥qappatat us,Aceoddiiig 0 Lhal M3 MeS 8idbiail by adj acent

scan lines each laid as one of the rows of said matrix are treated as a

scan line gLeWPying to timing charts shown in the timing diagram of
FIiG. 19 are coperations focused on pixel circuits 2
provided on one of the rows of the matrix in the seventh
embodiment . The timing diagram of FIG. 1% shows timing
charts representing changes of the electric potentials of
the inpubt signal appearing on the signal line $L, the
power-supply voltage appearing on the power-supply line
DS, the control signal appearing on the scan line W3, Uhe
gate electric potential Vg appearing on the gate
eglactrode G of the device driving transistor T2 and the
source electric potential Vs appearing on the scurce
electrode 5 of the device driving transistor T2. As
described earlier, the control signal appearing on the
scan line WS is supplied to the gate electrode of the
signal sampling Lransistor T1.

Firast of all, the light extinction process is

started when the signal sampling transistor TL ls put in
a turned-on state, allowing the first reference electric
potential Vers to be supplied to the gate electrode G of
the device driving transistor TZ2. As described earlier,
Lhe first reference electric potential Vers is lower bhan

the sum of the cathede veoltage Vecat and the threshold
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t he nunber of adjacent scan lines to be treated as a scan line group is
determ ned. in advance; said wite scanner provides each of said
power -supply line groups sequentially with a control signal conmon to

adj acent scan lines pertaining to the sane scan line group by shifting the
phase of said control signal fromgroup to group; and a control Isis
supplied to adjacent scan lines pertaining to the sane scan |ine group at

t he sane phase determned for said scan line group in order to carry out
said additional Iight extinction processes with timngs conmmon to said

adj acent g ﬂktiln%%h ﬁlnhc 1Uh%a%%l?91nq d% i 9LOWR and the

chraeshold voltage VLh of the device driving transistor T2.
Thus, Lhe First reference electric potential Vers is
supplied to the Lhe device driving transistor TZ and puts
Ll device driving bransistor T2 in a turned-off stale
which does not allow a driving current to flow. The light
extinction process is ended when the signal sampling
transistor T1 is put in a turned-off state.

After the lapse of certain time, in a threshold-
voltage compensation preparatory process, the power-
supply voltage isg changed from the high electric
potential Voo to the low electric potential Vss. Since
the relation Vers » Vofs is satisfied, the anode voltage
Va of the light emitting device EL during the threshold-
voltage compensation preparatory process becomes smaller
than that of the first embodiment as descrihed earller.
That is to say, the abscolute value of the anode voltage
Va bacomes relatively large. Then, after the lapse of
certain time, the power-supply voltage 1s changed Lrom
the low electric potential Vss back Lo the high electric
potential Voo. Subsequently, after the lapse of certaln
time, with the signal line 5L sustained at the second
reference electric potential Vofs, Lhe signal sampling

transisbor Tl is put in a turned-on state In order to
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6. The display apparatus abcording to claiml| wherein: said drive
scanner sequentially swtches each of said power-supply |line groups from
said high electric potential to said mddle electric potential by shifting
t he phase of a switching signal fromgroup to group; and said drive
scanner sequentially switches eah of adjacent power-supply |ines pertaining
to the same power supply line group fromsaid high electric potential to
said mddle electric potential at the same phase determ ned for said

power -supply line group as the phase of said sw tching signal. 7.
The di spl agupppgr ahdssaeeandi-agetencbabmriher ghtentiih Said poner

suppl yline sustained at said mddle electric potential and said signal |ine

sust ai ned ahesaklor eferencgeekestr LgepQbentlakyisahd SNl stor T2,
If the gate-source voltage Vgs appearing between the gate
and scurce electrodes of the device driving transistor T2
is increased to a value not smaller than the threshold
voltage Vil of the device driving transistor T2 when the
signal sampling transistor T1 is put in a turned-on state,
the threshold-voltage compensation process can bhe carried
out normally thereafter. Thus, the signal write process
and the mokility compensation process can also be carried
out. as well affter the completion of the execution of the
threshold-voltage compensation process, Finally, the
light emitting device BL is driven Lo emil light in the
lLight emission state following the signal write process
and the mobility compensation process.

Lat us think of the seventh embodiment. In the

case of the seventh embodiment, the first reference
@electric potential Vers higher than the second reference
glectric potential vVofs is used as a light extinction
electric potential. As a result, the anode voltage Va

appearing on the anode electrode of the light emitting

preparatory process can be made smaller than that of the

first embodiment as described earlier. That is to say,
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sanpling transistor is put in a turned-on state by meking use of said
control signal supplied to said gate el ectrode of said signal sanpling
transi stor through said scan |ine. 8. The di spl ay apparat us
according to claim?7 wherein: adj acent power-supply lines each laid
as one of the rows of said matrix are treated as a power ....supplyline
group; t he nunber of adjacent power-supply lines to be treated as a
power -supply line group is determ ned in advance; said drive
scanner provides each of said power-, supply line groups sequentially wth
a power - suppt yalviol ttdge wonmrom t o:tadjcaceti yowers Upploan imesiagertaining to
the sanme power-supply line group by shifting the phase of said power
... suppl yvot tagesdinomagroup tongroupe anorderctoade ve gardnpownes
....supplylines pertaining to said power-supply |ine group; a
pOMBrTSyppﬂMwMQhﬂagamﬂﬁfﬁupphhﬂﬂﬂhﬂmaghaQﬁﬂﬂwﬂ@Mﬁﬁnﬂ{Mmﬁﬂﬂ@JM#ﬁﬂ@ﬁz
pertaining to the sanme power-supply line group at the sanme phase determ ned
for said gmﬂup;ﬁﬂiﬁﬁhkgddﬁhMﬁLﬁaHQMpQM@ﬂﬂﬁHﬂR$¥uﬂhﬂﬁﬁaQﬁﬁﬁﬁhﬂhﬂgmﬁp sai d
power - supply |ihe group.

procaess can be carvied out normally. Th s thus possible

Lo give a wniform image quality having neither unevenness

nor image cords.  In addition, since the threshold-voltage

compensation process can be carried out normally, it is

not. necessary Lo lower the low electric potential Ves,

Thues, the drive scanner 5 does not have Lo be designed as

a scanner good enough for withstanding high voltagaes. On

Lop of that, since a plurality of adjacent power-—-supply

Llines D5 are treated collectively as a group of power-

supply lines DS by making use of a signal common o the

power-supply lines 8. As a resull, the manufacturing

cost can be redoced.

FIG. 20 iz a timing diagram showing timing charts

of an elghth embodiment implementing a display apparatus

provided by the present invention., The eighth embodiment

is provided for the purpose of improving the signal write

process of storing the video-signal electric potentlial

Vzlig in the signal holding capacitor Cl. As shown in the

timing diagram, the signal write process 1s started when

the signal sampling transistor Tl is put in a turned-on
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9. An electronic instrument conprising: a nain unit configured to carry out
operations determned iii advance; and a di splay apparatus for

di splaying informatiodi generated as a result of execution of said
operations deternmined in advance; wherein said display apparatus includes a
pi xel array section, and driving sections,

state by making use of a control signal connected to the
gate electrode of the signal sampling transistor T1 after
the power-supply veltage asserted on the power-supply
line DS has been changed from the low electric polential
vss Lo the high electric potential Vec and the ilnput
signal asserted on the signal line 3L has been set at Lhe
video-signal electric potential Vsig upon completion of
the execution of the thrasheld-voltage compensation
process, At the same Lime as the signal write process,
the mobility compensation process is also carried out as
wall to compensate the drain-source current Ids {lowing
through the device driving transistor T2 for variations
of the mobility of the device driving transistor TZ from
Lransistor to Lransistor.

The eighth embodiment has a feature in which the
horizontal gelector 3 employed in this embodiment asserts
a First video-signal electric potential Vofs2 also
representing a gradation and a second video-signal
electric potential Vsig serving as a second gradation
electric potential sequentially and alternately on the
signal line SL in addition to the second reference
electria potential Vofs and the first reference @lectric
potential Vers. The first video-signal eglectric potential

Vofs? is supplied te the signal holding capacitor Cl in
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sai d pi xel
| i nes each
| aid as one of the rows of said matrix,
scan lines, each of said pixe

intersection of one of said signal

S aid driving sections are a signal
scanner, said signa
driving signal having an electric potenti al

array section resenbling a matrix of pixel

circuits is

sel ect or,

| aid as one of the colums of said matrix and scan
power - supply lines parall el
| ocated at an

| i nes and one of said scat
a wite scanner
selector is a section configured to assert a
representing a gradation or

circuits has signa
| i nes each
to said

i nes,
and a drive

ar ef erence, gl.ectird ¢, .potentials detiermined 40, advanee.on Sal.d.si.gnal |ines

sai d

‘fHQHEﬁPhuﬁLﬂﬂﬁkmoﬂms%h

each laid as a colunn of sald matri X,

section cqpfdgured tQ a%%%
as a row of said

Firat signal write process by way of the si

Lransistor TL which is

appearing on the scan line WS connected Lo

electrode of the signal sampling transistor

second video-signal electric potential Vaig

to the signal holding capacitor CL in order

sacond video-signal electric potentlal Vsig

holding capacitor CL in the so-called

procaess by way of the signal

is turned on by another conbrol

scan line WS,

The mebility compensation process

eighth embodiment is explained in detail by

a timing diagram of FIG. 21, The

FLG, 21 shows timing charts of pixel

mabrix row correspnonding to one stage citad

timing diagram of PIG. 21 also shows timing

gate electric potential

electrode G of the device driving tr

source electrlic potential Vs appearing on
glactrode 5 of

common time axis
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said drive scanner is a section configured to assert a power
....supplyvol tage changing froma high electric potential to a low electric

potential alternately on said power-supply lines, each of said
pi xel circuits includes a signal sanpling transistor, a device driving
transi stor, signal holding capacitor and a light emtting device, a

specific one of current termnals of said signal sanpling transistor is
connected to one of said signal |ines whereas the gate el ectrode of said
signal sanmpling transistor is used as the control termnal of said signa
sanpling tiapststapnandzesecoadechedhto=oppadf Lsakdikcahht i pegsr- a
specific one ofcurrent: termnals of said device driving transistor serves
as the draknpelectrnodegef asacdrdavibngetdei pongrt samsi gt binwhet easit he gate
el ectrode of said device driving transistor is used as the control term nal
of said devheecdnt¥bNgstEanSi sEGkrtad on théaikdadraimeebects ogediaf said
device driving transistor is connected to one of said power-supply |ines
whereas said gake tBENMFAR oRfingakdsdevheeodr bNbP0ro understand. The

input signal asserted on the signal line 5L can be the

new first video-signal electric potential VefsZ, the

first reference slegtric potential Vers, the second

reference electric potential Vofs or the second video-

signal electric potential Vsig. As described above, the

new filirst video~gignal electric potential Vofsd also

varies in acgordance with the gracdation.

Essentially, in order to normally carry out Lthe

mobility compensation process on all gradations, it is

necessary Lo supply the input signal having a timing

charl created by an external component te the signal

gampling transistor T1 in the signal write process.

However, such a acheme ls costly. In order Lo solve this

problem, in the case of the eighth, the mobility

compensation process is carried out at two stages in

order to normally carry oulb the meobility compensabion

progess on all gradations. Thus, the sighth does not

adopt a configuration for supplying the input signal

having & timing chart created by an external component to

the signal sampling transistor Tl in the signal write
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transistor is connected to the other current term nal of said signal
sanpling transistor, the other one of said. current. term nals of
said device drivincj transistor serves as saici source el ectrode of said

device driving transistor and is connected to said |ight.

emtting device,

sai d signal holding capacitor is wred between said gate and source

el ectrodes of said device driving transistor, first of all, when an
operation to put said sanpling transistor in a turned-on state by making
use of said control signal is carried out after said high electric
potential has been ason said power-supply line and said reference electric
pot ent i al *Has 5&en asserted on said signal line, a light. extinction

process is perforned. as a process to swtch, said.li

froma |ight eniégiSﬁ“gfgﬁBEfoWéﬁﬁogﬁ?gﬁﬁgéﬁf5§?8HL%

t hereafter, said signal sanplin trangLsfqr__ u
signal wrile procgess 53 carrled oul, wha

giognal electric potential Vofs? reflecting a desd

ght e LELDg gevi ce

S 'h‘RUt I |r1] 2 tv‘]”éi?*%d_ off state,

Jrecd

gradation is supplied in advance to the gate electrode G

of the device driving transistor T2 in a mobility

compensation process. In this case, 1t 1s necegsary Lo

determine the magnitude of the first video-signal

electric potential Vofs? and the timing Lo supply the

first video-signal eleclric potential Vofs2 in advance so

that the mobllity compensation process ilg performed

completely at the same time as the actual signal

wirite

process instead of completely carrying out only the

mobility compensalion process. In this way, Lhe mobility

compansation process is carried out ab Lwo stages in

order to allow the mobility compensation process

to bhe

normally carried out on all gradations. ITn addition, the

manufacturing cost can be further lowered,.

FIG. 22 is a cross-gsectional diagram showing a

bypical configuration of the thin-film pixel circuit 2

employed in the display apparatus provided by the present

invention. Thal iz to say, FIG. 22 is a diagram

showing a

model oross section of a pixel circult 2 created on an

insulation substrate. As shown in the cross-sectional
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then, said power -supply line is switched fromsaid high electric potenti al
to said |low electric potential 80 that a voltage appearing on said source
el ectrode of said device driving transistor is |owered w thout putting back
said signal sanmpling transistor in a turned-on state in a threshol d-voltage
conpensati on preparatory process which is a process of |lowering said
vol t age appearing on said source el ectrode of said device driving

transi stor, and subsequent |y, said power-supply line is swtched
back fromsaid |low electric potential back to said high electric potenti al

and, then, gwkthaspi dnei gnakil knecsust ai nediat-sahdereherence electric
potential, said signal sanpling transistor is put in a turned-on state by

maki ng useef-+$8hdngonkEok sigpal i-aysi PPasal devokt age, aprea g on said
source el ectrode of salé device driving transistor to rise gradually in a

process of .gkeehhisakaehAr 0hogesal d phgnalaholding capagiior, and “as a

result, a voltage appeafing between said gate and source electrodes of said

devi ce dri ¥hnant anshetoknLsyreduea ok aghall vl Do fufl r eqilop Louard the

threshol d voltage o d device driving transistor in a thréshold vol t age

conmpensat | iRl 9355&%50Pd Sa8c %9@%581 e(LPE'éé'z‘%e S & d% tage appearing

bet ween sarid gate and source el ecirodes of  sai device ving transistor
inadirection toward.said d thgg hoI % erelnt@;ger said execution
of said Iight 8%t I"ACE 1D %ess h' sal% |dﬁ% e 1 t1Hg devi ce from
a light enlsshog.staég QO ht emn, ssi on has been caonpl eted but
bef ore sai 4"thF'eshdl Vol fgﬁ B %h%%l?%ﬁlb?eg Fator y Précéds S farried
out, said drjve scanner smntches said p omer-surga% | ine fromsaid high

el ectric pbfEnPraFetd: athf dof 878t 2ce¥ | t=pbt @At Ha0T Bt Weeh R @1ty

transistors and the capacitor section including the
gignal holding capacitor CL are created on the substrate.
Then, the light emitting section including the light
emitting device EL is created over the transisteor section
and the capaciteor zectlion Lo form a laminated stack. An
adhesive layer is then formed on the light emitting
device. Subsequently, a transparent oppoesing substrate is
created on the adhesive layer to Lorm a f{lat panel.

The display apparatus provided by the present
invention can have the shape of a f£lat display module
like one shown in a diagram of FIG. 23. In the flat
display module, a pixel array section 1 is created on the
insulation substrate by integrating pixel circuits 2 to
form & pliel matrix. As described earlier, the pixel
circuils 2 each have an organic EL light emitting device,

the =signal holding capacitor Cl as well as thin-film
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high. and | ow electric potentials. 10. A driving nethod for driving
a di splay apparatus including a pixel array section, and driving sections,
wherein said pixel array section resenbling a nmatrix of pixel
circuits has signal lines each laid as one of the colums of said matrix
and scan. lines each laid as one of the rows of said matrix, power-supply
lines parallel to said. scan |ines,

transistors and serve as the pixel arrvay section L. Then,
the pixel array section 1 also referred to as a pixel
matrix seclbion is covered by an adhesive layer on which a
opposing substrabe made of typically glass s attached to
Form the flat display module. I necessary, tha
transparent opposing substrate can be provided with a
color filter, a protection Film and a light shielding
Film Lo mention a few, The flat display module can be
provided with for examnple an FPC (Flexible Print Clrouit)
Lo serve as a connector through which signals are
exchanged between the pixel array secbion 1 and a unit
external to the display module.

The display apparatus provided by the present
invention deszcribed above has Che shape of a [lat diswlay
panel which is employved in a varieby of electronic
instruments such a digital camera, a nobebook personal
computer, a cellular phone and a video camera. The
display apparatus provided by the present invention as a
flat diszplay panel can be employed in the electronic
ingtruments used in a variety of fields Lo serve as a
display section for displaying information as an lnage o
a video. The information has been inpul to the main unit
of the electronic instrument or generated 1n the main

unit as a result of operations carried out hy the main
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each of said pixel circuits is located at an intersection of one of said
signal lines and one of said scan |ines, said driving sections are
a signal selector, a wite scanner and a drive scanner, said signa
selector is a. section configured to assert a driving signal having an

el ectric potential representing a gradation or a reference electric
potential determ ned in advance on said signal lines each laid as a col um
of said matrix, said wite scanner is a section configured to
assert a control signal on said scan lines each laid as a row of said

matrix,  unit. SeyFidsil Vel Searnelc i sna Sesddion &onf igwed itre assert a
pomer-supply voltage changing froma high electric potential to a | ow

el ectric patenptigl c@abb%ra@atebynemdﬁal gyPeMer psupRhY Lihestion as s each of
said pixel cifcuits includes a signal sanpling transistor, a device driving

trans'Storfl%t display panel are explained as follows.

A typical example of the electronic instrument is a
TV set., FIG., 24 is a diagram showing a sguint view of the
external appearance of the TV set to which the present
invention iz applied. The TV set employs 2 video display
screen section 11 which typically includes a front panel
12 and a filter glass plate 13. The TV set is constructed
by employing the display apparatus provided by the
present invention in the video display screen section 11.

FIG., 25 zhows squint views of the digilbal camera to
which the present inventlon is applied. The upper flgure
shows a front side of the digital camera whereas the
lower figure shows a rear side of the digital camera. The
digital camera includes an image plckup lens, a flash
Light emitiing segtion 15, a display section 16, a
control switch, a menu switch and a shutter button 19.
The digital camera is constructed by employing the flat
display panel provided by the present invention in the
digital camera as the diszsplay section 16.

FIG, 26 is a diagram showing a sguint view of the
notelkock personal computer to which the present invention

is applied. The notebook personal computer employs a main
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139 signal, holding capacitor and a light emtting device, a
specific one of current termnals of said signal sanpling transistor is
connected to one of said signal |ines whereas the gate el ectrode of said
signal sanmpling transistor is used as the control termnal of said signa
sanpling transistor and is connected to one of said scan lines, a
specific one of current termnals of said device driving transistor serves
as the drain electrode of said device driving transistor whereas the gate
el ectrode of said device driving transistor is used as the control term nal

of said dewjige Ay iwinG taNS MQboard 21 LoSPed Haln el et node of said
device driving transistor is connected to one of said power ....supplylines

wher eas saji.(..gatg termnal, ofsaid devi.ce (i Vi:ng t5ansist of4 § connect ed
to the other current termnal of said signal sanpling transistor,
display section 22 included in a main-unil cover For
cdisplaying an image. The notebool personal computer is
conatructed by enploving the display apparatus provided
Iy Lhe present invention in the personal compuber as the
dizplay zection 22.

FIG. 27 shows a portable terminal to which the
present invention is applied. The left figure is a
diagram showing Lthe front view of the cellular phone in a
state of being already opened. The right figure is a
diagram showing the teop view of the cellular phone in a
gtate of being already closed. The cellular phone enploye
an upper case 23, a lowey case 24, a link zecgtion 25
which 1s a hinge, a display section 26, a display sub-
section 27, a picture lLight 28 and a camera 29, The
cellular phone is constructed by employing the display
apparatus provided by the present invention in the
cellular phone as the display seclbion 26 and/or Lhe
display sub-section 27,

FLIG. 28 shows a video camera toe whioh the present
invention is applied. The video camera employs a main
body 30, an image pickup lens 34 for taking an image, a

start/stop switch 3% and a monitor 36. Provided on the
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the other one of said current termnals of said device driving transistor
serves as said source electrode of said device driving transistor and is
connected to said light emtting device, and sai d signal hol ding
capacitor is wired between said gate and source el ectrodes of said device
driving transistor, said driving nethod conprising the steps of:
first of all, when an operation to put said signal sanpling transistor in
turned-on state by naking use of said control signal is carried out after
said high. electric potential as been asserted on said power-supply line
and sai d réfenentecel eftthe pbienttaiehas Heeniestn SHi oS ghsl 19 ne,
perform ng a Light .

oriented in the forward direction is a lens for taking an

image of a photographing subject located in front of the

main body 30. The video camera is constructed by

employing the display apparatus provided by the present

inventioen in the video camera as the monitor 36.

The present application contains subjeclt matter

related to that disclesed in Japanese Priority Patent

Application Jp 2008-14435% [iled in the Japan Patent

Office on June 2, 2008, the entire content of which is

herely incorporated by reference.

It should he understood by these skilled in the art

that wvarious modifications, combinaticons, aub-

combinations and alternations may occur depending on

design reguirements and other factors insofar as they are

within the scope of the appended claims or the equivalent

thaeract,
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extinction process as a process to switch. said light omtting device from
| ight em ssion state to a no' |ight em ssion at putting said

signal sanpling transistor in a turned-off state; switching said

power -supply line fromsaid high electric potential to said. |low electric

potential so that a voltage appearing on said source el ectrode of said

device driving transistor is |lowered. w thout putting back said signal

sanpling transistor in a turned ..on state in a threshol d-voltage

conpensati on preparatory process which is a process of |owering said

vol tage appgar i-_g on $aid source el ectrode of said device driving

transi stor; d swi tching said power .supplyline back fromsaid |ow

electric potentl | bac i | ectiCo polential and, then, with
sai d signal Ilnegsu§?alnéd d gé?dg Fereﬁgé elééfrlc potentlal sai d

signal sanpling tran5|§tqr19 i ng..pyL,,in,asturned-on state by naklng use of

h P J G
sai d control sighat;"causi ng YSArd Vo fage appearing on said source

el ectrode of saig dev 116“9.{ ing transistor

satd pixel array section resembling a matzix of
pixel circuits has signal lines each lald as one of the
columneg of said matrix and scan lLines each laid as conhe of
the rows of said matrix, power-supply lines parallel to
said scan lines,

sach of said pixel circuits is located at an
intersection of one of said signal lines and one of said
scan lines,

said driving sectlons are a gignal selector, a
write scanner and a drive scanner,

said signal seleclor is a section configured to
assert a driving signal having an electric potential
representing a gradation or a reference electric
potential determined in advance on gald signal Lines each
laid as a column of sald matrix,

said write scanner is a sechion configured to
asserl a control signal on said scan lines each laid as a
row of zaid mabrix,

said drive gcanner is a sectlon configured Lo

assert a power-supply voltage changing from a high
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to rise gradually in a process of electrically charging said signal hol ding
capacitor and, as a result, a voltage appearing between said gate and
source el ectrodes of said device driving transistor being reduced gradually
in a direction toward the threshold voltage of said. device driving
transistor in a threshol d-vol tage conpensati on process which is a process
to reduce said voltage appearing between said gate and source el ectrodes of
said device driving transistor in a direction toward said threshold

vol tage, wherein after said execution of said light extinction process to
swi tch sai dlkight.cepptenngadevice foeneaebight emssibnl state to a no |ight
em ssion state has been conpleted but before said threshol d-voltage
conpensat i ab:prapacaiony pnocepswes-gappriedl outs st chihg said power
supply line fromsaid high electric potential to a mddle electric
potential behweparsaidihtghsand kewnelggtsjc potentials by the drive

scanner.
each of szald pixel clrcults includes
a slignal sampling transistor,
a device driving transistorn,
a signal holding capacitor, and
a light emitting device,

a specific one of current terminals of said signal
sampling transistor is connected to one of sald signal
lines whereas the gate electrode of saild signal sampling
transistor is used as the control terminal of said signal
sampling transistor and is connected te one of sald scan
lines,

a specific one of current terminals of said device
driving transister serves as the drain electrode of =aid
device driving transistor whereas the gate electrode of
sald device driving transistor is used as the control
terminal of said device driving Lransistor,

sald drain electrode of said device driving
transistor is connected to ong of sa2id power-supply lines
whereas saild gate terminal of said device driving
transistor ls connected to the other current terminal of

said =signal sampling transistor,

128



the other one of said current terminals of sald
device driving transistor serves as sald source electrode
af said device driving transisztor and is connected Lo
said Light emitting device,

said signal holding capacitor is wired between sald
gate and source electrodes of sald device driving
Lransistor,

firast of all, when an operalion to put sald signal
sampling transistor in a turned-on stabe by making use of
said control signal is carried out after said high
electric potential has been asserted on sald power-supply
line and said reference electric potential has been
asserted on said signal line, a light extinction process

is performed as a process Lo switch said light emitting

slate,

thereafter, sald signal sampling transistor ls put
in a Lurned-off state,

then, said power-supply line is switched from said
high electric potential to said low electric potential so
that a voltage appearing on said source elecirode of said
device driving transistor is lowered without putling back
said signal sampling transistor in a turned-on state in a

threshold-voltage compensation preparatory process wniach
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iz a process of lowering sald voltage appearing on said
source electrode of said device driving Lransistor, and
subsequently, said power-supply line is switched
back from said low electric potential back to said high
electric potential and, then, with saild sgignal line
sustained at sald reference electric potential, said
signal sampling transistor is pubt in a turned-on state by
making use of said zontrel signal, causing said voltage
appearing on said source electrode of said device driving

transistor te rise gradually in a process of electrically
charging said signal helding capacitor and, as a result,
a voltage appearing bhetween said gate and source
electrodes of said device driving transistor is reduced
gradually in a direction toward the threshold veltage of
said device driving transistor in a thrashold-vollbage
compensation process which is a process o reduce said
voltage appearing bhetween zaid gate and source electrodes
of said device driving transistor in a direction toward
gsaid thresheld voltage,
wherein after zaid executicn of said light extinction
process Lo switch said Light emitting device from a Light
emission state Lo a no-light emizsion state haz been
completed but hefore said threshold-voltage compensation
preparvatory process is carrdied oul, said drive scanney
switches said power-—-supply line from said high electric
potential to a middle electric potential hetween said
high and low electric potentials.

2. The display apparatus according to ¢laim 1
wherein

said drive scanner drives adjacent powar-supply
lines each laid as one of the rows of said matrix as a

power-supply line group;
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the number of said adjacent power-supply lines to
be driven by saild drive scanner as a power-supply Line
group Ls deltermined in advance;

sald drive scanner switches a power-supply volltage
common Lo adijacent power-supply lines perlaining to the
game power-supply Line group from said high electric
potential to said low electric potential and vice versa
alternately, and sequentially applies saild commoen powers
supply voltage to power-supply line groups by shifting
the phase of sald power-supply voltage from group Lo
group; and

sald common power-szupply voltage i1s supplied to a
power-supply line group at the same phase determined for
said power-supply line group and switched from said high
electric potential Lo said low electric potential and
vice versa alternately.

3. The display apparatus according to claim
whereln,

aflter saild light extinction process has been
carrvied out to switch said light emitting device from a
light emission state to a no-iight emission state, with
said power~supply line sustained ab said high electric
potential and said signal line sustained at saild

reference elechbric potential, sald signal sampling

131



transistor is put in a turned-on stabte at least once by
making use of said control signal supplied te said galbe
elactrode of said signal sampling transistor through said
scan line in order to again exeocube al least another
additional light extinction process.

4, The dizplay apparatus agcording to claim 3
wherein:

zald write scanner asserts a control signal on each
of said scan lines sequentially for every horizontal
paricd; and

said signal sampling Lransistor carries out said
light extinction process and sald additional light
extinction processes in accordance with said centrol
gignals received at intervals each having a length at
least equal to one saild horizontal period.

5. The display apparatus according to c¢laim 3
wherein:

adjacent zcan lines each laid as one of the rows of
said matrix are treabed as a scan line group;

the number of adjacent scan lines to be treated as
a scan line group ils determined in advance;

said write scanner provides sach of said power-
supply line groups sequentially with a control signal

common to adjacent scan lines pertaining to the same scan
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line group by shifting the phase of said control signal

From group to group, and
A control signal is supplied o adjacent scan lines
the same phasa

pertaining to bhe same scan Line group at

determinaed for said scan line group in order Lo carry out

said additional light extinction processes with timings
common to saild adjacent scan lines pertaining Lo salid
acan line group.

6. The display apparatus according to claim

1 wharein:

zaid drive scanner sequentially switches each of

potential Lo said middle electric potential by shifting
the phase of a switching signal from group to group; and

said drive scanner seqguentially switches each of
adjacent power-supply lines pertaining Lo the same power-
supply line group from sald high electric potential Lo
said middle electric potential at the same phase
determined for said power-supply line group as the phase
of sald switching signal.

7. The display apparatus according to claim 6
wherein, with said power-supply line sustained at saild
middle slectric potential and sald signal line sustained

at zald reference electric potential, said sigoal
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sampling transistoer is put in a turned-on state by making
use of said controel signal supplied to said gate
electrode of said signal sampling transistor Chrough said
scan line.

8. The display apparatus according to claim 7
wherein:

adjacent power-supply lines each laid as one of the
rows of said matrix are treated as a power-supply line
group;

the number of adjacent power-supply lines Lo be
treated as a power-supply line group is determined in
advance;

sald drive scanner provides each of said power-
supply line groups seguentially with a power-supply
voltage common to adjacent power-supply lines pertaining
Lo the same power-supply Line group by shifting the phase
of said power-supply voltage from group to group in order
to drive said power-supply lines pertaining to zaid
power-supply line group;

a power-supply voltage 13 supplied to adjacent
powar-supply lines pertaining to the same power-supply
line group at Lthe sane phase determined for said group so0
as to drive said power-supply lines pertaining to =aid

power-supply line group.
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9. An electronic instrument comprising:
a main unit configured to carry oul operalions
determined in advanca; and
a display apparatus for displaying information
generated as a result of execution of sald operations
determined in advance; wherein
sald display apparatus includes
a4 pixel array seclbion, and
driving sechions,
sald pixel array section resembling a matrix of
pixel circouills has signal lines each laid as one of the
columns of said matrix and scan lines each laid as one of
the rows of said malbrix, power—-supply lines parallel to
sald asgan lines,
cach of said pixel circuits is localed at an
intarsection of one of sald signal lines and one of said

soan lines,

saild driving sections are a signal selector, &
write scanner and a drive scanner,

said signal zelector is a section configured teo
agsert a driving signal having an electric potential
rapresenting a gradation or a reference electric

potential determined in advange on said signal lines each

laid as a column of said matrix,
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said write scanner is a seclion configured Lo
assert a control signal on zald scan lines each laid as &
row of said matrix,

said drive scanper is a section configured to
assert a power-supply veltage changing from a high
electric potential to a low electric potential
alternately on sald power-supply lines,

sach of said pixel circuits includes a signal
sampiling transistor, a device driving transistor, a
signal holding capacitor and a light emitting device,

a specific ope of current terminals of said signal
sampling transistor is connected to cne of said signal
lines whereas the gate electrode of said signal sampling
transistor is used as the control terminal of said signal

tor and s connectbed to one of sald scan

gsampling Lransis
lines,

a specific one of current terminals of said device
driving transistor serves as the drain electrode of said
device driving transistor whereas the gate electrode of
said device driving transistor is used as Lhe control
terminal of said device driving transzistor,

gaid drain electrode of said device driving
transistor is connected to one of saild power-supply lines

whereas said gate terminal of said device driving
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transistor is connected Lo the other current terminal of
sald signal zampling transistor,

‘minals of aald

the obher one of sald current
device driving transistor serves as sald source electrode
of said device driving transistor and s connected Lo
sald Light omitting device,

said signal holding capacitor is wired between said
gate and source electrodes of sald device driving
Cransistor,

First of all, when an operation to put said signal

said control signal is carried oul after said high
electric potenbial has been asserted on sald power-supply
line and said reference electric potential has been
asserted on sald signal line, a light extinction procass
is performed as a process Lo switceh said Light emitting
deviae from a light emission state Lo a no-light emission
atate,

therealter, sald signal sampling transistor iLs put
in a turned-off state,

then, said power-supply line is switched from sald
high electric potential to gald low eleclric potential so
that a voltage appearing on said source elecltrode of said

device driving transistor is lowered without putting back
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said signal sampling transistor in & turned-on state in a
threshold-voltage compensation preparatory process which
ig a process of lowering said veoltage appearing on sald
source electrode of sald device driving transistor, and
subsequently, saild power-supply line is switched
back from said low electric potential back to sald high
electric potential and, then, with said signal line
sustained at said reference electric peotential, said
signal sampling btransisbor is put in a turned-on state by
making use of szaid control signal, causing said voltage
appearing on said source eleqtrode of said device driving
transistor to rise gradually in a process of electrically
charging saild signal holding capaciter and, as a result,
a voltage appearing between zsaild gate and souras
electrodes of said device driving transistor is reduced

gradually in a direction toward the threshold veltage of
aald device driving transistor in a thresheld-veoltage
compensation process which iz a process to reduce said
voltage appearing between said gate and source eleghrodes
of sald device driving transistor in a direction toward
said thresheld voltage,

wherein after said execution of said light extinction
process to switeh said light emitting device from & light
emission state to & no-light emission state has bheen
completed but bkefore said threshold-veltage compensation
preparatory progess 1ls carried out, said drive scanner
swiltches sald power-supply line from said high electric

potential to a middle electric potential bhetween said
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high and low electric potentials.

10. A driving method for driving a display
apparatus dnoluding
il

a pixel a Lion, and

1Y 56

driving sections, wherein

sald pixel arvay section resembling a matrix of
pixel circulls has signal lines cach laid az one of the
columns of salid matrix and scan lines each lald as one of
the rows of sajid matrix, power-supply lines parallel to
sald scan lines,

ecach of said pixel circuits is located al an
intersection of one of said signal lines and cne of sald
soan lines,

sald driving sections are a signal selecltor, a
write scanner and a drive scanner,

sald signal selector is a section configured to
assert a driving signal having an electric potential
representing a gradalbion or a reference electric
potential determined in advance on said signal lines each

laid as a column of said matrix,

gsaid wribe scanner is a section conflgured Lo
assert a conhrol signal on said scan lines each laid as a
row of said matyix,

said drive scanner is a section configured to
asserlt a power-supply voltage changing from & high
electric potential Lo a low electiric pobential
alternately on faid power-supply Llines,

each of sald pixel circuits includes a signal

sampling Lransistor, a device driving transistor, a
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signal holding capacitor and a light emitting device,

a specific one of current terminals of said signal
sampling transistor is connected to one of said signal
lines whereas the gate electrode of said signal sampling
transistor is used as the control terminal of said signal
sampling transistor and iz connected to one of sald scan
lines,

a specific one of current terminals of saild device
driving transistor serves as the drain electrode of said
device driving transistor whereas the gate electrode of
said device driving transistor is used as the control
terminal of said device driving transistor,

sald drain electrode of said device driving
transistor is connected to one of sald power-supply lines
whereasz said gate Lerminal of said device driving
transistor is connected Lo the other current terminal of
said signal sampling transistor,

the other one of saild current terminals of said
device driving transistor serves as said source electrode
of zaid device driving transistor and is connected to
gaid light emitting device, and

said signal holding capacitor is wired hetween sald
gate and source electrodes of said device driving

tLransistor,
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sald draving method comprising the steps of:

First of all, when an operabion Lo put sald signal

sampling transistor in a Lurned-on

Le by omaking use of
sald control signal is carried ocul after said high
electric potential has been asserted on sald power-supply
line and said reference elecliric potential has boen
assaerbad on sald signal line, performing a Light
extinction process as a process Lo switch said light
emitting device from a light emission state to a no-lightl
emission stato;

putthing said signal sampling Lransistor in a
turned-aff stale;

switching said power—-supply line from said high
electric potential to said low electric potential so that

a volhage appearing on said source electrode of sl
device driving transistor is lowered without putting back
said signal sampling transistor in a burned-on state in a
threshold-veltage compensation preparatory process which
iz a process of lowering sald voltage appearing on sald
source electrode of saild device driving transistor; and
swilbching sald power-supply line back from sald low
electric potential back to sald high electric potential
and, then, with said signal line sustained aft said
reference electrie potential, said signal sampling
transistor being pubt in a turned-on state by making use
of said control signal, causing sald veoltage appearing on

zald source electrode of sald device driving transistor
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to rise gradually in a process of electrically charging
sald signal holding capacitor and, as a result, & voltage
appearing between said gate and scurce electrodes of sald
device driving transistor being reduced gradually in a
direction toward the thresheold voltage of said device
driving transistor in a thresheld-voltage compensation
process which is a process to reduce said voltage
appearing between said gate and source electrodes of said
device driving transistor in a diregtion toward saild
threshold voltage,

wherein after said execution of said light extinction

process to switch zaid light emitting device from a light

emissicon state Lo a no-light emission state has been
completed but before sald threshold-voltage compensation

preparatory process is carried out, switching said power
suppliy line from said high electric potential to a middle
electric potential hetween said high and lew electric

potentials by the drive scanner.
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